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Improvement of analytical method for pymetrozine in citrus fruits
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Abstract It is difficult to analyze pymetrozine in citrus fruits using the hydromatrix method because of its low efficiency
of purification and overlap of matrix and pymetrozine peaks. Liquid-liquid extraction can analyze pymetrozine in citrus
fruits using dichloromethane. Since low pH interferes with the extraction of pymetrozine, the extracts of citrus fruits were
maintained over pH 7.0 by adding borax buffer and 1 N NaOH in the improved method. According to the improved
method, citrus fruits (such as lemon, lime, orange, tangerine, and grapefruit) were extracted and purified for HPLC-photo
diode array analysis. The results of validation were as follows: 4.360 pg/kg of limit of detection, 14.533 pg/kg of limit of
quantitation, and 0.007 mg/kg of method quantitative limit. Citrus fruits spiked with pymetrozine showed a recovery range
from 71.8 to 83.7% and a coefficient of variation below 6%. Thus, the improved method can efficiently analyze

pymetrozine in citrus fruits.
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3] v EZ X1 (4,5-dihydro-6-methyl-4-[3(3-pyridylmethylene)-amino]-
1,2,4-triazin-3(2H)-one) pyridine azomethine#| 82| 3=z 2
&, 71Fo], BiEe} o] A& F& WolH = g5l st
AAdE 711 ASAlelH, A dFdl dodste A 2H9
54 ARE Welsks 4 e F4AA 0 HFuog 5, 1998; Li 5,
2011). oj=|g HHERZL PEL} ul9-2F o] &5 A+H R
A 7k AR FdE A= FoR HiEe n=5EA
2 %= (Environmental Protection Agency)ollAE Wt 7Fs 22
2 BEFHo] AdtkZhang 5, 2007). "= 2§ AY FriE
&S S B UgtEdA Ak o] gEe IHEZZ
tia] MRLse] 0.02-2.0 mgkg Atel2 AZ= Y5, et
ZA$-ol= 0.03-3.0mgkege] HEZ A=A THMFDS, 2017
Shen &, 2009).

AW EZZE -0.189 n-SEE/AE AT (log P, )9t 029 ¢/
LY 83l=E Zhe S E] el 3 5o 44 3
A& ] o]FTH(Yoon &, 2013). AEFTHH A
g3 TREES o83t slo|=2uE
A}t AFAEAY] FE2E A8 -
Eujsg thal o] &FTHMFDS, 2017b). -9 EujHo &
¢ 7s EEE 4R tho|Z 2 21 |H| ¢ (dichloromethane, DCM)
< Wol o]&317] wiiEol| EAAe] eHAF B 29 AT 9
o] o]F A slo|=2uEY S A&t Hwang 5,
2011; Yoon &, 2013). 234} ol QA #H& 242 TEF
F (citrus fruits) oA A A
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7225 AY F 98, Y, 249X, 7F 283 AES AR

2 ARSI 20163 195E 20179 5€7HA] g3 QA
A A FoET JE AS 42 oF 2k T3
Ee FUke ARSI, A de FUskS ARSEEA
o BE AEE AEFTH diEy 4. AF T AR 74
H o411 AA AF VR uet A AAE Bste] AR
3 THMEDS, 2017b).

¢

FEZo| M=E

IJHEZZ RFEL Dr. Ehrenstorfer GmbH (Augsburg,
Germany)elX TU3IIL, 10 mgs FES] B3 T £5(99%)
£ st §7 o"H?l | §+-E-(methanol, MeOH; Burdick &
Jackson, Muskegon, MI, USA)l =4 500 mg/ll T/t H==
BT dAe Az

SI0|E2MHERAMO| MEM ZHE

AEFA 414560 wiet so|=RmEY S o]gale Hl&
I QAAE HAF steH, A AE7|E 42e HPLCE
o]-g3te] 300 nmollA IHMERNS 2359 THMFDS, 2017b).
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He T L(Fig. 1A), ¥ HHsE 98 thast 2
o] MAsl] AAE v Th $A grfjke] wE Eu) 284
S 35371 $98] DCM (Burdick & Jackson, Muskegon, MI,
USAYS o83 £ TA oA DCMe] ARE-#S HAsIIH. A
HA) 2l A] DCM2] &3S 100 L7 80 mLE €3t on,
FHAS AR Eol A= 100, 80, 70, L3 50 mLE 22
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2 Mx2| Y
7k AR 20gS FHotd AR AR eH, HEA
z+ Alge] Axg WEe Fig 1B9 2t gl
25 mLe] BAF ¢+5 8 (borax buffer)Z 100 mL2]
IN NaOH 5mLS 2713 5 1A4)7F E9oF Aeks}
o %%é}c’ﬂﬂr‘ L&A, 7 223 e AS, 15mLe] A
2= 293} 100 mLe] MeOHZ %3 1N NaOH 1 mL& F7135h
HOAZE B J"Ete FESTE Mt FEES MeOHS
o]-g3t 200mLE &g 7 o] T 100mLE F3ted 40°C ¢
oA A w5 FEES S0mLe] X3} HSPEF
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T A AAY. DCM &2 Pré%“ YEFo|

XA FHEATE tA] 70mLe] DCMI E£50] 42 & DCM
= HhEgk 5 HAe] DCM ~J+ T oH, 40°C
FEFAA Y F53t] HlE @de] g &

% DCM 5mLel
=t
4 A As dAE] Ao FAS g8 Hg DeMeR 24

3} A7 AE 7 A F=2(SPE) JFEZA(1g, 6cc; Waters,
Milford, MA, USA)ell Az AL Y3 oM ELte| E(ethyl
acetate; Merck, Darmstadt, Germany) 10mLZ A& 3 T}
MeOHQ} oA EANE &3 (5:95, viv) 20 mLE &ZAZT}. o]

40°C FE740lA At w538t SulE s 2l - 30%
MeOH 5mLoll AT 02 um PTFE syringe filterS ©]-83 o]}
g AlPgA o ALGSIT

24 77| =7
I EZZ EAo] A3t HPLCE nanospace SI-2 (Shiseido,

Tokyo, Japan)©]™, detector= F Tho] S= 7% 7](photo diode

array, PDA)E o] &3tk ZHLS capcell pak C8 (4.6x250 mm,

5um, Shiseido, Tokyo, Japan)2 AF&-3lom, AP L&
40°CE FABIATE AR T2 20 pLolH, 4 A7k 158
o]t} 30% MeOHE ols4do= st 9 08mLe =
A5t3lem, 300 nme] spgellA A 8Tt

REM HB

A 2AdS Q8 325 YA 30% MeOHOZ 3]4d3e] 20,
50, 100, 200, 500, 1000 pug/Le] F=2 A3t X351} 3
HEZX #F €9 017 1.0mg/L2 HPLCA 20 ul¥ Y3l
AR 9] signal (S)3} noise (N)2] HI(S/N ratio)s T-3F
o] & SHA(limit of detection, LOD) ¥ A& 3HA|(limit of
quantitation, LOQ)E A3t HdF E297 2F3A (method
quantitative limit, MQL):= Yoon 5-(2013)°] ®.37gF ule} 7ro]
A 71719 LOQet Al % 4 38 F9 34 weE 1y
ste] AHEstaAh.
zﬂéﬂ/ﬂ 74%4& Ofgﬁ juﬂEg;ﬂ xF %_91'4 2mg/L§ 15mL’W

Algol T8t HEHORE 03 mgkeel HEE sigleH, 5
2 AAHYL AA A=rpETH Ao HEE A7} peak
A g8l Eold W, JFES SASIh v AEE B 4
AIE EQE CVE AlLtste] Ao AEAES skt

ro rE m{)l' N
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Zoy g

H2F YoM SIO|ERIERAMO| MEM ZHE

TFe 27 QAXE Yo st IHERIS A5
£ A3, M]i%l"l HEE AJ7F] 658004 wlEZ 2] peak
7 o] AEs M ERZXIS] B4 of#]go] AUTHFig. 2B-
Q). T3l gﬂ ;ﬂr o;q];q ] 7_}71— ‘\,L]DHEE TF g Z010}
o AF 57t I mgkgel %2 3 F B3 A3 JA] Hu|
ERZo Aol E7Vs &% thHFig. 2D-E).
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(a) (B)
Sample20g

Sample20g

l

add 15 mL of borax buffer Lemon, lime

add 100 mL of MeOH
shaking for 1 h

Orange, tangerine, grapefruit

add 25 mL of borax buffer
add 100 mL of MeOH

add 5 mL of 1 NNaOH
shaking for 1 h

add 15 mL of borax buffer
add 100 mL of MeOH

add 1 mL of 1 NNaOH
shaking for 1 h

Filtration

wash with 50 mL of MeOH
add MeOH up to 200 mL
using 100 mL mixture

Concentration

dissolve with 50 mL of saturated NaCl solvent
add 1 mL of 1 NNaOH
add 100 mL of DCM

Separation

[ add 100 mL of DCM

Collection
(DCM layer)

[

Concentration

I dissolve with 5 mL of DCM

Purification

using silica SPE cartridge
elute with 20 mL of MeOH/ethly acetate (5:95, v/v) mixture

Concentration

I dissolve with 5 mL of 30% MeOH

Filtration

] using 0.2 um PTFE syringe filter

Analysis

Fig. 1. Scheme of standard and improved method for pymetrozine analysis using the liquid-liquid extraction. (A) Standard method for
pymetrozine analysis was modified liquid-liquid extraction method from Yoon et al. (2013). (B) An improved method for pymetrozine analysis
was changed the two steps. The first step, sample preparation was changed to separate according to pH of citrus fruits and adjust pH by adding 1

Filtration

wash wit

using 10

Concentration

dissolve

h 50 mL of MeOH

add MeOH up to 200mL

0 mL mixture

with 50 mL of saturated NaCl solvent

add 1 mL of 1 NNaOH
add 80 mL of DCM

Separation

l

Collection

add 70 mL of DCM

(DCM layer)

I

Concentration

[ dissolve

Purification

with 5 mL of DCM

using sil

ica SPE cartridge

elute with 20 mL of MeOH/ethly acetate (5:95, v/v) mixture

Concentration

l dissolve

with 5 mL of 30% MeOH

Filtration

[ using 0.2 um PTFE syringe filter

Analysis

N NaOH. The second step, separation of the dichloromethane (DCM) layer was changed to decrease the added volume of DCM.
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wg el HA Egﬂ g =%on, E=3k FA|2Holx THEE ]9
l*‘lo yWEZZY B4 §8S E9thHong 5, 2011; Yoon
5, 2013). Wb 7R Y W) guEZRe] EA3eE DCM
ol g3t .o Rugg HEI Rt

tlo o[

S0k e H-oH ZHf &8 HS

olf ol Byl Bmloﬂxi fujE o]8EE DCME Wt 71
A EAE dEA o, olE FHFOE ARgdle AL B
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R AtH(Table
100, 80, 70, 2] 50 mL

FE&L 137, 159, 16.1,
I3 11.7%2 VFERTHTable 2). ¥FA, AlHA 2o Ao 4]
= DCMA A7VES oA dAl9 T WA 7 sl
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g 5 o, 7+ dAEE DCMe| H M
0 mLETH W2 &3¢l 803} 70 mLE IH7isle] &

A4 3

A A3 100mLE %
gl BlE], 80 mLE %
2). THA Hul A
2 HAsEeH,

=x3519] o},

A ola) ) A

=2 T

c‘igpj.

7zt Auﬂi{

wel 7o) Pasith,

S uf oF 594%4 35es
DCMe] H71S

‘/]Q/\O =



a5 Ao sER

200

319

A) 200
Pymetrozine
150 Gf Lo I 150
2 2
H 100 100 H
50 I so
o o
0 2 4 6 8 10 12 14 16 18 20
minutes
200
(B) 200
150 - 150
2 . - 2
H 100 100 2
50 - 50
0 2 4 12 14 16 18 20
mmutes
200 200
© W
150 - 150
2 2
3 100 100 H
507 =y
07 Fo
0 2 4 6 8 10 12 14 16 18 20
minutes
200 200
) I
150 -} L 150
100 L 100
2 2
E E
50 Lso
°'\j °
0 2 a 8 10 12 14 16 18 20
minutes
200 200
(®) I
150 I 150
100 4 I 100
2 2
2 B
50 I so
0] o

0 2 4 6 8

10
minutes

12 14 16 18

Fig. 2. Chromatography of pymetrozine in lemon or orange using hydromatrix method. Chromatography of pymetrozine standard (1 mg/
kg) (A), lemon (B), orange (C), and spiked pymetrozine (1 mg/kg) in lemon (D) or orange (E). Retention time of pymetrozine is 6.5 min.

IRt HI} HE3e| |

SAAE IO E Fig. 1A9] X W] mE EA e
NS B8 A3 0.032 03 megkeol e - 3]480]
22y 7473 79.5%019.0H, CVE F 5 BT 6.6%E e
THTable 1). ol ZHseF 24 71221 70-120% ©lW o] 34&
7 10% V|Rke] CVE 9319 oy, eAX R st 2 o
£ gEoly el tisiMe pHE 2ET vt dd 53]

22| pKazt 40601 A7 BEEA FH71A
AAsl 71800
OME} 7%v J+°‘°1 A, 29, 331%1
Flg lA—J x%;qa] H]—H—]oﬂ ;;}a]. ;qu

% 200 mLe) MeOHi AL A 25°ColA pH7Y 2zt 446, 427
565 531, 232 5.122 YEPdTtH(Table 3). Wt & 24
F71H 22 1N NaOHEZ A Fol| 718l pHE 7.0 oo =
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Table 1. Reproducibility of the standard method” for pymetrozine
analysis in orange

Table 3. pH of citrus fruits extracts depending on the added
volume of borax buffer and 1 N NaOH

Fortification level Recovery (%) Mean® CV? Sample pH
(mg/ke) 1 2 3 % % P A B © Dp B
0.03 800 703 738 747 66 Lemon 427 4.49 5.12 733 7.06
03 854 776 754 795 66 Lime 4.46 4.54 5.14 7.20 7.51
"Modified method (liquid-liquid extraction) of Yoon et al.(2013) Orange 5.65 6.20 7.64 - -

PAverage of recovery rate=sum of recovery rate/n?
ICoefficient of variation=standard deviation/averagex 100
4

n=3

Table 2. Efficiency in each separation step of standard method"
according to the added volume of dichloromethane (DCM)

. DCM volume Recovery
Separation step (mL) (Mean?+ CV”, %)
First 100 56.2+4.5

s 80 59.4+7.5
100 13.7+4.2
S d 80 15.9+£2.8
econ 70 16.143.5
50 11.7+11.6
100 ND.?
. 80 N.D.
Third 70 ND
50 N.D.

YModified method (liquid-liquid extraction) of Yoon et al. (2013)
Y Average of recovery rate=sum of recovery rate/n>

9Coefficient of variation=standard deviation/averagex100

“Not detected

In=3

i

o] YA} 7wk AAEIT) LX), 7, 283 Aa]
749 15mLe] BAL 94~g o] 1mLe 1N NaOHZS F7}51%1
o pH7} 7.0 oS FAIES ER1EATHTable 3). sHAIRF &
w3 B9l A, ARnEIHY JHERZ ] wFEE A7)
57804 mjEZ A peakoﬂ o8 7k o] W Eof(Fig. 3B-C), &
AL 9% 8] H7FES 25mLE EEA wlEY RS TS =
%o (Fig. 3D-E), SmL«] IN NaOHE F7Fge 24 pHe 7
7} 7.063 7512 7.0 oS FAIES 1A TH(Table 3).

tlo

F

I~

Tangerine 5.31 5.62 7.38 - -
Grapefruit 5.12 5.59 721 - -

1

'Sample only

Yadded 15 mL of borax buffer

Yadded 15 mL of borax buffer with 1 mL of 1 N NaOH
)

)

&

added 15 mL of borax buffer with 5 mL of 1 N NaOH
Jadded 25 mL of borax buffer with 5 mL of 1 N NaOH

I E EMEO| %%g
HE IE EF Ao AvERD BAN(Fig. 1B)9] 4l
s A % 3 AUERR FFFE o8t ARFHE
Aol A8 w)E ER1sh At 0.99999] A HERL
ow, LODS} LOQE ZH7} 43603 14.533 ughkeo 2 UElstt
(Table 4). T3Sk oq:[Loﬂ /\]»Q_E] lfLMu]—HJ o EEH Al g]/ﬂ 0171] 76
F P F dE WS vshs MQLE LOQ (ng), FUH A&
%ou k(mL) —JMHH -, 201 k(uL) j=d! }\]EEL__ ET/HE A=k
Atk AAE EAEHS Ea Aoz 7zF £ 029ng

L

E

(LOQ) FUA AE A smL, 28] 3Y, 20 L FY, AEF
20 golglen, o]2 EUE Aukd MQLS 0.007 mg/kegolAtH Table

4). AFTH JAF T 2N AR E MQLe] ZHF
T B4 71520 0.05 mgkg ©|8F == MRLs2] 12 ©]71X]
AZ 7VsstE= FH82 JTHMFDS, 2017¢; Yoon 5, 2013).
wEbq dojF MQLE 0.007 mghkg oo rg AF FoF Ha
W 7 A% sIaL, IWERZZI tiste] A% MRLs (0.03-
3.0mgkg)l 12 °la7kA] HE] 7FedS IRl

MAE BE2ge] AdA HAES s 4 AlFeA IrE=ZA
o] AZnETH A WEE A7} vlEY X peakole] HHS 3
st Ax, W EZR L HEE AR 573004 ulEY X pe
oto] AHe WAHR PgrhFig. 4). T3 &, 2, A
7, 283 Aol 03 mgkgel tigh W 35&S gl
Az}, Zbzt 718, 72.0, 799, 79.7, ZE|3L 83.7%C 2 UEFEoH,

off

X g

Table 4. Validation and reproducibility of the improved method for pymetrozine analysis in citrus fruits

Reproducibility Validation
Sample" Recovery (%) LODY LOQY MQL®
Mean® (%) CV? (% r

i 2 3 0o V0 (hgke) (k)  (mgke)
Lemon 73.6 70.2 71.5 71.8 24
Lime 70.9 73.6 714 72.0 2.0
Orange 75.5 83.1 81.2 79.9 49 0.9999 4.360 14.533 0.007
Tangerine 79.7 80.5 78.8 79.7 1.1
Grapefruit 78.1 85.6 87.3 83.7 5.9

USpiked pymetrozine until 0.3 mg/kg

Y Average of recovery rate=sum of recovery rate/n”
9Coefficient of variation=standard deviation/averagex100
YLimit of detection

YLimit of quantitation

“Method quantitative limit=[LOQ (ng)xsample volume before injection (mL)xdilution factor]/[injection volume (uL)xtotal sample (g)]

=3
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(A) 10 100
80 Pymetrozine - 80
5.7 min
60 }- 60
N | L, 3
o o
2 4 6 8 10 12 14
minutes
(B) 100 100
80 . - 80
Pymetrozine
60 - l - 60
i 40 - 40 i
20 - 20
0 - 0
2 4 6 s 8 10 12 14
(C) 100 100
80 . ad
Pymetrozine
60 - l - 60
S Lo F
20 - 20
0 -0
2 4 6 e 8 10 12 14
minutes
100 100
(D)
80 I~ 80
o Pymetrozine - 60
Pl | .
K I\_M/\ X
0 N “_/\/\_ o
2 4 6 minutes 8 10 12 14
(E) 100 100
80 - 80
60 Pymetrozine - 60
i 40 l - 40 E
20 '\ - 20
o o
2 4 6 wisees ¥ 10 12 14

Fig. 3. Chromatography of pymetrozine in lemon or lime using liquid-liquid extraction method. Chromatography of pymetrozine standard
(0.3 mg/kg) (A), spiked pymetrozine (0.3 mg/kg) in lemon (B) or lime (C) added 15 mL of borax buffer with 5 mL of 1 N NaOH, and spiked
pymetrozine (0.3 mg/kg) in lemon (D) or lime (E) added 25 mL of borax buffer with 5 mL of 1 N NaOH. Retention time of pymetrozine is 5.7
min.

zZ+ Nge CVE 24, 2.0, 49 1.1, 283 5.9%= L}E}kﬁ;}(Table Q ok

4). ol AFFF B 7FU 70-120%2] I5ES =L

10% w9re] CVHHS %5 }“E} wEhA AR Baue Z: o] A= #Eol; x| e} e THaF oA T
7 oA I ERR ] BEXo) fasitiy ddEn TRl W ERZS BAF glo] 71E B dAHE T
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Pymetrozine
5.7 min ©

Pymetrozine
5.7 min ®

Pymetrozine
5.7 min ©

Pymetrozine
5.7 min =

©
i
o ——~— S~
(E) ~
H
n.—/\—\__'—/u-—w‘____,—"d\’w_f
(&
.
. e N
m
M _/—-“/\’-—\—/\_,\_/-

5

Pymetrozine
5.7 min ©

|
o i

o 2 H H i ] [ 1

Fig. 4. Chromatography of pymetrozine in citrus fruits using improved liquid-liquid extraction method. Chromatography of lemon (A
and B), lime (C and D), orange (E and F), tangerine (G and H), and grapeftuit (I and J). Chromatography of naive citrus fruits (A, C, E, G, and I)
and spiked pymetrozine (0.3 mg/kg) in citrus fruits (B, D, F, H, and J). Retention time of pymetrozine is 5.7 min.

o

=] =0 H
_ILO]'—T’— EE‘@?_] T':ﬁ
e

gele] 739 A4 1
§3to] IMERAS B4 A BEH GA) S| ¥Ed] 3]
MERAe] vrE A7) BE MEYX peakrt e 1%
ofelgel WAHATHFig. 2). oo o) RapEE olgsiel 7t

7 Hde] A EERS E4so A-9 2 dAlN F
Z §7E ol&5e DOM2 I 7hed =2E dEA 3o,
1‘]74 %e &

DCM®| AM-#S WFwr] 2] a8l 9=
FEAA o Al 8o mL FHA Eaf Al 70mL H7hE
SF3ATH(Table 2). B3 4o Farge] we} IR JJraL%

S 93 o= MAMEZA AT HER
23 9le] 7]E9] Slo|mamjEY g S

oMz o i ol ok
o
9
e
N
N
N

.|> r[o&ﬂ

(0

15¢} 1 mL& F7tste] 2/ & % ZZ“’A pH
2 FASIATHTable 3). HFH oz sfAE -
HPH (Fig. 1B)ell wet 5 /9 aF #L 89E, 2, &
A, g, 283 A& 55 % A4 § HPLC-PDAE °|&
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