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BACKGROUND: This study was conducted to develop

analytical method with reproducibility, accuracy and

applicability to agricultural products than the existing M B2
methods.
METHODS AND RESULTS: Mean recoveries of Thidiazuron phenylureaZ]l cytokinin £/ =%

thidiazuron ranged from 89.2 to 91.2 in hulled rices, 87.2 to 1976\ SN 53K Gossypium  hirsutum)®] 1154
92.1 in peppers, from 76.4 to 86.9 in potatoes, from 91.2 to 2 A7) $18k%] German Schering CoporationAHolA]
95.7 in watermelons, from 86.5 to 88.5 in kiwi fruits, and A 7k =2olthFig. 1). Cytokinin®] #H§ wl7h&
from 89.5 to 94.0 in grapes, with less than 10% of relative < FE =] Al £93} A3 H]T(Green, 1989) A=
standard deviations. In addition, the limit of quantitation AZ(Lin et al, 1994) HE w3 A|(Lepold and
was set to be 0.05 mg/kg and there were no interfering peaks ~ Kawase, 1964), W8} 242 28} 53, foke] A

in integrating the thidiazuron peak. T, A3, #A F2 5] ARl #ojshs Aee] A%
CONCLUSION(S): These results represent that the g2 dFos U#iA UtiGreen, 1994). Thidiazuron
enhanced analytical method has reliable accuracy, < A cytokinin®] AF=ol gk Wiz F3} frAkste] A&
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A9 13l G4 T, Y B g FApe] wol 5=
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precision, selectivity, and sensitivity.
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Fig. 1. Molecular structure of thidiazuron.

Thidiazuron< @A F-2UetellA= cytokinind Ak
3t S UehlE ARAR S5H], 2 X529 #F
v AT Aug SR, ), Jele] Azl &
How AMEEI gtk A% 9 wH5E T AR ETIES
vt A ARl w b REE, ), Ao
FZ19]) 0.1 mg/kg, FYFHEE) 02 mg/kgZ A=
A, B2 A9 FAbEddl= Vo] AAE A okon,
i, F7HE 2 AR 5 0.2 mg/kg, - 0.05 mg/kg
= AdEo] Stk g HExel tiste] 0.3 mg/kgo®
AAEo] Slom, &, w4 5 FAEel 0.04~04 mg/kg,
G 0.02 mg/kg o2 A= Qlry RbH, =AIAE12 9
439 thidiazuron® 7347152 v]d4y Ao

Thidiazuron 414 Al djgt B2 = £ 5 3
ZujAle] thet R I Potter ef al, 2000; Guo et al,
2010), H3M(Cai ef al, 2009; Guo et al, 2005), H&
(Wang et al, 2010), A4} EXHu et al, 2011) SollA]
HPLC-UVDE ©]&3t 4% 7ol glon, Fike &
LC-MSDE o]-&3F 22X %(Kim et al., 2004)% K.al¥o] 9]
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< 0|83t thidiazuron?] 74 F4HS /sty 7i
) BAHS 8-3810], thidiazuron®] AFHEo] &7kE o] Q)
© T, 719, EEE Egs Il v Au 1785 O
A

Jow AFAHEAE FHTA Bk

Mz X 2E

a. AR

A A Ae gk AES ||, X%, 1A, gl
719, 15, o] F T4, 719, L= AFweko] 554
ZEolt), td A4S 35E A4S Y3 328 A5

O

b. Aok 9l 2]

Thidiazuron ¥3¥-2 Dr. Ehrenstorfer GmbH2|(Dr.
Ehrenstorfer GmbH, Augsburg, Germany), n-hexane,
dichlormethane, methanol, acetone, acetonitrile 5=
Merck AHDarmstadt, Germany)®] HPLC #< ARS-3F]
t}. Sodium chloride$} sodium sulfate anhydrous+
Wako(Osaka, Japan),o1#4]:= 42l 2] ¥ Whatman-1
PS(Whatman International Ltd. London, England), “d
A4 Sep-pak silica(l g 6 cc) 7FEZAi= WatersAt
(Waters Corporation, Milford, MA, USA)°] %1 AR2-3}
ATk

c. ErEHzA

Thidiazuron EFHEE 99.5 %) 20.1 mgs acetonitrile
20 mLe]l £3f3k] 1,000 1g/mL(1,000 ppm)°] EF=L
S ZA|5}31 acetonitrile® 3]A3510] TFEFAS AT
Erg e o) dol 4 Toll Byslglon, 5894
A EFPLAE acetonitrileE 314314 0.1, 0.2, 0.5, 1.0
5.0 ug/mL 7} H=5 ZAste] AES 2dseich

Mro ke

2

1]

b

d. #4717

Thidiazuron 4L QA E4= E3AZ77F A=
HPLC system(Waters 2695, Waters Corporation, Milford,
MA, USA)E ]85kl o, 22 Capeellpak Cig(5 pm,
4.6 mm L.D. x 250 mm, Shisieido, ]apan)—% AR5
o152 acetonitrile¥} &S FETHIZASE &35}
1.0 mL/min?] §&0 2 A3kt

3l acetone 100 mL=

%, ol& oA 9 oJTr zAy
A 7t ATt o]
< HUkste] 2A17F o] W5}
A2 40 T oJate] 57l
N2 %A = 50 mL, ¥3FEF 29 10 mL,

dichlormethane 100 mLE Y1 ZslA &59 4 &

A1eto]  dichlormethanes& F3IitE & ol ThAl

dichlormethane 50 mL& Y1l $]¢} o] HEolslo] 9]
= I~

dichlormethane=°l &3l & o]& ¥ sodium sulfate®



Enhancement of Analytical Method for Thidiazuron Residues and Monitoring of its Residues in Agricultural Commodities 209

Table 1. Analytical conditions and target commodities

Instrument
Column
Column temperature 40 C

Mobile phase

Injection volume 20 uL
Wavelength 280 nm
Flow rate 1.0 mL/min

Target commodities

HPLC-UVD (waters, Alliance 2695, USA)
Capcellpak Cis (5 um, 4.6 mm LD x 250 mm) Shiseido

Acetonitrile/Water (28/72, v/v)

Hulled rice, grape, potato, watermelon, kiwi fruit, pepper

el 40 T olske] 84 ellA FHsteto] SmiE By &
HHE Thy &2 ethyl acetate 5 mLoll 0] |37

of ARE3FTE v acetonitrile 10 mLE E433kst Agj7}
FFER Aol 1 o] ez Ao 9 FERLOER
H A AlZHES Wil ethyl acetate 10 mLE o] H#
Uh acetonitrile 10 mLE §&3fo] 2 A5 & 40 C
ojate] &M eI Fst & acetonitriles H7}sk

HAE53 2 mL7}F 97 ste] A@gdoz sk

) 717184

HPLC-UVD #43b3-2 thidiazuron®] Hu F3&==
YE = 280 nmE A8} 01, o] 5A-E acetonitrile¥}
E5 E3(28/72, v/v)ste] ARERIITE o] ZdelA A}
Qe o 39 T FETS AT 5 9o, 7171
A 20 9 AN RS e g BAEE Table 19
ER LT

(3) &

HAYRY 34ES FAE] fste] dlaiEAEEy,
A%, AL, el 719, 5ol EEEs Hrkste] ekl A
S sdstA At 7t AR 5 thidiazuron
o] HFEEe 005 2 0.5 mg/kgol HEF AHslslon
AR S A587152l 0.2 mg/kg, ’“H“Jr 71919 7
9 57847159 0.1 mg/kgs FEE A IFES
3ol 378 342 47 w5 9 Al digte] 3
W HHEsto] atghat AEEaatE Feklch

2. ZHRAE] ZTAF ELEE 2

a. A= A%, 4 A9 9 HA A Oy

FAHE = thidiazuron AEFAE 93 52 100H)
Chan] A% F AFanEs AR AFUAE B RE
gt} AAseltt oo whet &, Ak, Wi, Eaol, 2],
7], vhhd, s, 719, X%, u) 29, EnfE, Qo]
guh Q) A F 17FEo] AAH A A A9
Sate} Qg BEES weste] 1,000,000 o4 AF x|

(A%, 2010)= ZAKE 5 SEH|EFES 285t} 971
A o7 HAsta, o] gL wet 20X 0% A
waletel RUER A9s Asieith ZF A4 AHelA A
AE Tt F AFAR nkw o)Fsto] MFS FASEIG
om, #4st 9 HAE P AEFFA T AF T ARE
OREAY -t AAL AAY Wl 9k vhey APEEAS
Y% (50 C) Haste] 24 Al dlssioict

T
b
>,

=

>

dlo

b. 2% AA 9 7)7)%4 w
FAE HAA = thidiazuron ZH7 AHE ZARH] 98+
of A9 & 9 A WP 7171RAL oA 1% I

ol F3ksith

P ERE S
Thidiazuron< 2t

[e)
— 4 & 2!
stiAbbEe] §lo] e Aoe B sRHER ek
Phenylurea”] $}5=<] th1d1azur0n~ log Pow ¢t 1.77
2 FAo] glon, Z7]¢0] 4x10° mPa (25 C)=E 3Ao]
Wil 22 urea”]9] @it o® Qlete] GLCE= 4
o] ofg& WHlo] Gt} Egh urea”] 9} thidiazole ring©] U]
Ak shelzolA oldE]= vhel 2ol UVeld st 53
& YEREE HPLC-UVDZ} #4415 9% 49 77|12
HdEHe 56l getxE #de W phenylurea’] 2]
conjugation systemo| 9lof, ¥4 Fupgs AetA S
& Zlog gy o], HPLC-PDAE ©]4314 200 nm-400
nm 7H] 2708 A3 280 nmolA Ho) F35=7F UEREo]
3Hl% G Tk(Fig. 2.).
Thidiazuron> S Blaield S3HE2M Cise AL
&5t 9% HPLCOlM 23] w217} 7Fs8k % acetonitrile/
E(28/72, v/v) &g % =982 2 (isocratic) &
Aotk o] x7ellA sfigldde] fglon P &
RS 935 & F A =2 A AEE gl
Ak 241 Al column®] ZgEel wet 929 Bofo] H

A= 5 o3 Aol B = Aol

{0

O

+ phosphate buffer
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Fig. 2. HPLC-PDA spectrum of thidiazuron.

kaR=1h=)

(pH 6-7)5 AHg3to] side] 7hsalsis, olgAl g3€
A4 20l A BFEEAC AZrEIHS Fig. 3.0 U
ERQITh WS AZES 1258 thE ZelEglon HalA
(linearity) S 73171 $18to] EF=E 0.1, 0.2, 05, 1.0 ¥
5.0 ug/mL, 20 uLE HPLC-PDA¢I| F<]3te] 2418 Aw}
AGAF () 099924 =2 A4S BTk

FE ¥ T = =8

AAZHFH thidiazuronE FE317] 9%t §9= acetone
& AHESISITE Acetone WP A £ - slEHA
E4& el A woks FEShHl AREE AR

Suloldd =54 245 FE] A Bz, ov] B2

Yt fAF 542 4 soF 20l 1 a8 Adiol Q!
A vl Qi) FE8E acetone £ methanol, acetonitrile
S ARgsto] HwEE A3, acetonitrile> AW gHgo] W
AAeNA 2 E3wA] o SE= Ade Kol wilo]
21519131, methanol> =74 =42 FE%0] tha wWolA
H=A E49] F%0] dAE = A2 oy o] B A
A& 55T v E|(bumping) EAo] el e STES
B3tk Thidiazuron =/4¢] $17] wWitell acetones ¢Hd3t
Al AASA & -5 A9 FullrgellA dichloromethane

oxe] ) afol Askd ¢ Jlerw Foatojof gtk
24 ITHAOAC, 2000; US FDA, 1999).

A FEAZRE BEES 1A 0% AAG] 8 o-
of S AAEIGIT) dl-of S Eew AAE S8
7P BEA O R AMGsHE WHORE 2 AFexE FEY
% acetones A|AsIe] ol iFHe] HuE Foli, Es)

NaCl £9& Hrlstod, 4 azfel o3t £ #4) 855
grshs o FAE] Utk Acetone FEIE FF3}

7 2 AJHE 52 343t NaCls A7Fie 3¢ &
Wl E80] 0~43 % AZsto] AREE = Jleh =3 74
9 H=4 HEEAS SR FAS] $18t] n-hexane:
acetonitrile ¥HHE 28313t} o|FA I Fufje] s}
o] 12} ANEE AR} seks EEEo] 100% A E
A gkormg & BAME F7F AAE A% FHAENE
9] &, SPEE o]83to] 23} A S L &
ZA) A4S Yl thidiazuron?] 23S 123k florisil %
silica gel ¥ aminopropyl (NH>) cartridgeE Hla. & 2
7}, florisil =/do] 7Z+st E2ol gt &2 w7t =1 3
T80 silicaklth W55 &2l & = SISt} o] 315kEo]
U ol 23}skekEe] F&Eo] Hofd amioprophyl cartridge
+ thidiazuron©] ©]&3}7} g4 o]FolA|= 40| ofz}
A 240 FAL o] FoAA] ¢kal B £EHE Wlo] 9l
ok mEbA, =4 249 FFel 7Fsd SPE % silica
cartridge”} & A1l 7P 2961911, SPE +% S7iEs
acetone, acetonitrile, methanol2 B3+ 23} acetonitrile
o] 7P¢ Aget AoR I

SE

=
= Al

ey

F3t HAESA(LOD, Limit of Detection)
 #Hx #AEFe] 20 ng (S/N=3)22, At Ax 0.01
mg/kgo® AAson, AFeA (LOQ, Limit of
Quantitation)= 7171%42] 4 &% 10.0 ng (S/N=10)
S 7)Fo 23519, 0.05 mg/kg o2 s dAl AEE
A el AN ARE Y sk AE3187]E
(MRL)®] 1/2 ©]3} s=0]7u 0.05 mg/kg ©)ats &8
Il glo] & Ao oJgh FFetARl 0.05 mg/kg A §tet
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Fig. 3. Calibration curve (A) and chromatograms (B) of thidiazuron standard.
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AlE2 005 mg/kg HEELelA 764~912 %, 05
mg/kg &%=l 86.9~95.7 %= UEFTHTable 3).
AN ETA S A3 9] Aset LA et edg vl
E2RICAC/GL 40-1993, Rev.2003, Amd. 2010, Guidelines
on Good Laboratory Practice in Pesticide Residue
Analysis)?IA= > 0.01 mg/kg < 0.1 mg/kg FEolA
AP A9 358 H9E 70~120 %=, > 0.1 mg/kg <
1 mg/kg &=l APE B4 S8 WS 70~110 %
= grdska 9lom, ofuf ks g4=g 7 wolAlaz 20 B
15 % ©oJ8t= TPt Qlormw, & el A Al
<= g Jlow ddkdnt

8 AU g
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Fig. 4. HPLC-UVD chromatograms of thidiazuron Al; control of kiwi fruit, A2; at 0.05 mg/kg (spiking)
in kiwi fruit, A3 at 0.1 mg/kg (spiking) in kiwi fruit, Bl; control of watermelon, B2; at 0.05 mg/kg
(spiking) in watermelon, B3; at 0.1 mg/kg (spiking) in watermelon, C1; control of grape, C2; at 0.05
mg/kg (spiking) in grape, C3; at 0.2 mg/kg (spiking) in grape.
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Table 2. Recoveries of thiadiazuron by siwtching of SPE
catridges and elution solvent without sample matrix.

Table 4. Monitoring concentration of thidiazuron in
agricultural commodities in Korea

SPE cartridge  Elution solvent Recovery+RSD (%)

Acetone N.D.”
Sillica Acetonitrile 99.9+4.1
Methanol 91.2+6.9
Acetone 94.5+3.5
Florisil Acetonitrile 91.4+6.2
Methanol 92.1+4.7
Acetone N.D.
Aminopropyl Acetonitrile N.D.
Methanol N.D.

‘N.D. : Not Detected

Table 3. Recovery results of analytical method for
thidiazuron

FOrtlfled: Recovery’ + RSD
Sample Concentration. (%)
(mg/kg)
_ 0.05 91.2+2.4
Hulled rice 0.5 89.2+3.1
Penoer 0.05 87.2+2.9
eppe 05 92,1432
Grave 0.05 89.5+3.2
p 0.2 94.0+5.2
o 0.05 86.5+2.8
Kiwi fruit 0.1 88.5+1.3
0.05 91.2+4.2
Watermelon 0.1 95.7+6.3
0.05 76.4+5.2
Potato 0.5 86.9+2.1

* Mean values of triplicates with relative standard
deviation

I 5 sAE F thidiazuron2| kg AEf ZA}
Algolld 8 S sk 2 5 1735 358%1¢] thst
FrA el S 2418k A9 thidiazurons BE sAHEC|A A
=] ‘1’%‘3}"/}. BAZGA AREo] #7tEe] Qe St 7
], 7], % 4550 deiiE BT AEEA Skae &

olatda, 1 §4~ Table 40| YeRSICE

R

e

o

2 o

Thidiazuron<> 1976'd Plant Physiology W%E &3l
AFEAYAR 4zl o]F, dA| vt s A% 7@1{]
2 b hele] A 23 9l Frhle] Adnid) 1, 2
o B nd) 531 ¥ AY] S 55 S s5Eo] AR
%3 9t} Thidiazuron? F+A1HLS AEFH0 S5 o]

Residue
No. of .
Type Group samples concentration
(mg/kg)
Cereal Rice 2 ND'
grains
Apple 20 ND
Pear 20 ND
Orange 20 ND
Peach 23 ND
Fruits Strawberry 18 ND
Banana 20 ND
Pineapple 21 ND
Grape 21 ND
Kiwi fruit 24 ND
Watermelon 22 ND
Tomato 22 ND
Cucumber 21 ND
Vegetables Squash 21 ND
Perilla leaves 20 ND
Lettuce (leaf) 22 ND
Korean melon 21 ND
Total 358 ND

ND : <0.05 mg/kg

Aoy, A FAe 7s o], A At Eel g
g o=, HT AFsLrE A =

7171 9 71e wEE wsie] Hsd %**‘?j o7 7H*ﬂ :'XP
sigich g, /i NS 9}%6}
ARgo] d7kEY Sl el 719,
H] 2% 17% 5] digh AR zAie 438 P‘iiﬁk 7H%Iﬂ
B 3482 A 89.2~91.2 %, IF 87.2~92.1 %,
712} 76.4~86.9 %, 8 91.2~95.7 %, 719 86.5~88.5
%, L% 89.5~94.0 % o, W 358 7T HolAFE=
10 % olaele}. Tt 7k EAos SEudlelr] /-8
31 Qs thAn] FAE A A AR 5 1735 3587190
3 ok AFAEHE AR A3 25 A|80M thidazulons
AZEA &9t
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