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Determination of cyromazine residues in agricultural commodities

using HPLC-UVD/MS
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Abstract A high-performance liquid chromatographic (HPLC) method was developed to determine
residues of cyromazine, a triazine insecticide, in agricultural commodities. Cyromazine was extracted with
90% aqueous methanol from representative crops which comprised brown rice, oyster mushroom, oriental
melon, watermelon, and Chinese cabbage. Following to evaporation of methanol in the extract, the aqueous
concentrate was acidified to form the protonated cyromazine. Dichloromethane partition was then applied to
remove nonpolar co-extractives in the aqueous phase. Strong cation-exchange chromatography using Dowex
50W-X4 resin was employed for final purification of the extract. Cyromazine was successfully separated on a
Zorbax SB-Aq Cj3 column showing high retention for polar compounds. Cyromazine was sensitively
quantitated by ultraviolet absorption at 214 nm. Limit of quantitation (LOQ) of the method was 0.04 mg/kg
irrespective of sample types. Each crops were fortified at 3 different concentrations of cyromazine for
recovery test. Mean recoveries from samples fortified at LOQ~2.0 mg/kg in triplicate ranged 80.2~103.3% in
five agricultural commodities. Relative standard deviations in recoveries were all less than 6%. A selected-ion
monitoring LC/MS method with electrospray ionization in positive-ion mode was also provided to confirm
the suspected residue. The proposed method was reproducible and sensitive enough to routinely determine
and inspect the residue of cyromazine in agricultural commodities.
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Fig. 1. Molecular structure of cyromazine.

2 0.3~5.0 mg/kg HSlolTh,

Cyromazine Fig. 1] tERd wpep 7ol Eat o
triazine ringZt 3719] f2] = ZFE amino’|E T3}
3 o™, n-octanol/water HlAIG(log Pow, pH 7)=
-0.061, ZAke] pKaZl 5.22(25°C)2 &#HZ FAlo] =& oF
7144 shetHEolh.

HAA7HA] cyromazineol] e AFATL LF [FFZ
AzZAel a3 9 AL (Walker 5, 1997; Daborn &,
2000; Pinto 5, 2001; Weintraub, 2001; Crespo &, 2002;
Carvalho -, 2003; Kamaruzzaman -5, 2006; Vazirianzadeh -,
2007), cyromazine®] E3ll4HE 2 @ (Chou 5, 2003;
Sancho &, 2005; Patakioutas &, 2007), A8~ 5 &9l 2+
Sh= cyromazine®] /3¢l &3 A5-(Yokley &, 2000), 34
Ao g2 {EH+= cyromazine A|E2 = 7HArmenta 5,
2004) 522 A= o] 9t} CyromazineS oA
2 AR 5 Ak 55, AMEAL Jlom, HE wiHE

T R TR AL JFE ETekl, 55wt
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Cyromazine> S7d°| w-%- =3, &3t sjgste SAS
Ve B o290 Hl5A~F7F 5498 vER= vlElE

9] 5F S A0 AgEE B 92E A9 A8
sl AL WPssith bepA £ 1 7olME cyromazined]
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Cyromazine®] #4184 EFF (% 98.0%) Sigma-Aldrich
(USA)ZHE F9iste] ARSI T) %9 stock solution
2 500 mg/Le] FEZ methanolol] Hof ZA|SH3L —20°C W
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of Rt HaAuith B 591 stock solutionS
o] FER 3|Aste] ARGaIGITE 2 AAH AMEH
Fo] B8] Dowex S0W x 4-400-2>  Sigma-Aldrich
(USA)ZHE FU3Ath. n-Hexane 2 dichloromethane
ZFEA8 methanol 2 deionized waters= HPLCES
J. T. Baker(USA)IA 4, AR&-alitth. 718} 7R ok
AFEH e REAES ARSI

B oft
o

O

sSME MNE

29 5 ZF387]F(Korea Food and Drug
Administration, 2009) 5= cyromazine®l] AFE-5-= Fo] 7]F
o] ARHE FA=F 7Ig I iR =S EEslo
Follxe @dr], AiFodM e wiF, FAFAAE 3
T, WAlR Solxe =eREHAE tiEAEE AA st
A AR A, wi S, #e], b E mE Al
S AlEE AY dPulEAAN 715 ASAEE +
T AEFTA 4 AA Aol ok AAY Sl
(Korea Food and Drug Administration, 2009), T A]
oF XS AAEl] Fuek A RS % &

W2k

rr
>
2 5y

E F& 4 HN

4 T A AL FAHE AR 25 g9l 90% methanol
£ 100 mLE 7Fst & 42 7](IKA, Ultra-Turrax T-25,
USA)E ol&sto] & nidf|, &3t} 2= 4%
FH3ta, o352 90% methanol 584 50 mLE A|Z
2 9 8715 Aof e oA e] ofolls} Feiqitt. 9=l

-

12 9
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& 40°ColA 79} &3, methanol I Bl & 5
ool FFH O R £7]3 0.1 NHCI 582 100 mL
A7VsldTh. EdejFof dichloromethane 50 mLE 7}3]
127 283 J83k 5 A ], 3142 dichloromethane &
< 971519tk o5l A=} dichloromethane 50 mLA-2 7}

S 23] wHEEI T WA 1.5 em, Z9] 40 cm
o] el Aol S7TE AFE-sko] Dowex 50W-X4-400
resin 5g& Vg F24 TG T LA FRT
50mLg 7Hted ¢F 3mL/min®] 502 /&, SHAE
At S3A o] =2y7] A A oToA &+
e TEAZF AFE 7HE § S2¥E] 5L, methanol 50 mL
4l 28% ammonium hydroxide S8 /methanol(5/95, v/v)
T3 50mLE AR SR T =EH7] A
A2} 28% ammonium hydroxide =&Y /methanol(20/80, v/v)
23t 50mLE S RO cyromazines §EAIA W
Atk o] BEHE 40°C oJste] & oA st 55 &,
Z32E] 10 mM phosphoric acid 582 (pH 2.0) 9.5 mLE
7¥sled # :o]al, methanol 0.5mLE F7isle] &3
HPLC #4181 02 AL 3l3itt.

8
[ w4

i

N Rl



204 &0l15 - 43

Table 1. HPLC operating conditions for cyromazin analysis

HPLC system Agilent 1200 series

Column Zorbax SB-Aq(4.6 x 250 mm, 5 um, USA)
Column Temp. 35°C

Methanol/10 mM phosphoric acid

Mobil phase (pH 2.0), (5:95, v/v), isocratic
Flow rate 0.8 mL/min

Detection UV 214 nm

Injection vol. 20 pL

Table 2. LC/MS operating conditions for cyromazine analysis

LC/MS system Agilent 6110 Quadrupole LC/MS
Column Zorbax SB-Aq(4.6 x 250 mm, 5 um, USA)
Column temp. 35°C

Methanol/10 mM ammonium acetate
(5:95, v/v), isocratic

0.6 mL/min
Sample size 5uL

Mobile phase

Flow rate

Ionization ESI positive-ion mode
Probe temp. 350°C
Needle voltage 4.0 kV

Mass range(m/z) 80~500

HPLC-UVD/MS 7|7| 24
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Fig. 2. Ultraviolet absorption spectrum of cyromazine.
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S 3171 18k cyromazine
0.5 mg/L E%%Q‘i—% 103} A& Fejsted AzrpEad 4
o] HF-E A7+ peak area®] WolS ZARE Az, 7hzt
12.47+0.18 2 195.5+1.8 mAURE UER} 1% 1|vke] ol
2 JERNIT}. B8 cyromazine®] FEE&9S 0.025~1 mg/L
o] ¥ 5 $Foz ZA8A, 7} 20 uLS HPLCe 34k
Hoz Flste] 4L FEAFA AL Y(area) =
218.27X(ng) — 2.28(R*=0.999"Z Yeh} AHF A ZAA
o] S-ratith. B AW o] HPLC A0 ThFdh Fee
cyromazine ¥F8S wAste] SNHIE AL A3 A
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Table 3. Elution profile of cyromazine on Dowex S0W-X4-
400 cation-exchange column

Elution solvent(v/v/v) Recovery of cyromazine(%)”
(NH,OH/water/methanol)  0-25mL 26-50mL  Total

0/0/100 0 0 0
0/25/75 0 0 0
0/50/50 0 0 0
5/0/95 0 0 0
10/0/90” 0 0 0
15/0/85" 22.9 70.1 93.0
20/0/80" 85.5 9.8 953
25/0/75" 932 1.4 94.6

95 g of Dowex SOW-X4-400 resin was wet packed.
Pre-washed 50 mL of ammonium hydroxide/methanol(5/95, v/v).

909 EFEHAME cyromazineS A3 &R AUt
2221} ammonium hydroxide/methanol(v/v) 15/859] &3t
AN = 93%, 20/809] S elX = 95%, 25/759] &
FHelA= 95%4] cyromazineo] EEEHS AT F AN
orn=E 2£58M0 2= ammonium hydroxide/methanol(20/
80, viv) EFA& A

Al cyromazineQ| 3|8

k=2
o
F= 92 AA, 283 717N

d

| Hulled rice Control

Fortification

Chinesé cabbage Contirol

}‘0 Fortification
|

Fig. 3. HPLC chromatograms of extracts of brown rice and
Chinese cabbage. Fortified samples were spiked with
cyromazine at 0.4 mg/kg equivalent to ten-fold of LOQ.
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Table 4. Recovery and LOQ of cyromazine residues in various
crop samples

Fortification RecoverytSD  LOQ

Crop (mgkg) ) (ngkg)

0.04 96.5+3.9

Brown rice 0.4 86.9+0.5 0.04
2.0 92.2+0.7
0.04 88.0+4.8

Oyster mushroom 0.4 80.2+1.1 0.04
2.0 83.7+1.1
0.04 103.3+£2.5

Oriental melon 0.4 89.4+0.6 0.04
2.0 91.6x1.3
0.04 90.7+5.1

Watermelon 0.4 87.6£0.4 0.04
2.0 91.3x1.9
0.04 93.240.6

Chinese cabbage 0.4 91.1£0.9 0.04

2.0 95.0+1.1

“Mean values of triplicate samples with standard deviations.

e Fiop 5 AR0] 489 thEA AHE Fig 3
of Uenisle. T} Sakge] 2 Amgoleld tis

100000
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o] A3 = 0.04 mgkgl 2 A o] FA] 7122l Codex
(Codex Alimentarius Commission, 2003) ¥ 2]&374 zH57
FOEAW AT 3144 (Lee, 2012)0014 BAEH= 25
A 71220 0.05 mgkg ©13F T 87152 12 °]
o] A#gsHA 7ol Attt

Z}7}e] FAHE F2)E] A8 cyromazine ¥84S A H
SHA|, geketAle] 10u) E Soefe] wRrt HEE HUeA,
47] F9E B gste tE FAHEe] o E
3FES AR A3, A FEAAE 88.0~103.3%,
A 18] ol 80.2~91.1%, FH3HA sou)
Fo e 83.7-95.0%2] ¥53 3FES HIY, S
Fodte] BAoae AU 5.7% wvte g #AFLAc) wt
A, HEleE 2 A A SR #Agle] BFEY
71%20 38 70~120% 1% T4 2AF 10% olHE wF
=3I tH(Table 4). o]’3e] Aol & wf, £ Aol &
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Fig. 4. Total-ion chromatogram(TIC) of cyromazine(5 mg/L).

M+H

Max: 193189

HoN N NHo

CeHqoNg = 166.19

100 %o 260

Fig. 5. ESI mass spectrum of cyromazine.
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Fig. 6. ESI(+) SIM chromatograms of brown rice extracts.
Upper, control rice sample; lower, rice sample fortified at
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g 50 e TIC 2 mass spectrum®Z5E] cyromazine
electrospray ionization(ESI) ZZ1ol|A] €-0|3}A] protonation
o [MHH]'E 43S & 4 ASTE Mass spectrum©]| A]
fragment ion 7] =2 &3 [M+H] 7} base peak=
VERE, [M+1+H]™] 43 intensity= AFA% F91€L4
H-&-2 & vkgdsiSith wEbA selected-ion monitoring(SIM)
€ ion®E= [M+H]" o] &% o] &3tk Fidt A4
10 7Fssksitt.
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triazine”l] A=A12] cyromazine®] A7 EATHS ST
S2He A5 90% methanolS: 7181} FZ% cyromazine
o] ZHFE-LS dichloromethane #¥iH3} Dowex S0W-X4-
400 oleIBrtET P oz HA|ste] BN AER
AREBIIEE. Ciy S ©]8-8F HPLC 4 Al B=¢] 7
e gllem, dnl, wiS, o], a2 “ERAlS X
gk 579 Ui FAHE 5 cyromazine®] A #H3HA(LOQ)
+ 0.04 mgkgel A, A i3 FAHEC] gk 34ee
80.2~103.3%°1% 01, F4ke AR B Aol AR
o] 10%W] 7] 24 A UEho] ZHREA 7ol E o
3k 2 AolA S trizinesdl A5A1Q] cyromazine
o 27 FAHE A&, 37E ¢ TA A HollA =
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