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Determination of cyromazine and its metabolite melamine residues in celery
and its soil by ultra performance liquid chromatography tandem
mass spectrometry
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ABSTRACT: Objective To establish a method for the determination of cyromazine and melamine residues in celery
and its soil by ultra performance liquid chromatography tandem mass spectrometry (UPLC-MS/MS). Methods  The
sample was extracted with methanol: water =4:1 (V:V) mixed solution, purified with mixed cationic solid phase
extraction column, separated with hydrophilic chromatography column by gradient elution using 10 mmol/L
ammonium acetate solution and acetonitrile as mobile phases, detected by electrospray ion source positive ion
detection mode and multiple reaction monitoring mode, and quantified by isotope internal standard method. Results
Cyromazine and melamine had a good linear relationship in the concentration range of 0.01-1.0 mg/L. The limits of

detection were 8.16x107°-6.91x107° mg/kg. The average recoveries were ranged from 81.96% to 108.81% for
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cyromazine and melamine at 3 spiked levels of 0.01, 0.1 and 1.0 mg/kg. The relative standard deviations were less

than 6.19% (n=5). Conclusion This method is simple, rapid and accurate, and is suitable for the qualitative and

quantitative determination of cyromazine and its metabolite melamine in celery and soil.

KEY WORDS: isotope-labeled internal standard; high performance liquid chromatography-tandem mass spectrometry;

cyromazine; melamine; celery; soil
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BRRENRIIR g A R . YRR A Y F 5
KR Z— o R, HAH btk R 28 6% P 8 B 1
R AT, B A T B R AR
g, ATAESK, B VUK [ A X BUM BB g
FIANBTINR, 1256 38 R BRI 3, 2E k a
KFEWAMER, MEREHER, SR . DA
RS JE I PO UE & H A E P BRI R
WA SRR R R E 2 —, TRE RS AL T, W]
B AR P R TRBIR, W™ 10% ~ 20%54, = F i
EIT 40% ~ 70%. TR IBTYE R &, BEEE
XTBTAE R 2 27 A BRI, AT A A AU TR B
VEWRZ Tl KM o SRR B TR R R, B
Gy AR R, (H R K MR O A8 48 T SR I A R
— TR Y U

KU (cyromazine) X AN E R, N 1,3,5-ZB2EE
HOAERIATTR, WH THE 0 s 4 Bk 4 A 1t g LA K Bl v i
A TS MSRISRIIES T 0 35 DN BV i A b A
A E R B B A R AR 4 81 (Food and  Agriculture
Organization of the United Nations, FAO)FIH: 5t 11 A= 41 4k
G RATMAATE H, KIgkEERZ RNEE Yz —2=
REM . ENIMYAECHER BRI, KR AEK
TR A R AR AR A R, e e Sh A AN
SACH A = R, R RIE, = REUAE E R A1
T, AIEBA A Oy S RERR, SRR N SR =R
TURTE s . 24 = RFURIKR BEs T 10000 mg/kg
B, 25 T30 BUB DER . M A S —Fh A 25 B EVF
ZEFMHTRIL, ERE, T BICHRPIARS . K
- F 55 T BRE R e e e DA R Al 3 B AR, R
FrER O R IR BRI, SR A SEBR A A K
W FH T B TR T SR BT R I B 42, B AT = A
it B KBk BY PR & (maximum residue limit, MRLSRUE, R,
Ko} S o o 2 4 T AV A R IR, LW o A {3 ok
TE RS .

H T AR A K i e B LA — 2R R %) 32 B e
FIFHSCHRHE . SCHR o G K e = SR FURAE A [ L i P
B B 00 43 AT D 1 T2 R R OB G i U1 R s
JRREIEUS 20RO (B WO

il

o AT L — S I P ) (7 3% AR 12D 12 TR s A 0 733
B e v R W 0 — SR TR B B BTG . AP R
FZRARAE I AESEAT 3, 5 WA C3 15 A0 B A3 A s i)
Jid, T LATRT S AGHIN 2 g e 1 = SR UM, kst 1K IHEAE Cog
AL b R R, TR S, H A O (-
BRSTRER AR L, SRR 0038 N AR, S0 Mg e 17 Bk sk
o7 )50 . RS A B, I S S ) 67 3R PN - A e 280
R € - 8 IR S 2 A O i S L g e Rl e % A
Y = RGN, B AT BRI KBS Al A AR
i 2 A2 Al R IS

2 MRS

21 HmXE FIE5#EE

FEEEAEHERE AT 2020 4F 1 AORRET B AR X
P T HE e 1 R DX S iR TRt Al R v el .

22 N5

ACQUITY UPLC H-class 8 & R iAH (o3 22 48 (36 )
Waters 2\ F); 4500 Qtrap = 5 DU AT 5 BK B % 1L (£ [E] AB
SCIEX 7\ #)); CombiMax K600 #I gk 3% ¥ i HL (1
BRAUN Z4#]); T18 RIS HL(EIE IKA A F]); JAS002 H
FR¥(d=0.001 g, FIFHEFBNIHFARAA); 1-14K =
BURE.OHLIERE SIGMA /AH]); R-300 fiékh 78 kAL (Fi 1
BUCHI A #l).

KRS P N = 2R SR A o S (4 = 99.2%, fE[E Dr.
Ehrenstorfer 23 wl); =BG E-"C FrifEdh (BHE =99.5%, i
[E WITEGA 2AF]); MCX iR FHE T RIAHZE I (6 mL,
150 mg, 3E[E Waters A F]); HEE, 25 (Ei%4, EE
Fisher/A w)); ZER# (Eikal, DR A AR, AHLR
UEME(0.22 pm, BEEER IR RA RA A, SR E K
ALK
23 ZWHE
23.1 AL

I Jrle N = 2R UM b v T VR TR T < 4 S0 A PR LT
R KRR . = B R = R ENE-C BRvfESS T 10 mL Y
T, FFEEECAL 3 (MR 1000 me/L Rl &
W, —20 °C{R-AF. SRIGATAIFEEL 0.5 mL bRt &, BT
50 mL AFE RIS, FNERBERHE R 10 mg/L bR
W o I e A = SR UM W FF ] 216 -10 mmol/L Z iRk
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9:1, V)T BRI BEl 1 mg/L A1 0.1 mg/L i AR, =3
EUH-"C FRUERH 26 -10 mmol/L ZFR%k(9:1, V)R B
B 1 mg/L A9 TAEW

s K BB B 800 mL FH B, Jim A 200 mL 8 4fiK,
REHS.

1 mol/L FhBVEW: WUB & 71 E0h 36%~38% Mk Eh iR 4y
98 mL, FI/KERZE 1000 mL, RS,

BN 5% 5K - BEDE M : BadK 5 mL, FHH
B E A ZE 100 mL, R

10 mmol/L ZMRE/KIF: BRI 0.77 g sk Thettrh,
KRR, #HZE 1000 mL 2T, BAIEREZE,
232 HsEraE

OFFEFIRFE R

A AR TSRS S, 76 2 h s HsLig
S S A B T w1 L R4 3 N =5 N e g s i
VIR INBE, 2135 BRI 300 g ZE AR b e AT RS RR AR . £
BEFERAA RN, KBRS TSRS, BR300 g A4
FERIEABIER T . BIRIEAE-20 °CokAR, Rl

@I

FREL 20 g(R5HAE 0.01 )Ry EAY A3 A I 0 A - 33k
fb T 100 mL BRSO, MERIIA 200 pL 1 mg/L =%
He-BC TR, WA 50 mL W EE-K PR B, 7E
12000 r/min F & #3534 2 min, FEAIA 4 mL
1 mol/L EhRIAM, WWHEIRA) 1 min, SR/ 5000 r/min &5.05,
5 min, U EWEWREREE) 100 mL 255 b, I B K B
WERZT 100mL, 5.

@ik

MCX [ AHAEBUME SR 5 mL HEE . 5 mL /K ik
it SR IS 10 mL 204, BRI 5 mL /K.
5 mL H IR, MURHI TS, 8 mL S%ZU/K H BEA i vk
JiE, WeHE R TS, 40 CCRie A ZET, H
2 mL JZIE-10 mmol/L ZERE(9:1, V:V)IFTRE %, it
0.22 um A HLR I,
233 RAE G- B B AT

(1) VAR

Z%[# phenomenex [ Luna HILIC f&i%#:(100 mmx
2.0 mm, 3 um); AR 35 °C, FEAEIAFL 3 uL, WhAH A M
K E 10 mmol/L ZIRE /KB, B AN, Hiik: 0.3 mL/min,
VEWIBEEE: 0.5~2.5 min, 95% B~80% B; 3.00~5.0 min, 80%
B~95% B.

(2) Bl

KA ESL IE & F £ J2 I ¥4 1 (multiple- reaction
monitoring, MRM)#X; ZZALA I 50.0 L/h; FEBIIM#A
Fiid 50.0 L/h; SATSFEE 30.0 L/h; WEZE L HE 5500 V; 4
Him# SRz 550°C, & BAR#4E MRM B 19 iR
E£SHIE 1.

3 HER5HH

3.1 @EFHRK

FH T 0 e T LA ) = R FUE I TR R ik
G, X ETERE RIS AT B R, AR T H AT
A % CAPCELL PAK MG-III C g 8384100 mm=2.0 mm,
3 um) Al 3¢ [F phenomenex MY Luna HILIC & %
(100 mmx2.0 mm, 3 pm) 2 F€ayE:xt X g K HACH
TREMFE W, G5 RIUAE AR A SRR, KRR
CAPCELL PAK MG-III Cjg fi5kE g R, i =R
JEENAS W% . 7E3S[E phenomenex [ Luna HILIC it
(100 mmx2.0 mm, 3 pm )= FRFHEAT IR, HKWEMEAE
Z£ [# phenomenex f¥J Luna HILIC {43%41:(100 mmx2.0 mm,
3 pm )R IR R BAT, REABS AR L CAPCELL
PAK MG-III Cg (o35 HE ZAHER 1.2~1.6 min, PILHHE X
phenomenex /¥ Luna HILIC 4i54(100 mm>2.0 mm, 3 pm)
ER B AR PR T OIF KGR . FER-K%E
W . ZJE-10 mmol/L ZFRER AR A shAH BT XT B Anfb &
Wy e R N (LR S22 SR EREH, AR 2 E-10
mmol/L ZFREZVE MR, T K LA = IR Uk 1) ot
TN M IR B IEOKAHTIIA 0.1%H BR)E, FTL
FEHESE B F(ESTHRIC U B B S0t HY, A4 s i
Yo R, IRBIBCERTE | RSO EA,
A SCHES T AEAKARINA 0.1%A9 HT R F 10 mmol/L ZFR%L |
{AEKFHHNIA 0.1% 0 R 2 Rl 00, & 3K e e B FLAR
WY =R ENR A TSR S T R 2R SR FIE,
K 26 -10 mmol/L ZRREEWAE R T s AR 2E4 T4 B TR,
AL EREEnE 1, FTLIE H 2 FiR 2y (g idp i
I, Ho g B %A T,
3.2 FUEFHMHK

43 K R e | = 2R U AR P A o I R ) B
0.1 mg/L WEMHEWR, NG, T ke
FAEHEE S, A RS FHREXT 288, e Bin
g FET, RekoTrEarENEET, 87— EM
Tl 5 BB 2 R RE T SR, PR EHERI RS 7, HwIERAH
MR . THABRE N A F 85 F 2 BIE Ry 1 B v
B, IR AR R A, 3 AL S Y T S AL
TEE IR IR 1, Bk E LA 2.

3.3 AR
331 BREREMHMA

oz BESCRRC e 45 Y B A B AR PF, AR SO HE TR K
VEC TR A8 X BB SR A R e, 43 ) PR K =401
9:1(V:V) Wy 42 BOH JE AT B L, SO 45 AR B, H K
=4: 1V IR BT, KO e A — SR U A 72 0 -
o it v T AT A X 45
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Fif [ /min A} [ /min
T LRURNE; 2. = TG, AT BT
P 1 R R = 2R UM T 3 S e e P A R TIC [
Fig.l1 Typical TIC spectrum of cyromazine and melamine in celery and its soil
F1 ORBE. ZRERMZBER-"C Rk
Table 1 Chromatogram parameters of cyromazine,melamine and melamine-">C
AxiE7| BT (mi2) R B I} 8] /min M EREHE CE/eV 2R DP/V
167.0>85.0* 41 60
K g i 2.26
167.0>125.3 28 65
127.0>85.0* 23 50
=R 3.55
127.0>68.0 38 61
129.8>87.1* 25 40
=JEE-"C 3.55
129.8>70.0 37 43
T N E R T
600000 226 140000 f B 3.55 20007 € 3.55
500000 | 120000 ' 1600
2 400000 & 100000 z
= > > 1200
2 300000} 2 80000 - 2
= = 60000 | = 800
200000 40000 |
100000 40000 L 400
0 - . ) 0 . . , 0
0 1 2 3 4 5 0 1 2 3 4 5 0 1 2 3 4 5
i} 1] /min s} 8] /min s} 8] /min

FE: A KR B =R C.=RAH-"C(¥h 5 png/l)s

B2 KM = RGN = R C bR b %

Fig.2 The chromatogram of cyromazine, melamine and *C-melamine

332 FEAe

i 2L LA RIUR FFIRIUR, SPHEFT SCX
HIFEREER MCX RT3 HUNRERS I FRIEFT L, 5700
SRR, MCX BERSIEACRAHRTBELF, 575 T e
SO M 5 R TR A4 T AHAE SO0 9 A
EPL IR

3.4 FERGMSEE. HXARKMEHIR
B JTARINE J2 ST 1 N A N JC VR RE S, AR T

T 2 B 2 i A = TR A 1) 4 o TR WBCR AR A, A 7 ik
K S U SRR B s R RS, TR — R N
PR = RN -PC R R A B, 520 N bR Y A R S
JE, 43 B A [R] A AR A K g iz A = 38 SR o v i A
& WE i % 0.001, 0.002, 0.005, 0.01, 0.02, 0.05, 0.1,
0.2, 0.3, 0.5, 1 mg/L #riE LAEMZHITER . 45

FW]: KM AE R WY 0.01 ~ 1.0 mg/L VS Bl Kig
Joie AT = 2R 4B A i S A 48 R T o e AR (Y) 5 B A Uk



5024 B dn 2 4 R R I A 4R

81

FEQOI 2 RAF IR PESC R, IO B LA ) = R
JEebrifE TAERRZE WL 3, LAIfEM . SIN=3 T3 H R
(limit of detection, LOD), ZRMEJEHI . M. Mk
FEOLE 2.

3.5 [EYERKRERE S

Phas FF SRR R SO LR, 76 0.01. 0.1 A1 1.0
mg/kg 3 NACE T AT IIbR ENRSEER, 45k 3 iR, K
e i R FLAR ) = R FUROT- 2 IR AE 81.96 ~ 108.81%,

XS AR R 2 (relative standard deviation, RSD)7E 2.83% ~
6.19%, ZER B E . MUE 0.005 mgkg < C<0.01
mg/kg I, [ESCRILTE 76.26% ~ 89.52%2 [, AR
#<6.08%, MHkE 0.01 mg/kg<C<0.1 mgkg i, [k
RIGTE 88.71% ~ 108.30% 2 [a], AH X5 1 I 25 < 6.19%,
Mk B 0.1 mg/kg < C<1.0 mgkg B, [H g7
99.12%% ~ 116.79% 2 [i], F X AR iR 2 < 5.75%, H U,
TZAGIN 7 FHF 38 T - 438 v 0 i R — R F U 1
A BT T T 5

x107 | %106
80 250 |
7.0 |
6.0 © 20.0 |
w L
% w
® 30 & 150
B 40! R
o 4.0 =
30 | ¥ 100
2.0 - !
: 5.0
1.0
0.0 , S : ) 0.0
0.0 0.2 0.4 0.6 0.8 1.0 0.0 0.2 0.4 0.6 0.8 1.0
FTRYR EE/(mg/L) JREWRE/(mg/L)
TE: ALK B. =Sk
Pl 3 R e A = 2R U AE 35 S OH: L e P AR T 42
Fig.3 Standard curve of cyromazine and melamine in celery and its soil
®2 RBERM=BESREFEREDEDREFAERMGHR
Table 2 Detection limits and regression equations of cyromazine and melamine in celery and its soil
) Hpt REEE/min RMEREE/(mg/L) EVEYE FARZELCr Kz H BR/(mg/kg)
X TR 2.29 0.01~1.0 Y =7.90442x10’X +1.61810x10° 0.9991 8.16x10°°
Kl -
T4 2.26 0.01~1.0 Y =2.4735310"X + 521.81567 0.9946 1.05x107
X JiR 3.55 0.01~1.0 Y =2.66846x10’X + 3.15717x10° 0.9998 6.91x10°
SR -
e 3.53 0.01~1.0 Y =7.90436x10°X + 84.26310 0.9985 2.30x107
R3 ORI = BREURRE A3 S B A 38 ch 7N n [ W 22 A AR X AR A 1R 2 (n=5)
Table 3 Recoveries and relative standard deviations of cyromazine and melamine in celery and its soil (n=5)
pREUAEIERA =R EURE /%
FE T W INZKF/(mg/kg)
F-EIE % RSD/% XA % RSD/%
0.01 81.96 2.96 82.30 6.08
3 0.10 92.75 3.60 100.88 6.19
1.00 106.28 5.75 108.08 3.91
0.01 84.95 4.59 82.55 3.61
B 0.10 98.05 5.59 95.15 2.83
1.00 108.81 431 108.72 4.88
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3.6 EPREEMIANE

SR A S7 (4 5 %P 5 It i S S R AR 1Y 30 1)
JESRRE R SRR S A TRS N, AR 2 SRR P K
WM B, b4y 2.01,0.705 mg/kg, +IERESHRA
BRER, T MR R AE TS TS, A B AR
e, TRHEREAABRIE, RFEE—ENEERE,
T BEA TR IR I

4 4

AR 30  H TR)07 2R A R 325 5 B 45 e S8
T — ERIDR ST, ST T I I A SRR v e K
FACHPI AR B 0053k, %07 I AL B B, A I PR, AE
AT, Tk EmEELr, 6 R RORS % 5 S 5
BACLIT A ST IR BRI b I 4 R
fili o RSIAR i E A AR BES T, i i
HhA 2k B TR E R R AR
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