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BRE, AT B, TN, K 2, RARDT, 2R
(TR AR BE, T 315040)

 E: Be Ui IR EN, I RTEAE S P R AT, PG R E RGN . B
FF I % B A 0, S R v R A 8 % - B I R 3% 7 (ultra. performance liquid chromatography-tandem mass
spectrometry, UPLC-MS/MS)/ T 51, ATt RIEZS8 SR AR BT 8, Wt 20t 2258 = ek iy
SN, X Z R AR KN MERE S ARBS S TIPAL . S5R HARYIAE— i i vk B e P oA AP II4R
PR (r'=0.9994), 7£0.01.0.10 F11.00 mg/kg AANAF T, FHI IR K 70%~96%, HIXFREMmZEN 0.5%~5.2%.
I B — B AT R et K E 5443448 H 45 A (national estimated daily intake, NEDI) 7.1491 pg/(kg-bw), 5 H #2445
NI 14.3%, ZEFERE R TP 300k B AR N I8 U A AR K- i 10 h gt A H RIS 2254
Fra, FLBCA TR R R AR, 2255 AR SR S A M KU A T 2 T N

SREER: S RORH - R R 2SR, R KUK IEA

Residue of chlormequat in Eleocharis dulcis field and risk assessment of its
quality and safety

LING Shu-Ping, FU Yan, WANG Quan-Sheng, ZHANG Liang, JIA Hui-Yan, WU Yin—Liang*

(Ningbo Academy of Agricultural Science, Ningbo 315040, China)

ABSTRACT: Objective To clarify the effect of applying chlormequat in Eleocharis dulcis removal, analyze the
residual behavior of chlormequat in Eleocharis dulcis, and evaluate its dietary exposure risk. Methods A residue
simulation test was conducted and an ultra performance liquid chromatography-tandem mass spectrometry
(UPLC-MS/MS) method was established to analyze the residual behavior of chlormequat in Eleocharis dulcis and the
environment and monitor the effect of chlormequat on the yield and taste of Eleocharis dulcis; evaluate the risk of
long-term chronic dietary intake associated with chlormequat chloride residues. Results The linear relationship of
the target compound was good within a certain mass concentration range (r220.9994), the average recoveries were
70%-96% and the relative standard deviations were 0.5%—5.2% at the 0.01, 0.10 and 1.00 mg/kg levels. The national
estimated daily intake (NEDI) of chlormequat in the general population of China was 7.1491 pg/(kg-bw), accounting
for 14.3% of the allowable daily intake, the chronic risk of chlormequat residue to adults was low. Conclusion
Medium chlormequat can not only increase the yield of Eleocharis dulcis, but also not cause obvious changes in taste,
the chronic risk of dietary intake of chlormequat on Eleocharis dulcis is within the acceptable range.
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chlormequat chloride; risk assessment

0 51 &

254 (Eleocharis dulcis)J& ¥ FURHESE 8 2454 AR
IKEARTY), IR B8 2028085, R miH]
MRER AR . ZESRE AT L AT TH 2R TG
P, A TERIIAS 2 RE . FFE TP
Jr, TEVEDUI A BB ISR, LA E A A HA F Y Wi
BRI E FE X 2 —, 2017 AEFHE AL 1500 hm’
(2.25 JiF), 4E77Hkik 3.6 1 t e, e R — Rl e
K875 7 (plant growth regulators, PGR), H:HAG &5 /) I
P, IR RN AR R A EY A R, ERAEYRER,
ML SEAFEAR G | B0 E A L Stttk | feThRAE
Py AR R O A T B AR A
TEDh 4 BV 2T A AU o S DR L, (5
YRR R 30%~50%"0, Rt R e AT
A M. N ROk S RIMEY BN, FRE A
[E bR B & B ML 25 51 £ (Codex  Alimentarius Commission,
CAC)"™ o il 72 I ol 2 7 /K 2B 8% 3% b f Kok & PR
(maximum residue limit, MRL)FRifE, BRI A K A AEYI K
J FHUAE MRL {4 0.01 mg/kg, 7fEHAMZEREESE . HAolbh
N M 25 S8 3% 5 F1 A 3R 222855 3¢ B MRL {H IR A
0.01 mg/kg, BRINIBCHAFN H AR B RAETM . #IK,
B NEFEFAEY Y MRL H7E 0.01~0.05 mg/kg Z 1A,

BEE AR Bz, e MRS 5k E
WEIOIE R E L H AR R AR R b 59 3 BT A A
£ 3% - 5 K 3T 3% 7% (liquid  chromatography-tandem mass
spectrometry, LC-MS/MS)!"™ | A H {833 - 53 Bk T 1% 92 (gas
chromatography-tandem mass spectrometry, GC-MS/MS)!'® | 4t
HRIE St R ARG S KR VEY) ARG £ KU P F
FEEATHIIAE! S, (H i R AT 2 PR R ISR A T 5%
MRS B ATFAEAITTE . AP 1 o RO (1 - FR Ik
JBt%7% (ultra performance liquid chromatography -tandem mass
spectrometry, UPLC-MS/MS)#il255% 5 J8] s rh gt R i
Tk, IR S T B R A sk O, T
B AT 0 B (o PR 3R 5 XS 2255 it BRI B S 52, X
TR AR R AR A MR PR B B A XS ZEA TPPAS, AT N
B RAEEF A R N T L TR S A R
HOARM

1 MR5ERZE

1.1 X5
Acquity UPLC-Xevo TQ-S # f 2i AH {6 i3 - e 16 o 3
Y {33 FE Waters Acquity UPLC BEH Cy5 (100 mmx2.1 mm,

1.7 um)(3E E Waters 24 A)); KS4000ic fEIE#% . T25 &
AL GENIUS3 B TR & 4 (HE [ IKA 23 r)); 3K15 =
WELOHL(EE Sigma AH]); PL1502E HLT-K3F- . XPE205
+ 74y 2 — T K-(35 [E Mettler Toledo 23 wl).

AL R AR UE N (4 99.4%, 5[ Dr. Ehrenstorfer
GmbH A H)); CHE(ERELE, fREER A F]); HR(E AL,
[ TRy T A R B A BR AN FD); BREREE (A,
g E 2 E AR A BR AR, & 2B -N-TN S8R At
(primary-secondary amine, PSA)(3E [E Agela Technologies 2%
Fl); LB (AT A, R A A4 TR ), ik
IR 2 (50% MK, DU EDER AL AR AT B2 ) o
1.2 HiERE

TR AR LA T, ZESERT 2020 4 6 25
HiEM, 9 A 1 Biizh, 11 A 11 HEZEE 71 d)8f—REL
FREASREE, 11 A 25 H(tiZhE 85 d)af IRk B RFE, 12
H 20 HEZ)5 110 dyfJ5—IR LSRR R . /DX AR
50 m’, AMCHIEE 3 AER, DL S0%EE Bk LK, TE
EESE IR, BHTRTE TS . ACFRAL 1 25
4 750 mg a.i/L(FERE 667 £%), AbHRAH 2 24754 500 mg
a.i/L(FERE 1000 fi%5), MaZh 1 WK, XTRRAHANIEZ . T2k B AE
MR TEEESE AR, B/ NX AL SRR A 5
IR A ZESE MR LT 0~15 om 12 0 L3RR L T A
FEAREE: W THEZE RS 02h), 1. 3. 5. 7. 14, 21,
28 d DAZ SRR R AE AL PR AH 5 % IR i K RER A T
500 mL. FREAMTFER IS 2558 (AT 2 kg) Ui
1A, RBRTZE, SIHORAT, PUAEEL 100 g, HEECRD
F 2 kg)IRSIE VUM EEEL 100 g, JAA-18 CCOKAEARAE R
1.3 #HmErtEs*E

HERFRIGEESE A 3L 5 g BT 50 mL RIUGH K
B, A 20 mL ZJE, L350 t/min R7% 4R HL 30 min
Ja, A 5.0 g Efbsl, 9kEL9R% 5 min, 9500 r/min B.0»
3 min, B 2 mL RT3 100 mg PSA #1300 mg fifid
B 10 mL B0 S, WHE 30 s, 9500 r/min 5.0 2 min,
A3 AL EL 0.4 mL ZESERE S BT, A 0.6 mL 0.1%F iR
WG TEL 0.2 mL 3 I, A 0.8 mL 0.1%H iR-2,
EIR(6:2, VIR IR SR 3T 0.22 um JERE, FF50H7.

FH KRR U BT3B 0.6 mL ZKEE, A 0.4 mL ZJiF,
PRHIRAET 0.22 um JERE, 5007,
1.4 FRAERRECH

FRIBUZHZARME L, F R BRI 2%, PRtk
#1000 mg/L ARiERA AR o I Isef et R AR A A T
T PR E TR, T-20 °CalEYGIRAT o TN i 45 1
ZEGE L HUR K ZS FURE S S8 TR B IRORE B VA % R Al
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BT RHE 4 0.100, 0.050, 0.010, 0.005, 0.001 mg/L
1) S b T AT A
1.5 NE|EH

384 Acquity BEH Cig (100 mmx2.1 mm, 1.7 pm);
FLBIAR: AFIN 0.1%H BRYA W, BAA R 20, B R TR 41
B Hi7E 1.5 min WAEFF 40%J5, ££ 0.1 min N34 & 80%, 4
5 1.4 min, 257 0.1 min NFEZE 40%, FAEE 1.9 min; 3
: 0.30 mL/min; PERERE: 10 pl. H W55 AR YR IE B8 TR X
B ES; 22 [ 0 Wi (multiple reaction monitoring, MRM); &
AR 2.5 kv, ZEBCHEFL AL R 20 V5 S (radio
frequency, RF)BHEH H: 0.5 V; & FIHREE: 150 °C; P
FISIEEE: 500 °C; HEFLARME: 50 L/h; WA HHE:
1000 L/h; bR e B & TX R 121.97>62.91, Hif#EEE N
29 eV; EVTEB TN 121.97>58.69, RiiEREN 36 eV,

1.6 RAKRBERBAXKEITWG,

AR F HR 1 i £ D0 TR F 5 0 11 5 B 8 v (i AN
fEY MRLs, T18 4 25 /Y B 545 B 4 H $# A & (national
estimated daily intake, NEDI), T8 22 W2(1):
> [STMRi(Z(STMR-Pi) x Fi] W

bw
A (DH: NEDI i E & AN H 8 A, png/(kg'bw); STMR;
(supervised trials median residue) 55 | ZEHI T KT
AL U0 5% B E, mg/kg; F; (food intake) A4 )™ i (147
1T, g/d; bw (body weight)F/m AFET-HIKHE, ke

T 3% ARG P R XUBS P B R A A AR
ADI I E R, AR Q)HERY:

%ADI = NEPL 1600 )
ADI
R )H, ADI % H VAL, 075 mg/(kg-bw), 40
REH 2 ADIE N 0.05 mg/(kg bw)(GB 2763—2021
(BRLEEFRE SRPRAREKIERRE) ); %ADI
5 ADI FYE 4> H .
1.7 £KAE5&F RGN

W2, 2/NXoR S B, A A HEE 10 #E
KIAFEAR B 2SI THRIC o it 24 A0 45k o2 (- i
KB M PRI RIARm ). MiZh)E 7. 15 d £
— PR, TR AR G DR A 2R, g S
BORES. Ha. WES). 8. B2 R, 765K
W5 A& HAR A IR, 12 A 20 H(itEZ5)5 110 d)2
FERMEE, AN, A, A REPLGE 5 m® Rl
MR, 2258 R WU e R RV 1, o5t 5 BR2EEL 1T
SRR R AR (=15 g) KRR (=25 g) R K(=
20 g H<25 g)MISEHMRAE,

1.8 [ORGFMN
X 4% b BRAL B 7 i HEA T IRCET 2 M o TN I LA

NEDI =

EEFRRRZESNIL. WIHEE . MIE R | MEERIZES T 5 UidE
Pro FUBATN/NE AR TFIVER . 4R Ll IF BAT S0
WREETT BN A, NPRIEZL, PROT R BERLS = 10 H
PRI, 45 APEO A [ AL BRI B2 1 4

1.9 HIESHEE
IR SPSS 19 X 00 B 3017 22 57 W B PR 4T, t
G 0.05 F10.01 5 2K,

2 HER5SMH

2.1 FREBRREIZES REE

FHZESE . IR K s 3L D BB e H R e s
TR R AN [7) o vl B 1 R oA ol T ARV, #5615 WU
SRAFREREAGIN, £33 MS maR OEIEL, V) SRR (X,
mg/L), Z5HREW, 1£0.001~0.100 mg/L JEFHEN, ZHE i
R 50 R (A DA T FR 2 1 O R RAT - 2/ D i 5154
HERRZR, 72K RAYIEIT R R Y=135365.1X+52.3, K5
B r’=1.0000, 7 SEHREIHTFE N Y=247232.6X+122.5,
MG R B r=0.9994, 7€ 22 5F Bk 25 I8l H 5 R
Y=253881.0X-78.5, HHKZEL r’=0.9998., 7E LR,
P o Y e B AR e B FR AR R R, THIAAR B 2 /N
KRN 1.0x107" g Bt R MR B g LA 1.
2.2 AMEWERSHEGRERE

WINHEREHy 0.01, 0.10 F1 1.00 mg/kg, FAUSInykE
BEE 5 W, FATEINEGRTE, # R g S KA A
BERSI . MR L ATHN. RHRAEZESE . HUK. RIEFRT
HIENBCRTE 70%~96% 2 [, RSDs & F 5.2%. PARAKE
TR B ml AU R A0 € i BR (limit of quantitation, LOQ)N
0.01 mg/kg. AL BAT B &1 I SR AK % B, w1
JEAR 2 5% BRI B3R
23 HBHSRAR

T sh SR, 45RERYIGR 2), ZEF KPRy
KRR, 21 d 5 2 AR K s R R A
o B R A KR LR TR & R 0.87~2.0 mg/kg, HoAEH
KPR NS — R Ji2F e, AhBERA 1 2k
FHEH Ct=2.015¢7" (r=0.9974), 5% T,,=0.2 d,
REFRLE 2 FRIRITZ RN Ct=0.8700e 2% (r=0.9966), ¥%
BT T,,=0.3 do 2 ZHIRI0 IR 278 HH K P () 2 224 2
AN 1 d, AYGRE g R e FK I R, JE TS
RefAe 2o itz s oK T 2% BE ) BB K I e A 10
HIZKAIR, SEEREZS 7 d Ja %2254 B R E 1 SR K AT K Hr iy
ZiYER R TR, SR NF R ER . IR R Z K
SR T 1 B R, AR YR 6 P 255 H R 1 e 7K
WK R B A HRAR T, LRl I, 2SR B
PR XK IR BT AR 48 42
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MRM of 2 Channels ES+
100 - 0.89 121.97>62.91 ECCCZ
EEETX 82e
S
i
#
&
E
0 | | | 1 | | | |
0.50 1.00 1.50 2.00 2.50 3.00 3.50 4.00 4.50
5 B4 B} ] /min
100 0.20 e es (oee)
— . ) 97>58.
EVERS TR €9
e\\°
®
H
®r
E
1 | | L L | 1 |
0.50 1.00 1.50 2.00 2.50 3.00 3.50 4.00 4.50
£ B8 B} [H] /min
100 0.90 MRM of 2 Cham(ljel% I(E:%+
- ’ T
BETRE {5l
Q\\°
o |
H
®
E \
0 1 J Ik\ 1 Il 1 1 1 1 1
0.50 1.00 1.50 2.00 2.50 3.00 3.50 4.00 4.50
£ BB s} 8] /min
Bl 1 2SI e 2 ARV R (515 %1(0.010 mg/L)
Fig.1 Chromatograms of standard solution of chlormequat in Eleocharis dulcis matrix (0.010 mg/L)
F= 1 BRREFEERPARMEULE(N=5)
Table 1 Recoveries of chlormequat chloride in different matrices (n=5)
WK/ (mg/kg)
e 0.01 0.10 1.00
S TS % RSDs/% P2 TSR % RSDs/% S DR % RSDs/%
FH 7K 96 0.8 93 1.0 94 1.7
135 83 52 89 5.0 87 3.8
2HF 70 5.1 73 2.0 78 0.5
7£: RSDs: relative standard deviations, AHXJ AR HEMR 2
FT 2 EFKEPELROHEBEIE(mg/kg, n=3)
Table 2 Digestion data of chlormequat in water sample (mg/kg, n=3)
JEURE: ] B /d 0 1 3 5 7 14 21 28
KB 1) 2.0 0.058 0.056 0.056 0.017 0.012 <0.01 <0.01
KB 2) 0.87 0.081 0.030 0.021 0.012 <0.01 <0.01 <0.01
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24 ERAKBERARE

BB RV 3), Bk, R SiEZ
FlE NI b, SRR EI BRI R b, (BAEEZ)S 71 d 2RI
I B 2SR BRZE KR A0/, i 5 (e 55 45l i A ok
ERAE RN, BRI AR IR B ARG . Tiitzh /e 85 d
FLAEiEZy 5 71 d 5% B EA KRR A, ol RB A3 K
TRBEMIER . 85 d JRILRIAHI Bk, 85 d #] 110 d R
B RO A, B B2 P g . HE
MR AR PRI SN ER 2 T REAE A
AR A B I W B B N H AR B3R/ Rt
MRL {—§7E 0.01~0.05 mg/kg Z[H], $RaRIeAT7EH OAH
P URPE R S Al B R R R 2 )5 71 d A 85 d,
- HERE AL R ARG R R R

2.5 FERXEIF

WF5E A UL S W FL S IR JiG e T A KO 7 R
A —E WD, R AT TR R K M

R IEAL . AEZESE AV ZGf5 85 d 5 110 d i STMR
53510 0.060 5 0.054 mg/kg, H RS R ALY,
BEFE 0.060 mg/kg VE R HE B PRAR M0 FR B R 1E. /NEVEYIR
JH R4l BT 78 (good agricultural practices, GAP)IRIE 1)
STMR {8, HAEY LK REER GAP KA STMR
{E W MRL EACE . X5 R (G& 4), 575k il 5
F— g AHE(63 kg) H X RE A B, 1515 514
# NEDI {HM 7.1491 pg/(kg-bw), REEHRBEXETT N
14.3%, HAPZEF5idk 0 KRN 0.09% 1% PE4E 4 STMR
{E 5 E MRL (IR A TEAGZ5 R, B0 EY Y STMR {E Ik
TS MR, 51 2002 45 = R 65 R 5
PPN A 2002 AF LK, SRR BOE KA T B AR N
253 b R IR £ 5 XU DA SR 4 T RE A A R
g R a s, REROAGR P IFRA B EEREY, &
BER KU PEAR 55 R PR SF, FEAS R PE M &5 51, Rl %
Xof — B R 00 £ XU 7 T 2 32 R, 25
A R 11 1 B A XU R A1

®3 EFNLRPBELERERES
Table 3 Final residues of chlormequat in Eleocharis dulcis and soil

F 5 B 2= A
R MEZUEL SRR R/
e 5% B4 {H/(mg/kg) SEHIE/(mg/kg) 5% B {E/(mg/kg) F-HI{E/ (mg/kg)
71 0.186. 0.189. 0.197 0.191 <0.01, <0.01, <0.01 <0.01
667 1 85 0.064. 0.065. 0.066 0.065 <0.01, <0.01, <0.01 <0.01
110 0.063. 0.066. 0.070 0.067 / /
71 0.176. 0.181. 0.189 0.182 <0.01. <0.01, <0.01 <0.01
1000 1 85 0.053., 0.054., 0.055 0.054 <0.01., <0.01, <0.01 <0.01
110 0.039., 0.043. 0.046 0.042 / /
TE: IR R
F4 BUHRECERIEVER|NKITMEESR
Table 4 Dietary risk assessment model of chlormequat in register crops
il , . - o
Z% TR EaE/ke SH BRI P HE/(mg/ke) FRERIE  NEDV[pg/(kg'bw)]  H VA R/[mg/(kg'bw)]  %ADI
AN RS 0385 0.58 5% B E 3.5444
ok HABAE 0.0233 5 rf [ 1.8492
e HEHIn 0.0327 0.5 A 0.2595
W
gt e 0.0915 1 HE 1.4524
EJIL% ADI
2F O KREBHRX 0.0457 0.06 B R B 0.0435
At 7.1491 0.05 14.3

AN R E IR T ERTARE Y GAP iR (JMPR2017),
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2.6 BHARINEFEKBERSEFHEROEM

FESATHTEZS, X I 2E55 0 BEor MR 25 o), JT IR
HEASE DU Ky Be- IR AR S5 5, X BRI IR T %
H OB (R AR50, 225805 ko bk | 20 BE, b BEETFIRARSE, &
BRI R IAEAEZE, ZSEFFIRF LSS R, Fnt T fE
IR R, BJEERERER, R R BLGEE 5), MRAAR
FEAG B I AL 2T, B 2SR MR A K i
A AN IR BE B, SR T R v RO 2R ML O 254 B 25
N, AR 1. AbFELH 2 5% IR OE A 25 R (P>0.05).
M2 2SR R AL T 250 A, CRA —EMmE, &
VRO =SV A IP Y NUE SR L TN S - ==
FRACAE SR R o BLA R T 2SR I R B A
ZRNWRZEE, FH e b MAEZEFR R Z mi i o
RBEAE, DR A & A BRI o

RUCHTRR A 110 d Wak2E3%, M 2258 i 2 vtk
TRbR, BERBUGE 6), AEFTEABLERE, K2
FERZERRAA W, BT R E T RS KRR
7R S B A 2B bR (P<0.01) . 7 2250 45 SR R,

Ab PR 0] BEZH BREE R PR L ORI Y
ARFEZES . WEEFZRNBO, YR TIEW KR
@, I HICHE R R, ol R = 5 AR R 22 5 1 b
WMo 23k DGO /N R, 1R 45 2Ry ab Hi A
HEPXMATH R 25 R AT, R
AR AR SR A BT IEIR S R PR, BDW AN FE

LA
3 HR5TR

A Z A PGR fELO A B I T . ARESEE
WAEREE SLE RGNS T AR S5 25% =0
MO B R, HS7 T UPLC-MS/MS 7 ik . 1% 05
TERTAL PSR TT B AR RCR AT, RSER B . K BRIl
REEMFFEACH R T ER . B ZEF S AR RL
FREA, A2 R SRS PRARZINACR; #E
TH ARG A AT ol 25 7R 25 BOKBREE HF BT i, IR HL
HRPEAE G A B T e R AR 2T B 4k, iF—
BRI R A2 E i

£S5 BURHEFEKRNEMN
Table 5 Effects of chlormequat on growth of Eleocharis dulcis
OS] fab P ] /d PR /em Phim B K & /om I 220 /mm R FRAE B
2y 95 5.6 Hik ¥
X HE 2 i) 7 101 6 5.4 TR Lk o
)5 15 109 14 6.2 BatE ¥
24T 92 5.4 Tk ¥
LEFRZ 1 B = 94 2 5.2 R &k J
25 15 102 10 6.0 WLk JG
2y 97 5.7 Hakm G
AhBRAE 2 2 7 101 4 5.7 TR 4% ¥
EIERE 109 12 5.7 i gl ¥
#* 6 FARLEBMEFZFERSERMERAEM
Table 6 Effects of different treatments on economic and commercial characters of Eleocharis dulcis
S o BKZ£/cm s % - P .
B ; = ik o BR (=20 4 Y e
gy SEHC PR TR @R OORE RREE0e S FREE i R A
(Bim?) RE/g e gz (G159/% (2259/% H<25g)/%  RE% /(kg/m?)
07 C I TS L S 9.0 49.0" 29.0 40 BELEAEE 4287
WAL 16t 3 2 98.3 67.9 17.0 L7 WUEAOEE 583 362
AbFRLE 2 1470 32 fg:gg 98.1 68.8* 13.9 1.9 WA EAE 501 17.1

T RSB L, AR/NG FEERRAT 13522 57 (P<0.05), A AR 5B R A 1 25 22 5+ (P<0.01).
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AT, FEEESRAEY BT AT G R, 2
FIHEH 500~750 mg a.i/L REEET, BoH X 2EFAER R
TERE A B2, (Rl 2ESFERZE R, My R E
N S 2T RO = D UR IR E S A I a2
BRI S R, 255 85 d M 110 d, ZEFEHRHER
STMR & 43514 0.060 1 0.054 mg/kg, 71 d J57E T HErhy
KA 2R . TE K T T AR sh AR 2 B, 2258 K
R IIAE L d N, 2R 7 d, RV AN K
BIRR IR . BCEY R 3R 5k B — AR 18 1
REB X R 14.3%, AFAURKEETER . LiRgs ]
JLRM R AEZETE LR A A, SR e AR 56 f T R D
MRL {E 2t S 1K

S8 3k

1 XU, . SR BEIRIT R A AR D] BB ST A,
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