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SUMMARY

1. Title
A Study on the Analytical Methods of Detrimental Residues in

Imported Foodstuffs

Il. Objective and Significance

The use of agricultural chemicals has been frequently found in
agriculture to meet the requirement of mass production. The
continuous use of synth_etic chemicals in agricultural products may
cause accumulation of residues in animal tissues by the contaminated
feed for them. The major types of organic chemicals that contaminate
the food include the pesticides, drugs, antibiotics as well as some
micotoxins.

The leve! of residues in food are very low, however, the advanced
anaiytical equipments such as a gas chromatograph and a mass
spectrometer are necessarily required to identify and to determine the
residue. In addition, the trained manpower with iots of experienced in
the field of analytical chemistry are also required to execute the
projects related to the food safty successfully.

The objectives of the present study lies on the establishment of
analytical methods for the residues in the impurted foodstuffs to
determine the safty levei. With the accumulation of data obtained
from the study the networks of monitoring system for the detrimental
residues level in the imported products shioud be established with the

related organizations by exchange of various informations on the



imported products.

Hl. Scope
The following studies were carried to establish the analytical
methods of detrimental residues in imported foodstuffs.
1. Analytical methods for the organophosphorus pesticides by the
capillary GC equipped with electron capture detector.
2. Analytical methods for the hormones in the animal tissues by
the selective ion monitoring mode with GC-MSD
3. Analytical methods for the aflatoxin by the HPLC

4. Analytical methods for the antibiotics by bioassay

IV. Results and Discussion
1. The optimun operating condition of GC to analyze the
organophosphorus pesticies may vary with the target substances. In
case of using capillary column the injector and detector ports were set
at 235°C and 270°C. SPB 608 capillary column was used. Nitrogen
was supplied 2ml/min as a carrier gas and 25ml/min for make-up gas.
The initial aven temperature, 190°C, was held for 5min and the
increased to 230°C at the ratio of 2cc/min. With the condition
established the residuesin the imported foodstuffs were analyzed and

no suspected substances were detected.
2. GC-MSD was used to analyze the hormones such as DES, 3
-estradiol, and hexestrol. m/z 412, 397, 383 were selected for DES,
414, 399, 207 for hexestrol, 416, 401, 285 for B-estradiol to

produce total ion intensity chromatogram. Analytical condition of GC



were 280°C for injector, 300°C for interface. Initial oven temperature
was 100°C increased to 300°C at the ratio of 20°C per minute.
Hydrogen was used as a carrier gas, HP-1 as capillary column. With
the analytical conditions no hormone suspected were detected.

3. As for antibiotics Bacillus subtillus was used as experimental
microorganism for streptomycin and kanamycin and Staphylococcus
epidermidis for neomycin. The samples broader than the 12mm in the
restrict area of microorganism growth were determined to be positive.
As the result of the bicassay no samples were positive.

4. The analytical methods of aflatoxin was estabiished by using
HPLC. Sep-Pak silica catridge was used to remave impurities in crops
and feeds and reverse phase column was used. Water/
acetonitrile/methanol(6:3:1,v/v/v) wasused astheeluent, fluorscence
(exitation 365nm, emmition 425nm) to detect. Flow rate was adjusted
to 7mi/min, 5ng of aflatoxin By, Bz, Gi, Gz in foodstuffs and feed
could be detected with the conditions presented above. The analysis

results showed that no samples analyzed contained the aflatoxins.
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1. Fenitrothion : 0,0-Dimethyl-O-{3-methyl-4-nitrophenyl} phosphoro-
thioate CoHi205NPS (Mol. wt. 277.2)
7t BEHA 4
Fenitrothion tHe 3§ 4FAE #Y, SFII|L%E, FolReF, F
=, wRAWE, Avct, B, dE FolMq AHEHI it o|AE ¥R
FE&EHAY dA3GgLd F4& vehid 3, FF/F, 4, 34 33 g2
AEe FEARAM BYULA AEHc o]RE B, me], uiadd,
o], Widl F 2 s|&el chste] of$ A7t ¥ olrith
Methyl parathion3} TZ7} dl&3taqt Z/F5Eo] ridle] Fgdo] W
c}. #oll ci¥ AF LDse2 ¢ 1300mg/kgoltt.
u. 823 43
Fenitrothione g2 #Ajo|n Eolt E8&0l2 €&, o, AE, A%
& Ex YUF Ul =t
1)Melting point : 0.3°C
2)}Boiling point : 140°C
3)d425 : 1.3227
4)np25 : 1.5528
o}, flety 43
Fenitrothion® 3-methyl-4-nitrophenolz} O,0-dimethylphosphoro
chlori-dothioate§ /7] &vl&olM A7 E ggdo] Hrth gibd FellA
v AR 3AIT el 2AAqM= E¢E 3t
g, ¥RIF E4
Fenitrothion M =AU GCE AHE3tel 4%t MEAE AHER

o W e Averellzl Norris)ofl 2]8lo] JjwiEdledl d@te] 27 stolA
- 2 -
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7428508 the 3-methyl-4-nitrophenol & &3 et of W] SAUA
£ 0.05ppmoltl. GCE 2§38t A% o) &r} Axtsta V= F2 F
g 4 4 At} GCol 2% w2 0.01-0.001ppm7t2] {3 7Hs3ict.
of. GCell o3t 4%y
1) 92| : Fenitrothion< flame photometric detector (FPD)7F Z3¥
GCE AHgsio] 2M% £ arh o A&7l Ex¥ele] Uof thsto nf#
Azl AUME UEREE ¢ 2308 FA4o] Jhesie FA Il
A9 et g
2) 49 U4
A. 82 AHe
a. ¢E& /Y AR
s a3} okl & Waring blenderol 50g2]¥tct, oi7]o] &
50mig 782 FRA Rt 25mie] methanold 718l %o 8 ZolF
tl. c}2 28 100ml2] acetonitrited 7}5lo] 127 F3 3 ¥ith. Buchner
funnelell 20g¢] Hyflo Super-Cel 20g& Zx IFHIEE o33t o
* ot ajeof o3t water/methanol/acetonitrile (2:1:4, viv/v) T £
3 80mIZ AFET thE A4S Yt Aol thste] 3094 sodium
chloride2t 150ml2] chloroform& 718t 522 EEo] &}, 3t&Fof ol
+ chloroform& 232 £8 92 100ml2] chloroform& 7}8t2 A3 &%
t}. Chloroform&& 22 t}& sodium sulfated 7}3le] ©A| 7|2 o7}
P kg 40°C F2RA0AM FFEZE GuiE AA U
b. A2 A%
N & 50g& 2|8t mafgich. o3& 500mlie] Az BatATo] &
713 150ml2] benzenez 40g¢] sodium suifated 718l 42004 315F
¥ 9] A 7ict. Buchner funnelold] AFHELE AHEste] o) &

ZHALE 100mle] benzenel ® A &¥ic), RofjF & BT Rolr 40°CY
- 3 -



SzatolA YAl Ao A3 G2 benzened AHEFHAIT O
A9+ benzene th4lell acetonitrile® AR&{ich. |
B. 34 1A

A% ot ofe F9E Ywtyos FH Yol Wagch F
i} 7|8l $EH F49 A benzenet acetonitriled AHE3to] FE
ek Bdts W oes »& 5o 25mi2l benzened 7}3o] o3 25ml

n
1o

o] acetonitrile® 7}3to] 587 EEo| &tl. Acetonitrile®& 73132 o
£ benzeneZo] 15ml2) acetonitrile 7}3le] &},
LCE AN BAst: g o3t Yol 1207 CelA 24T 5 oulg
A3 31A1 21 10g29) silica gel2} Hyflo Super-Cel& benzeneZ-oll A slurry® u}
Euhg olAE gyew {ATh AEE P 53Y benzene F#&& bml
& AU AN s Hich 538 Tl F2Ach 110ml
2] benzene& Tmi/ming 4T3 &7 2ol &% 50ml2 W 2|32
40ml2] §&UE Uerh
Florisil& A&l LCE AAY 4= rth 120ColA off u] /3 2} A
7! Florisil& benzene/ethylacetate (10:11& %) Zof A slurry® BE ¢}
& ugoT &7 192 sodium sulfated 2T A4¥E Aech 5L
Al & Bmle] benzene/ethylacetate EUAE 713t ol UULE &
Zct. RujE A Feled H 2o 20mle W3y thg 50mig EHY
Tl 239 40CY $2A0M W EE &332 30mle] petroleum ether®
olth. 30mizt 10mle) acetonitrile® $&¢ ch acetonitrile® Ro} 40
T FZRAAM AFFHUTL
C. Gas chromatography
Column : 5% DC-200 { Chromosorb W)
10% DC QF-1 (Chromosorb W)

Carrier : Helium, 50mi/min
- 4 -



Hydrogen : 18ml/min
r : 280ml/min
Temperature
Column oven : 210°C
Injection port : 210°C
Detector port : 210°C
Electrometer range setting : x 102
Attenuation : 0.05 - 6.4
A} 5EATL AN BN ABE 230 acetoneo] % THE
nfo] A2 F 71§ AHE3tY GCol FUTTE FU3e G dulolxr A
I AL 9%t EESH columnilol X B FEAIZ AHFE &F
3t A EFY THFFES EHUrh
D. A4
A& 2| Fenitrothion ©& A7) #isted 2ol /Y H
F3 Rt ¥ EEELE GCol FUY tlF olefo] Aoz HYS
A sl

Alze] HF Az o] 3 xuj 4
ppm = x
EEEH] 93 HESHLY w4
38 Fd3 (ug) HEHE (ul)
X X
X &2 FAlg) FUY A EY ¥ (ul)
E. ¥4+&

GColM @oj H<4&2 Table 13 Zrl,



Table 1. Recovery of fenitrothion by gas chromatography

2w Fenitrothion ¥7}2(ppn) 3 5& B2 (%)

Moist sample

Atz 0.1 (7)» 80
ujf 0.1 (6) 96
=} 0.01 (3) 96
EntE 0.1 (5) 82
20] 0.2 (5) 97
%} 7 0.2 (6) 97
z} 0.1 (10) 97
| 0.5 (5) 98
Soy bean 0.2 (2) 98

0.02 (3) 98
Green tea 0.5 (5) 92
s ARS

Flame photometric detector(FPDIE A& 3% fenitrothionef iy
75+ 10-12ngel @& 2&Y 4 odrh GCE gt BMY BAE 2=
© Ao o wetd getAch tiAHos FPDE AMEIhE 2% ¢
0.001ppm 4+E7= H&ol 7Hesich

A2 Zo| ¥8H fenitrothions] @& i A7) g 2o o] RNE &3
r A3 uig Zasith A8 dgel dFd g0 olgle] 2 c}E &l
g A1 &3to] fenitrothion® +&% 4 Ath 48 §teto] ¥ £HEY 7

2 acetone, acetonitrile, ethanolg Al&sted F&% i 5L



chloroform:methanal Z-&uj (9:1, v/iv)E SoxhletZA[ oM FEHIAL
gL Foh R &F ZAeE I4Evie S Evle] TP
acetonitrile-methylenechloride,ethanol-n-hexane,ethanol-benzenezt
2 g AHBY 5 At 2Pl W FAE R AR BF
= n-hexane, petroleum ether, chloroform $& Ap&3lH ¥l
GCold @422 DEGS, SE-30, DC-200, OV-17¢& AH831d ¥rh
28U $2 2AANE AlE%le EAMItE Zfe fenitrothion o129
malathion, methyl parathion3} -2 {717 & o] v]x3 o FF A Toj
L&#H wfEol] Ezlol ol L] A& 4 vk 22} ethyl parathion,
diazinon, fenthion dimethoate, dichlorvos, trichlarfon, EPN 52 5 &
Al zte] chE 7 aj Eof 22| 7} 715 5ict. Electron capture detector(ECD)E
AHEEe] FI1UA sdg EMEE RS fenitrothiond F4Y 4+ dley

2=t W] diEe] FET BAAF S AHof Urh

2. Fenthion (ENTEX, LEBAYCID, TIGUVON, Baytex, Mercaptophos,
Bayer 29493, S$-1752) : 0,0-Dimethyl O-[4-(methylthio)-m-tolyl]
phosphorothioate, CioH150352P (Mol. wt. 278.3)

7t BEYy 43

Fenthion2 ¥ ¢l AFAolct. ZRAEZHo] Ax¢t Ef/-Foll i &
go) yith. o4 &2 mel, B, W&, W4, o Folr}.

zlof chgt A LDso& 72 29 310mg/kg, €28 4% 190mg/kg
oltt. #o wFHol oyt A¥ZA Sppm TR F¥eol Udch
Fenthiong W2 & F4deu ¥H3] 35 ¥ vehlzn 2 %84
< 3 2 A"t Pl

L2 B s B



Fenthion& ZAe] ANZA Bole AU f718ulel Fct.
1)Melting point : -25°C
2)Boiling point : 105°C at 0.01mmHg
3)Specific gravity : 1.245
th. et ¢
Fenthion< O,0-dimethyl thiophosphoryl chloride$} 4-methylthio-
m-cresol& WHEAlA YR Uch o|RE Yl st JteI Bt
gt 4%
Anderson 5(1966)2) 2 A& $82 3 Ao 3t fenthion
3} O $ =248 O-analog sulfones® A ThF t]§-3l= phenol®
FH4EAA £As9rt. PhenolE RE2t otMY A Y tig ECD-GC
= 2asiqr). o] wHes Bast: Z$ 0.1ppm &2 FEF Adch
Suffet S(1967)3)2 fenthiong GCE EA st del tiste] 71&3tdl
t}. &, fenthion?] O-analoggl H&E7l+EMES FID¢} ECDE AH&3}H
43t
1} Termionic Emission Gas Chromatographyel &% £4
A, 2
ABoiN SUES &% o2 oxygen analog sulfone2® 4
8} %1 t}& thermionic emission flame detector& AH-83}14 24 %ic). o]
My ow Azt $RE MY A$ 0.005ppm FEA HEY 4 AR
& 223 o)A 0.05ppm +FE7| AEY 4+ AT
B. Az £/ 9 ¥RY 4
X7 +F
100g8] $# == AL FAE FH7ol Hyrl. 30gY Super-Celz}
400mi2] acetoned 7t3ln n&og 38 FAHYL Watman no. 42

o 34x] $1of Hyflo Super-Cel 3& 1/8" F7& 21 dFstollA A2ct.
- 8 -



'@ Alo] thste qFEE AASID oA g 1000mie] £ o Fo] &
Ach. HdolFE 3027 ULt Zo| HAMEHF yrh 1099
Super-Celo] EoJ8l= Watman no. 129422 2 o{ 2}t 2 1000mi2] B4 &
gfAFo] &7t Super-Cel2 25mle] chioroformo 3 $ M3 Su&&
Ro} 40°ColH w &t

ii. #*x1&A(Acetonitrile-Skellysolve B &%)

(a) +#

27|38 A1EE 100mi2] Skellysolve B7t Eololes Y FE &
At Y9 FE 3027 ARY ofE 2 2R #3534 & TR
=< Skellysolve B (200mt) E 2] F & %tctl. Acetonitrile F(300m)& 2%
st 40°Cold A F AHAR S Wyl

(b) Al

Z7] 5% A5 E 200ml2) Skellysolve B7} Eolgl= 500mie] £
o Foll &Arh. EYAFE 3027 IYY ks & LelA7lz 34
@& 2 {FE 2 Skellysolve B(400mI) & 2|32 3}, Acetonitrile &(600ml)
 2F sl 40°ColA AzAIY F 4h3inyd g AWYc)

iti. Oxygen Analog Sulfone 4%

Acetonitrile-Skeliysolve B E®olq 42 2AFEo 10ml2
m-chloroperbenzoic acid Xl ¢f (10% w/vinisopropyl ether)& 7}§it}. &)
BE A2olM 3023 WAA7ich. ojuf 45F ol iAo} HFEH=A ¢
=R ¥ct. 10mle] isopropyl ether& 71313 A 8& 125mig] B8
BAAFE FATl SelAAE 80mle] 2.0N HCIZ $A3l ¢A4YS &
Ao{ Fof Y. A9 FE 3027 AYsIT RoiFE 23t 20miy
isopropyl ether7} §olole 125mle] R T2 Kot Eris& LM E
215t B2 t}¥ 4% 200mi2] chloroform2 2 )3 &332 &8 A&

& REol At}
- 9 -



iv. GColl 2% A% £4
228 ASE 7Rl 232 thE 2.0mig acetonelE wd
o}, E2BA Al 8ulE GCol FYTrh Fenthiond] BE3t BB &
ZEAI NEe HEEAZY A BAL Haste] dAdch
Column : 10% DC-200 and 0.2% QF-1 (16" x 3mm i.d. on
80-100 mesh Gas Chrom Q)
Carrier gas : Nitrogen, 35mb/min
Detector : Potassium chloride thermionin flame emission
Hydrogen flow : 35ml/min
Air flow : 425ml/min
Temperature
Column oven : 210°C
Injection port : 225°C
Detection port : 240C
Electrometer range : 100
Attenuation : 1
v. At

AEZo] GRY fenthiond §LE AAse PdE ol &} 2cl.

Alge H3 Al g M4
ppm =— X
EEEH ¥ EZFERY HMue
EEEHY FYBug) 2253 (ul)
X x
A2 FAlg) gt Ajge ¥y (ul)

o] MY ow MY 4 & AL fenthion ¥ opiet 2 S NES]
ool oj£HCh AUAFE AN B¢ A= Fojdol qA s F7i%
- ’0_



). A& 7)ol th¥ responses 0.75ngel A 200ng7ta] Aol Al &4
¥z} B Mul4+E HAs 2FY A% 0.002ppmell A 0.500ppm 7hA} HA

ol responsed Roji 0.500ppm o448l 7= Bxjo] Wetcl.

3. Malathion : S$-(1,2-Dicarbethoxyethyl) O,0-dimethyi
phosphorodithioate, CioHisOsPSz (Mol. wt. 330.4)
7t BEUY 83
Malathion& o1& 7tx] £8/2 B g FAcl. o2 F2 FHILF
AzA g, ol oy FHFTFELLS LDseol ¢ 2500mg/kgeltt.
o By 43
1) Melting point : 3.70°C
2) Boiling point : 156 - 157°C / 0.7 mm Hg
3) Solubility : 25°Ce] 2of ¢ 145ppmo] xom cf¥ & ¢&, o
2H, HE Q $RFEoio] ¢ wech
4) Vapour pressure : 0.00004 mm Hg / 30C
5} Reflractive index : nD25 1.4985
6) Specific gravity : 1.2315/25C
7} Viscosity : 25°C, 36.78 cp; 40°C, 17.57 cp
Tl By 43
Malathiong 4} Rthe g2e EAsteld o F&3tA 7teEsict
.’51%‘1’} ZAs N gz st4EsE e 0,0-dimethyl phosphoro-
dithiocate ¥& ALH oz FY¥ich
. BRY A
1) e

Malathion ZF2& chloroformg AH&3te] F&tich Y A}
- II -



B¥ A2 3 selective phosphorus-sensitive detector7} F2H GLCEN
¥4 §ie},

2) Gas Chromatograph : Glass column el A 430 on-column
injection system o] W= 2] alojo} zhuy,

- Oven temperature : 165C

- Injector : 280C

- Detector : 210C

- Helium 2 92ml / min

- Hydrogen : 29m! / min
- Air : 215ml / min
- Range : 10

- Retention time : 2.4min

- Detector : 526nm phosphorus filter?} 28l flame photometric
detector 4= alkali flame ionization detector

- Column : 60cm borosilicate glass tube (4mmi.d., 6mm o.d., 1%
Reoplex 400 on Gas Chrom Q, 60-80 mesh)

- Stock solution : 50.0+0.5mge] 22 malathion& 50mlg] VR §
el HY3) 8o acetoned s 3 ek, working solution& o] &
Sml& 50mle] g Felao] 231 EY 8] ALY},

3) Sample treatment

Agol B A ok @ o

(@) AIZE T TYY ¥ cajolojo] 2o} gy T3t oAt Mg
EX AERZ SH32 2B}

(b) ¥ A& 409 33t 32224 narrow-mouth bottleo] &7
3 o71ef 400mi¢] chloroformg 7181 TZE Y €3 IR A TS

gt
-12-



(c) #&&& 600ml fritted funnelT olz}stz o 10837 FAA 2}
(d) 100mlg 250mI¢] pear-shape flask® &2 % 27 30%},
(e} otel2) (j)1 &=zt 2ol ¥ir}.

B.7lEol W 34, A45%, 38, Az =

{a)-(d)+= ¢#l2} 2 3.

{e) hexane 50mlol #FEE 50|31 of7)of 100mI2) acetonitrileg 7}
Y The o] TYES 500mle] Fdo{Fe £} 602 EFj2 &
ol el o 72 JItl’ thg acetonitrileX (lower)& 2] 8} 500mle] B
ME2NLIZ @At hexaneE & 2712 100ml acetonitrile s FE32
acetonitrile g 3t A Y},

(f} acetone 25mIg FEof 718t ZetaaE o 587 Ays 25
A&ch BRI Nel Boladx g1 VA LRYEE Yo}, FotA3
ol precipitating solution 50mig 7}st3 187 A=c}. 3087 A X A7
RA du2 4o &)

(@) 6-10mm 572 CeliteE vl xH 60ml medium-porosity
Buchner filter funneloll Eoiztg Yct, Belras 2o 50mle] X
UEALZ +45t2 4 §48 Celited E3to of2}gicy.

(h) A3} Mg Y3t 260mie] HAGEE &712 50mle

chloroformg 7}§ic}t. 60237 ZSo] Fr}.

N

(i} chloroform& & 250mi 2] pear-shape flaskol 2|4} aqueous acid
phaseE 50mi¢] chioroforme 2 £¥ z2&stn Y2 flaskel] REr},
(j} rotary film evaporator& -3l £4& 35°C9) 312 oA ¥
FUTh o] of Bufrl 3 FolE AL 2 Hx Y& 2] gict.

(k} GCol= 1ml9] acetonel® %9 ¥ FQ3c},

..13..



4. Parathion ( THIOPHOS, Niran, Alkron, Lethalaire Phoskil,
Vapophos, Genithion, Penphos, Aphamite) : 0,0-Diethyl-
O-p-nitropheny! phosphorothioate CioH140sNPS{ Mol. wt. 291.3 )

7t BEYSH 83

o] HYEL oZ R NIl ¥EE Adrh F478 353 LDsoZ

e} 4mg/kgelti.

v g3 43

1) Melting point : 6.0°C

2) Boiling point : 1567 - 162°C at 0.6 mm Hg

3) Solubility : 25°C¢] 24ppm A= wouv] Y¥H g, AFddF,

2E B daserdtsse] w2 AVHAR ALH gttt E HE
tl.

4) Vapour pressure : 0.03mm Hg at 247C

5) Refractive index : npzs 1.5367

6) Viscosity : 15.3 cp at 256°C

ch. Hey 43

o] AZAL 243 AdelME MY LFST gdzre|oAe 7H4E3E
th. Uvell :=&A]71d LTt

gh. B4

Parathionz} paraxon& 0.25% Epikote resin 1001 =} 2.5% silicone
elastomer E-301 (supported on 100-120 mesh Celite}= H 23125 x
0.4cm)oll A EMsty FaL A0 62§ FUCH AgteE 2= 175

‘2 832 ECDE A1&3¥cHDawson et al., 1964).

..IJ-.



5. Carbaryl (Sevin, N-Methyl-1-naphthy! carbamate, N-methyl-a-
naphthylurethane, "Experimental Insecticide 77447) :
1-Naphthy! N-Methylcarbamate, CizH;10zN (Mol. wt. 201.1)
7b. BEHAA H 3
Carbaryle IFeo]l £ AAAZTA BEE 4P AU &Y 4¥
Holt}, o] =2 WYY Aol £ AEsR 40Fol 2] A,
ofal, ¢, FAIEY Ay 4 AEE FEE it o] A2 {FIAELA
G710 Aol e daol Est A MES el HEY ¥
o] A% ulxjx| gt THFENA Hold wE YANTE AX ¥R
2 Bul"ch o] A8 L FEHE AREE wilEe] AEHI &
olU 712Re 2EAE o|&HT}. 5Bl ¥ carbaryl] ARIAEIE
2 TlA ¥olA o 10ppmA ol Y Mo AE7 HEHCL

carbaryl & #lo titt 237 24 LDsool 560mg/kgol7] whEoll # 5 3t7]
7} AtiR o g rasith. o] thit 31 % LDso-2 2000mg/kgoltt. # oAl
200ppme] £E08 247 Alojoll Ao el Azt 37t gz 400ppme
4oz Hag s A 7 gt

v g2y 43

Carbaryl& EAe] A3 Aol melting point7} 142°CeolH 27| ¢4

& 26°CollA 0.005 mm Hgelth ol 22 B3 Udie F/RHA de
t}. Carbaryl® Bol 0.1% ol3t7t merh 2y 340l & F7180)
dimethylformamide 2} dimethylsulfoxide ol ®3 4R {71 8rlol
E&olct.

th 3y 44

Carbaryle 784 719818 1-naphthol 2} methyl isocyanateZ 3

drh ojZe 243 e £894 FolM st a2y dEEY

Z AN 74235 o 1-naphthol, carbondioxide W methylamine& %
- 15 -



el

et 4%y

1) &

2 /A4 pentene-etherZ24] $&3%3 acetonitrile24 Eujdlct. 2 H{
< 1-naphthol® Zl+&3lE 3 o] & d& & trichloroacetylatedAl 7|22
2 Y%= bromibated W acetylated?ttl. $713] =M= ECD-GLCE
H EABa dolul He] EIIFY ASE fEME UEZ A FAE ©
t}.

2) Aeud

80Sr ECD7I A2y GCE #4431 #3-Z 183cm x 0.4cm i.d. glass
column packed with 7% DC-200 on 80-100mesh Gas Chrom Q-& A}l-&
L= 8

Injector temperature : 200°C
Detector : 235C
Column : 190°C
Carrier : Nz, 75-100ml/min
6. CIPC ( Chloro-iPC, 3CI-IPC) : lIsopropy! N-(3-chlorophenyl)

carbamate (CioH1202NCIl, Mol.wt. 213.67)
7b. BEHH 44
CIPCE AzxA2 39, g 3 &S g2 Eel sty Hold &
27t dch o] A RS A= Y HolE AAHH Wi F¢ 4
2710 o] & X3t HAdo| WefaCt
Fofl el LDso2 5 - 7.5ppmeold hd 54L& vy it nls FDA

o} SREHIME 7ol thY BHIHEFE 50ppme BT Stk
- 16 -



L Eeld 4y

1} Melting point : 38 - 40°C

2) Boiling point : 247°C (£3¥)

3} Specific gravity at 30°C : 1.180

4) Refractive index nzgp : 1.5395

5) Specific heat : 0.45 cal/g/°C

6) Flash point : 175°C

7) Fire point : 175°C

8) Vapor pressure, 25°C : 10 -5 to 10-6 mmHg

9) Solubility in water at 25°C : 89ppm
- 10) Solubility in organic liquid : alcohol, hydrocarbons, chlorinated
hydrocarbon, ketone, ester ¥4 ¢ R o] Sof &=t}

th 3ty 43

CIPCE 43t W& %7127 grt. 3 shs isopropyl alcohol
ol m-chlorophenyl isocyanate s} ¥t-g 41 7] &= 2 o] 2 t}& 3L} isopropyl
chloroformate 2lm-chlaroaniline 2 sodiumhydroxideul x| o A ¥+ A} 7] &=
Aolt}.

CIPCE esterfefolBR Atolu} obzte] 2Astold A 3] 4B
o] m-chloroaniline, COz, isopropy! alcohot& A4 git}. o] W22 o] &3}
o CIPCY #Fa} E4o ol g&r}. CIPCE 7Z4tsbae) Zz)3fo Ha)g]
A fFA1F2A EE fH718u0] 2lste] HA RS wx] gttt} 250
CTA= 7143t #3171 Lolvtar chlorophenyl isocyanates} isopropyl
alcohol& ¥43%ic},

e 24 %

142

CIPCE MY FAEo] TRIE 5 s =us $714 Bio

ort. &, 7l +=&3E ¢ thS methylene chloride ¥ petroleum ether®
- 17 -



azsie W AEEHE AXA YL NNE gt AW HYHE
%y elct.

A=EsE sl FFste gyel dele Jt4=gajo] 2t FPEH=
3-chioroaniline® Z2ZFEAE A8t FH3= Zojtl. A EE ¥E
CIPCE 23l whie AR2 37 A2 Apejoll wpebd E47 W)
BEe] AAY F2gnje) Aol Fasich of g A BS AE
weso] o wBLel AT el 27| HEo ol F ¥AY HAAY T
ol 7ol 29T

4B E AxA Q4D IRE A&t ¥H%e g e shedd ¥ 2
PPEAZ Ao Wiol ustd RETL PAXAR 200gel A2 $
0.1mgel WREo] Q& Z$ Ao shestth

1) etztel 7heEs ¥

a. €2

HAY A Bols E4EuiE 2§l CIPCE 2z% g gviE A
Atz CIPCE sl Zdde zAstol N TR
3-chloroaniline A4 A7tk 3-chloroanilined Y¥el 8428 F& &
Fotel B3RP AR &A% 3-chloroaniline® ¥43te W2 F71#
9l =oj o} 2 & hydrochlorite phenol-ammonium hydoxide Ao g uhg
AA Moz wWANY e Fyske WEA 3-chloroaniline &
N-1-naphthylethylenediamne dihydrochloride 2t it-g A1 7 3 A& g XA
33t wye]l Uk

b. BA

Ay ALHE HSEHY FRANE 28 13 gt ¥ 4E FH
sto] ZlaHsie B¢ BRUAOHESF Yok A4t HE WdsE
A4Hoz §3 R0l §3HESF tUrch Aol AzEd AL wiA

£ ALY €3¢ Bast slesych 3% 13 g Aol 2BB=
- 18 -



A, 250mle] E2tA23E A8Y $ U= JdAEAY ANEF oY $+ A
+ A7t ¥ asicl.

Fic. 1. Hydrolvsis and carbon dioxide evolution assembly. A, Meyer sulfur buib;
B. acid reservoir; C. reaction fask: D. receiver dask; E, absorption tower; F, con-
denser: G, stopcock; and H, aspirator connection.

c. AHy

o AlRe A

ZE 4 AEE ok kg 7Hzte] A8 200g& 2HEich EniE
L ufe} o] £EiEge]l g2 AlaE viydd g Lo AN £2& F
AR} Qaiui} w3} Yol FHUPo) e ARE AZRY AT LA
P ARE #H3e G o 200go.2 310 AR E mAstA A3 Al
c}.

i. #8313 - +&% /Y A=

ANEE FAHY b 200gF 500mie] EYoFol 2 rt. 150mie)
ptroleum ether& Yo Foll Y 187 388 Ausle] M2 CIPC
7l etherZ2 23 £ 255 & o}, Slurry & 1800 rpmoflA] 10587 4 e

3l & &£elArt Ether2 & Zadstold ofzsta W& ZHajol ether
- }9 -



& 100miI7}3tod 28L& g A 871 $8H etherd & BF B2t

ef 756mle} 50% ethanol-water{v/v)E 2o Fo] R3I ESIEHA
ether& 4 & F53] A %Uct & £¥ 1§ alcohol-waterd& w23
etherd<& B2t}

Hi. $&43 - 20 gt A=

Ay e R fEHH0) W2 AR E vy 2 200g€ 800ml2] u]#Hoj
Y3 22 9o petroleum etherd 718led Rojy} A 2EH2 A2HE7
A =& Frl. SlurryE 3R 22X 7] Watman No.41 AR &
of 2hgtrt. W& Zale] clA] pethroleum ether& 718le] A2 &% o o
AE Bol thg AU ZheEAI .

iv. 7heE3)

Ether & & 2o} 500mlg] 71=28L Hela3od Y3 40CY
TESNM Jh2IAAM AUdsSE yrt. Ethersl AR g FF4
100mi3t 2-3¢&2] anti-foam 7132 Eel23 & FHFA Ach. &
o e 5mle] 0.36M HCI (phenol-ammonia hypochlorite 3 2]
¢l A% = 5mle] 6M HCI (diazotization dye-coupling wdd 2
£)& el AW kg 125mig wech olul R0l ek ¥ 3
FAE U vlojHA €A L&A} HFE oo} Rich

50ml2] 50% NaOH €9& ZfFEctado YL 25mle] 2/4E 7t
ot £ 7iid] spE3led 1.5 F¢ BHFA| UL sHeEMs Y
SRl FAH Y Y4 FFE FA FRAY FHe €2
BtdolA gHE FFY EPvlo|AH EXFHTE gyrl, FHASE 23
¥ ti¥ 0.2g9 Celite filterg 7sle] FHAFol HFH o8 E¢ER
H ARt Celited a7} Buvid 898 7em2] Watman No.424 222 o
At oL AARe] FRH 150mle) nlHo| wi=ch. oluf Z{u 7}

a0miolaol Bx YEF s3] FH4E ALUTH
- 20 -



v. Phenol-Ammonia-Hypochlorite £33 5 23

3-chloroaniline® W 1171 7] ¢l8}od 5% calcium hypochlorited %=
W& TP Ao A BEY 4T vhgo) YEEW FAg st
AZIGE HelA 30872 ALstA Zdrl. A U2 gy HAAY o}
& 5ml9 phenol-ammonia Al%& AL el €Yo FA| 7igic). o
o D& ALgSte] Alofe] AR g do] A HHEM AHoFET) FTHY U
ZH2 Al7)A] 43 & 1587 WMo & 7i9ts] Erf

Aol Aol faFd 45mle] FHFE ALLsl) HAA ) RAY
<o HYEAE cello] % thg 650nmol M ERU=AZ Enc g &3
grh

vi. B3 EA

4ol }gHE= ZE TRE H 2 dolA T UsBE o] YHE 9
th WElE o] ofH AAAE HUsHE AE: o) Fojx]x] gkgtor) o] W
MEWe] By Tz} aniline}t Fapste] B4 I AEMNe AP
off gt KA WhgE dovlE Ao Alzto] Wt uletd ol W
HEWE AASI AL A& BA s\ 22 Aol 27F 2 or}.

vii. %

ol 2ol ostd 20098 AEE EMY F$ < 0.01mg, &
0.05ppme HE&Y 4 orh. B4 2= dFysial gdn A58 FH2 2
AR HRE g WEH ol wlety YetAc),

viii. #|+&

HeEg 37 18t EMuid A 2o d3ae] CIPCE 713 tle
THEY] dojAlE AFPLE RE 4L FUCH HEg i By
2 ANE Fo] BRG] YUY AAE 23l = Yoy dnyos
4 E&E 80-100%4 o] &x},

rlo

-2}'-



7. Phenthoate (Cidial, Elsan) : Ethylmercaptophenyl acetate
(0,0-dimethy! phosphorodithioate), Ci2H1704PS2 (Mol. wt. 320.3)
7b. BEYH 83
Phenthoatel= 1| %o] H&H AL ¢lof HA=gEw 2&c} oA
23}, 4, 72&, A4, B4 Fo AFQ LYF, A, 243 B 4%
& WA gich
o] tig 2YL penthoated] FEZ T+ LDsod 300-400mg/kgel L
4800mg/kg& 4A T T el =2ATW 7 25948 Yehddrl.
8837t A/1HQ DEKH S AYY F2} 0.5mg/kh/day o|8}e] 4=FollA
E S4& JehdA Wt
. B3 43
& 4% phenthoatex &ofl ¢ 10ppme]| &L 2RSS ¢F, UYFH T
43158, o} E, cyclohexanone, acetonitrile, methylcellosolve, carbon
disulfide $o] &=t}. n-Hexaneols 12%, ligroinell 17%, diethy!glycol
o] 20%. light petroleumel 10% 7} =1},
th. ¥y 43
Phenthoatel= 212} 240l %3 pH 9.78 €38 FolM 2043 F
W JpeEs gl oA atslae] 9t FAFFAE HEHcl
gt 4 Wy
watBo|L} 2o A Vo] BHHE phenthoated A3t Wgdds
o @71z 71 gl B & Ad BHRES phosphomolybdate$t molybdenum
blues WA 7 thg AL E FPste el ok FAREE AXF AL
2}, oo1x], A& Sold 0.1-0.2ppm& &Y + vk wiAE 34 BFK
Bg A= UEaA2nEe 71 EE AHEUCH
ECDU} FPDE 2% GCE A18ste Z%E I 2t @2 & 3

RE2e &34 4 A2 FAAEL BF Florisil column¥ A& gl
- .& -



1) del
o] 24 uwhy 02 phenthoate2l A A5 ZAHE 0.005ppm =& 712 #H
2% 4 ol B} 2823 e HFES acetonel® &
3Tl A -HA 7 BHA )32 Florex columne® AAY ol AXYE
of Ry P& 7 ¥4 GC2 A Pste ZHeolth
2) 4¥ 9
A. a9 3A
a. S
Al £ 50g& 125mi2] acetone/water (90:10, v/v) E§&Je 2 15¢%
%t ARE JolN FAEA FEch Buchner funnel§ AH&3te] o
2] 265mle) benzeneo] olals 500ml Eef2a= 7igtezigict. @ 3
A= 25mle] acetone® ® 33 SH¥ch o7& Y Rol 3L WY F
RAAA Fo] HeAHNEE Q). £33 el §riF g A% o F4%
AMUEFOE Y53l A Hste &ulE AAYUTHL
b. 2& =%
50g2] Al2E 23l 125mlg acetonel® Y-S E oM FHHYE
th. o] ¥F 224 o} FUsA gl
c. A =3
A& 50g2 28t 250mlg] n-hexanelLE A2 EolA 1583 &
A cfg -20°CollA 147 B¢ dA el A4S 294 FE &3
t}& 200ml2]| acetonitrile® 23 $£&3511 §rld & 2ol ZAds &t
B. Florex column chromatography
gl glass wool& 2§92 chloroform/methanol £%(98:2)&
3-4ml =t} &9 50miz} Florex 152 & slurry§ THgo] #lof 21
g 278 AMAsY] nEAH FAPH EWE §&A72 ¢ ¥ TH

100mie] £u]8 E2}A)7ic). ojuf el £5&= 1.5 - 2mI/mineE %
- 2? -



Ch AMeld AEE 8o} Tmio) o 2y e str). S} 0.3mi2 33
MM sto] hgto] FUsta 100mle] GujEstalom HYES S&AC)L
TEE GBS FYstolM FHY w25 SEYC

C. Gas chromatagraphy

B AE& AA @od A ELdg GC2H gy B Ul A
4% ¥l

Column temperature 225°C
Injection port 2707C
Detector port 225°C
Carrier gas Nitrogen, 70-80ml!/min
Detector FPD
Record sensitivity 1 mV full scale
Injection volumn 1wl
D. A&YA
2} AlRol iyt A&VA L 0.005ppmo] Y},
E. Hl+&

Penthoatest 2 H&E&Aof iyt 3488 Faidr}, 0.05ppm4&
oA He-E&k +¥ A3} penthoate 80-95%0) 92 AAEEZN Ao
75-90% o] A c}.

A 27 fold4A R A SOk ofE By
1. e
FE3] UYL AIEE CHICN(4 o] Be A|RB)olU CH3CNo| B& 7

@ SUEASEY Yol W AE T BEARZICE F23yC AW
-24 -



of TFY AEL2 WL 22312 petroleum ether{p.ether)2} CH3CNE
THAF FollA] FuhAlzic. CHsCNe| 42 22 (A1 A 8) E= M
SA(AY AH)E EZ Y3t FREL pether® 220} BfHEL
< Florisil column2 2 #4512 p.ethers} ethyl ether(e.ether)®) T 22
&AL 5 geldo] YRE A BFEL JNaTNiET,
MEAR0ED Y, FolARniEI N E 42 WP Aok Ay
THE A7) A AFBel Y Eao] UHUER] WY WL Y0
He&2 80% ogdolojol Yrh. oju] Ayalz} Aokl ARHE o 37}
A EEEE AYHLE Z Ao} oo 53] &rlY A= S&o) §
el S8l FAA gdow BNy wssinz Feojg o yc)
2. A%

LHete 2487 stel 7Y A2 P0ITy Y2 B

H<2 Table 29} U},

2. BHE FUME AR AR BEF

Items Nationality Manufacturers
1. Danish Pork Denmark Royal dane quality
Luncheon Meat
2. Chopped Pork Denmark Danish Crown
¥ith Ham
3. Grape Jam U.S.A ¥elch's
4. Vienna sausage U.S.A The Dial! Corp.
in beef stock
5. Cherry Drink Mix U.S. A Liberty Gold
6. Shelled ¥Walnuts U.S.A Diamond
7. Apple Sauce U.S.A Seneca Food Corp,
8. Jelly Rings U.S.A Ferrapa Pan candy Co.
9. Goober Grape U.S. A Smucker’s
(Peanut butter & Grape Jelly)
10. Goober strawberry US. A Smucker’s
(Peanut butter &
strawberry Jelly)
11. Peanut Butter U.S. A Skippy
12, Red Raspberry .S, A Smucker's



13. Strawberry Jam U.S.A Smucker’s
14. Orange Marmalade U.S.A Top Flavor
15. Sweet Pickles{(2o°o]) U.S.A Nalley
16. V8 Vegetable Juice U.S.A Campbell
( 100 %)
17. Maraschino cherries U.5.A Royal Willamette
18. Choice Spanish Spain Loreto
Olives
19. Corned Beef Argentina Libby's
20. Luncheon Meat Denmark Danish Crown
21. Cherry Kool-Drink U.S.A Paradise Time Food Div.
Mix .
22. Mixed Nuts U.S.A
23. Sliced Pineapple Indonesia Ligo
24. Grapefruit juice U.S.A Libby's
25. Roast Beef U.S.A Libby's
26. Clingpeach halves Australla Ardmona
in Syrup
3. ¢t A9

goje A BHA AL HZ22HE 2 $tejop ¥rh £oj 2
acg 2387 st AATHAAEIIL FHI 71N A2t
(ECD-GC)E B3t olu ECD-GCAol A gule] &8 2t 27t
el R

(1)}Acetonitrile - 4L.2] acetonitrileoll th3ted tmbe} HaPO4, 30g P20s,
boiling chip& 7I1¢ th& 80-81°ColH ZHurh ol 82CE 2334 A
£ ¢"ch

(2)Acetonitrile (p.ether&& 23) - MEFFAY p.ether(13)24]
CH3CN(1)& =34 Uch

(3)Alcohol - USP, reagent grade, or MeOH, ACS.

(4)Alcoholic alkali &, 29% - alcoholel 299 KOHE 7151 = ¥

100mIE RHECL



(B)Eluting solvent, 6% - e.ether(8) 60mL& p.ether(13})22 1L} S
¥ T

(6)Eluting solvent, 15% - 150mL2] e.ether® (5)2} o] nIEr}.

(7)Eluting solvent, 50% - 500mL2| e.ether® (5)9} Zo] wEr},

(8)Ethy! ether - 34 - 35°ColM A FF3tn HALstolA RBYPT} 2%
alcohol& 713l A ¥ A2} peroxide?} glo]ol %ic}.

(9)Florisil - 60/100 PR grade, 675°ColAl ¥4 3471 Florisil& 500ml
4 glass jarell &l &7|13 4o BRIt AR Ao 130°CoA 512 7}
gyct. BFLE 1307CY glass jartl 277t 25iE tjA)#o]E Ao By
313 29 o] ZF Al thA] 130°CeolA s &l
- {10)Hexane - GR grade, Z#}7]| & Al-&5lo] 2 E ).

(11)Magnesium oxide - Adsorptive magnesia (Fisher Sci. Co.No.
$-120)

¢} 500gE& EEH slurryd 2HE L steam bath’telA] 3087 718}
o F4 o{3gct. 105 - 130°Coll M 1) A23132 No.60 seives AHErc}.
RE2 Usigrlol ¥

(12)Magnesia-Celite mixture - MgO(11)¢} Celite 5458 1:1(FAuh)E
Al p.ether24 Celited £33 oo HFALHEUo] HEH A Yo}
of %t}

(13)P.ether - GR grade, 30-60ColA XxI2H 2|&EF ¥ AR r}).
(14)}Sodium sulphate - 42 28 2 Aggir),

4. G xapr)

(1)32% F3A7] - Waring blender £ S5% A% 713 A,

(2)22nte0els]g & - @, & 2237 o3 fritted plate £& glass
wool & Z#e sicte] FHY 4 U+ 2. 22mm i.d. x 300mm.

(3)stopcock?t G TBwEINTE # - 22mm i.d. x 300mm &
- 27 -



400mm.
(4)Filter tubes - fritted platel} glass wool w787} 7tsdtn B2 ol
spio) 2ag A, & 22mm i.d. x 200mm.
(5)Kuderna-Danish 5332 - £F#o] ¥4 500 2 1000mL 20l
BAE AEXY FotLA.
(6)EAAFE - 22237 &7 1000 B 125mL £ A
(g)Micro-Snyder column - 2-ball (Kontes Glass Co. No. K-569001 £+
5 )
(h)Micro-Vigreaux column - Kontes Glass Co. No. K-66925, B+ &5
¢ 2.

5. A% =24 % £&

(1) vizg A&

Beae YU AeE HE AASD A §AFEl LEA HE
& npRict.

1)28g 75%0l4 HA3l1 5%ol8te) B& ¥R3l= B4

Y AR 10098 I&FA70l YT 200mLe] CH3CNzt 1092
Celited 71812 &L 287 WA AUL] sharkskin paper?l Eo{4)
= 12 cm buchner& E8led 500mLE FPoiHstn i 250mLe o
ANUGY @A $u§ F3¢ch 2 E FAY Ade 1LY T oj ol
&7 ¥ 5)8 o] Ae|qch

2)42g 75%c|4 ¥R we gygo] 5-15%U M E

100g2] A1 &efl sty CH3CN 200mLz} 50g¢] & 713l )= 2
& MNelg gt} oo 250mLg L2l Edoi Fof 2sta ) AE Hw
Lig= 2

3)75%0]4te] 482 K3t 15-30%2 ¥ YHIEe AE

A2 100g2 23ted 200mLe] CHaCNzt 6OmLe] =& YUY £4&

- 28 -



75°C7HA A1ddR NAF & A& Al ofeo]l wWiztE s Mo
250mL o3& 1L8 $YoifR g7 2 W2 af 712 siclel ¥ 5)8) g
o] A eyt

4)A2F e A4 HE (o, W2

35% Hz0-CH3CN( 350ml H20 diluted to 1L with CH3CN) 350mLg
20-50g2] Aol 713l FARACE oo A|Rao] Yo XR7Z Luj
¥ U Itk 1402 58 npysta 1)z 2 AHeld ok Fdodz
€ U ¥ thd A 52 ).

S)UFEE p.etherdog oy

p.etherg F¥3slA 2t £25c] Fol g BT 7pict 1-2
T3 AYst2 10mie) T NaClzl 600mi2] B 71gict. Ao %g
HOE F3 30-4527 HstA Eg £rh AT £3& vz g2us
& 100ml x 2% €& 4lth $A4% 2 ¥aja 2oj2e 100mig
glass stopped cylinder® &713 B3] & 7|83}, 1592 L4 BahjEE
2 7181 AA EEch BEZANEES 715t 1A oAl wAsA o
TCh TAIZE o]} WA S Fao] dou} F el Eale] wagich £
< Florisil columno] A ol8a]7] A4} Kuderna-Danish 2T EH
5-10mIE ¥ & §icy.

6)=td 2} ofafoll Ryl A4t

g sample® S x(F/T) x (P/100)E AA§}c},

7|4 T = totoal volumn {mL H20 in sample + mL CH3CN added

- correction in mL for vol contraction)

P

i

mL p.ether extract
100 = mL p.ether (HFES F23}17] g13le] A12H oh
aGAFol o] 50 mL2l 8 CH3CNoll /138 o £%1 TS 45 27}

Ueh &, 28 85% ERsl: AE] #eE T = 280 cfilo] T = 325
..29_



o]tt.
o)100g2] A&7} 85% 2 +%& ¥Hsta alrh. 200mLe] acetonitrile
& JI% A9 B943e Smlojt). #5¥ = 280miolt}. o ztele] Fu7t
235mlLo|™d p.ether& &2} Xyl 85mLol i ZHRES 100mL 2] p.ether
o &71™ 100x(235/280)1x{85/100) = 71golt}. A&l 2o =2 ¢
& Zt2} Aitsioiop jich
(2) A% HHAE
A g A AL Fol acetonitrile2H Ful 4] 7t
NEE U e #2
Aol & Fol AR AR 2N A3l AL

2)8 ¥
50 C7IA] 7123l A 2st| AR
(3}A1& BA 7y

1}Acetonitrile Partitioning
3gel AWAIEE 125mLe] B Fol &7 p.ether& 713}
p.etherst el 2 37t 16mlo] HESF %r}. p.etherE ¥
acetonitrile 30mLE 718t 1827 EEoF3 & ¥eAZD &
acetonitrile2& 23t 650mLe) Z, 40mLel EHAEE, 100mLe
p.ether7t Bl 1L8) 2o Fol Yt 126mLe) YA F &Kof olE
p.etherel] 30mL2) acetonitrile (p.ether 2 321 )& 38 78t 17
2t A 380 F29L 1LY BAAFSY F&22 YUk
ghe} AWAZ 2EY P = dodrin s d ogst g2 A
2§ %ch Rn] 2YH acetonitrileE 2{5od 15mLe] p.ether7t &1
£ Fua BeojF (126mLlol ¥ ¥ 182 MUYt FEE 2L
acetonitrile =& 650mLe &, 40mLe] EA ¢4, 100mle] p.ether7t &

ojgle 1L ool Yirl 1256mL £A4F Ko FgFS 334
..w_

rlo



15mL p.ether§ 718t £ &3 t}-F olAEE 1LY FAFo Hair).

BUAFE Y22 ME ThE 30-4527 $¥3] Hdecl $o] £
SEg 3t £8A58 T 1L 9o Foll &k 100mLY p.ether
' T EdoiFol sistel 1627 &3 ALIIT FE EAAch

T8 45E& Wl petherF & Eof Yy £ Fol &2 r}¥ 100mL
8 F2A 23 Bech A 52 sl p.ether®d& 50 x 25mm o.d.
T3 EE dddo] 244712 500mLe} Kuderna-Danish %& 32 of
cth 2A9FE 10mLY p.etherE4 33 $A5le] F&0 5l &
2313 o|Z& & 10mLE %o Florisil #3go 8 &7},

nE

2)Florisil Cleanup

WA 22mme €3(10cm?] activated Florisil, 4&%o] 1cmé] B4
WU EE $3)E U UTh 2Uol mle] 40-50mLe] p.ether FHc.
2] sicte] Kuderna-Danish 547 (sicte] £330 BAE AREY &
dtAAE ¥2AE vl §EdE UYerh #4249 ¢ 5mLY 22
gol FHAIFIL 87191 NaSO4& 5ml2] p.ether224 23] $A3}1d
Florisil columno] Y=t &2 6% £&(5) 200mLEA % 5mLe
ST B&3l2, X LIE vlFo]l 156% 23 Y(6) 200mLEAN &3,
T 8718 BlEol 50% &&M(7) 200mLEHN F&Aj7ch

ztztel & 92 Kuderna-Danish 534X 24 3] H23132 SmLo}
32 &Y 2%+ 2-ball micro-Synder = micro-Vigreux columng& A}
£l

1st elution {(6%) of FH s4Z 122 Zon HAH A8 Y
GCell i3t o] 7t siel.

A, frldLA 5o

aldrin, BHC, DDE, DDD{TDE), o,p’- and p,p'-DDT, heptachlor,

heptachlor epoxide,lindane, methoxychlor, mirex % ethylane
- 31 -



B. At M7E
polychlorinated biphenyls (PCB)
C. #71UA &
ethion, ronnel
2nd elution {15%) ol #&f8 A4 th2 2 Y.
A. R71G4A 4
dieldrin, endrin
B. #71UA =%
diazinon, Methyl parathion, parathion
A7 astd GCEA FHEMHT F Magnesia cleanup and/or
Saponification®& Al gich.
ard elution (50%) o €FE sete th&3t rh
fAG4A ¢ - malathion
3}Magnesia Cleanup
15% eluate?] organopesticides?} AAAS 2Ly AFol AAUch
10g2] Celite Mix(12)& stopcock”t Y+ chromatogaphic tubeof #7131
Agg Pol 2WYch 40mL p.ether2H 1l 2] 2813 column #gtel
Kuderna-Danish &7 & Bzgict. 15% Florisil g dE& 5mMLE =&
H we] ¥ 4% p.ether2A FAste] Erch AR g ¢} AA
p.ether7t Z¢& FAHHA ¢ o 100mLe] p.ether& A1t §&3t3
A R el owf 9] ¢ 8} saponification& Al A §tc}.
4)Saponification
oo atze] Aele] MAHA U2 R porg ALY o AEHE
shyolm 15% elute?t 483 A=A ol e 7Aoo} AARITE. 15% elute
§ 2mLe ¥&33 oA 71ef 2% alcoholic KOHE 1mlL7i¥c].

Micro-Snyder column-& - 238}3L steam bathAtoll A ZA8tAA 1mio] 3}
-32 -



E HUCH ARE 15870 BFA7| 2 Q@ 2aic). of 7)) 2mL2] alcohol-
H20(1+1)2 5mL2] hexane& 7}312 1837 Aeidich 28 LA
#l8te] Al E el pasteur pipettte A1 831 hexaneZ & 7Hs 3t o]
T tubeol #7132 5mLe] hexane2 T W1 B2 &% t}g hexaned & =
&3l GCol ¢ %ir},

6. 7N AR olE e}y

(1)GC - 7171+= on-column injectionol 7}5817) Elojglojo} 3l o8
SEE 0.1ColUo 4 zHol 7lstoiof Yt

(2) Packed column - Glass, 1.85m(6') x 4mm i.d. 2H A& 10%
DC-200(w/w)& 2H83to] QA ZA OV-101& ARSI Fubsic),
A X EME 80-100meshe] chromosorb W HP, 80-100 mesh
Gas-Chrom Q, 80-90 mesh Anakrom ABSE A} 2 it} 22 AE3 g vt
F7] #18t 2g¢] DC-200 {Doe Carning 200 silicone fluid)u OV-101g
Hlol Aol ¥ ofrjo] HotLe] FREXESL st Rt o]
300mIi2] Morton type flask® %73 18g¢2] 2 A= FelAaFe] Y=},
 AAE thE 1022 A2 Bei23E Y22 BuE AAY
Ch. olel 50°C#] water bath AolA ofzt 2 7HA Lujg = AR},

(3) Capillary column

Capillary column2 2= SPB608 (Fused silica capillary column 30m
x 0.25mm i.d., 0.25um film thickness)& A}&3}t}. ZgloBe g
190°Cel A 230°C 712 % 2.5CH 23123 FU72 A&7 &%
€ A 235°C, 290°CE zZAsIAUTE olw) WM BENE YA
3t &2 2t7h 1.5mlming 26mi/min2 & stgic 2 zte] a4 Y
A7l A3t BE wote] gAUolN HEEA DS vlasidct. Aeny
& #5td BNAR Fol Exstx g= 4B 2 SUE MY R ES

=TE HFY b 434
- 33 -



{4)ECD - 3H XEi= 83Ni & A}&¥ir},
7. NE2 ¥H
Packed columng A1-g3te ztRsUdeE 248 Fo= A 25 EF

H A8 f71Hd 3l BRE 4L AT AU dojyA
7l el Bl Fruige TH A& Eddtede a7t Aol mielA
GColA Eels& %317 #isted vl2A 22| 7dEoc] FUEMSo I
$#131A) o] 83t 2= capiltary columng Al31e] ot HEEE 24
T A Y 22 Pl =¥ apple sauce?t orange marmalades ¥
RS F&3e] BN FAE 28 33 2d40 Yehlided oy
Pt ESEAN vladte 2o Y HEL HEEHA 4SS EF
olglch. oo} B2 WHoR o8 FF2 AEE Py AR g EMU
A3 Y 32 AEol HA dsrl.



CHART SPEED @.S CM/MIN
ATTEN: 32 ZERO: S5X 5 MIN/TICK

1 1 395
T W_
C—W !
11 7 53¢
az7 2 92 3351
b 11 3172
R I TIELL,
6 11 14%
‘"?““ 15 F£49
-8- 12 9546
prp S ————— T T f'_g: -~ 2o BRY
{ 22 443
ﬁ:ﬂiﬂ—:_—_m—-‘iﬁ-
'Lza 760
- A + 24 914
R vl ————y e T = 7:,,#..—.._}.2_. sy mae
CL—_)—B 28 203
ame — z te——— 25 st

Fig. 2. Chromatogram of standard pesticides by GC.
1.a-BHC, 2. y-BHC, 3.3-BHC, 4.Heptachlor, 4.5-BHC
5.Aldrin, 6.Heptachlor epoxide, 7.Endosulfan |
8. 4,4’-DDE, 9.Dieldrin, 10. Endrin, 11.4,4’-DDD
12.Endosulfan I, 13.4,4'-DDT, 14.Endrin aldehyde

15.Endosulfan sulfate.
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CHART SPEED @©.5 CM/MIN
ATTEN:

ADC

OUR

32 ZERD: 5% S MIN/TICK

T 787

2.99¢

d4 . 99€
3% 6863

37 .12¢

Fig. 3. Chromatogram of apple sauce by GC.

-1 392



CHART SPEED 0.5 CM/MIN
=34

ATTEN: 32 ZER{:

S MIN/TICK

] . 427

21

23
24

23 .

.134

2313
a3o
267

33 .3%6

36 .58

Fig. 4. Chromatogram of orange marmalade by GC.



4274 AR S 3

A 14 A%
Az FEANEGE 2487 AU ARE 54 FANNES £U4F U
Holld Fstsich

A 23 Aot 2 &n
1) & A¢ : Hormone EERLEE diethylstilbesterol{(DES),
hexesterol, B-estradiol& sigmal (USA)E HE 43t Ap&-3tgd Tl
2) Methanol : HPLC%-, Merck
3) Dichloromethane : AR, Fluka
4) Ethylacetate : HPLC, Fluka
5) Isopropylacohol : HPLC, Burdick and Jackson
6) Hexane : HPLC, Burdick and Jackson
7) Acetonitrile : HPLC, Merck
8) Acetic acid gracial : AR, Baker analyzed
9) Sodium hydroxide : Merck
10) Sodium acetate : AR, Baker analyzed
11) Buifer (pH 5.2, 0.2M) : Acetic acid 6ml, diluted to 500mi
NaAc 13.608g
12) Anion exchange resin : strong basic, 8% cross-linked
Dowex-2, 200-400mesh {(Dow Chemical)
13) Enzyme : Helix Pomatia, Serva 5unit/ml
14) Eluting column : &et2% ZA(0.6cm x5mbol 1.2cmEol 2 A&
zastdrl. A8 E FYANE 4mig) FFHF 2mie) 5% XA, 2mig]

-8 -



HeElEY 2miel hexaned &8 ¥43 AUt
15) N-Methyl-N-(trimethylsilyltrifluoroacetamide (MSTFA) : Sigma

16) Trimethylchlorosilane (TMSCI) : Sigma

Al 33 AE¥y

X E& ¢ 5goll chsted 10mlg] acetate bufferst 100u18] A AFE 713t
3 o} 587 AN ¥ 37 ColA 12412 wigA|ZIch. 1710 16mig]
acetonitrile® 7}8le] 583 AUEA 712 2500rpmol N 58 (AT
tl. Acetonitrile 2& 31312 W2 o ¥oil 2mi2] dichloromethane>} 8ml2]
hexaneg 7}8ld ey 2251= 21¢9-& 23] ] A%t Acetonitrile
€ AR Yo 40CoAM sHHTh $&E A2l 1.5mi8 alcohol
Z gt (methanol : isopropyl alcohol, 1:1, v/v)& 715l L3 x| 21 ¥ 2ml
2] 2N NaOHE 7135l vortex mixer@# 1027 EggA 2. EYA S
anion exchange column (5x50mmjoll FAA|Z & 1.4mle] S/
2.75ml2] 5% acetic acid, 1.75ml&] 25% methanol 2 2 4| #132 3ml
2] methanol2 $&AIATL §&YL2 40°ColAd ZHAYARIIZ 97]9
MSTFA/TMSCI(100:1)& 25ul 71t thg 60°ColA HEt WgA At
Trimethylsilyl-f =N &4 2 3lodgaschromatography-massspectroscopy
detector (GC-MSD)E# E43tdch.

A 43 GC-MSDe| =z =3

EAHM A18H 77| 2M = Hewlett-Packard 5970B GC-MSD& Al
£3tdrh, FU7] £EE= 280C, LE25 = 100CoH A 300C 714 &%
20 'CH A4A123, interface LEE 300CE 3tgch. W7 A= 4
(2t 1.4mI)E A28t 2ehe HP-1 (cross linked dimethylsilicone,

0.2mm x 17m, 0.11um film thickness), 70eVolir &43}gc}.
-39 -



A 53 g Y

1. GC-MSDoll 2% 2z} 48&3 FEA Y o2 d¥

Eociakel 430 FEA 0 iyt F2AL 219 52 @I e mass
spectrum 1% 63 gl Diethylstilbistrol(DES) 2} 29 F78¢] hydrxoy
groupe] ExiBInE 7o) M o4t 2%k ] hydroxy groupe]
trimethylsilyl # =& HECL Mass spectrum$ BdA m/z7t 412, 397,
383Q oj&o] Ao Y A& AT AL B oz} thE &2
2] mass spectrum®] &2 peak2l 727 U&& ¢4 Ak M/z 3974
A9 M*E 3E methyl groupol W7l Eoi® ol m/z 3832 ethyl
groupo] ®olA UZhg wf A71E o] otk olF ool Axth Ath
Ql intensity7} ®ol BUEME 1Y peak® W43 3peaks] total
ion intensity® 7Y ¥ EZ8YNA Qo1 peak A3} ARo]N dof
3 peak FA§ vl3lo] FP3tAch

#t¥, hexestrol?] 2% m/z 414, 399, 2078 Y32 B-estradiol
o] A9 m/z 416, 401, 285§ A3l

2. NES ¥4

AEe] Mol @A ztzte] FEEo] UY HLES ARSI H
5ppb& 2. g spiking®! ¥ total ion intensity & 7 Az 2% 7,8,9%
Q3tth. Spph4E L2 spikingdtd & o 4% FEo] tiste] o] 7Hs
A 49 &Kol rhstd MY Azt A AR Yo FELS FEHA A
gtcl.



ol Diethylistilbestrol

O

| ! B-Estradial

HO

: Hexestrol

Fig. 5. Structures of hormones interested.
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D2an Qe (3.9 min) ot il ALHI VLA, L
3.006 \
et ~ rre ‘11)
“J. o e ] *
(1) 3 B
- ol 179 a0 Jbb acm
- l.86£61 94 - i ape N\ Yo
5 3 s 833 \ ;s
é A '_L v _'_\ L_J_iJ. / v A'J.Jl / —
léa cea 3da +da 5@&
Mroz /Charqe
Scan 136 (8,117 min) of DHIH:MEHIHWZK. U
h.AFE ///
° 02
n
v 41.2CC 73 >p@
[2-) .g / IS] - bl
e 2.06E6 : |~ Jit . eLL]
a | . \ 43 /
) /
¢ 9 A L e 'ﬂ'le_ T T 1}'
. 1ea 200 360 160
Mase - Charqe
Sean I8/ (/7. 44Y7 min) of DHIH: ML IBU4R. I
8.QE£51 ;4 N
» §.085] | 213 i ‘b
(3) S 4. 0cs 2N 328
nt . 1 )
= i / 77
S 2.8ES J N
é 0 J'u.ﬁl ;l —
166 204 360 E1%17] 526
Miss Chargse

Fig. 6. Mass spectum of each hormone.
(1) Diethylstilbestrol
(2) Hexestrol

(3) B-Estradiol



fon 412.60 amu. fram DRTA:MT_ Czon. [

-l BES A
N 'SMOOTHED

. BLEBE4 o - )

o' - re

= 5.BZ47 \

5 4,624

_‘a: 2.8E47 d

- la T e " T
b / 8 Yy

Time (min.}

Fig. 7. Total ion chromatogram of DES spiked in S5ppm.



Ion 207.00 amu. from DATA:MT_ CZ6A, D

. | /HE"’
3.0c3 MOOTHED

Abundance
[ % ]
.3
m
(W,

0- T L T T
6 7 ] 3
Time (min.}

Fig. 8. Total ion chromatagram of Hexestrol.



Ion 285.80 amu. from OATA:MT__C26R.D

] SMOOTHED

™ L. BES p J,..L
o v e
o
5 5.004] /
3 [J“‘ Y
T

G L T T L]

[ 7 a 3

Tima (min.)

Fig. 9. Total ion chromatogram of 8-estradiol.




A 3% Bioassayd] 4% 483 HELY T4

NASAG ARSI ABeta PAuE Folgol glof oAU £
Azbe wl2sty] ojdSu A%, 3 R 5788 U 2EE B i
slo] B Atuig o|Fo| glrh of WS Holidol w] miFol Lizd s B -
Hygoz t}E 228 Ad <8 FF2 AYEL ¥HY + Uk ok of
Uel tiare] ARE Y 20 dajel Ay 4 th el wiog
AF7 BUY A S U} ode e AAAA ¥4 g shEdch

QAR DFUL ABUH ez EAsh:s dae F/ A
o}, o]Re 1) o] BB colonyB A& AHahste & ol &shs ¥Uz 2)0l
A} 212 BEE AAE AR, & At Aato|uh Z1Me] W& A

= A& ol&3h= uhdel arh

A 138 €2
A) &g MTHHsl YRy ¥ pH B.58 23l FREXRFOE 2| &
REDG AAY T £38 pH 4.02 23ste] XAD-2 ZHIA=RED
22 ofn|:ZE| A=A HYBE FelUch THEE FAAMY 52
t}A] IRC-50% IRA-68 o|&x¥ AZntEzisief oj3) FA3A L3
g SEAZFE Pado] st omjxFe|IAe|EA HALE ¥
t}.

A 28 Al
shtutelal, stojmzmteldl, WaEuleldl, Wentel4l, Fazinteld,
AEYEDlAe 48 EEYMELE AHgstth HHY HEE 1-10u

g/mlE 23@3gch



A 33 399 A=
1. 0.05M 74 &3 @ 24t 154 10.5g& & 1000mie] &3]
stod o] Aol NazP04.12Hz0 35.8g2 & 1000mlell £33t & 713te] &
2102 pH4.28 2ASIY 120°CoAAM 15837 ¥l
2. 38 : QiR E 13.6g% FFTol £33l 1000mIE BE e
o] gz} o EZ 7:308 E et
3. gazntEINNE FAAY o]2aBsA
1) XAD-2 : 500g& 2| flaskZol A methanol 1le] 2083 Y32
718 Azg AANT $£HE £ VEI vEE 8 AALE
ol HA3tey REYCL
2) Amberite IRC-50 {H* %)% IRA-68 (f2¢d71%) : 500g& 2! flask
Fold MG DB 71N nYAE AABL Fof WAl HEY
t}.
4. 47 uisugl o 2=
1) Ag7}2] 60Fzs54, TLC &FojExt
2) 42|71 60Fzs4, TLC EetAEnt
3) HEzlrlo| Z3A £2]8 42717 60Fzse, TLC EehaEI @ A
2]717 60Fzs54 TLCEelA®Ieke 5% NaHzPO4 100mlo] T4 144
1.2g, 80% 7iu]4t 20mI% EDTA 2Na.2H;0 3.72g8 838 o] A
¥ A2olM 2441 BEAUR
4) t3ul x| Z2alE 2ely]-g A&l
A. pH4.OupZ Fuigt 3o (0.1M FA4 o, 24 144 21.01g/1)
12.29mle] 0.2M 4 144LLEE 29 (NazHPOs.2H20 35.62g/1)
7.71mig 71 2)g EHAD AL AE
B. n-butano! : acetic acid : water = 4:1:b

C. n-butanol : methanol : water = 4:1:2
- 47 —



D. chloroform : methanol = 9:1

E. chloroform : methanol = 3:1
F. chloroform : methanol = 1:3
G. methanol

H. benzene : acetone = 2:1

l. pH 7.0, 0.56M Qlat oy

J. pH 9.0, 0.5M Q4 s

K. 7% d3dz2ew £

L. butanol : acetic acid : water = 2:1:1

M. propano! : acetic acid : water : pyridine = 15:3:10:10

44 7 »

1. 4%

2. pH meter : &4 Fxi2i7a] &3 7pey A

3. HEzT]4

4. &et2YA 44 HELTA] : 14em x 10cm, ®ol 2cm (=
23em x 8cm, ¥ol 2cm)E Yeo] W A

5. eIz niE 120§ ¥y

1) XAD-2%% : A7 1em, o] o 30cme] BUL Ko sjio)
fel& £3& M3 ol ol XAD-28 7| X7} 47)2] S4=8 15ml 238
Ch. o1Z& of 200mI2] B2 ANty 4y Aol & 1cme] 28 HAE
ch.

2) IRC-50 =& : I3 1.5cm, Zo] ¢ 30cme] 23R BYL {2
8o sHpol freld 22 AT o)2o) IRC-508 71EA 7)Ao
30ml ZA3te] o] R & o 100mIe) B2 AAst Lgate) o Tcm?] 4

& EAETH
- 48 -



3) IRA-68% 3t : 27 1cm, Ho] ¢ 30cme] U § Fele] sHioj
Feld 2F& A2 ol IRA-68F 7127t 47| UEH 10mi $3
3t Ol E o 100mig) E& A8t A7 AdolM & 1emd] +5& ¢

AErh

A 53 AMgHF, wiA] @ w2
A8 : S-4 (Bacillus subtilis ATCC 6633)
¥jz] : PE 5.0g, |49 3.0g, ¢H 15.0g, H7¥2 pH 8.0

A 63 AEe 2y

1. A Az

SAAZE £33 AP A| 100g0] F&9 300miE 71ste] $A3)
THHY F o|RE tir] 3000rpmoly 10237 Y Eelsle F&3la 3
AEel ThA § 100mlE 7}ste] F2& 8312 F o] YR Pl
259& Y3t "aol ulet et ofRojA] Qoj FHde} FaeY
HERe & 7I5te] WAl 1412 o4t WA|F 3000rpmels 10833 4
ARt A 7IxY flaskFol #7132, M EAY 59 HAE
T2 vieheg 7ista & awtste oAl A 2eldich olel e 3t
23] uHRdle] PAES T3] AFUch MHAg g A4S0 1N NaOH
Eq& 718l pH 7.02 2733sle] 40°Colslefs ZdsHdte] 100mIZ
3t thal B3 olelsd 7iste] Ariel & ol Aeldle il 5%
HAAYCH ARG} HAE YU Ag HFste] 90mIR 312 0]Z& 30ml
¢ n-hexane2® 2% F&3le] g AHARrH odEo] 4 AR:
3000rpmofA] 10€7 d4l&elsled F $o2 Easted 1 4502 W
th A471A doj2 &A-E 1IN NaOHE 2}g3lo] pH 8.52 23 ¥1e 30ml

f ERREFOR 23] F5Yrh
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FREXFOE REF 3] U4HBE%)E 7Isto pH 4.02 243ty
o| A& XAD-2%¢e] &7 100mi/hre] £ =2 F dHEz#o| 8¢S F3
Alch ZEE B 100mi 21831 FUSEE MR oo &Y
313t pHB.0Z 233l oln|FeldAlo|=Ae] ZAZAE §Yo = &
C}.

&g A IRC-502gte] 240mlithre] =2 FBA ololxFe] i}
ol EAE FAAcC) LHE B 100mIE 2231 478 FU (22 A
M3ich, olojA IRC-50%3e] Yol I f&o] Irl2 IRA-68LHE B3}
Sl & Zhahg A A 5 IRC-50% el 0.1N HCI 100mI& 150mi/hre) 4
2 FUch IRA-68 LYo Hy S2dg 7Y FelAFoe] o
ZHE Al § 20-30mIE MA sl Mdg B3] |EAZch o] fEY
& BF 3t 40°Coldte] g&Afol Az23le] ol FALE tiehw
0.5mlo] 712 &3jA]A o[l ALILEXEFN 4.5mIF 7I3l Yool o}
g} A3l oln|Fe| DA}l EA EHEYLE YUrl

2. SR olE ety

A2l 7t 60Fzs4, TLC LFmlEY E& 42 7P 60Fzss, TLC &}
&€ 3 3ujof izl Yol ute} olulicF|ZAIEA B AY 20ul

A3 3 doll FYI woes TE 2T LA 20ulE FAHY

th. A2F AR < 10cm A3ty Y& 2nlE TR PECH

3. njo]2E ujo] L 2 ¥ 2}
Ztg 2] wHEe|t|A] BRR] Aol 2} wtEA2olE 0 1 @ o
AAZ2otEOE F717E A7A] UAEF A Eo wolE =2dXA 30-60
B3 AN YFUEE ARE oLl ulsie] o7 dol nle]laz
vjo| 2 Q Egio} Ax|e] RfXE ¥ olueIJ2IA|=A FUERY
JE AR F Al
4, A2 4
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A 43 $UNEZ Alatoxing] 24

A 138 Aflatoxin? 718
HES o8 R1ER7 TRY gayse g3tz 217 g 2

Rz FWold Yo Ay z7ng yan 2t FHoi7t Wi
Ae HEF YN Aol Alge ohya Tuoll 2o JRHZ Yoy
HFER YEof st B MESYYoR o Fas ge
71 o8 BYolRL Yoz YonByons - FR3ich oy
FHol® 7led  aflatoxing heterocyclic 22 A g E§sin
bisdifurano®g& 7}z mycotoxin group 4 3juolt}. o]AL
Aspergillus flavus2} Aspergillus parasiticus & YR straino] Aaibgic}
AL @A glrh. Aflatoxing 2 BE} mje FH9lsld nPoes 4o
A ¥4 Uehys) olBo) A Holo 77t o] Foix ghr}.

Aflatoxine] Y oHA12el wi3g Be 196092t 1961 ool
Bt 438 AE2e g Aas —‘r"-’dﬂ}al?} HESE 4o turkey
X disease2t 3= ol WARWHA A7 A ZE g o] ¥ oy =z}
Hatgol 2ste] 2 gelo] ol MM SHEW A Ao
HHAR ol& aflatoxino] gl HEslddc}, Ao aflatoxin2 852
o tistel FESHFTA ¥ ol BHAY FREAS de7y oz
dF aflatoxing w2 FF9 87140 th3te HolE Yo7z wWeNL
UEHATE B o]§L Aol UL Yoz 7bsdol ole w3 Xarg
= oi¢ w2ioE oy gir.

Aflatoxing Aspergillus flavus®}l Aspergillus parasitucus Z2] du
7b Bt R guA Yoo o2 WA R Aspergillus flavusql

o olRL Aspergillus parasitucus®} SA8 Hozm A+ Qrcth 4
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flavus &2l 9 straino] aflatoxing Ax1sle 2 ofLalgt o] Axly
FRole wayate] ¥ 8ol AFHA A exyeloid HAo) 7%
EE AdAe AFAHY 2EE Yot YEHAEY YHE AUE 4
€9 aflatoxing AU &= HEL By Re, F, 44, d4, &, 1
I FFF Solth. E3 aflatoxine Held 3 E, 1] AEI7]Q, o2, -2

N, FolxE PHE A2 MAloje 28&d T aflatoxino] o

44

1=

|

it

Ut 2AtAA oM aflatoxing WM AIFNA sl 71 228 2L 14
AN 22o2 oafFt WASH WS FAAoM Fe) g ¥
Aol €5 drh. 2Lt oi2E & $F2 FHoleo sl aflatoxino]
A =7 E et

=

A 24 Aflatoxing] =29} sty a3
Aflatoxing 383l Fzo) o3te] A £8 227 Uro] 2=y
3 3= difurocoumarocyclopentenone serieso] i T2 st difuro-

coumarolactone ©|c}. o] E¢2 ol&latael MaAe ¥ 33 gr}.

1. Aflatoxin B, Bz, Gi, G2

Aflatoxin Bi, Bz, Gi, Gz (Fig. 10})= toxing 3¢ A% g
aflatoxinf Rt} HA WL odo] Za8ln Nesbitt F(3)o] olslef Hx
& £ A} ol§2 chioroform-methanol(98:2)& A/Luj2 A3}
o silica gel platedoll Al thin layer chromatograph(TLC)E 228}
th, o] 20 &3ld B2 Bz UV3leld E2M(blue)s) B3} el
3 Rexl= 217 0.4, 0.350]2c}. Aflatoxin G112} Gz= SM(green)&
B FENYFE vehiddl Rexle By, B; 2t} wo} 0.34, 0.31¢ 7
Z} e et ol & aflatoxinE 7t I AN S UV IR spectras] A

M2 WlstA Lelsich Q4R MI AR P E At BApAlg 23
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Table 3. Some physico-chemical properties of the aflatoxins

Fluorescence

Aflatoxin Formula. Mol. wt. Crystals M.p. (°C) under UV light Rfx100*
Difurocoumarocyclopentenone series:
B, n_qz_uom 312 Pale yellow 267 (d) ‘Blue 56
B, n:z:om 314 Sz.nm needles 303-306 (d} Blue 53
B,a n:IZOq 330, Yetlow plates 240 (d) Blue 13
M, Cy17H1,07 328 Colourless rectangular plates; 299 {d) Blue 40
z_m OZIIOQ 330  Colourless rectangular piates 293 (d) Blue 30
M,a n:IKOm 346  Yellow rectangular plates 248 {d) Turquoise
Aflatoxicol (R,) O_umKOm 314 Colourless 1,224-226 Blue

i, 233 (d}
Difurocoumarolactone series:
O_ n:x_uoq 328 Colouriess needles 257-259 Turquoise 48
Ow OZIEO.\. 330 Colourless needles 237-240 Turquoise 46
Goa OZIEOm 346  Paie yellow 190 (d) Turquoise 1
OK_ OZI_NOMw 344 Pale yellow plates 276 Turquoise 12
Ozm O:IIOm 346  Colourless rectangular plates 270-272 Turquoise
O?_um OSIEOw 362  White 195 {d) Turquoise
B, n_mIKOm 302  White 217 Biue 42
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2 OCH,

Aflatoxin B,

-

= OCH,
Allatoxin By

Aligtoxin G,

OCH,
Atigloxin Gz

Fig. 10. Structures of aflatoxin B;, B2, G,. G,



% A3} By Ci7H1z06, G122 Ci7Hi2072 242 utelytcl. Merwe §4)
of wl=2d B+ hydrogenationell & & B4 dihydro -ﬂ—iﬁﬂOi.?. Gz
G128 dihydro ®E=A olgrh. #AdY BxzE= Asao B30l
spectroscopic L& # A&stel HRch o F2E X-ray gl o
i’}ml #»elgl gl aflatoxin Biole = 71¢] dihydrofuran® 2] cis-mode?]
Yo o] R REE Yot o|F FZ& Brechihler 0 gt} &
Ao} o2 7lsietAa wido]l HUH T Aflatoxin Bz E aflatoxin
B¢ BYUAA A2¥ £ ded & aAZRs 3 FZE WIUCH
Brechbiler & aflatoxin Bizt G134 du ol (circular
dichroism)o] A 7tbssitie 22t Aflatoxin Ge7b Gie= 1e
hydrogenationell 2)3f wEIUche A2 Be GAYL aflatoxin BA
d3} @& hydrofuran ring systeme] 71%%% 2z2F AL FEL
t}. =4 aflatoxin B2} Gi2 hemiacetalg& 843l o]& hemiacetal

o aMqe] thalatEQ aflatoxin Bza, Gza®t T E3CH

2. Aflatoxin Bza, Gza

Aflatoxin Bze8} Gza(Fig. 11)& A flavus& pjdstd MG thApAd
F2A4 QUch olES 1966¢ HEF2=E B sgn?. 8 £ aflatoxin
Bel Sdo] w2 chloroform-methanol(98:2)8 A1&31od silica gel&]
thin-layer plate’goil chromatography2# 27} hydroxyaflatoxin
Ql Bza® Gza 8 EIBHATIH Baat UVl geae PPE WAL X
o] ¥RE T Gza BT Rex7h 47 gHch chloroform& AH§31
thin-layer plateAtol 4 5% RE 2astded ol &
hydroxyaflatoxing 371, &, &2 zo] ZaAfstold FMe EIE T
sixiglch

Bsa 2} Gzat IR spectra’l Bi, Gz2ot thEH 3620cm-lols $718 dl
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7} 9le] o]&= hydroxy groupe] Ex%& Ro{&Frt By, Giol 2+ vinyl
groupol A e Lo 3100, 1067, 722¢m~! w7} gl ol& o|& 3
¥8o] Bz, Gz% hydroxy HFEHYE KHAErh Proton magnetic
resonance spectra® ZAz wwrel dihydrofuran ringe] C-2 $1X|ed
hydroxy groupo] 928 B Fgcl. Mass spectra datas Bz2a2l G2 9
Bzlalo] C17H14073 Ci7H140s0) W -CHOY lossE ¢oj3l= m/e 292
loss7t ¥EE A o= & RE aflatoxino]d Uehte FFH 29
t}.

Aflatoxin B2s8} G2a:= B2 G198 2-acetoxy-3-hydro #7183 54¥
acetyl FEME ¥4 cl. Aflatoxin Bza9} Gaats ANul2] 8] A= g $7}
AAEA A flavusE wigstd Ad"ct wix]e] dxd F7HAANT T4
o] pHE |28t Z&HA QEt}. Aflatoxin B3} Gi2l hemiacetal’l
B2a2} Gza: aflatoxin By, G: & x3 F2 F7)4 £4§ He|3id vt
ol Frth. B2.2 £&2 10% HAE 71 B9 ol ELYE BRAAE
90% 7tz E713ted ©l & ol &3l B & #HAUCL

Aflatoxin Bza2} Gzat H YA €] EAste] A&l O-alkyl
ENE gA4%c) ol ¥ O-alky! FEA& aflatoxing] zjdc)rpatge] &
23t o] ¢Fol YA AASZA 2 el R chloroform22M &
Ul 54 Bzad} G228 $E AAHr}. Methanoloj & alfatoxin By}
Boats 362nmeollA 2tk 2 F4Hcl. Methanol-cancentrated ammonia %
A (14:1)ol 4= B 2] spectrumo] W &la] ¢Jx| 7t Bzax 362nmellA €A
3 F4ulsl AAEI 404nmold FE F4ulzt MEA BAPHrL). o
spectrume] Mol R4 F¥HAINW sldAog qojdr}. oYY W
= phenolate iono]l B4 HTh= Aol ¢ldle] dEE =Y oqA 48
phenolate ion FHof| &3l ¢A@SHA Hcl.
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3. Aflatoxin M;, M:

19634, Alicroft Carnaghan®) & aflatoxine] ¢ € 2o AR
¥ A2 By QoA £4EF AviAH HIAE2 L7y oA
aflatoxin Biol €13t 7te] &alzl SR el &4e] doiwch ol&s ¥
o} aftatoxinol /Y A& HA FolAME FLU +F toxine| UEldtE
ol o] & “aflatoxin M"ol2}32 B 3ATL.

o]l a2l AW Holzapfel T107o] 2)stol WEFH A olEd TUH
aflatoxin(B;, Bz, Gi, G2)& ol A vB e (1mg/kg)e 2 Holch MEUdE
Wolk 4827 Fol 2&8& 2ol chloroform2 2 F&3tdch FEE2E
Merck Kieselgel G chromatoplate Alof A chloroform-methanol &S %
AAAA AHBL toxing F3trt

Paper chromatography &4 A Az zpde] & s FA4
REo® Uridrh 4% LEH B® Fo] FYdri= 718 st A
o] §& aflatoxin M;, Mz(Fig. 12)ztx B3 2rh Holzapfel 52 0
SNz ABERIE A aflatoxin M2l EAA & Ci7H1207 &
2 ARsgc. weld aflatoxin M By Hrh al&gko] o gk uvet
IR spectrai= Bj¢] 23 fAlstd o} 3426cm-leld Foulg el
hydroxy groupel 2&& RoErh Aflatoxin Mz dihydroaflatoxin
M2 S aflatoxin M€ hydrogenation ¥% d&s Ut
Aflatoxin Mz Bze®l Melel oldxolm ity Fzef glo] wed
furan ring?] C-2¢1% tial C-4%)zjel hydroxy groupe] %th

4. Aflatoxin GM;, GM:
19674, Nabney $!10& aflatoxin G& Hd ofel ¢ Zow He F
2y "L Je HYES Bastd=r o|52 hydroxylated

aflatoxin GEZ A ztgairt. e 3ol Purchase $1292 79 2&2%
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Altatoxm G:Q

Fig. 11. Structures of aflatoxin Bza, Gza.

': /1\0/ \\/f/ CHIE

Allgtoxin M,

Fig. 12. Structures of aflatoxin My, Mz.

- 59 -



¥e U Bio] EHE EHIHAID “GM"ol 2tz B 3tActh
Heathcote £8& A. fluvus Wa8de e 42 #&3F TLC 2ol
A4 Relgr Az My ulE thgol =Me ¥3& e 2UE A &start.
o] BAUE Hedlod UV mass spectra ¥U= BAL A3} EaxpA o]
Ci7H110s2 € €2t GM (Fig. 13)0l2t2 wmsieict. Aflatoxin G129
o)2h%e] £48 1mol ¥718 2ol aflatoxin GMz(Fig. 13)eIth.

5. Aflatoxin Mza, GMza
19734, Heathcote $8)& A, flaves w2 $3EE FH 57
o] T hydroxyaflatoxing Eelstel I F4d& EA43tdict. | =72 &
& &% dihydroxyaflatoxino] &t o] ztg=z}e] Wt furan ringel
= C-4¢]# o] hydroxy groupel 9171 ¥ 22 afiatoxin Mol 4%t Zof 2
t}. o] dihydroxyaflatoxin2 aflatoxin T E 2RRYL TLCR o8
o Qelth. TLC AolA ez Sxolm UValeld FEN BHE ety
= 2Ye Ms.(Fig. 142t 223 =A Aol ¥&A BI3& v}
BUs Y& GMaa(Fig. 14)eta FEstdch + 33tE BF sulfuric
acid® M2 st gul aflatoxine] B{HOE rehdE Hedg wodrch
o] ¥§Ee UV spectat aflatoxin BAIY Hrle M AdYE 2o F
9r}. Mass specta dA] aflatoxing] 8 Aol mass spectra §4¢
m/e 29° loss7t 442 BEA e loss§ UEhde mle 18 2} m/e 36
2] loss7t 9t Mza%t GMz.9] 2x12& 3463 3620|902 IREA
of ©j3ted hydroxy groupdl &z47t 3620cm- ! 24 H¥u¥dx 30303
- 1060cm-! we] %7} glel vinyl ether system&l Hag warch. Al
22 2}2t Ci7H14083 Ci7Hi40g0lATh



Q
Allatoxin GMy

Fig. 13. Structures of aflatoxin GMz, GM;,.

OH
I
HO o OJ\‘/ Hy

Allatgun Ghg,

Fig. 14. Structures of aflatoxin Mz., GMz..
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6. Aflatoxin Bi(parasiticot)
olZL FEMY HFE Uelud  KieselgeliolA methanol-
chloroform(1:49)& #H7&ulg2 Al£3lo M3l S uf aflatoxin G113
M1 Atold Red Uehiddch £x142 CigHi14060l 3L aflatoxin G1 2] &
-lactone® ZheE st vt g @A HCHFig. 15).

7. Aflatoxicol
ol %Y EL aflatoxin BIE ofg o]y Bo] Easid BAEHAT) o]Re
UVEtel A aflatoxin Biz 22 #2492 H4g Uehin Ezjale
C17H1406°]t}. Aflaoxicol®} dihydro S =M= oL} 2 2]e) Ztoll Q=
42 A Ro] o] 3}od aflatoxin B122 &y Aargc},
Aflatoxicol(Fig. 16)2 F7}zl9] 71318t 3q 2g 2Un TLCEA o

' ey + qlch

io

8. Aflatoxin Py
ol 582 tix2t Bl aflatoxin B)2] O-demethylationol £]#}
of ne] At meld o|RE phenoto]2 FE  glucuronidel}
sulphate, phenole] Re|Pels Py FEo] oFog He ABHL) of
2% 2= HYYo R Yol THE Arh(Fig. 16).

9. Aflatoxin Q,

ol WFole microsomet 1zZHe] e in  vitroAtelel A
aflatoxin B &) cjrtitEolrt. Aflatoxin Q1(Fig. 16)& aflatoxin Bjol
3= cyclopeteno ring2l carbonyl group®] B #1xo} hydroxy group
o] 2lct. o]RL aflatoxin By Rt} 47} sl o gled pyridine &uf

oA acetic anhydride$} acetylation3}® Aflatoxin B, o] H ¥ %] =]
-62 -



O
O)j\
t CHy— CH, OH
o] o OCH3

Atlatoxin By
Parasiticol

CH:" CHon

fe) OCH,

Dihydroafigtoxin By

Fig. 15. Structures of aflatoxin Bs.

OCH

Drhydroaflatoxical

[a)

AN OH

P
L o 7 00H,

Aftatoxin Oy

Allgtoxn P|

Fig. 16. Structures of aflatoxicol, aflatoxin P1, aflatoxin Qi
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U Aelol A monoacetate & A4 Yir).

A 38 A ¥y

Aflatoxine} %3t3el F2&= o]EE2 e AeHe WAz o g Ay
A7} olct. A& &<l aflatoxin Bza®t Gza Br, G, 3} 3}atsel 27} uj
* RABEA R gojdeg Kol o9yt 7bA @2 9}(1200ug of
B2a, 1600ug of G2a}& MolA Haxnt HAst=o gle] Zajols} ¢
i aflatoxine] A% AAHA &4 gavia ol odgrix] Ayo] g
2l A%d HHA T2 2P YAAE IHPo] n] S HYG o £
iglth. Aflatoxin M1 & el 8ol glo] F4 F4g Uehdch 2% 1¢
ol B *golelef 4% Aflatoxin Bi, My, Mz8] LDso 242t 23ug,
16.6 49, 62ugelth ol AoddE MiS B3} vl ghe uehyggict.
23y aflatoxin Miofl o F4 2 2l wUd e 58 ERe oy
Z}7] ti2x B, Rrhs A9 w22 o4 9t |9 o] aflatoxing
2 SR HYHA F2, oY FBol wld 2%do] nf$ tlES B
of Xatgoli} Hgo] VAE FHslE: 2L 28 4&de] ohiun oA}
A AEE AXN 549 UAE dPYe) uigAsicin s}

M 43 Aflatoxine &3} HEAiuiy

1. Thin layer chromatographyof ¢|#F u
1) Aflatoxin®] $&
Aol W AREE 2E AlR33 AYPade] gL AlRE
Soxhlet B2 & Ah& 3t petrolium ether\} hexane &2 =) ut-g AL t}
& 10g& 33l 250mi] round flaskol Yol 100ml2) chloroform-g 7}

32 nlAE Bl ol g LrlolA 3082 INska Whatman No.1 o
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HAZH o2t E4jof A}l

2) Clean-up

Chromatography § #3(22 x 300mm)2} victel glass woolg %
3 o7le] 5g8 ¥4 sodium suifate® 5g 7}3ic}, chloroformo] Zrgte)
B 7 A& 22 ol o 7o) chloraformol ol silica-gel® 10g
7ttt silica-gelg 7igts] BAAIZIZ W cobg ofslo) 15ge] B
sodium sulfate& 713} chloroform& & &1 7lt}. Chloroformo] 238
o ¥Rl WYY FEY AEE S} 222 Aasloly H2AD
3ty 7He ¥ 4282 chloroform& A1 &319 %4l v} pasteur pipetteo 2
AEE Zeadciol ek Flask uiol] Wolgls 22 2o tja] Azke)
chloroform$ 71ste] 433 Zglo] F G} A E Agte) 3AE e
150ml¢] hexaneo ® Aloj& tig 150mle] R4 diethyl etherS4 T}A]
Aol Ett. Aflatoxin #£H 02 chioroform-methanol & (93:7 viv)
150mIE ge¥rl. §eldg nm22 $2FA4 ALY cje YAy
chloroform& Al&3%lo] ®o|1 TLCoA #7jgicy,

3) Aflatoxin®] thin-layer chromatography(HPLC)

A& 20x20cm TLC 3t (silica gel G-HR, Merck)o] Q1% AL
BlE  chloroform-acetone(9:1)& 1g3stel A%}, ANEsdg
chromatoplateo] ¢ 9 & 2L = micro syringe & AH-83} 2 chromatoplate
8 SpRolA 2cm Eolol 24 spottingd¥iet. olwf A&7} JAH W
< SmmE WAYES FAF astel AsMMzuoly Lujst Beo] =gs
EE AR FUA UAY he HAANE A #3300},

2. High Performance Liquid Chromatographyol &%} e

1) A1 & p£7]7)
...ﬁ...



7h A1t
Acetonitrile : HPLC grade, Merck
Water : HPLC grade, Merck
Chloroform : GR, Junsei Chem. Co.
Sodium sulfate : GR, Merck
Benzene : GR, Junsei Chem. Co.
Methano! : HPLC grade, Merck
Diethyl ether : GR, Aldrich
Sep-pak Silica Cartridge : Waters Asso. Inc.
Aflatoxin standards : Sigma Chem.

Trifluoroacetic acid : GR, Fiuka

L) At£7]7]

Instrument Waters Asso. 6000A pump with U6K universal
injector

Detector Fluoresence detector Model 420
exitation 365nm, emission 425nm

Column u#-Bondapak Cig (3.9x300mm)

Mobile phase Water/Acetonitrile/MeQH (6:3:1, viviv)
Flow rate 0.7ml/min

Chart speed 0.5cm/min

2) A= He
hH +&
A& 50gol tisle] Methanol/water(80:20)82 200 mlg 7}8}od

dAHAFI 5 o] 71 & Watman No.2 o242 2 o 7}3it}. o -8 75ml 2] 3}
- 66 ~



32 7)) FH/4 60mIz} 23 ammonium sulfate 15m!, celite 545AR
5g& 7t¥ ¥ 283 2k o2 riAl watman No.2 x| 2 o3}
B3t o & 100mid)3led separating funnel® & 7|5 o 7ol chloroform
25mlg 33 o] ol 7tsle] aflatoxinsg chloroform22 &%t}
chloroform& & RBF EolA 35CeliA #dEZA75132 o7 o] 0.5mle)
hexaneg& 7}8lo =9it},

L}) Clean-up

Sep-pak Silica cartridge§ 10mi?| benzene 8 A2 2 C}& o
710l A1 2 & 7h¥ct WA Bmle] hexane2 & % 31, t}& 22 diethyl ether
& Smiztste] AftBog A8 chloroform/methanol(90:10) £4&
20miz}ste] 2%t &AWL BF Hol ZAARAI 7o) 50ule

trifluoro acetic acid& 7}%lo vortex mixer24 ¢ 187 wreaAHA

—

hemiacetal HEME FET}.  oso]  o|Zalgmlel  Water/
Acetonitrile/Methanol (6:3:1)% 0.5mi7}3te] HPLCEH A gt}

3) HPLColl 23 &4

HPLC systemol M= ¢4 Z3{normal phase)olu} o4} ztekreverse
phase)& A}-&3ld HEZ7|E2H = UV, fluoresence, mass spectroscopy
detectorg A}&3te) EA%ch A UUE AR5l EMY Ao hy
= 5-10um silica gel columng& At&3ic 28U £A 2218 Ap& 5oy
Y FPolls olgHeEH ¥} chloroformo] AlRE =) o] AL 2
2 ERAFIIIIL Roldta] ofu £} ALHog £y A$ silica gel
columnol +&#& Fxs17] wjfol £elpo] HolAct. utely HJarzze
AHEShe Wol AYrta dREdE o AS &8 YA F
tho AddgE AME3E A9 %2 5-10um? octadecyl(Cis)
columng At83tm o] EAto 24 water, methanol, acetonitrile Z 8} 3}

o A}g ey,
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Aflatoxine methanolal 8% fadejsE o 360nmelA 73 UV
548 oz E Faue 819.1 #e 223nm, G& 257nm3
243nm, Bz 220nm, Gz 245nmse} 217nmoll A F47 dojdrt. o f
Bel UV &= 360-365nme] IHAE o] &3ted 2 olf A TS A
oM THE ol &3t W E w7l wiEelch UV A&7E A8t
1ng 2 aflatoxing 365nmoil A water-acetonitrile-acetic
acid(45:55:2,v/viv)E I EHOE A3l &Y 4 Arh

w2, aflatoxin® UVEASIolA 28 83§ d&sted 83 & ve
7 £ 9} excitation/emission HciiE o1 EF 248l upztA @ehzct. o
& ol aflatoxin B chloroform& e ZolA aflatoxin G B} oyt 83
& U aflatoxin Bit G& F8&dolut &4E& Zo M B2ut Gz =l
g org siag Witk Brof thit excitation #tx = acetonitrilez}
water 2o A 355-363nm ¥ glel 3 chloroformol A+ 415nm, el B
8] Ao 450nmeltt. Giol th¥ excitation e B3 ulestxirt
emission FtixE o Zl m Aol vEhdTh, ol B4z A&V1E & A
A H2A picogram7ztx] A9 aflatoxing &Y 4 9t}

A&7 AEE 5Y 4 A= YU a¥¥E Y go] U A
£ 523} A7} AU, blsilica gel-packed flow cellg A}&31ALE, c)MS 3
§718 A2 Wl Sol lrh. £ laser fluorometric A&71& AH83t

o =g ¥Y + AUTh

A, REAS A2

Trifluoroacetic acid& X st precolumne = aflatoxin Bi1 2} Gi
o] hemiacetal $EMQ Bza, G2.2 WETCH o] FEMSES 4 ol
wo fUiGolN Qe HUE ME FFol XA sleth ol WHE

A ARG ARE ALold FAHcR FFHU KEME VET Q
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th 2y 2oy AL olF REAMES Aol FAIE MA3 £
b doUEE et REAE AZY EA B AAse Aol wigd
slth. Aflatoxin M2l hemiacetal-& M; =bx) Bt} 3-4ufe] 3 P& W
23t
Fig. 17¢l& aflatoxing TFAREHE UEF HAAEIIE A3}
243 chromatogram$ UEehaich. #2yge dyzdghs AE3lgdx
olEAto 2= water/acetonitrile/methanol{6:3:1, v/viv)& A}§34d
vl ¥ vindy ¥ Yojut2g B 471 U 0.5ngs &N HEFH
3ol 7Hestolct.
2] 2ol aflatoxin2} iodine=}¢] post-column 3H-$& o| &3l &
Mg AA st whygol suE gct. Aflatoxin By, Gi& 58§ Aejold F
3 HRS Lep o o) R B¢t w53 #=E vehdch Thorpe §13)
£ 60CAHAA 5ume] Cis G4z o] post-column iodinationg ¥ ol &
*& 0.01M potassium dihydrogen phosphate(KH2PO4)-acetonitrile-
methanol {60:20.5:17.5, v/v/v) & 2} & 3tod 4812l lodination W&
3050x0.25mm Yol A 60CE 3117 iodine & 42 §42 0.11ml/min
o2 3ol o uwl By, G118 H¥PHEE 50u) F71slAL Be, G20 =
= W3}z ¢lo} 0.2ng2l aflatoxing A&y < gldrh o YYP2 FEA
£ Z9] aflatoxing] g &AsI=0) o]&Y 4 olddr). 4L AL
3 HPLCEM S 25 Cis 4zt acetonitrile/water(3:7, viviE o]l 3422
sto] Byt lodine-water Alefe] &2 0.4ml/minoE 3}l
3000x0.5mm¢] PTFE Wt 3¢ & Alg¢ct, #43s} E3IY2 60CE 7
x| gict, ol@j gt whH o2 0.05nge aflatoxin Bi1 & ZAEY 4 don &
F+7h2old & 1ugikgdl #& 7t #Z2Y + dch Thiel F192
post-column iodination7]] 2} Sy AL xB3lo K£4, GF Fo

A aflatoxing ZA&%gc). o]82 3um Cis columnzt 0.01M
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0.5mg of B,
STD SAMPLE

Solvent

B, G \

1.0

Fig. 17. HPLC chromatogram of aflatoxin mixture. Gi, By: 0.5ng,
Ga, B2 0.15ng, Column : 1 Bondapak Cis, Flow rate:
0.7ml/min, Mobile phase : H,O : CHsCN : CH.OH C&:
3 : 1, v/v}), Detector : Fluorescence, ex: 365nm, em : -
425nm.
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KHz2POs-acetonitrile-methano!  (39:9:7, v/iviv)E& olE4ilem
10670x 0.34mm W2 UL 2&3te] Haslgivt. ez 3UL 60°C
§ AFRIded HA K42 olF4e AL 0.6ml/min, WL ete

0.3ml/min o]t} f&& F7HAA o154 #42 1.0ml/min, Alety

#45E 0.4ml/min2 2 stdg ul B 7E sl welRon) HPE
B ZxEx A st gkl BFP 2719 exitation} emissiong
365, 440nmz slQ &l aflatoxin Bi € & 6pg 72 REY £ g
c}.

B. Silica gel-packed flow cell

BZE ol AEWol silica gelo] 219 flow cellg AH&3H
BEE &Y 5 ot} o] Wi 53] QLU ALl Byyg o 2
ZA2E e o] 718 o) gde 844, WF, peanut butter, 23
(B1, My), +RAZ M) ol B o= aflatoxing A&sl=d oj$ 8
3lth. Panalaks 5!5'2 5cm x 2mm 3719 borosilicate® A}£8}od
silica gel-packed flow cell@ ©E2 2 5um8| silica gel columnz} o]
T2 EHchloroform({water-saturated)-cyclohexane-acetonitrile-ethanol
(250:75:10:2.5, v/iv/v/v) & &3}t Venting valved 83327 ¢o
X sto] ddelM Ze|7b v dojit 2L flow cell2 AUNES 319
Ch. BZwelol dPatel aflatoxing 71¢ ¥ 2 ¢dg Z3519 € ©l ng
ol3le] Y= A& Tttt Y flow celld] UEE o]FA Fof 9l
+ protone-donator¢] ethanol& AAYLEH Y %7} 9lc). Flow cell
g $H2 AEE 203 A= FUY + Ar)h. Celle 34 L0l AHgs)of
AE T HEA D 4 gt} Aflatoxing Q4 UYL TN BN /Y2
flow cell& o83t WHdE post-column §EME Tt X234 7y
& Wol AH8317] wife] Wl 1 Balol 23 9t

C. Mass spectrometry(MS)
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MSE A3t ol d71x] £7 2 aflatoxing ¥U3le Z[Pe] A=
5] 31 glt}. o] 7ol electron impact(El), field desortion{FD), negative
ion chemical ionization(NICl}, A}& 32} MS-MS §& o] g¥rl. o] Yy
FHUAAME iz Q= oEE F& BF, dAd, A72¥ T
gl= aflatoxin By& ¥3led ol &t 4% A &E& acidic alumina
column, preparative TLC, (= TLCA ol A o] 21 A& 31 clean-up&
sigict. NICI modedi A= 2-methylpropane A & 7] M & AL§3t] MSell 3
A 2Quch oY W 4L ¥ B ohlel I UFE FFE
Q17) wj o] QA 27l A=A dRHI glo] FL2 A7t 7™t
MSE o] 8 24 38 ool uld 2o ol RHI e WP2EME
Laser fluorometry ¥go] gl ] 22 325nm He-Cd ion laser beam &

2 BAASIUE 2 A EF 2 aflatoxing B &3 dlct.

A 53 Aflatoxinol ci¥t cf

Aflatoxine] ti® feix feutetd BlEY oI F++E FU3
= BE Yelold 2FR Rolth WA AU otxastet F FAUFe] 3o
A= A A AlAde] Hol glxl 4 BAZ aflatoxine] chdte] 4
A o] ®r}l. g ALE  ojn AEEoE +YHE WIUZES
of 2lol A aftatoxin®tato] 10ppbE ¥ & FF& +U& A2 st ¥
£ 7} 0|8} Yol W olfE ¢4 Fol EWol ol 3t 233 2
do] WYAAslo YAty shsdo] 917 miEelch

Aflatoxinol] tig} o|2izhe oj@j7ia] Ezl7t AL A FHLE o F
2 22 BAAEPME 1989 54 A EF2 aflatoxing] ¥Fe] ok
¢ JE F4& Aot PEYH olrh. ol wEd JFH, £, BT R
T 73 Eo) 9ol aflatoxin Biol 10ug/lkg ©13tE ¥HEstd=rl o] 7]

22 WHO/FAQI M MY 30ug/tkg Erhe wtor} zhte] glo] aflatoxin
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o & &Y eLER|oH16ug/1kg), ¥(10ug/1kg) RTis SE 37
7t ¥& A Aelvh ¥y ohv)el aflatoxin Bz, Gi, G2, My, M2 5 ¢
dol Z"sl EAI Hols 73l olof iy FAT g Re oz
R U2 = iyol slejelz AR %},

Aflatoxinol ti¥ #I 2] HHL UMY A Yo wjE F A E9
T =L FUsAESY YA Sol yuHA ez, FYsix] By
71F ZAolU HE-gutdeiel B £ BAHY 24, INAF 27t
e M E AU Aejol iy 273 o] olejzix] EiHY 2
of 2l3te] M71A =ch A EFY aflatoxing Uyt IHH WA HA
2E AASE Aol vl UE 2By ofule} A &alo] Tty o
ol ¥EZ} S FRAM BHol7} wAysz) UEE Al o] A
BriE Fosivh a2y} 713e] dste] oty g ow =xE 23}y
7t A8 Z ol 2dY UEE $A3)0 o7 g w7 AEsE Zio] W
23 ol & #%te] dRel 29W FEE ] BM 1 JPASE o}
he Aol B Hrte Fositia &zt o) 7163 ® olgo) &
BEAO] Tl Fo Ale] dBol Wi A YR8}y 93l £89
YR ol HAY ZAF slojo} gl & AEZoM BBol7} As}=
de ¥4 Bris J3g $E8EE7 R oot 817 gBo +49Y I
T FEYEEE HA WRojof grl maly THLE $HBF AP w
Bz3ste] BASH= Zo] aflatoxing WA sle FWoE PAY 4+ QL
HE Urhrlelnh Mg AL 7153 W 2xoN )72 AusEt
RS FHE APt Zo] Fon FESLHI o Ant, YFEES o4
¥& whud %n‘élil HAE WAE7 3l FAY A4S AEIY)
T5E sto] $HEL 932 ¥2Yoz wAY Wasl o). duiyes
At s Relu A, AZ, HE o ABUEBINE FWo)e)

Aol golBtER oot MEER e ALeA BAHAL Yapy
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A& 2o FYolo HAE o

k)

[3ts Aol Frite),

Y Sl 4ulEl2 o= oy rtA] 72 AF ot aflatoxing]
Q47 UF ol FofA Yorpi7.18.19) ofz Rt B4 gt ol&
2rtete] ZlFze] HAbE ol HA UHY Az 2 4xAo] o}
Uzl WEoz JE g oM

aflatoxin ¥ake] AP EMog 2=

2
ki

Ela s oy rix| ] IJFol cfyt
of th3t AL L HRIlojo}

312t &3] atgol ¥F=le] A aflatoxind F22 2ol 23l 2

=

4ol 202 fAEAM WEHEZ /U 2 JHEE oy I =
7} ol ol o} s}l ¥t ol FE Tolrt A BoE 2¢9H 7}
Aol FEINEZ olo] diFt HAY Vet a7t ol F £t Fue
M= aflatoxin®] YJARE A3 2AY + UA=H E47Hy 53

THE 1% Yey Fulo] FPY Eedjel Fdsictz st2lcl.
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