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Abstract: The aim of this study is to develop a method for the determination of chlormequat (CCC) residues
in grain and oil. The pretreatment by using QUEChERS and Gas Chromatography-Tandem Massspectrometry
(GC-MS/MS) analysis were optimized. The samples were extracted from wheat flour, rice, corn, soybean,
soybean oil, rapeseed, and rapeseed oil with acetonitrile and salted out with anhydrous magnesium sulfate,
and sodium chloride, then cleaned up by a mixture of N-propyl ethylenediamine (PSA) and octadecyl silane

(Cig) adsorbents. The matrix effects of different substrates (wheat flour, rice, rapeseed, rapeseed oil) were
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investigated by derived mass spectrometry and matrix-matched calibration combined with external standards

was used for quantitative analysis. The results showed a good linearity in the range of 0.05~2 pg/mL for

CCC in different matrixes, with correlation coefficients (R?) of more than 0.9980. The limits of detection

(LODs) and the limits of quantification (LOQs) of the method were 0.004~0.009 mg/kg and 0.01~0.03

mg/kg, respectively. The averagerecoveries at three spiked levels were 73.6%~99.1%, and the relative

standard deviations (RSDs) were 2.34%~7.78% (n = 6). The method was efficient and sensitive, and

satisfied the testing requirements for chlormequat residues in grain and oil samples.

Key words. gas chromatography-tandem mass spectrometry (GC-MS-MS); grain; oil; chlormequat (CCC)

&M% (chlormequat, CCC), kx4 &AL
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FNLEA ™ it A 7 v B Kt 1 DA S AT e S 3R A
7t B B R AR A, AR AT TR AR A A A T
FUBSETE RO M . BF g mY, B LT H
AVFHEAR (ADD) WEKFET, BIEZExshiiy
ZOHRR A AR, HET, BRE . BRI
WMZE G 2s (CAC)., HARERX AR MY
B B LS T AR I PR EARE (3% 1), 2020 4F3&
FEFME-E R AT T 2020-10483 F12020-10331 5 254,
BT R A A 2P B B PR 40 mg/kg . TR
EIATH (BERMEZLEZRRE i RARK
FRERPR R ) (GB 2763—2021) HLE T4 . ok
FNMAE 2 K2 14 /N ot 2 i % B PR 2 A
ik, BREEH 0.1~10 mg/kg, AP (AT
MR AR R E ) (GB/T 5009.219—2008 )
WISE, SRR AE 2 BOZPREA T, FEERAAR
HHEE IS, fHBRR 0.01 mg/kg.

F1 ERNRFRTEHERARBRE

Tablel Maximum residue limits of chlormegquat in
agricultural products at home and abroad mg/kg

YA A= PE CAC BB HA MKFITE
JNFE 500 3.00  2.00 5.00 5.00
731 £X 500 — 005 0.05 —

¥ 0.50 050 0.10 0.50 —

T —RRARME.

Note: — is not specified.

P 9 T 6 0 R o 2 4 1
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AR U181 3 SR P YA M € 3 — R OB R 1
M-S, AAC PR B ARG (SPE ).
SPE YEIHERURIAT , HAERIR, (BAAEs b vk
FRXT B — | THAERS R SEAS AL, E LI S (R fh
PP 22 K Z LAY . QUEChERS J&:
— PR AR IR R, J2& Quick (PR ).
Easy ( ff5. ), Cheap (fHF ). Effective ( F2%L ).
Rugged (Mi{H ) Ml Safe (‘%4) W4E, Wik
FBEE S ER T, RS B A R B
SR FHE 4 (W B 7308 (Chs. PSAL GCB %) 5
TG, WidBokRER (nEER, b,
BRITAE ) THRLGABNGL B, 2k B0
LR AU BB, TN TS
FA R b TRIE BEE R -SRI R
T R T YFRE (MS/MS) MXF—Z051E (MS)
d, HAPUTHLRE R, X RE S AT AL B A R
AR, QuEChERS Z54 i R BURE (1 (i — R BTk
SIMT Sl R AT I E AR . H AR A QUEChERS
7 V5 T A BRI A AR AR S B R R AR Y
A € % —H B T T 3k v TG S R A T AR
SEEAY) R R R IR TR R 22 52, ACKR
BRI REEENE ) (GB/T 5009.219—
2008 ) Jr N BRI, B EE T AAHETE - R IR PSR
MZctE, firEsnl . 4RBOAR . bR E R R
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MS/MS ) 52 K23 FHT L G Hh 2t 3R 5% B8 1 4
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1 MBEFZE
1.1 #Rt5iRF

o2 I BEAR EVA (100 mg/L ): e db
0 YRR RA R M. 2- T E sy Hrat
FEI 2SRRI RAF]; HEE . TOKGRREE . & 1bin
Syarprati: K KA aF R R A BR A A
BB (90%ZERE ). FiE B hr T A bR e fy
ABRFE]; B EE( HPLC 2% ): $EER G /RBHE: (
) HFRAF; Cig. PSA (40-60 pm): Ky
PICRIRPHCA IR AR AR . AR — i
KorHral . ZrO, Bk . At Ability 227 .
12 UHF{ig&E

TSQ9000 — F FRHK PUZLAF TR AL : £ H
Thermo Fisher Scientific A F]; XT-NS1 4 H 3%
WO A AN - IR A BT AR B R A PR F
Si0-6512 QUEChERS-4: [ BkE il 4 R 48 (il AH
WIARSIEDHL L 12 MBSO T B
TARES ). A A B RA R PM200 17 A
CBREEL . f#E RETSCH ( 35t ) AR ; 3100 %
S EE B M EALER A F] s CDL 5 Tl 5250
L B AR AT JLG-I A 2L
AR SRR BRI BT s INM-TIT ok
Bl HP BRI MR B i T 55 B AT PR A )
1.3 SEWAE
13,1 FERh I &

(AR T2 R IN Y = R IR 1Y N
K, 5 KRR S E AT O B HEA TR (80 H s
INFE R EERIHLINE R, R TSR SR
OB, T BRI IR S AR IR R %8, T
0~4 °CAIRLT
132 FEATTAL 2

Sy AIARBURAS 5.00 g, AP 2.00 g, TRt
3.00 g (AEHIZ 0.01 g) F 50 mL LS, KK
JA 5 mL 7K \ZrO, BR( 24 %7 ). 15 mL Z 5 . 1.25 g
FALEN . 4.00 g TKBREREE, GG (&
100 mg JC/KBREREE . 100 mg Cig. 100 mg PSA ),
A Si0-6512 EHLH, I ER Tl (F2H:
2 000 r/min A JE 20 min, 4 500 r/min #5.0> 5 min;

#Ak: 2 000 r/min %€ 20 min, 4 500 r/min Z.L>
5min ), HEFIREE 2 mL N4 EIER, 40 CAR
2T+, A 1 mL FiE#KE 2 mg/mL 09285 B
B2 T HR R, 60 °CoKIEH T 30 min, 4]
B2 0.22 pm A HLIERE, i GS-MS/MS % .
1.3.3  FRUEE AT

BB R bR TR (5 mg/L): K5Hi R UM
% (100 mg/L ) 100 pL FHH BAa R i ot 2 v B A
5 mg/L ARifE TAEW, F T B0s TAE & r R4k Fn
PRE; BOE I ZARER W (100 mg/L ), HIH
st i ) B MR 005, 0.1, 0.2, 0.5, 1.0,
2.0 pg/mL [ RIVARE TR, BRI .
1.3.4  Ei5HBE R

3% 4+ . TG-5SILMS ( 30 mx0.25 mmx
0.25 um); FEEEOIEAEE . 250 °C; FHERF: 4
HIEE 50 °C, f#4% 1 min, LI 8 °C/min THEZE
170 °C, LA 25 °C/min FHEZE 280 °C,£44F 5 min;
A AR (4E =99.999% ), ik : 1.20 mL/min;
HERETT R AR ERE s SEREARR: 1L,

JETE A B TR BT B FURIRE :300 °C;
fREZRIREE : 280 °C; HLTFREE: 70 eV; HHi N
X ZRVETFWN (SRM ), ot 586 )
I E R TN 136-135, filffEHLE 8 V; E
PEEFXF 136-91, R 20 Vi EHEEFXF
135-65, HilffiEH H 28 V,

2 ZHREWMR
21 Bk &eaRe

KRR, BEHE TG-5SILMS 554K
PEERERE, HIBTSEREE R 5 ug/mL (IR T4
W, BSR4k 50~500 # 414404
(fullscan ), #EFEHIREA Y TSR T 2 DR
BRMTER BT 136, 135 E AR T, BT
B MifEfe (CE) #7ifk, B2 HE et
5 SRR 136-135 1R e B FXF, mifE
HLE 8 V; 136-91 S PR B FX), Aifif# ik 20 V;
135-65 M PEES T4, R & 28 V, LA 1.
TR AT D By R AR M AT A= i B 1
LI 2,
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AR EA WY, SHETK. WEEMCIE
A, RO . BRICSHE . HlEoK . Wi
NG R IR, B AR 2R -2 i (1
4, vIv) IREEBARBIOK . R EIER,
A AL Bk A, mDCRIR E] 62.0%~91.6%;
SN R K-2 08 (22 77+ 1, viviv) IRE
IR . Bk NE SRR R, [
AHAEBU MG, FICEN 77.7%~93.1%. %
MR M E A b, AR TAELINEE By L ROK
KRG AP IS, BN 0.5 ug/kg MM
RIREA, L T O B RECL = 4,viv),
AEE-CNE (11, viv)  HIEE-E (41, v/v) .
H I SR ORI 4 FfR, 455 BoR 2 K5 A
HEE-E (14, viv) ERRIUERIRT, et
R P IRCRESE, BRI R T 80%, HEEH
WA TR o A PR 0] b H s R 3, 42
BRI TR 2, WIRZSIHR D, SRR
WAL, TR AT REJE £ Lb RS B 1 R 2R 1
BOR, L7685 B TAERE R G 1R A IO )

140 000 000 aizhuangsu [135->65]
120 000 000 /)
100 000 000
= 80000 000
B 60000000
40 000 000
20 000 000
0 5 10152025 30 35 40 45 50 55 0 5 10152025303540455055
T RE/eV HiERE/eV
120 OO /NaERy
B XK
100 x5
(mE-3 a2
< 80
ﬁ 60
=l
40
B %
& &

&@5 &@;

A:4, vy :3, viv)(1:2, viv)

E 3 EHEREAEERMERNAERRAF PR E
Fig.3 Extraction efficiencies of the CCC in different
matrix samples and different extraction
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QuEChERS ¥ 3 E2%# ANASTASSIADES
S 2003 AR AR, R —FhET X KR
2 o R TR B AL . B T g S KR M K
AR, MMM EKE/NT 25%0F, FHAEL I
PO AK RIS M A0 M B, DASR S A L 7
PR R P AR IR B BT o AR TAERS T /N
i FE S TR IR 0.5 mg/kg BEANK &
ANTF FINK G AR R BUSCR . 32 Si0-6512
FHLRIBCE BRG], SR THE 1R LB
A, B2 mL A5 mLok, HAEERE 1.3.2
PR R AR IUSOR, 25 IR, Akt
R R BUSCR AR, [ICRTE 20% 447, il 5 mL
IR R BCBCREAR T-hn 2 mL KA. ks
AFE R 52 1 B K S iR e 4R 2 min,
#E 30 min J54% 1.3.2 #04E, 45R BRI R
AW PRI K . 2 BEEINK R ST R 1.3.2
B, BRI R A R LA R 80%L o ik
JE RS AR MRS AR, R
R BARMNE . B TK, TEIKERE Y
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e, B REA VAT IR 2, SRR
AR
223 Hie Xmiik

WA EAEREEAL . FEHMAED, Wk
FUMAE 2 BR MR HMBR AL, FEd bt F
TS AT RE R LB BT X S TR . A TARESE
TR RO AR S B 10T e AR A BURR A
X} QuEChERS J7 3047 T PuAk, i o il 5 AN [m] Wi
I 7500 B FH o DA T 5 % H B A e P 1) i L
R34 . QUECHhERS Jy ik i it FH IR W B 57 £ 22
Cis. PSA. GCB 45, % TR FUHUENIN B S i
LT, GCB A& B 5155 I R, A TAER X GCB
W R FIHEATRESY, BT Cis f1 PSA K
CistPSA A4 (% 100 mg J/KBRRREE ) AL
AR, R4 A BE TSN X IR B R0 5 i R AT T A
ARTAETER /N Ry o OK L ISR . SEkrlae
AN 0.5 mg/kg AR, AR 5 & W FF
FIS2He 45 B ULIE 5, PSA+C g 20 AL RUR 3
UF, DTSR BRSO RCR , X TRk
INZERIRER, 2 PSA+Cyg BT A 50 mg+100 mg
I, bR, HEBAVRE PSA. Cis &t
FHE I IF8A B  AA8 4 s Y PSA+Cys (BT K
100 mg+100 mg B, HIZEHFE . S AL BCR
e, REURILT- RIo, ki uigis b,
HM PSA+C g 1 J5T 2 H L B0 - 1A I ik i) 7%
fbo BRI REIR, PSA+C s AAERERA

120 [

L/l Biok O sl B3k

100 [ g
& E3

FERRL %
3 8

B 4 7RG IR B3 o 4 ok 31 B B 3R R B 5 i
Fig.4 Effect of different adsorbent on
matrix effect of CCC (n=3)

MEBRSRIBR PR . BRFE T, IFREA
REAR L BN 5 o 255 25 JEAE MR BT . XA
Y ERBAHCREN R, A TAELESE 100 mg
Cis+100 mg PSA (% 100 mg JO/KFFREE ) MY
&1 QUEChERS A4+ 1L FF 71
224 AL

LR R EY, MESAES S
b, kAT AR, TEETA
PSR o o AT A Ak A B 3550 A 2R
ARG IR, L5 Km0 ek B9 117 A 0
IRFE BRIk, I I 4R R ) R 0
Tk & A e FE A R R sk . (R
oM R R B w2 ) (GB/T 5009.219—2008 )
TR R SIS FIMA 2 mL 6 mg/mL 2K 6;
e /2- T B, F 80 °CF L 30 min, 4%
JGH GC/MS #ATENE . st . A TAEE
T 2.0, 40, 6.0 mg/mL ZRHEEH/2-T BB MK
% 1 mL £ 60, 70, 80 °C'F /i 30, 40, 50 min
Xt 0.5 pg/mL Bt R ARt TAER AT A 300

i3 AR SR A5 R (% 2 ), L 2.0 mg/mL
IRBR I AN /2- T BRI TE 60 °CT 414 30 min 2
Wt o Y 2R BB 4R /2- T R R Pk Mk R T
2.0 mg/mL B, firA W= R AR, (HAR
T P M/ 2 T D e R e 0 %o A B U
TG, 7E 60 °CIUNY 30 min fiTAE SO0 B 3EA
SEAN, B B R RN BN, A7 AR e e R
TCWT R A o BOAS TAER S AiT AR A AR 1 S AR B
O 1 mL R 2.0 mg/mL A7 B 4k/2- T i
B, 7E 60 °C TV 30 min, fT A5 B FHBLRC

x2 BHRTEMEZIR

Table2 Orthogonal experiment of derivatization of CCC

o R
A Hﬁ/ k(P @R kO
Togre Am) U aen) wkE Hm)

min

( mg/mL )
1 60 95.0 30 92.0 2.0 92.7
2 70 88.3 40 92.0 4.0 92.3
3 80 88.0 50 87.3 6.0 86.3

TE: k AAERRE— K AR A R L3 2 1 i P 2 e
Note: k represents the average value of experimental results
of different factors at the same level.
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W 5, firAesmlzm . A7 AR 3R S5 in 2 [ 2540 |
B, A 180 4 B8 B 25 B AR B H AR i) R A
B %ﬁf‘fﬁi AR AL & I R IR ESS 1),
HoAh 2 i R 28 ) ot mT i A= I ot Ak B g 75 31|
ﬁ@%ﬁi?%l?ﬁ%ﬁ@ﬁ?Xﬁﬁ%ﬁT

BRI AR M UG I AL B, o AT I U
B TC T AIE
LB 8 21
100 | 120140
A
0 r 7 97
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0 T T T T T T T T T T T T T
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BE T ALONE 2 4 T4 AR A S AR R AT
BT AL A B SR A S B H AR S W E SR A
ANV R B 0 1 iR 0 55 A R, A 468 R T 1 R K
JOE RS AR O E BRI il A B
ESEES - AEE R 95 ip SR 35y VRN =R a7/ b
5 E MR AL A R, DRGSR
MIVEAG AR R 28 A AR SR U T rh gt 3= A A
Py 137 {55 203 5] r Rk A A e Y LA
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Fig.5 Mass spectrum of main byproductsin derivative reaction of chlormequat standard solution

ME 34T, Bl ME= ( 55 et Zhn e s AT
A=y 1 W TR/ R T R R AR R AT AR
AR ) x100%°%, /Ny L Kok, ok K
K IMSEAT . SR AAERCR A 1.3.2 4k

R, OFILEEAY HIECH 0.5 pg/mL (R B hR A
W, BRI . ME KT 1 A5
BN, ME /NT 1 Rdmiilsons, g5 R, i
FEAEAN [R5 JRE i v 24 2 AN [R) R B 174 35 I 1 il
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SV, ME 7E 78.2%~98.4%2 [d] , ME 7£ 0.8~1.2
b, WA RIS LA o BRSEATIAN, HAx
F it ) 56 S 355 17 340 R 5 80% , Sy 55 5 i A1 1) 386 v
AP RE R O HEE B P r S B R . BRI 5%
PR P o TR 45 R A R T, R
SEJL AR RN, AR A 3 i ) 5 o G
RGBS S ST e AR R
24 ZEEE. EERMKHR

DI R A Y R BT W (ug/mL) Ay
AR (X)), BRI RN A B B 7 1T A
kR (y) , AR ZE, AN g E AT
HEWITE 0.05~2.0 pg/mL ¥ BT [ N A 347 1 e bk
KER, R¥IKT 0998, Z5HRMFE 3,
T L bR I SE 5, 1) 23 R S S A [

IOV BE B AR W, #5IR 1.3.2 iRt
A TERE S EAT HT AL B, LS5 A0 R0 I 0 B
PRUE WA, A LUEME L (S/IN=3) Al
ML (S/N=10) TR kR R (LOD) A0
ERMR (LOQ) , Wk 3 FimR, AL
FF R B LOD 4 0.004~0.006 mg/kg, LOQ K
0.01~0.03 mg/kg.
25 EWERSBZE

B 7 FpBAPEO S RE S AT AR [ e S2 58,
FRIKSE4050°4 0.02, 0.1, 0.5 mg/kg, HFEANEMAK
THET 6 IREIAE R IR 4. R AT mik
RAE 73.6%~99.1% , HHXF bR i 25 7E 2.34%~
7.78% 7 (AU B B R [T A0SR 5E 4 L S
o g o) LA ARG ) X [ S 2 R 28 R

x3 BHIREARERHTHLZMEXR. KHRMEEMR
Table3 Linear relationships, LODs, and LOQs of CCC in different matrices

FE LM/ (ug/mL) LRI HRRER) LOD/(mg/kg) LOQ/(mg/kg)
TN 0.05~2 y=776 702x+6 131 0.999 3 0.004 0.01
KAk 0.05~2 y=613 980x+6 583 0.998 9 0.004 0.01
FoK 0.05~2 y=991 738x+12 051 0.999 5 0.004 0.01
PN 0.05~2 y=735 043%+5 868 0.999 2 0.006 0.02
K 0.05~2 y=1192 507x+13 316 0.999 6 0.009 0.03
MR 0.05~2 y=1 241 399x+20 246 0.998 9 0.006 0.02
AT 0.05~2 y=1 459 043%-562 0.999 5 0.009 0.03
F4 AEERPELEZHMREEEMEXRERZ (n=6)
Table 4 Spiked recoveries and RSDs of CCC in different matrices (n=6) %
R PN &S AT 4 i 2
0.02 mg/kg 0.1 mg/kg 0.5 mg/kg 0.02 mg/kg 0.1 mg/kg 0.5 mg/kg
INFE Ry 85.4 89.8 85.3 3.68 4.25 4.28
Kk 78.9 87.9 97.7 6.74 3.06 5.66
ESP/S 80.7 92.5 94.1 4.65 2.45 6.18
N 73.6 99.1 78.2 2.85 5.62 3.04
K 82.3 77.4 91.2 7.78 3.20 4.05
MZEAT 84.1 78.3 82.7 5.96 3.52 2.58
Bl 76.2 88.3 85.6 2.72 4.84 2.34
2.6 FEmAVRI 1.08 mg/kg, o HIEAR T B AR E X AL E 1Y i

BEMLLEI 45 03 T R AT B AT AR B L il
BHBAREEAN, /DR 6 fir . KK 10 fir . EoK 10
By, REL 35 WSAF 34 KI5y SRHF
i 8 AT RRIL R AR AN . SRR, A 20
FORREM PR R, 4521 0.65 mg/kg F

RECFR R, HAARES AR R
3 Zig

A 38 1o 56 2 U0 Ak R BR T 12 v AR R R
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