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ABSTRACT

Background: Cyanazine is used as a pre-emergent herbicide once during the growing season to control weeds of many upland crops
worldwide. This study aimed to establish a method to determined cyanazine residue levels in major medicinal crops by using high
performance liquid chromatography-UV detection/mass spectometry (HPLC-UVD/MS).

Methods and Results: Cyanazine residue was extracted with acetone from the raw products of four representative medicinal plants
- Scutellaria baicalensis, Paeonia lactiflora, Platycodon grandiflorum and Angelica gigas. The extract was diluted with a large vol-
ume of saline water and directly partitioned into dichloromethane to remove polar co-extractives in the aqueous phase. It was then
purifined using optimized Florisil column chromatography. HPLC analysis conducted using an octadecylsilyl column allowed the
successful separation of cyanazine from co-extractives of the samples, and the amount was sensitively quantified by ultraviolet
absorption at 225 nm with no interference. The accuracy and precision of the proposed method were validated by conducting recov-
ery experiments on each medicinal crop sample fortified with cyanazine at two concentration levels per crop in triplicate.
Conclusions: The mean recoveries ranged from 91.2% to 105.3% for the four representative medicinal crops. The coefficients of
variation were less than 10%, irrespective of the sample types and fortification levels. The limit of quantification of cyanazine was
0.02 mg/kg as verified by the recovery experiment. A confirmatory method was performed by liquid chromatography/MS using
selected-ion monitoring technique to clearly identify the suspected residue.
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2} Foprlo} w7EL el AEt He oRgRES] A A @AY AWMl FYEo] A &2 Foke] Ag, FY

of FstaL glen, -2 FwEe] el e S22 depel 54 sk Aol RS ok &
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2010b). 531, SFGA1Ze that U5 okl ALE, FhAHE
FAFF ALE, ALGVIR vIES D kg AT
A W 5 ole) FEN AR ekt w, 4]

ﬂb gepd) g kg tElM e AREL Sl EoFe]
FH7 7 vehebe} Aolatnz kA tek tEeF ¥

7}1—'} HE=A] o] Fojxjok & FAo|t) (Lee et al, 2010b;
Hwang et al., 2011).

REAE T GaF Aok Ak Sk
/‘352]— 1; o]—;q;{%o] ﬁl—OkZH }\g}\]-7]]ﬂ _% J,?rz]
FEol &3 ek F AR
2 el fEole WdEEeR XVJE]
(KCS, 2016). =3+ 79 274 7L—8— oFg-2k
g Arkko]l S A vlEe] =
of mE} AFoEA 9 FYH EEO] °J"]'7<] -r]LJ—,
o) O3k $#71 Skl Uk (Lee et al., 2013).

2| Fo|FERIAA A A2011-27500] o3P =peke] 79
yU2zZ23ulo]| = [napropamide, 31871553 (MRL, maximum
residue limit) 0.1 mgkg], ET]ot]W| ¥ (triadimefon, MRL
0.5 mg/kg), EB|ZFA|E (trlﬂurnlzole MRL 1.0 mgkg) 5
7He] Fofel thsle, B10] A5 vISAEEE (methoxychlor,
MRL 1.0 mg/kg), OiE*-;‘-Jir (o-endosulfan MRL 0.2 mg/kg)
T 7% wokd tste, A9 AS Yz ouiol=
(napropamide, MRL 0.1 mg/kg), Aol w2281 (cypermethrin,
MRL 0.5 mgkgys 352 skl tgh &]-87152]7} A = o]

#59 Fs. §
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A3 9lou} (KFDA, 2011) U] #SE 2okl triazine”)
AZA A FFE =S ARF 2Ape] 35

Ay 1 715E0] vidE vf gl
TriazineZl A Z2A= 1950858 Fdgtze] Bl F=2
ALEE 3 AT} (Shaner er al., 2010). TriazineA|l A|ZA] 21
& Wt 7FEsAdol A7Idel wet vl A= 1990

cyanazine> &<l

o) FHRE RA AR RS Fo 200245 EE AR A}

£ FX3t2 Yoy (Infante-Rivard and Weichenthal,
2007), = % TAAE SoNe IRt daEe] F2E A

st ® ARSI Qo™ (Lynch et al, 2006; MHNZ,
2007, NHFPC, 2014), s=°l*9] MRLZ 0.05 mgkg 4=,
TAA= A9 0.01-002mgkg FFOE HIET 31‘:]’
(MHNZ, 2007; NHFPC, 2014).
ko =]

SHH, cyanazine [2-(4-chloro-6-ethylamino-1,3,5-triazin-2-
ylamino)-2-methylpropiononitrile] (Table. 1)2] ¥4

chemometriciI S ©0]83F E4d =i Ho] W e nvp Q3
(Zhang and Pan, 2011), ¥A+2 o] /=0 U= amino
719l ]3] HPLC (high performance liquid chromatography)
2% EX4E 8} 1o} (Snchez-Rasero and Dios, 1988;
Hogendoorn and Goewie, 1989), ©]&|gt A3 ATFAIANELS

Aol Agu/ls AT EF U SRR YEH] 4F
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simazine 53 720] L Aol EYF Z2 Askr
LAEE Hrlslr] 918 HH R A|gh o
Foll (Chung et al, 2011) SF&AES thfo =
g B 35s T 7457} a3k AAolr), of
F/H«] H A % Z3FetaL Qlo] o]
ﬁ‘;}X] douF (Hwang
AgvtET Y] PA F
o] HAs} o F7141 A
Al arskarzt k.
4 J -d’:" (Scutellaria baicalensis),
2} (Paeonia lactiflora), 373 (Platycodon grandiflorum) 3
A (Ungelica gigas)s 42 oH= n]5E FolA]
T T 9 FRAE 5 oeolx B2E AZAZR AL
= triazine] A|ZA|Q1 cyanazinedl] tial e 2 AgdA
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@63549171
3} Z7 3

o] guF okg2E] A8 JFedt AREAHS gy ¢
oFE AMEEE S - 8] fr oF&AHE] i w4
Akl 712 A5E Algetaat skt
Rz %
1. A2 2 D12
2 Ao ARE-E cyanazine> = 98.0% ©]de] 48
o

HF¥S Sigma-Aldrich (St. Louis, MO, USA)Z5-E 793}
o] ARSI EEES methanoldl] 301 1,000 mg/ £ 9] %=
7} HE=Z stock solutions FA|ste] 20T WEaroA
BHAshAA 8 Al vt} methanolZ 3] 3le] ARESIRIT]

_'

Table 1. Physicochemical properties of cyanazine (WHO, 2003).

Common name Cyanazine

2-(4-chloro-6-ethylamino-1,3,5-triazin-2-

IUPAC name ylamino)-2-methylpropiononitrile
Molecular Molecular
weight : 240.7  formular : CoH3CINg
Melting point : Log Poy : 2.2

Physical chemistry ~ 167.5-169.0TC

Water solubility : Vapour pressure :

] 2.1 %107 to
171.0mg/t 20C) 44 07 407 pa 20°C)
CHs
H HiC—C—C==M\
_ - _No _
Chemical structure MR AN A
N /N




oFE4=01 Cigt Cyanazine MZX| ZHF 24

Florisil (60-100mesh)> J. T. Baker (Philipsburg, NJ, USA)
FRE Pt 130CeM sk=wt ol 71, EAstste] At
43159 (KFDA, 2012). n-Hexane, methanol, acetonitrile,
dichloromethane, acetone % ethyl acetate= ZHFi4182,
deionized water= HPLC-8< J. T. Baker (Philipsburg, NJ,
USA)pIA F9late] ARgsisiom, 71et f718u) B F7]A1of
2 NGEF Ee AREALES ARSIT AsSTe
Eyela NE-1000SW (Eyela Co., Tokyo, Japan)S AR5},
AFEE= 2% #2719 Ultra-Turrax T-25 (IKA, Wilmington,
NC, USA)E ©]&at miaf 3l a3} si3icth
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3. HPLC-UVD/MS JPDI2M A

Cyanazine #4712 Yo amino’|E& X3l o] GLC
(gas-liquid chromatography) 4] A] &3l Soll <8l &2
5ol d5eld 7FsAdel $leE® HPLC &1L
2} 39} Cyanazine A3 U] conjugation system®l] 2t
Qrste] w2 Agupgo] zpelFgo] dAERRE HE7= A
2]&47%7] (ultra violet detector; UVD)E o83t} &
2] columne YMC-Pack Pro C;3 RS (4.6 x 250 mm, 5 zm,
YMC Inc., Wilmington, NC, USA) & A}&3l] UVD7L %
2+El Agilent 1200 series HPLC (Agilent Technologies,
Santa Clara, CA, USA)Z #4313, #Fe] Agels 9
gk LC/MS (liquid chromatography/mass spectrometry) 29
o= Agilent 6110 Quadruple LC/MS (Agilent Technologies,
Santa Clara, CA, USA)YE ARS-3t310m, Zkzke] ZpA|g &4
Z71-2 Table 201 YRS
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4. FFHT U FMFSHY| (limit of quantitation, LOQ)
Cyanazine®| stock solution2 3]43}ed 0.05-5.0mg/ £ <]
TE7F HEE v T89S XA, 72 204 E
HPLCel 45t 248 peake] HAE 71508 B EA
< ZMdsidith.
Ao AFAle Fsoko® SRIE A Adele] 7F okg
2 AlFOA THIER] EAlHA] &=
71¢] gFeHAST AlEEF 2ol 7
sle] ofgfjo] AR o5l AEsIA ™ (Lee er dal., 2011), &
A FFEO=E cyanazineS AE|gH 3] AP AERISHAT

AR 2Jee] zF oFg2HE AF 25 gol| acetone 100 S 7}

Alg88 (ml)
AEF (g)

LOQ (mg/ke) =

ol
o

ol

=
T
b

A7V 287 I&uk (12,000 pm), F3=
22 o34 (Toyo No. 6, Tokyo, Japan)’} 7
Buchner funnel 2ol o#slz A5 2 #387] 71
9] acetone 40 (= o] SPAIe] o}l 3} st =
S 1 0 7] EHFol &7]a s H 50 mee}
450 bE 718k 5 dichloromethane 2 50 mé4] 23]
H 39Tk $% dichloromethane 55 S kil
olall 40ColA 8 sSdhs 745 &5 T80 HolA7] "
o F4 sodium sulfatedl] FHAIA G5 & A9 w5 2
AxsA3, AxE #HFE9l dichloromethane 10 WS 3715}
o] A)-&3)5+ = Florisil 2 A=2rtEagig]o] 218 FA8K
t} (Lee et al., 2011).
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Table 2. HPLC-UVD and LC/MS operating parameters for the
analysis and confirmation of cyanazine.

HPLC-UVD

Instrument  Agilent 1200 HPLC system
Detector Ultra violet detector (UVD)
Column YMC-Pack Pro C;5 RS (4.6 x 250 mm, 5 £m)
Column 35C
temp.
Mobile _
phase Acetonitrile/water (40/60, v/v)
Flow rate 1 mé/min
Wavelength UV 225 nm
Sample size 20 w0
LC/MS
Instrument  Agilent 6110 Quadruple LC/MS
Column YMC-Pack Pro C;3 RS (2.0 x 150 mm, 3 £m)
Column 35¢C
temp.
Mobile -
phase Acetonitrile/water (40/60, v/v)
Flow rate 0.3 m¢/min
Sample size 5 ul
lonization Electrospray ionization (ESI), positive-ion mode
Drying gas N, 10.0 £ /min
Gas temp. 350C
Capillary 35 kY
voltage
Mass range 200 - 600
(m/z)




6. Florisil %t 3=201E=2HY]

WA 1.5cm, 4ol 40cm ] FElZH 43217 Florisil
10gS 7424 F43 &
A7kt 2ol
n-hexane®] & A==

, 3¢9 F<* sodium sulfateS 2 9]
n-hexane 50 Ml & 7}l Adctol] Ak
+E2A1AH WA F dichloromethane

10meol] 521 A5 88 7late] of 3ml/min®] F502
EAZ Y. T4 9ol =F57] AH p-hexane/ethyl
acetate E9EN (95/5, viv) 150mL & SEA1A WHE 5 A
2} n-hexane/ethyl acetate &8 (85/15, v/iv) 150l &
SEAA WAt} Cyanazine®] £&% £ 40TColM 7t
&, 7138k RS acetonitrile/water (40/60, v/v) 10 mé
o Aj-&afste] HPLCE A 38k3itt.
7. Uz AEH=0

2 Al

=0l thst cyanazine?| 242 A
S93 cyanazine FHFEAHE] &8 B AlE]
e ASslr] flal Al A el okg2t= AR gk
e APS TR S, B9 2 diE oReAE AR
25 ¢ LOQ<Y 108 & SOHHOH F3H= cyanazine T8
= 27 e AR vy 7] BAAEE sl 3
FEI BHeAE S48
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1. HPLC SMZTHo| =gl
Cyanazine®] # 2% HPLC
methanol®l] £33 10mg/ £ ¢ ¥FZFE on-line HPLC/DAD
o]-g-3td 190 - 400 nm HLA HWSFHE (A max)S
ZARIETE 2 A3, 220 m oA FHo $4ES eSS
v (Fig. 1), 220mm = F82HE AR 5 I F25H= OY
shouA] 2 wE X o] §33 o] SR ARRH
718wl AL 53 (UV cut-off)o] o= B=, At
Aoz kBAES] FEE 15” Srjjol 9%k 7] =
7} 23, cyanazine®| 717 Al 220 nm thE] e A&}
FEFo] 2 slow W 25mmE AEFoPFo R dAst

AT},

25 Ages] 9etol
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. 1. UV absorption spectrum of cyanazine.
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Cyanazine

Fig. 2. Chromatogram of cyanazine standard solution (20 z£
of 0.05 mg)gr in methanol).
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Fig. 3. Calibration curve of cyanazine in HPLC.

HPLC #41¢] #2]4 column
Cis RS (46x250mm, 5 /m)E
cyanazine®] 2|7} A &= TS
acetonitrile ™8HS AME-3FATE ©]57d &7 F acetonitrile
o] =& gt HFEAIZE B peak®] o2 5= A
Egt A3, 58082 (isocratic) Z71°A acetonitrile/water
(40/60, v/v) EF-&Ho] MFEA Y fEle SHA 7
A9t S YERRIC™ (Fig. 2), ©lw cyanazine®] ™%
BAIZEE 1100l #Elsd A=E FUAII ]0}04
Lo el (gradient elutionyS AREE 4= oL} o] A

9] YMC-Pack Pro
o EA

Cislle

°o]-&

S AL,

SRS 7tste]

o

Aol AQD & Y, HTEAR] A@Yo] FEhEe
200 vel AriHoR 95T & At wapel
2R AR Y45 F BAZ el 14 Agle] Saldolok o
£ A 34 BAgolE BAMe) Qb 2w nr)
fe19 Saulee) AL AgalT

$471718] 3 ARPHETRN peakA Lhehd
g R B A% Ae P FASE 5+ U W

sEEM, AmrtETH oM HEE peak®] SN (signal/
noise)?] BI7F FH4x 10 oS U= Y] =S ongh
t} (Fong et al., 1999; Miller, 2005). Table 22| HPLC =%
71X cyanazine ET-8NS B4l S/NHIE Aldket A,
717174¢] A=Al (SIN>10)y= 1 ng F50]UTH

34 ey T

$HA, cyanazine®| FEH FFE (0.05-5mg L) 20 b=



IIZ0| Chat

Al
2

HPLCOl ¢, 435t d& A IJAUAALS y=
135.1439x - 0.4115 (R’=0.999*%)2 $-=3F 24408 YeRHS]
o} (Fig. 3). 5, cyanazine> 717] B¢ 770 1 ngolA]
FE] 22 1008091 100 ngZHA1 ] EFA A tigk 3| AA ST
R?=0.999%* o]ido = o] Aol AAHJenZ vl
A G T W1 NE F ARFS vEHoR AEshe
Ao] 7¥strh.

OILARIZ2 === 0l

SuipEo| 25

2. A=ZZE NRQ cyanazine & ¥
AR 2deje] kg2HE A2 HE] cyanazine FE-S FE3}

7] 13t Sl 2= acetoneS AFSSINITE FEZE FEIo R

HE U A 7 FEEe Yeled e 1A eE AlA

371 918 Ao ze o Zuug AMgalt =, 5
&4 718 FEAS vkl TedrsFrRE ST
T AR HSY giE 2 28 o AMgEE,

= Y
°]i= US FDARCIY AOACHNA F7F ¢
Holl thste] HEAHo = AREEH (AOAC, 2000; Lee er dl.,
2008), HARE =299 534S A &+ = FHo]
itk Euj&lE n-hexane, 22| n-hexane/ dichloromethane
E&A, dichloromethane 5 % 4%S 3A18+9 cyanazine %3
Ho] Euja8-8 AT (Table 3).

Cyanazine A3++9] - Fujz7lol| e Fuja&s
3+ A3}, n-hexane €9 100 ml 2 B35S wjo] 3¢
5.2% 4520|212, p-hexane/dichloromethane &% (80/20,
viv) 100me 2 8RS W IFEL 582% T, n-
&g (20/80, v/v) 100 ml 2 E-F3}
23]

M3 ok 4

=

o

EN

hexane/dichloromethane
A& e 83.7%, dichloromethane 50 mé 2 23] W33k
< 96.1%= YERfo] Rulgmie] 4 Aert Adrs
3E-S eERITE wEbs, FAIE - Fuiza
9431 39825 YERH dichloromethane 50 mlZ 23]
o $Ie FAss Bulgu vel oo )

Rl |
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3. Florisil 2 I=0PETT] MMZZ0| 5|5}
oFg2HEo] THE cyanazine®] A Al 7] -

Al =t

Table 3. Efficiency of liquid-liquid partition of crude extract by
different solvents for cyanazine.

Recovery ratio (%)

Compound
Partition | Partition Il Partition Ill Partition IV"

52+0.8 582+1.1 83.7+23 96.1+1.8

Mean values + SD from triplicate separated experiments are shown.
DPartition mixture; 150 mé acetone + 50 m¢ saturated NaCl + 450 m{
distilled water. I; 100 m{ n-hexane, II; 100 m¢ n-hexane/dichloromethane
(80/20, v/v), lll; 100 m¢ n-hexane/ dichloromethane (20/80, v/v), IV;
50 m¢ dichloromethane (x 2 times).

Cyanazine

Cyanazine M|ZX| &
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Table 4. Elution profile of cyanazine on Florisii  column
chromatography.

Elution Recovery ratio (%)"

solvent VA)  0-50m¢ 51-100m¢ 101-150 m¢ Total
95: 5% 0.0 0.0 0.0 0.0
85:15% 9.6 85.2 0.0 94.8
80 : 20° 80.2 15.0 0.0 95.2

Y10 g of activated Florisil (60 - 100 mesh) was packed without
solvent. ?n-Hexane/ethyl acetate (v/v). *Pre-washed with 150 ml of
solvent system, and then eluted n-hexane/ethyl acetate (v/v).

el Bew 9 vEA HEEEC] AAEN
Zog FeEL}, ofgAES] TR wet AEENE
ot 71E EeEo] SAstEE, F7HEQ1 AAIH
2% Zow dAdeo] FRAZuEIH T ofF A
S AEnEag e REF B4 Al 7t
HHo g FAA|Z = silica gel, Florisil 2
alumina 5°] @o| AMS-E} ©] F Florisik> 249} X|wlke]
AA7F Hoh ml=e] FDAY AOACHEOINE 714 o] A}
B3l oz E A oM cyanazine®] S4S E 3l
Florisite F2AIZ A4 sl &ne] 54 =4S 98l n-
hexane/ethyl acetate E3-8-22] GviAAIE o]&ste] 23}
3}S T} (Table 4).

Florisil S&a2rtEe) o8 gufo] ohdst 54 284S
o] &3}y cyanazine?| F4ES AR A3, n-hexane/ethyl
acetate S (95/5, v/iv) 150ml & pre-washing3 ¥, n-
hexane/ethyl acetate =3 (85/15, v/v) 150l 2 8=3 7
T 94.8%°] e 35ES YERA O, ethyl acetate®]
HlE2 20%2 dste] §E8me s wolk el
MR == wmednt. wabA Florisil F2A2 v E 22 9H
< ol &gt MHEA AAE A FHEA BAEL 371¢]

i
o
= T
HO

P ol

&>
o

)

wn 41 oxl
ul ] o\i o rf
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_{01' jl_g mIO 02’&,
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?l cyanazine®| % = 0

Codex (CAC, 2003) ¥ 2F3d ety
A 3144 (KFDA, 2012014 @48k AR5y 7]
21 0.05mgkg o3t B 3871Ee] 172 olake] AHEHAl
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| | Scutentaria baicalensis control
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Fortification

Fig. 4. HPLC chromatograms of major medicinal
crops extracts for the analysis of cyanazine,
fortified at ten-fold of LOQ level.

71 At
7pze] okgAtE Fxj] A&l cyanazine E89)

o

Table 5. Recovery ratio of cyanazine with different medicinal crop

samples.
P Recovery
Fortification . o LOQ
Crop (mg/kg) raflo v o) (mg/kg)
(%)
Scutellaria 0.2 91.2+1.7 1.9 0.02
baicalensis 1.0 91.5+0.9 1.0 '
Paeonia 0.2 105.3 £ 1.7 1.6 0.02
lactiflora 1.0 100.1 £ 1.0 1.0 '
Platycodon 0.2 98.3+23 2.4 0.02
grandiflorum 1.0 95.1 + 1.1 1.1 '
i 0.2 94.7 £ 0.4 0.4
Angelica 0.02
gigas 1.0 96.0 £ 0.7 0.7

Mean values + SD from triplicate separated experiments are shown.

sAle] 108 B Soule] TErt HES 7Rk, 7] SE
A ofste] Ul oREAHE AIRE WHEOE A sle]
S| &S AN A, A 108 oAM= 91.2-
105.3%, A#eHAl 508 ==l E 91.5-100.1%2] Fa3h
Sl7&S HAA, AANE dsste] FAo AuiEEHit
(CV, %y= Hl 2.4%= ZAEATE webr, Mo 2 oF
45 s TR #Agle] ™FEA7IE] FE 70-
120% 9ok 49 ANEFHA} (CV, %) 10% oS vt
=31 Th (Table 5).

o] A%E B w, E Aol T 1
AU Ao FEHE FEFIE AR F5E
cyanazine®| ZFHF-geF 4 W Al FES] A8 st
glatart.

r
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«
g
8.
3
o
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5. LC/MSE 0IZst ZhRE2| AM=tol

d71e] PO JhkE FARO AES Fral] 918
o] LCMSell 27k A=l #4S F7hst
Al FAHE At SR RENE fREE Aol
8 fragment jong ERITFO RN BT} NN Qe A
o] 7Fsstthk= Aol At (Kwon er al., 2008).

Cyanazine2 acetonitrile/water®] ©]&7d SrjoX = v
o] 237} & o]FolA YWHH o R o]} S flal o5
Bulol] F7HeR fF714F 55 H7kshe o3t 531 Whgol
oA ¢gkor, HPLC Aol 483 olgd & =<
LCMSOE sd3akA #8313t Fig. 59 6ol vehd TIC
(total-ion chromatogram) 2 mass spectrum®.Z5-E| cyanazine

1

v

2 ESI (electrospray ionization) positive ion Z=71e|A] 8-0]
FAl protonation =] [M+H]C! mz 241.18 FAshe &
T AUk Egh cyanazine> g 7§ chlorineS $HrERAL Q)
oug BCt YCre] F919U4 vigl weh mz 24113
m/iz 243.1°] 3:1 H&2 FAE=Y (McLafferty and

ol

¥
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Fig. 5. Total-ion chromatogram (TIC) of cyanazine in LC/MS.
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Fig. 6. ESI (+) mass spectrum of cyanazine.
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