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Abstract: Imicyafos which is a nematicide for controlling root-knot nematodes has been registered in the
Republic of Korea in 2012, and the maximum residue limits of imicyafos are set to watermelon and korean
melon as each 0.05 mg/kg. Extremely reliable and sensitive analytical method is required for ensuring food
safety on imicyafos residues in agricultural commodities. Imicyafos residues in samples were extracted with
acetone, partitioned with hexane and dichloromethane, and then purified with florisil. The purified samples were
analyzed by HPLC-UVD and confirmed with LC-MS. Linear range was between 0.1~5 mg/kg with the
correlation coefficient (%) 0.99997. Average recoveries of imicyafos ranged from 77.0 to 115.4% at the spiked
levels of 0.02 and 0.05 mg/kg with the relative standard deviations of 2.2~9.6%. Limit of detection and
quantification were 0.005 and 0.02 mg/kg, respectively. An inter-laboratory study was conducted to validate
the determination method in depth, and the results were satisfactory. All of the validation results revealed that
the developed analytical method in this study is relevant for imicyafos determination in agricultural commodities
and will be used as an official analytical method.
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Imicyafos= Y& o}l1Z7M|& 34 3| AlAgro
Kanesho Co Ltd)7} 7H&38t phosphonothioate] A%
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Aol A imicyafose]
Residue Limit, MRL)<& 7&%}
mgkgo 2 AA =] AUARE? Codexet EUCAM &
imicyafos®ll th3F MRLe] A& Eo] yA] gt} <o
A= imicyafos®] ]S Z0] i FAFEGTEA
64 OkEOkOH}\]B‘J EH/\]UJ x}E}\]ad =2 AX $uf
7 Zeel 20128d AR&el A s|7HE AT SHAR
H7F Az A7) =E:A] Q=0 sl erdA]o] ErH

A0 2 et on, AelA wEA thAlEE ZAeR
elEo] UU4dF 58 F(Acceptable Daily Intake,
ADD2 =Hu] & dEo]A 0.0005 mg/kg b.w./dayZ A

4shgleh ADIE W1 F ANHHE Fo A FG
FHAAANAE S0 2 2919 MRLES 27} 005

mg/kg O & Al slo] A (2] Z o] ekE ok ;ﬂ;‘q IA] A
2012-12)°3F o], 2014 A v} 5 7EZ0] MRL
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21. AN 2 M=

Imicyafos & (91%)>

(F)3FATF2oNAM AT
Wk acetonitrile?} acetone, dichloromethane, #-hexane
£ HPLC gradeZ4 Merck (Darmstadt, Germany)®i] A]
TYdsted AREsIH 2™, sodium chloride®} sodium
sulfate anhydrousi= Wako (Osaka, Japan) A}2] A &<
AF-8-3F AT} Florisil (60-100 mesh)2  Sigma-Aldrich
(St. Louis, MO, USA)ZF-H] Y ste] AR&-313tt.

AAE 71l *éxéﬂ Sl ek, el 9ol o
® AEQ] TEFEHYH), (ZH ), ZAHAF), o

FEF), 85 &n) (S'—E)__ ol ste] #A 3 &
Eejo|gal 710 ol -50°ce] mekaka gl A}
g3tk

22. EFHY A HESY

Imicyafos 553 21.98 mg= acetonitrile 20 mLol]
g3 3ke] 1,000 pg/mL (1,000 ppm)e] EEL AL %
A 8} 3L acetonitrile= 3] 3}e] 0.1, 0.5, 1.0, 2.0 & 5.0
ng/mLe| 85 Al zsto] Ao ARSIt

T2 gFHF L FH
= % 1 kg% E3tsle] BEA 420 umE EHSHEE
AT 20 g, HLF - HEF - AFe oF 1 kgs &4
3k 20 )2 A D3] Eo} 500 mL EH]o]F o] YT}
oH 2 FHE AA ) distilled water 20 mLE ¥
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30 7+ X)), o37]90 acetone 100 mLE €& &
25 B2 #4slEiit) ol Favzduri=
et F ojol S | L B2 &2 23}
44 50 mLe} dlstllled water 450 mL, n-hexane 1
mLE X Z 718 5 5 27 A sl =
FA 3 E]E] “1177}1] AAstAh o FE&EHF
Ea7Zu 7o) &7]3 n-hexaneZx< H
< ;:%{] ‘F%"—HTE dlchlorometha.ne 100 mL 2 50
mLZ 2 3] Fufste] 3l F o]AZ 40 °C ©]3fol A
s8] AZAIA dichloromethane 10 mLoY| &
FRAHEFF 2 TF 5 AW AAL 4 40 °C
olal FEAGA AdEET F FREA P
acetonitrile® ¥ 3}A1%] n-hexane 30 mLE 713l =
¢l & acetonitrile® S 250 mL &3] Eol Zuj 7] o
%70t} o= v n-hexane. & ¥ 3}A1Z] acetonitrile
30 mLZ 2 3] Fujsle] acetonitrile 2 F ko] A1
S A A%t} o] & dichloromethane 10 mLZ )] &3]
3kATh.
SHAE 11 mm, Zo] 400 mme] F2ZHell Florisil
5 g3 2 9ol 2 cm =°] & sodium sulfate anhydrous
£ AHZ A4F5F3% & dichloromethane 50 mLE
7hsted A EHe] =57 A7 WEFL 919

rErloigjznir#J

| Sample 20 g |
- Add 100 mL of acetone

- Homogenize for 5min

| Filtration

‘ - Wash with acetone

| Liquid-liquid extraction |
- Shake with saturated NaCl 50 mL, water 450 mL, and
n-hexane 100 mL

- Discard n-hexane layer
- Add dichloromethane 100 mL and 50 mL
- Partitioning for 5 min

- Take organic layer(x2)

| Concentration

| - Rotary vacuum evaporation under 40C

- Dissolve with dichloromethane 10 mL

| Purification - Florisil

- Activate with dichloromethane 50 mL
- Wash with dichloromethane 50 mL and
acetone/ dichloromethane(10/90, v/v) 50 mL

| Elution

- Elute with acetone/dichloromethane(45/55, v/v) 80 mL

| Concentration |

- Rotary vacuum evaporation under 40C
- Dissolve with acetonitrile 2 mL
| HPLC-UVD

Fig. 1. Flow chart for imicyafos analysis.

dichloromethane &2 &3]3 A|F-802 Z-H o) 713}
o Zrl ¥l =&57] AR WelFUot. Dichlo-
romethane 50 mL$} acetone/dichloromethane (10/90, v/
V& 50 mLE 22 Aol 7hste] oA W T
Zyl ZWo] =&57] A4 acetone/dichloromethane
(45/55, viv)& 9 80 mLE 7}ate] gaste] wro %
40°C ©]3t FEENAN AHEET T FFE
acetonitrile 2 mLE 7}3ted HFHIE 2 mL7} FA
stod Alg8N o2 ALE-3HGATE 471 imicyafos Al 8@
HE flow chart (Fig. NE YEMIATE

24. 717124

Imicyafos= HPLC-UVDZ £ 8} 3, #4118 9
& AL 227 nmE AP OM, 7w 2D S
Table 19 YR ITE Al o] A4S FrE 9
3 LC-MS (Liquid Chromatograph-Mass Spectrometer)
g olgstel A2 HYS FYHHOH, 0|2 93
71718227212 Table 29 VFERH ATt

25 MEAL AEY AS

2 AFolA g9zt = 9 BA BT 7]7184
4L AFs7] 8 S AYEHA 2 FAE
A&l 295(0.02, 0.05 mg/kg) & EZ imicyafosS

Table 1. Instrumental conditions for imicyafos analysis

HPLC-UVD (Waters 2695)

Capcell pak UG 120 Cy5 (4.6 mm 1.D. x
250 mm, 5 pm)

Oven temperature 25 °C

Mobile phase Distilled water/acetonitrile (25/75, v/v)

Instrument

Column

Flow rate 1.0 mL/min
Detection Absorption (227 nm)
Injection volume 10 pL

Table 2. Confirmative conditions for imicyafos

LC-MS (Quattro Premier XE, Waters,
USA)

Capcell pak UG 120 Ci5 (2.0 mm
I.LD. x 150 mm, 3 pm)

Flow 0.25 mL/min

0.1% formic acid in water/0.1% for-
mic acid in acetonitrile

(70/30, v/v)

Column temperature 25 °C

Instrument

Column

Mobile phase

Ionization mode ESI positive-ion mode
Cone voltage 35V

Injection volume 5puL
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H7kelal 3 3] vk AR sty &I Ji
=9 Z}(relative standard deviation, RSD)E T-3}% 2™,
ol ZARE AEH ] A (limit of quantification,
LOQ)E T3ttt

26. MEYZ MEY HS

2 Aol sy *1?2‘%'501] i et
< 7] S8 A4
Operation Procedure)=
BAA A FEN FEXAH S 247} AT

EE

31 EAI|7IMFE HPLC BM=7 sel ¥
My

Imicyafos #4218 93 £471715 A4 s7] 430
F718, BAF 59 B9 - 38 EAS Y
(Table 3). Imicyafos= Z71°] 1.9 10 mPa (25 °C)
2 FwAo] B B4 R Ak, 2HAadAte

Table 3. Physicochemical properties and structure of imicyafos

H|ZH2A2PE A o] F, AT AlololA 9] A o]
o ¢lste] 190 nm~220 nm¢| T3S Fohe 5
AL 7HA 3 7] w2 HPLC-UVD7F A &a Ao

Z AEAY EF LY 1.0 pgmLE UV spectro-
photometer®] 210 nmel Al 400 nm % $olA =703
A}, AAFFIFO R 227 imE & THFig 2).
o] F AL distilled water2} acetonitrileS AME3}3oH
isocratic 7N o)A} B &S XAt =A% 4

3}, distilled water/acetonitrile (25/75, v/v) Bl&lA] 7}

0.0008]
0,006
5 ]
< 00004
0.000]
i 34043572 380.9
0.0000+
2000 2000 26000 26000 30000 32000 000 6000 38000 40000

nm

Fig. 2. UV spectrophotometric spectrum of imicyafos.

IUPAC name

CAS No. 140163-89-9
Classification Nematicide
Melting point 26.5-28 °C

Molecular weight
Density
Log Poy

304.35 (C;;HyN;O,PS)
1.19 g/mol (20 °C)
1.64(pH 7, 20 °C)
1.9x107* (25 °C, mPa)
In water 77.63 g/LL

Vapor pressure

(RS)-{O-ethylS-propyl(E)-[2-(cyanoimino)-3-ethylimidazolidin-1-yl]phosphonothioate }

O, O—CH,—CH
\P/ 2 3

CIL\S—CH,—CH,—Cm

Solubility In dichloromethane, methanol, acetone > 1,000 (all in g/L)
Toxicity ADI: 0.005 mg/kg bw/day
y=1.61e*x + 1.01¢°
™D Correlation: 0.99997
R
SHEm
[¢

m ® 0w ®w ® 0w D Www v DD
Fig. 3. Calibration curve of imicyafos standard solutions.
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2 st Bt o] Fo S I = QAT Y
Fl 7171824 Z7oA imicyafos2] 2414 (linearity)S -
3171 915k acetonitrile® 3]45}e] A 23k 0.1, 0.5, 1.0,
20 233 50 pg/mLe] FF&A-S HPLC-UVDY F4
3t glol A A AT o= #2439t Imicyafos®]
XL 01~50 pgmLe] HHolA ABAFE)
0.999972 4] -3t 2 X44-& B th(Fig 3).

il

32. & % HNzfHel =E

Imicyafos®] &-&4<]

Lol gt Lo} FAHAES 2L imicyafos®] &
g - s8] 58S adlof gt} ek EFAAIR
2] ¥ imicyafos®] &
= matrix’} FEZ & H|X
Foh ek 2 AT AE imicyafose] &vfell thEh
gl =9} F4 HE(Log Py 1.64, pH 7, 20 °C)Z &
datx FEREEE H=e A T HFAEY
imicyafos®] & $13 BS54 sIFES] FE2 &
o] o] &%= acetone2 FH3Z FELTZ "*75 157 1=
Acetone FEHOZRE A}, 4k M4 AR 59 F
AEERE fYEe YA EES Al 7‘] 0}7] SEl
}JHo =2 ool BujE HAETE Bk 283
< 93l acetone FEH S FF8HA R T A
50 mL%} distilled water 450 mL, n-hexane 100
mLE 713 & .ol EujE AA]3}e] p-hexaneZ ol
EAete HSA BeES AASA 32 T893
T imicyafos”t 7M1=/ 548 7HA7] W&
H7rste] B4 &S HFA £

=

o
o7 oA I 1A

e e

3,y v

dichloromethane =
21 dichloromethaneZ:

o IR o= A AY
FAEZRE g 1m1cyafo s& B8] S8+

o1-of ) & AL Follw 04

S5 271 AAITgol o

guje] Aele] glof &

5]

A cetone/dichloro-
Eq'r‘i’i— ] 50 mL &3

A7} 1mlcyafos7} Zj%E]X] obr] He SvllE AE
SASL, A Aol thEk AEE 855 3l acetone/
dichloromethane (45/55, v/iv)= S| & A2 33 80 mL
A RS W 9%°] 3FES B

N 32
e g
> i

AR}, o9} 7o) 7 TAE R HA A Ko
3k EAS 9okt o 24 imicyafos 42 93 &8
2l 2 AAZAE GHE 5 AU

4] J
ﬂHN'

A
oA 5&%@ AldgY 2A] g 717A Y
= 0© A ZF imicyafos2] A FAS 34
th AEAE HaFEFC] 05 ng(SIN=3)2.2 o}
Pl Aol Wl 0.005 mgkge 2 UEIT A%
f; HAA2ZE%0] 2 ng(S/N=10)2.2 o}zfjo] A4t
2} 0.02 mg/kgS = HERST

HAESHA (mg/kg) =

H2AET (ng) x

AEF@ AR 79 %)
1 2mL)

309 35 Toan)

R (mg/ke) =
1 Ao (mL)

HAAEY (ng)

Nedg AR T
_ 12l _
~ 2000 35 Toan)

L MEAY Y 2B
al

=
—’Fz% S8 Al g, Add 2 5284

Table 4. Validation results of an analytical method for the
determination of imicyafos in the samples

S n
Sample Fortification Recovery+ RSD LOQ

(mg/kg) (mg/kg) (mg/kg)

Watermel 0.02 79.7+4 3
atermeton 0.05 94.0+8.9
« | 0.02 1017473
orean meion 4 o5 79.1+4.6
Mandari 0.02 78.944.2
andarin 0.05 90.049.3

, 0.02 77.1£2.5 00

epper 0.05 77.0+4.2 :

, 0.02 78.148.5
otato 0.05 85.142.2
Sovt 0.02 102.4£6.6
oybean 0.05 88.0+5.6
Hulled 5 0.02 115.4+2.8
ulled nice 0.05 110.549.6

*Mean values of triplicates with relative standard deviation.
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Fig. 4.

(E) soybean, (F) and hulled rice, (G) 1, control; 2, spiked at 0.02 mg/kg; and 3, spiked at 0.05 mg/kg.
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HPLC-UVD chromatograms corresponding to watermelon (A) korean melon, (B) mandarin, (C) pepper, (D) potato,
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E X7 peak HA O E =4 3}7] wfjFo] Aty
B e FAge AL FHRE) oH %
o] 9lth. wEbA imicyafos 41 Sl e AF
Holl tigt 212A4S sty EZd gig g 4
FAS AE387] 98 LC-MSE o] &3 Ay A&
olo] P 3ttt o]2ld LC-MS £42 EAtiA A
o] EALZERNE fFEHE #4029 mass
spectrumS Eeldo 24 Bl H5s A geS 7}

A B8 Eapako] 304421 imicyafosE 50~500
m/z A H oA full scan mass spectrum modeZ
F A3k(Fig 5) B4 2 S 93 imicyafos?]
m/z 3057F AAYE & F AU HEE
O] A3l positive=ZANA SAF Ao H,
Y2 Table 59 WERHSIT A@R 2
wh, 3], 3, dv), e 9 7t
8 LC-MSZ #A3 A%, &2
AFro =z & Aol ust

RS

o
S5 2o
Z
ol
29

_9_
=

ol
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Table 5. Selected-ion of LC-MS for imicyafos

Retention time  Molecular Exact  Ion monitored
(min) weight mass (m/z)
35 304.4 304.1 305

Scan ES+
5.36e6

306

301
281 343

328

("329 345 45 389

450 497
336 \( r 373375 |3?3K39741‘3 430\‘1‘1‘!2 443 471473476 485

&

307
24

[‘\“m

¥ T —_—
150 220 240

60

80 150 200 260

Fig. 5. Full scan mass spectrum of imicyafos.

280

u DA A L LA Ry VA A LA R MAL LA L My nad s WL CS
300 320 340 360 380 400 420 440 460 480 500
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Table 6. Inter-laboratory validation results of an analytical method for imicyafos in the samples

*

o Recovery £ RSD; (%) Ave. RSDg

Fortification - *r0
Sample (mg/kg) Headquarter Busan Gyungin Recovery (%)
(n=3) (n=3) (n=3) (n=9) (n=9)
Watermel 0.02 79.7+4.3 97.8+1.0 87.4+6.7 89.3 10.2
atermelon 0.05 94.0+8.9 84.9+4.3 81.246.4 87.5 6.4
« 1 0.02 101.7+7.3 79.8+2.8 102.6+8.9 89.1 12.7
orean mefon 0.05 79.124.6 87.542.0 84.247.6 832 5.0
Mandari 0.02 78.9+4.2 84.52.5 85.8+3.2 82.6 39
andarin 0.05 90.049.3 89.045.4 83.149.2 87.2 47
, 0.02 77.142.5 90.1+1.0 94.1+4.1 82.0 8.6
epper 0.05 77.0£4.2 90.743.6 84.149.9 81.0 10.4
Potat 0.02 78.148.5 93.043.5 84.4+6.5 88.4 10.1
orato 0.05 85.142.2 76.8+4.1 82.5+8.0 82.0 55
Sov 0.02 102.4+6.6 105313 78.9+3.3 98.4 9.8
oybean 0.05 88.0+5.6 84.0+3.3 75.4+1.4 84.4 4.0
Hulled s 0.02 115.4+2.8 952413 90.5+7.4 104.4 9.8
utled rice 0.05 110.5£9.6 88.7+2.6 83.7+4.4 94.5 14.9

*RSD; : intra-laboratory validation
**RSDy : inter-laboratory validation

Aol e we A2 YRS FuT - 9

32
2o

36. AEAZ AMEY HEB
A Aelyg FEd 2 §8ALS B A

2un = =170, =1 0 =X
o gist AFAL AP EAstr] HsiAe
AZo] Hasit) ojo] B Ao Fakx|ulbaE o]
Sk QbAA I AR A F o] FEPH A B AJHH
SOPE A|F3stal FUs A 4L 73 st
A7 AFS AA ST ZY 2 7fo]| =7l 120
A A Fste 247 HXFHRSDy; Relative Standard

Deviation on reproducibility)~ >0.01 mg/kg, <0.1
mg/kg¥ 919 FEeAA 32% otz B A=
0.02 ¥ 0.05 mgkg F=oA H2F7F 3.9~149%=
A o] AT LA o] v s F<lst
AeH, ol Fal APyl Wi AxdE 5T
F AAG. == AdF Py HAK(RSDr; Relative
Standard Deviation on repeatability)S 20% ©]3}t2
Ajbstar d=dl, HAF A7 0.02 B 0.05 mgkg F
oA BF 1.0~9.9%F ZALE O] QAH S| ok F
ks BRI+ AATHTable 6). WA B A1FH
< imicyafos #41& 93¢ ¥4 A FHLE &84T
T s Zew AdtEd
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