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ENGRME R IEEE RN E T IERIRE SR = BE R

JEERTN 123 F OME23 | dEoutR 23 XpERET, B 23 gRkshnm2s . xR 23, @ pi2s
(1 BRI, FRT 210095; 2 H3EE RN ATFFSLR RIE K E S9N =E ChEREFGR R LI, Mal 210008;
3 MR R -EURR S X T S IR A PO R, Mal 210008)

W OFE. AR T RN E - PR A VR AT = R U R B I O v 2, R AR S R LR
L KHRE (5/95,v/v) TSI 3 U WAL S AU IN . BR P 20V A = 2R UK IO BRTE I 2R 7E 0.1 ~ 15.0 pg/ml ¥ FE ¥ [l P 25
MRRRLF, a5t FREL (RD 25100 1.0000 F10.9998; 7E 0.5 ~ 5 mg/kg ARG, FRAZ R = B FUIAE T3 P 12 [
KA 87.2% ~ 101.1% FI 75.3% ~ 101.6%, 4857 REr AN 3.3% ~ 8.1%. 1.6% ~ 9.9%, ALK 43734 0.05 mg/kg. 0.07

mg/kgo 5 [HFR EAAIABAR G — FOEENEMILL, BAERIR, QU705 T8 XK.

KA
FESES: X53

WNZ Y (Cyromazine) X 4 Kiigha. KR,
S U B AR KA R R,
CeHioNg, tb222 AN 2-FR N FE-4,6- —F HE-1,3,5-—
W, XU H Ko e H R dugh B R B A AR R
FBIFEHT, 2002 44K PR Y 2B HHE g =205
2y, BN HEFTZ T mE IR R R n
DL 3 0 e R i AR KR BT SR C
Melamine) fRjFR —Hi. %l FORMZ, Ho1=h
C;HNg, 280 2,4,6- =2 HE-1,3,5-— W, & —FhiE
B TR, BTSN BIRE (66%) , =Bk
BTz 08 I BV o T DL B8 7 i 6 AR 1
=2 B ORI R 99% LR 28R =
A 7 2 E 2 R 1 O S N R R
S NVSE A1 (VI U NI 9/ N IR E SR oAl S
[ EPA Ml PCR 7E 1993 44 3474 W 1 f B M 1
BN CRAY), WEABASUEEL A . 2005
SE, BB IR RS AE X R A 2 R A P Ak e o5 op 5 2
2 18 B PR TN SR 11 45 ) 15 oA ORI S B A Bom PRI
AW HAT AN GER, 1) A2 PN BURF £ UK R T
SRS BRI T Ak A1) PR T S 7 Sh A 1
W RIIREE T o) B A R, BRI P =2
i, Erol Yildrin 55T 26 W = SR AT S/ Al

FROBAT (ks 0, SRR =R

BN IR Ak s sy AW SR REE P S
PR A RN . = SRRk B ()%, Hio
[E AR ) 2 S WA %7732 « Shin-Shou Chou Z5PHR &
TSR K (80/20,v/v) RIS PRI R TN &6
BRI 75 AE FDA SR BI04, XA 2
HHIHR N R =R FIH CRE-7K (95/5,viv)  $EHL
1, Yokley RA ZEUOT] 2,15/0.05 mol/L #%% (70/30,
v/v) SEECEIERE S T RN R . SR E . BT
PN SRR TE () A P R PR S S R 5 0 F S S
BKICHE (25175 vv) M oG = R U IR
JTEE B .

LR, R A0 T8 1 A T 0 R = 58 S e Bk A
J7 A S B AR 6 AN S, R i i T A,
M- VAU H ik 2 B 8 R R
A OG- e e RS ), IRk B B SEIT R T
SCTBUAR £ 8 A W A TR 2 R k= SR U Bk T (VDI 5
LST R TR S e = SR U (A 2 g M AR A AL, 7
AR RTVRORH €033 P S WA s e RS 0 e K AR 530,
AN R (1 L A B AT L, AR AR B LN B, AE
H A aE b, B pr b AR AR B o 5 i
B AR A B R R R N AR R R R
(8.1017U8T i ] phy s 338 A ] ARG DO 7 e R — RSl
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Fig. 1 Structures of cyromazine and melamine

PZRCSINE SER N T =g m N VA T LN ol w2 2 SR NVSE =)
W T = SR U B B 1 g RO C A M 5 9, S5 1R Ak
SRR AR i - B A L, D [ 3R i —Ff
et BRI, QB ST R AN Tk

1 #MR57E

1.1 &5

(1) 1 #%: Waters Alliance 1=y SGBAH (A REAY (2695
SY BTG, 2996 AMEIN %, Millinium?® €238 T /3,
Gemini C18 &%+ (150 mm x 4.6 mm I.D., 5 pm),
Gemini C18 {##"F£ (4.0 mm x 3.0 mm L.D.), E.LHL,
BEREARE R A, BIAL, B AFUE, Milli-Q Al KA.

(2) WAH: FHFNEE., =B hrvE . aiE
99.0%, [ Chem Service A #E4t; HEE, K,
%2, Milli-Q #B4liK.

(3) WA =R MERARIX
25 mg NN MEARIE S (4B 99.0%), FH v il
e A 50 ml A (2, T ) RSCH T8 20 R 1) A
JE £ (500 mg/kg) o HERIFRIN 25 mg — R F L hrfE
e CAERE 99.0%), H FEEEW (50/50,v/v) (R
BRI E AR E 50 ml, B R = S FU AR eI 4%
W (500 mg/kg)o 4°CV& o 43 I 5 ml 28 TR 2R
R IARUEI WA 50 ml B (a5 B, A R
JE 7Y, FLHIA I 2R - — SR TR & A fE AR . 4°C
P e FAINI A bR UL B T BB MR, IR IR
Bic o

(4) WEIHA: pH=3.0 MR KIEW: KRR
B . BB (595, vIv)o

(5) T3 R IR AR T LR 1.

F1 XL IEAOENMER

Table 1 Physic-chemical properties of the five tested soils

% S HHLR pH BB 50 Fidls R (gke) 4 Fe Wi Fe
(g/kg) (CaCly) (cmol/kg) FhkiL hriga WL (g/kg) (g/kg)
N 9.93 7.45 10.44 134 242 624 33.78 10.0
fiyys: 5.36 7.38 17.89 221 416 363 50.59 23.26
KA+ 26.41 5.56 17.50 155 465 38.0 42.53 14.58
o 45.89 5.57 47.66 169 410 421 38.29 10.94
JAR: 8.88 7.05 24.08 282 378 340 61.05 50.22
1.2 KWHZE 1.2.2 ikt G Gemini C18 fiA: (150
1.2.1 FESTUAEE  WEFIFRI 2.000 g L3RRS (i mm x 4.6 mm 1.D., 5 #m), Gemini C18 441 (4.0 mm

20 HifD, &1 50 ml AFERNE O T, A 10 ml
GUK B, IWT5E 1 min, &8 75 H2H 20 min, 4000 r/min
B0 10 min, 735 BIEWRHEEIR, FRiEH] 20 ml FIEE
Oy 2 VGBI, BEK 10 mine BEGE AHRIUYIRT, 3
JiE 1 mine & IFPTA SRR A S HEEIS, 60°C T~
WEFAE R e LR AL 1T ml, Ny WTo I 1 ml P
Btt, i 0.45 pm A HLIERL, TERALBOH EIEIE .

x3.0mmI.D.); %K 0.3 ml/min; #Fi# 35°C; UVD
LS, AP K 214 nm; BEFERE 10 1L FE0AH A 4
i, B oA pH = 3.0 HBERR K E o B0 BEMRDERE P W3R 2.
FAFEIZAT 12 min, —SRFAIEMIRHEBIRL N 4.1
min, M2 IR B TR 29°8 6.9 min, (A RIELT,
IR UGN IR DN 2R 11 53 15 LR, it 1) €3 B
K1 .
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Table 2 Gradient elution process of HPLC

I ] (min) 0 4.8 6.5 7.8 11 12
FEE (%) 0 0 4 4 0 0
pH=3.0 BERR/KII (%) 100 100 96 96 100 100

0.24
0.18
2 012
0.06
0

30 40 5.0 6.0 7.0 8.0 9.0

A TH) (min)
E1 RASE. =BERRERREIEE

Fig. 1 Representative LC-UV chromatograms of cyromazine

and melamine

2 HBRE5HH

REUATIRIERE

ARSEE LU T 4 PRI A T AR bk B R
2R A = SR U R USR5 AR 3. ST
Ny BKTRER (595, viv) >5/K CISHR
(5/95, viv) >HEE> M. PLEK B (5/95,
VIV AR R R R T3 T iR B R I e, I Rl
v T AR I (DR o B R I - e IR
AR Bk B IR AR D RO R, 48 4 UGBS 57
B Ay 88.1%, A< SR AT ST Tk FH 1) 2K R R s
W (5795, v/v), FEI A3 Bk B A P 0 1 [
B4 (el 87.61%) 4b, gy 4 Fhtss 1 15
BT 88.1%. [FIINE &SI 2K LIEHW (5195,
vIv) AR BRI, A1 P RO AR P s I TR

2.1

JIT LA % /K BV (5195, Vv AE A RE i R B 7]
2.2 BEFHEIRL

2,21 KK LR fE AR, A
PRI AN = SR FURE R A AR, T W2996 1T
PRI BEAE 190 ~ 400 nm PR N HEA T 413
M. g5RB7R, NIRRT 215 nm BN AE
K, ZBRFIAEM KN 210 nm KN AERK, 4R
FWIAE 214 nm AbFR A ZUGE R — S S ke 250 e Rk J;
o AFFFTRA T [ I ASHIU B P 2 M R = SR U P e AR 58 b
WK 214 nm, 5 SCHERFRIE RS0 AME i K — 25020
22,2 WAMHRERE R HAR A A R A
W, CAHEEACBIAE, AN R L, A
SR G R — SR L TR A PR e . 45 3R,
LIRS >50% I, PN 2 5 =GR 1) Ok B I

W22 XA, AREESHELAE. 2 h R =
55% I, BEHULRIFR AR G, =R

TREFIS A 2070 6.1 min, PRAZEEHIOREE IR Z00% 7.2
min, —FHANREILBFEL S B KT K. &3 O
BBl =10% I, =ZREULAIANEAE I TIgE . 2
BELEBI<50% I, —ZRWNEHI PR BN RIS HT, SN
BWEIERIHL &, H =3RRI R8RS
S, (HPR YRR A PR B I ) R 5 4G, FLIA TR,
AUGBUR, R R BB T pH = 3.0 BB
WA 4K, S5 R 4, = JEFURAIR N 2R (KA
MRABPEHAT Froe iy, WeTARBUNAR, — UL fR
FIAI 20 4.1 min, IRNZEIRENEZ0 6.9
min, JEFIREFIIFEL > 8. FrLlEHI T EE + pH=3.0
WA B S B AN G

£33 TRBFEMTEFRIIERE (%) (h=4)

Table 3 The recoveries of cyromazine and melamine by different extraction solvents from soils

R L ThRE IKFEL 21 4% Rt
RIOHH AWEE  CRE MR ORI AAERE OREG MNER . COREIR RAER OREK
ol 92.34 74.40 90.46 49.96 79.57 50.71 32.17 17.79 41.23 0.00
i 8.54 2.93 3.74 0.00 3.86 1.24 0.51 0.00 17.12 0.60
HKHE 98.29 84.37 100.87 88.74 90.31 79.20 100.77 87.42 87.61 51.86
KL 98.85 77.94 100.70 80.23 83.17 53.37 100.44 73.35 88.41 48.7
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Fig. 2 Chromatograms of cyromazine and melamine
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Fig. 4 Chromatograms of cyromazine and melamine
2.2.3 UREMERE AR OSSR R A R O

T, CAUH /R KO LA, DR 0.3 ~
0.8 ml/min, Frl A P 2 G A0 = 58 UKL 1) TR & B vE VY
o B 5 FE 6 332 g 0.5 ml/min A1 0.3 ml/min
I = SR FIEA AN AR A R g5 R B, BEE R
TRk, = TN IR A 2R 1R O B I TR S, R
TRORE R THI AR AR AT W R G 0 BB 3 =R Fh
PR FF it W 55 2 LU (1) 43 1, e 2 FRUR BN AH 1) 3
ﬁﬁommmm9#%5ﬂ%£“#@i BB TR
st FPR B PR N 2 R 1 E — 3

2.2.4  BAFEUEMGAAT IR Sk b, %ﬁ?g‘ﬁfﬁ%
JBi 07 2, =N A 28 56 4% ) LLIA 3 L2 4y
fﬂHﬂTWW;‘E&%H‘J%E@WWE%HU%E@%%lﬁl'ﬂ{’?
R (BT, HOBEEG, AR, PRGN
PFRAN ik BRI Bk, Atk I BA BE el 7 K. &8
DRSS, PR VR P WA 20 i BV IR
PR, = EREURER A R (1) i A il 45 R an &l 8 B
Mo

et BCHRURH €5 5 7 U 00 g 3 v A P B R — 2R Ui 829
— R
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Fig. 3 Chromatograms of cyromazine and melamine
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Fig.5 Chromatograms of cyromazine and melamine
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0 4.0 5.0 60 7.0 8.0 9.0
BFE) (min)
6 Z=RFERMIAATEEIEE (v=0.3 m/min)

Fig. 6 Chromatograms of cyromazine and melamine

2.2.5 FEEMER WA LSRR
Eﬁﬂmﬁl%mm“m%ﬁmﬁm,&ﬁﬁmﬂu
G DN 2 RV 43 B B0 o AESRBHAR N Y /pH =
3.0 BER KIS (4/96,v/v), I A 0.3 ml/min (1) 4514
T, BASKEE A 20 ~40°C, W= S EURFNER N 2 R TR
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Fig. 7 Chromatograms of cyromazine and melamine

BIRHER BT A% o b, ARERW, BEE AR T
PRy IR CE T U AT AN T B W 2 3% Ve (1 D TR R
5L R o0 () 4 2 mT AR B % . (HAREAE 40°C
N, = SR U (0 1% WA AN TA) 2V €0, 15 06 i) e R 388
O, [R5 & BRI 0 T &2 52 e (G A (1 4
F 31, DRI &R BAE A 35°C
2.3 ZRMEXFRFNENIR

Be IR E 239920 0.10 024 0.5, 1.04 5.0, 10.0+
15.0 pg/ml WIIRNZEAE. =R TNGREWEBR, 1F
1.2.2 W PTIR A 45 N AT 1 o0y, LA AR i,
X P EAE Excel AT A MIH, PN 2T =
RFANLHAE 0.1 ~ 15.0 pg/ml #5230 B Y 2o 00 R R AT,
RN E MR ZEPER)A RS Y= 318324X - 24010, R2=
1.0000; —ZRFILMLNERHTFE: Y = 429871 -

El8 =RFABEMAAEEEILER B

Fig. 8 Chromatograms of cyromazine and melamine

21746, R*=0.9998.
2.4 FHEEWE

TERAFRIN 2.00 g 1438, 43 BV I3 f (0 1 TR 2008
S IRFEARAEA T FIERE S R, ATE | min, FE
B FEABESE ARG, % 1.2.10 FTFHREE S A #E )y
AR, 1.2.2 TR O RE AT A TR PR,
W7 P R R — SR UL (1 [ o NS Ik B ik
3IANESE, AR 5 G 2 AN e R, g5 R
R 4PN, 1E0.5~5 mg/kg WNIVEEIN, IRNEWELE
T IR R 87.2% ~ 101.1%, 5 RECH
33% ~ 8.1%, = FWFNEAL T3 b (R us I (el 2o
75.3% ~ 101.6%, 2 HREN 1.6% ~9.9%. A 775
S 48 R VA TR R R — R S SR ARSI B 4334 0.05
mg/kg. 0.07 mg/kg.

F4 EERRIEMNESR

Table 4 The recoveries of cyromazine and melamine from soils

T I g BN AL S =R
(mg/kg) SRR (%) A RHU(%) SR (%) AL RB(%)

W+ 0.5 91.4+45 4.9 844+ 14 1.6
1.0 96.9+43 4.4 89.8+4.9 5.4

5.0 97.4+6.4 6.5 942+7.5 7.9

WU 0.5 96.0 + 5.5 5.7 81.0+53 6.5
1.0 99.5+4.3 43 87.5+45 5.1

5.0 101.1 +4.1 4.0 97.4+32 3.3

K&+ 0.5 88.3+5.3 6.0 75.6 £ 4.0 53
1.0 93.7+4.0 42 80.2+4.2 52

5.0 93.7+6.1 6.5 812+5.9 72

2145 0.5 100.1 £3.5 3.4 101.6 £ 6.4 6.3
1.0 93.1+5.6 5.6 87.8+3.6 4.1

5.0 98.5+5.4 5.4 93.8+53 5.6

R 0.5 92.7+6.6 7.0 753+6.0 7.9
1.0 929+3.1 3.3 932+1.6 1.7

5.0 87.2+7.1 8.1 79.7+7.9 9.9
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(1) AR S0 R0 = SR e 1 & by vh # 7 S 2
FHBRAPE RS BB USRI Dty e 45 L 2
N TEUK R (5195, viv) MERIGHET, RNE
R = SR FNLAE 5 PR T30 3 AN nAKCE e
W5 5K 87.2% ~ 101.1% i1 75.3% ~ 101.6%, ifi H.
HEEMERL, BRRED A 33% ~ 8.1%. 1.6% ~
9.9%.

(2 AR50 SR FH B FEE IO s 1 E5 A 7 T A
st FH 2% JOT PR DR B IS 1), A5 ot R 2% S s 38 B 2 40 9
AR 8 AR A U RE R, KR BRAR T R DU BleAR
HIREEAERR P WA, 4R T RE S I ]

(3) ATRIGHF 7T T b R R e A — 2R
i B B BRI 7 v, AR TR I e ORI
RSy, EEEMRLS, PTG AN = SR GU 1) SR (A
TR 23514 0.05 mg/kg 0.07 mg/kg. A7 VEHRAF B |
fai o, o T M.

(4) NG =R FULAT 5 Fp i g b 1 ]
WA E 2250, PR TR & A0 2B b b (1 [
B, WRTtei s Rt R s S, YD HE
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TNEAE 5 Pl T i B R AE R — PSR A
HEVESIISEN

22 30k

(1]  ER, oo, 2 IRNEARK YIS AT Wi it
AL T REAIR, 2008, 24(1): 246-249

(2] XSRET. A= R S DR T P B R,
2007(7) :19-21

[3] Roberts TR, Hutson DH. Metabolic Pathways of Agrochemicals.
Part 2: Insecticides and Fungicides; Royal Society of Chemistry,
MPG Books, Ltd.: Bodmin, Cornwall,U.K., 1998: 741-743

[4] Armenta S, Quintas G, Garrigues S, Guardia M. Determination of
cyromazine in pesticide commercial formulations by vibrational
spectrometric procedures. Analytica Chimica Acta, 2004, 524:
257-264

[5] http://www.epa.gov/fedrgstr/EPA-PEST/1993/

[6] Maureen P. Serafini. Cyromazine registration of the major change
in labeling for cyromazine, contained in the pesticide product

trigard insecticide 4/05(http://pmep.cce.cornell.edu/profiles/

insect-mite/cadusafos-cyromazine/cyromazine/cyromazine let 40
5.html)

[7] Erol Yildrin, Casey W. Hoyo. Interaction between cyromazine and
the entomopathogenic nematode Heterorhabditis bacteriophora
Poinar GPS11 for control of onion maggot, Delia antiqua. Crop
protection, 2003, 22: 923-927

[8] Chou SS. Determination of cyromazine and its derivative
melamine in poultry meats and eggs. Journal of Food and
Analysis, 2003, 11(4): 290-295

[91 Washing DC. Pesticide analytical manual. Food and Drug
Administration, 1988: 180, 414

[10] Yokley RA. Maver LC. Rezaaivan R, et al.Analytical method for
the determination of cyromazine and melamine residues in soil
using LC-UV and GC-MAS. Journal of Agricultural and Food
Chemistry, 2000, 8: 3352-3358

(1] Ef, BHE5R, BGED, BRI, 0Bty oo ik il 2
TRPRE IR T 2R E AR RL, 2005(2): 34-36

[12] L, X8k, MifhoR. SPE-HPLC i3 8 rh KW fi — 1
W, WAL 2%, 2005, 17(6): 376-379

[13] ML, TR/ XS IR N 2RI B A RSB (e
Trik. MRS (RSB RRERRD, 2005, 26(4): 23-26

[14] SR8, 5008, 2 RE, Fgh, MUIRE. HPLC ML K i AE
TN IA . IAEE162E, 2004, 23(6): 700-703

[15] =59, /L, NiF2. okl =2 5UkGE B & m Z0R A
BEIE MBI, YLPEL T, 2007(2): 70-73

[16] Bardalaye PC, Wheeler WB,et al. Gas chromatographic determi-
nation of cyromazine and its degradation product-melamine in
Chinese cabbage. J. Assoc. Off. Anal. Chem., 1987, 70: 455-457

[17] Carbras P, Melini M,Spanedda L. High performance liquid
chromatographic separation of cyromazine and its metabolite
melamine. J. Chromatogr., 1990, 505: 413-416

[18] Toth JP, Bardalaye PC. Capillary gas chromatographic separation
and mass spectrometric detection of cyromazine and its
metabolite melamine. J. Chromatogr., 1987, 408: 335-340

[19] Varelis P, Beck J,Wang K, Ghosh D. Analysis of Melamine and
Cyanuric Acid in Food Matrices by LC-MS/MS. Thermo Fisher
Scientific Application Note, 2008: 424

[20] SEIAL, BRREUL. e UHAT (IR (HPLC) 58 F R Hh = 2R
e E . TR AWML, 2005(2): 24-26

[21] R, BRI, AEH, 42 5%, /B, 2R AR A — B3
RUR C % 32 1R T 0 R S AT KK mh RIS AR S — R I Bk
FFIBR . (i, 2007, 25(4): 536-540



832 + e 41 4

Determination of Cyromazine and Melamine in Soils

by High-performance Liquid Chromatographic Method

TANG Ling-li "*°,  WANG Hui **, DONG Yuan-hua >, LIU De-hui', ZHAO Ling **,
ZHANG Jing-giang **, LIU Xing-cheng >*, AN Qiong **
(1 Nanjing Agricultural University, Nanjing 210095, China; 2 State Key Laboratory of Soil and Sustainable Agriculture(Institute of Soil Science, Chinese
Academy of Sciences ) , Nanjing 210008, China; 3 Institute of Soil Science, Chinese Academy of Sciences — Hongkong Baptist University (ISSAS-HKBU)

Joint Laboratory on Soil and Environment, Nanjing 210008, China)

Abstract: An analytic method with HPLC was developed to determine the residues of cyromazine and melamine in soils. Soil samples were
extracted thrice with ammonia/methanol (5/95,v/v) by ultrasonic and concentrated, and then analyzed by HPLC. The calibration curves for
cyromazine and melamine were linear in concentration range of 0.1 - 15.0 pg/ml (R>=1.0000 and 0.9998, respectively) . In the concentration of 0.5-5
mg/kg, the average recoveries of cyromazine and melamine were 87.2% — 101.1% and 75.3% — 101.6% with the variation coefficient of 3.3% — 8.1%
and 1.6% — 9.9% respectively. The limit of detection was 0.05 mg/kg and 0.07 mg/kg, respectively.

Key words: Cyromazine, Melamine, Soil, Residue analysis, HPLC



