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Optimization for rapid determination of diquat in cereals by gas
chromatography-mass spectrometry and uncertainty
evaluation of the determination of diquat
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ABSTRACT: Objective To optimize the method for rapid determination of diquat in cereals by gas
chromatography-mass spectrometry (GC-MS), and evaluate the uncertainty in determination of diquat in wheat by
GC-MS. Methods The sample was purified by dichloromethane, extracted with deionized water, and derived by
sodium borohydride solution. The extraction liquid were extracted by hexane and determined by GC-MS. The target
object was quantified with external standard curve. Rice flour, wheat flour and corn flour were selected as samples to
prove the feasibility of the method. According to JJF 1135-2005 Evaluation of uncertainty in chemical analysis
measurement and JJF 1059.1-2012 Evaluation and expression of uncertainty in measurement, the factors affecting the
determination results of diquat in wheat were investigated, such as standard curve, measurement repeatability,
weighing, constant volume and recovery rate, and the uncertainty components were calculated and synthesized.

Results Recovery experiments of 3 kinds of grain met the experimental requirements. When the determination
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result of diquat in wheat was 0.094 mg/kg, the expand uncertainty was 0.013 mg/kg (k=2) under the confidence

interval of 95%. The results showed that the main sources of uncertainty in the determination were standard solution

preparation and the standard curve. Conclusion This method improves the efficiency of solid-liquid extraction and

liquid-liquid extraction, which is simple to operate. By selecting high-precision pipetting and fixed containers, the

specification operation can effectively reduce the uncertainty and ensure the accuracy of the measurement results.

KEY WORDS: uncertainty; diquat; gas chromatography mass spectrometry; wheat
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2.1 UES5HR
GCMS-QP2010 < AH & 3% 5 % B JH X (gas
chromatography mass spectrometer, GC-MS) (H A & HEA

F]); BSA224-CW BIHFRKF-(&dE 0.1 mg, 7 EFEE W
R ZRA RN F]); Reference HHI 4l /K HL(3EE Millipore
A F)); HP-5SMS 3%k (36 B 2 SEAe B A PR A I AR),
Thermo ST16R ¥ VR S HL(FERR K /R BHE A H) .

TR UE SL (21 99.9%, CAS 5 85-00-7, JLETE s
1 (Bepure) = WIRHLA R A W], & be(@ilal, b
e, MAiK(AHD; Nk KA. BB E);
S AL 22 Al (B >95%, [ 255 A b2 R A BR A | .
2.2 GC-MS %1%

3% K. HP-5MS(30 mx0.25 mm, 0.25 um); AEi
60 °C, F#¥F 2 min, ZKFLL 10 °C/min FE£FFFHEZE 180 °C,
TLL 30 C/min FHEZE 300 C, £ 10 min; #HSAEAX
(B8 =99.999%), To/ridtbee, Wk 1.67 mL/min, #F
FEMREE 250 °C, #EFER | L JE4r i ERE, 3 min J5 19,

SRS F: BB I 0N El(electron impact), Hi, 135
P70 eV, BTHURE: 230 C; O 280 C; %
SEIRITE] 2 min, PE4 RIS T (selected ion monitor, SIM):
108, 135, 189. 190 (m/2).
2.3 HmETLE

FRER 2 g /NERRE R, BT 50 mL &0 A 5 mL
KB FIKH 5 mL @AM LE, #%] 5 min, 8000 r/min ¥ &
05 min, B FEKE, PNEHHFHRIMA 4 mL XEF
K, EEEME. A2 K BIHRT 50 mL .04, A 10
mL ZE RO IR R . BRI W T 50 mL B E
B 1.5 mL 10%B02 S, PREE IE 2 min 1R 55 %
BRI AR 30 min; A 1.5 mL 5 mol/L Z A AbAM 4
IRATAE; A 2 mL IE %%, W€ S min, LA 8000 r/min 3 J¥
B0 5 min, BUBIECKEZ, AR IOKEERER K. 1E
CUGEIR IR 0.22 pm JEARIERRIRAL AT .
24 FHEKUERFAMEER

SRS [ PR BT PR B I PEAS O A B BEAS G
H, FFERTHIR BT BELL 99% B B 5 (1l #) ot
A A B . MDL(method detection limit)=Sxt(n-1,1-a=0.99),
S bl 01 [l R R N BRI L SIN K
F 30 HMR 2.3 SPPRARAE, SEBUIFRK T4 0.03 mg/kg, 17 7
YT SR, 3 R A B e R



AR, G SUR @IS BTG PRI E A S RS RO A B A i BT R

2399

3 HER55H
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B PO R A Y, A TAEMR A LA R,
BT ORI R, Bl Tk RAKVE R HEEUE I,
AN B IR BOR, A AR RIEBOR, 1FC eI
IR Y . AP IMA —E P b EEE N T bR R IEIESR
JT, SKAEGRE TR BV . S W ImA & b
N T UTTE /N By Uk A B LRy T4 e
FEANTTEZEA LI, 8020 W A B B A w370 ) feft
F, R mIess, 4608 TAERTR], ATHbAb #EfE, #2051
YERCE
32 ZMXFR. KRUER., BEEMERER

UM 0.01, 0.02, 0.1, 0.2, 0.5 pg/mL HIFHHR
TRl RN IRAE A RS BUE S F T T, DA R
P AR, DA B Ry i AR bR AR E T £ . SRk [l H
FREN Y=35337X+9.1158, MK FREL r=0.9991, FEHkE N
0.01~0.5 pg/mL G, MR SR EELIELR RIF.

FruA R e 1 RN 1, D7 VA i BR MDL=Sxt
(n-1, 1-a=0.99)=0.006 mg/kg, t(n-1, 1-a=0.99)=3.14, ;iR
4 0.006 mg/kg. 2445 Hi PR A 0.006 mg/kg, S/IN /NTF 3, 2%
HIBR A 0.01 mg/kg, SIN 2 3.4, kR Jy 0.01 mg/kg, &
PR 3 A5 R R 0.03 mg/kg.

X /INAZ L FORFNIORE S AT 3 DA T bR S8 5,

SRS AT A 2R (W3R 2), RIABITIEFAT.
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Fig.1 Mass spectrum of diquat (0.01 mk/kg)
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BOEBR g X=nt
oA X R B B AR A 5 i, mg/ke;

C R M 245 H Sl RE VR P B B PR T R VR
pg/mL;

V AR T E AR, mL;

m AR, g

Rl

#=1 FERBREM. EEM0.03 mg/ke)
Table 1 Method stability and repeatability (0.03 mg/kg)

Jndr/(mg/kg) K i {E/(mg/kg) T S
0.03 0.022 0.025 0.024 0.025 0.025 0.027 0.028 0.025 0.002
R2 FHEEWER, BEEXR
Table 2 The precision and recovery of this method
FE iy WK F-/(mg/kg) K B/ (mg/kg) SR/ % AHXBR IR 22/ %
0.03 0.022 0.025 0.024 0.025 0.025 0.027 82.4 6.60
N 0.1 0.097 0.096 0.093 0.096 0.092 0.095 94.8 2.05
0.2 0.178 0.187 0.183 0.188 0.178 0.192 92.0 3.09
0.03 0.024 0.026 0.027 0.025 0.026 0.027 86.2 4.67
oK 0.1 0.084 0.092 0.093 0.093 0.092 0.090 90.6 3.81
0.2 0.173 0.182 0.183 0.189 0.178 0.183 90.8 2.98
0.03 0.024 0.027 0.025 0.024 0.026 0.025 83.7 4.56
KK 0.1 0.084 0.093 0.092 0.094 0.092 0.092 91.3 3.89
0.2 0.173 0.183 0.188 0.189 0.184 0.184 92.1 3.03

TE: R E R /NS 3 7.
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PL/NZERE SR, e LRI R bk 0 4 SR R
BN 22 BE AT B A T 404, LRSI AN 8 B SR U an
2, (DA AR G5 [ B ASH S B u(m); Q) E AT S]
ABIARHEE uV); Q)HAMEERSIAKAHEE u(),
ALFEPRUE L AERE 51 ARASHAE BE u(Cy) A T I o 7
SRR AIAHAE B U(C,) hRE R AL 7= A IR i o 3
U(Cs) b v 7 T 0 T R B A2 5 | A IS SE B U(Cy), X
AT AR E FE U(Cs); (5) i Ab BRI S 0 R 5 i VA
5PN E B AR S [N B R 22 . U(R)FRAR o
3.5 AHEEMITE
3.5.1 MRBEEFIAMFH T

PRIBUNZZ Wik b 2.0 g, IRPERERMEUES, HARHE W
%%01mg%ﬂﬁ%ﬁkJ_wﬁﬁﬁA%Tﬁ%Fﬁ
0 0578 mg, HHBRAES FRE PRI | A BIAR XS
ﬁ@T%EWTﬁW?JT?gmmmwo
352 RAFE BRI GG R E

REEZ SRS, 5.0 mL AR R4S IR EL 2.0 mL iE
CERAN, 20 CHF 5 mL W45 5 R AR 2% 9+0.025 mL,
HRBRI 5100 k=3, FORIE A u(V)=252=0.0144 miL,
ﬁﬁﬁ@iﬁﬁu@%f@%ﬂmn,%%§%ﬂﬁmf

u(m)—

it VR

MRER

FRHITE (20+£5) °C7AE4k, 20°CHTIE & 42 iR B Ik 2 50k
1.18x107%/°C, K T BN REDL 88 A TR Ik 22 8 1.0x107%/°C,
PR 77 A AR RS A 35 T e R s kg 18, #dd sy

A k=B, W OH XY R EE R
V=215 g 00606, CRE S 28 B | A AT R

NG

R R 2= Ju (Ve +u(V2)=0.00941,

353 HEBMAIIANG T EE

(1) o b 2 5 AN o

FREPI A E BE 4 B JEAE EVEAN, bRy o
HEAS, B bR S AW 100 pg/mL, ASHE B
uC)=0.03 ug/mL , F A X} b5 #E K W E FE N
u(Cy) _ 0.03

< 0 =0.0003.,

(2) PRAEE T 5 I A 2 B

FH 1.0 mL B B 1.0 mL 3 A 100 pg/mL &
TR HER SRS F] 10 mL AR, FKEREZIE . H
1.0 mL (AW A5 IR EL 1.0 mL ¥ 10 pg/mL HOE PR
WHHF 10 mL AP, HKESZZE, 1535
1.0 pg/mL FRUEFE I 43 B 1.0 mL A REAE RS 0.1.0.2,
1.0 mL F1M 5.0 mL IR ESBIL 2.0, 5.0 mL FWE N
1 pg/mL ARMEBER B E T 10 mL 8, HAKESR
R R 0.01, 0.02, 0.1, 0.2, 0.5 pg/mL & F bR
VS

o VR VS YT T 1 s Bl R R, B RL R AN HLA v
ARG | AN I EZRIR . KR JIG 196-2006 #
PR R AR AR ) U7, RS sl R T (o 140 P A 3
TELXE R A R ALVFIR 22, $EI 50 k=V3, AR
VHEVA W 3 R - 2 ELRC 5 | A A B T L6 3.
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Fig.2 Uncertainty source for determination of diquat
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PRUERH S ORIV TR FR /K R, SE06 28 o — e
(20£5) CAsfk, 20 CHOKARIZIKRECH 2.1x10* mL/C,
TR I AR I 2280 1.0%107° mL/°C, /KIRFIEIK R B0
KT LB R P R F IK R4k, DRIIR A (b5 | A At
J 5 s AR AR (R, #5100 k=v3, TR AR
WA RC A R HP RIS | AT B I3 3.

T VS TR o 3 P B A R AR o o AS 1 2 E A

u(Cy)
5 2 =J6><ul2+u22+u32+u42+u52+u62=0.0525 o
2

(3) v AL R AN E

Xb 5 AR A ECRARPRER I, TEA SCH A (3%
SRAFTREATINE, LA AR N AR AR, LAX I o e v B oy
REALAR, T/ —ARIE S 2 bR AR 2 o Ao L
TR R B 4.

TR s- (B EGE oy

SCIGXHFIMTEUEAT T 6 WRINE, MG AR LS 2 HAEy
WEH 0.097 pg/mL, W FRAEZILE 5 A BIFREAT
EREHNF AR

MCQ—— E+n+@;?

Horr s Sy TAE MARARHEIRZE, P A i I YR B (AR S 360

6 1K), n K TAEHIZI e (A SERAE 5 1K), Sy bt

T B IR 22 (L3 5), 431484551): u(C5)=0.00387.
RGBS B 5 3 “(C;) 000587 _9.0399.,

0 097

(4) TR TR AL 2 5 | A B A 2 S
W T AL o 5 ) AN B R ORI T B AR AR S
AFULESHERES | A B E BE AL B AR i Ak PRI E S 0t
6 IR, HAPEe=3432(0L3 6), H I Z8/RAITEEF
B I 5 U AT L) o R 22 S, = /E-l“' 1238, HUT
LN 5 SRR HEA T T Ny U(C44)=;%*

50.55 (n=6), W

AR AR B =0 0147,
Cy

3432
(5) ARG LT IR A E L
AR AR S U8 B A RIS S GIE 5, &R A B K AR 22
1%, 515040 B 280758 k=V3IHEE, (AR i i AR Y

PRUEAE U(C4.2)=*—0 00577,
HAH ST AR VER I € R WMOMW

3432
ML, AT 2N
S5 BRIk, R RRI G | AR AR RS AN 5 R

%0.01470
FH AR HER W5 | B BOAR X B v AN 060 X T

u<C> J[u(cl) U(Cz)] [U(Cs)] [u(c4)]

J 0.0003%+0.0525%+0.0399%+0.00577*=0.0662.,
3.5.4 AR IiA2 i A R ,:?f

PR 2 A2 S0 S BRAE AR R, 4G MR
WIS RRIE . AR AR b AR S, T LR AR TR 5
B8 | ABIAHE B TR GV, IAREEH 0.1 pg/mL, &
SMGE 6 Yk, MAR A SR LR 7,

A DU R 24 5K, B gk DN At [T o 2R 0 b A R 22

= /< P 1 682; [T RRERTE RN uR)=

=L 687, HCRARRHEA B 1 0 =2%0,00724,

Vi V6 94.8
k243 AT P S0 E B BEAG 5 7 (CNAS-GL06) H %
SRASIEM B RS iR2E, KA E TR R 5 100%2Z

[ R EAAEDEEES, VAER 2SR 2677 2 Bl
esfereiE !, RO 5 0 e i L 1(0.95,

Sy 1.682
5)=2.57, FBABIKCREIAE BEME2ZR, Rig R A Rk
BHTRIE

=0.0000016( %}

®3 RERRESEETINNTHER

Table 3 Uncertainty resulting from the preparation of standard solution

RER AL

RETIARRR 28 HS AR

3 e K ALVFiR#/mL i F UK o N AR R AR VA 12
g HBUmL X F i R B W R FRAEAS E B
10mL A BRI 10 +0.020 6 0.00606 0.0115 u;=0.000130

5 mL W5 5 +0.025 1 0.00303 0.0144 U,=0.00295

5 mL W 45 2 +0.025 1 0.001212 0.0144 u;=0.007242

1 mL W 0.1 +0.008 1 0.0000606 0.00462 us=0.0462

1 mL W &4 0.2 +0.008 1 0.000121 0.00462 us=0.0231

1 mL WA 1 +0.008 1 0.000606 0.00462 us=0.00466
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Table 4 Linear regression equation fitting

R W

0.01 423

0.02 785

0.1 3200 A=C;xB;+B=35337C;+9.1158
02 7324

0.5 17643

x5 MAREMENIATHEEITEER

Table 5 Uncertainty calculations of least squaresfitting standard

curve

C, 6 S S u (C3) U(C3)
/(ug/mL) /(ng/mL) ** /(ng/mL) C,
0.097 0.166 217.12  0.163  0.00387 0.0399

Fo ESHHNEEERER

Table 6 Peak areas measured with repeated sample injections
R 1 2 3 4 5 6 aofiEs

WEEIFL 3401 3260 3613 3532 3383 3401 3432

R7 ERERMELER

Table 7 Determination results of recovery rate

SLEGREL 1 2 3 4 5 6 A

W% /% 962 958 927 955 926 96.0 94.8

3.6 TRAREERMNESERT R

B R K5 A M AH XA 6 2 B 4 A S,
T B el 22 1 R R A AR AN B N

e e e R

/0.00002892+0.00941%+0.06622+0.00724*=0.0673 .

EARLIGORESMT, WAARES P EOE & &N
0.094 mg/kg, WA BFR A THE BN u(X)=Urei(X) X
X =0.0673x%0.094=0.00632 mg/kg. WAL E FF k=2(95% M &
fg XAy, WP B AT & E A U=kxu(X)=2x0.00632=
0.013 mg/kg, AXIZIGIRE /N H5y o RO AR A AT S FE 45 IR
A M X=(0.094+0.013) mg/kg, k=2

4 & 1

AT T GC-MS 3£ E A1 h B R PR i 5
%, MR T AR BRI RCR, 1A 2 K
WA AT TR A BT, 3 [ e, 44 et A (]
P TARRCR . Ik R R R KR, 45 R E
B, BRAEGTME, S8 TR AR ARTSEE 1

GERANHE BETHRARRL, JFXANH R B RR IR AT T 0,

RV T ARV W TC ) AAR e D 2R AU, AR UETR T
Pe il i A R 2, AN S BB o R IR, 06
FHRRT BE R BB L, P S0 A L, DA v G
H2 R, WIS, MR, fRe A BiRaE,
Tk D5 LA RN 5 BE, B i A I 4 SR A 2
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