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Uncertainty evaluation for determination of isocarbophos residues in tea by

QUEChERS-gas chromatography-tandem mass spectrometry
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Abstract: Objective: The uncertainty of determination of Isocar-
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bophos residues in tea by using QUEChERS-gas chromatography-
tandem mass spectrometry technigne was evaluated. Methods:
Isocarbophos residues in tea was determined by using "GB 23200.
113-—2018 National food safety Standard-Determination of 208
pesticides and metabolites residues in plant origin-Gas chromatog-
raphy-tandem mass spectrometry method", and factors in the de-
termination of isocarbophos were analyzed by establishing a
mathematical model, including sample weighing, volume, cali-
bration of standard solutions, repeatability and recovery rate,
etc.. Results:

When the residual amount of isocarbophos in tea

was 0.050 mg/kg. the expanded uncertainty was 0.007 mg/kg.
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and the determination result was expressed as: w = (0,050 &

0.007) mg/kg, k& = 2. Conclusion: The main sources of
uncertainty in this method werecalibration of standard solutions
and the recovery rate.
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HAE A B(CAS: 1024-57-3; 4 XF 9 & AN o 8 B
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50 mL ¥ Bl B0 B R, 0 10 mL K R BETR A, W R
30 min, A 15 mL ZH5—BER (Vg # Vg =99 ¢ 1)
VWL .6 g TTKBRIREE 1.5 g MR B . 1 Mg & X B 7, %
JiE 1 min, &7 30 min,4 200 r/min B> 5 min,

(2) QUEChERS #tfk : W 8 mL L %] 15 mL %3
BB LB (NS 1200 me BELEE 400 mg PSA 400 mg
Cis 5 200 mg GCB) , W3 JiEIR 2] 1 min, 4 200 r/min .
5 min,
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40 TR\ AR ZIE T, A 20 pL 09 NERE W GF
AEE BS5 pg/mL). A 1 mL 22 BRI, T
0.22 pm JERE, T GC-MS/MS Il 52 . 7 58 5
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(1) R EAE . AR Jy TG-5MS(30 m X 0.25 mmX
0.25 pm); Jii & 1.69 mL/min; £ ¢ T 5% 7F 0 91 iR
50 Co&£ 8 1 min, LL 25 C/min FHiE & 125 C, B LU
10 °C/min JF & & 300 C, £ 8 6 min; JFH O IR &
250 Cs RN b pe  JEFE BAREL 1 pL,
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250 °C s B FIRIRE 230 “C5 I R 2 ming £ N Wi
(MRM) AL 1 3 S5O 1,
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Table 1 Mass spectrum parameters of isocarbophos and heptachlor epoxide B
L& TREAA ] /min EHE X Gn/2)  BEHEBIE/ eV BB T Gn/z)  BifEdIE/ eV
IK ¥ Bk 16.268 135.9/108.0 15 135.9/69.0 30
HELAB 16.943 352.8/262.9 14 354.8/264.9 20
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Figure 1  Analysis diagram of the uncertainty source
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2.2.1 A BRBUAF ST A AT AR EARTEE v (VD
TSR B R 02 A 9% 15 mL BARE W 7E

B 15 mL ZE— MR (Vg ¢ Vg =99 + DB, K

A ARVFIR 2K £0.025 mL, % & H A4 7 T4, B IR

S (A S8 8, 97 LA = A A3 A T 5 B & =6, U il 2R

FREEWAE 5 A BT E R .
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ui 1) — — U, mi.,
6

B I, S I6 = AY B R B P I AE (20£5) C
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kR ECh 1.37X107°°C 1 RN ETE 43 A & =1/3  JU) 3L
X 2 IO AR R AR A 51 B9 b YR AN W G LA

1.37X 10 * X5X 15
V3
15 mL A S FBR 26 W ik 4 10 B0 R I A 3 R B 2

u, (V)= =0.059 3 mL,

M +0.01 mL.4% =34 .k =A/6 W AG EL IR 2 5] A A
W BN
V) 0.01

=—"—=0.004 1 mL,
V6

iAW AE # B 15 mL L NE—B5 R (Vo
99 + 1)W1 A B AH X B o AS 08 22 B .
w (VD SV T (VO Tal (V) _

urcl(vl): v = v
1 1

P Vam =

0.010 2 +0.059 3*+0.004 1°

= =0.402 1%,
15
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2.2.2 B EEBRSIA ST AR HEASTEE w.a (V)
B2 mL EERMEANE 2 mL A é&%ﬁ%%ﬂﬁ%
BV HAVFIRZE N T0.010 mL, 5% 15 mL $Frk &

BYBF R it FE, 2 mL A ﬁﬁﬁ%”&ﬁmﬁl/\ﬂﬁfﬁﬁm
h .
0.01
w, (V,)=-""-=0.004 1 mL,
J5 "

S0 IR ARG LA B S 0 N
1.37X 10 X5X 2
J3

2 mL A G AR W R W O B AT B
+0.001 mL, 4% = M5 Hi k=6 U EELIR 22 5] A KRB
FEEN

u, (V,)= =0.007 9 mL,

0.001
u; (V,)=—"—""—=0.000 4 mL,
6

JT LA BB HL 2 mL

F 38 V5 1A Y A X s 1 AN A

A AN AR AR/

Vz V_>

0.004 1*40.007 9*+0.000 4*
2

LR TR BB B AR AR M AR 052 B wa (V)
A1 mL A R LWEEBLR 1 mL 28 2 MW
EW.1 mL A RPARK W =4S RIF 528 £0.007 mL,
27 15 mL AR W7 E S .1 mL A FPRL
W 124 5] A AN 2 BE R

0.007
——=0.002 9 mL,

=0.445 5%,
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uq (V;;):

LT R Ik R 1.38 X 107°C ", Wl ik
JE Xt 2 B8 2 W AR AR AR AR B 1A (0 b o AS T A B A
1.38X10 ¥ X5X1
J3
B R S ) N N i W e A L B
+0.001 mL.$% =M1 & =6 A LR 22 5] A B A B
SEREN

u, (Vi) = =0.004 0 mL,

0.001

ug(Vg)ffoo.OOO 4 mL,
PrARSHC 1 mL & W2 & TG 52 ¥ 19 A8 X A 4 A i
£«
u(Vy) ui (V) +us (V) +uf (V)
(V) = =5 = v -

0.002 9*+40.004 0 +0.000 4°
1

S N o A R R R s | B
3 AN BRG] ) A B A B R B v (0) R
w:g (V) +uy (V) +uly (V) =

=0.495 7%,
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0.004 0217 40.004 4557 +0.004 957% =0.778% .
23 HEIERERAETESINNENGERHEE
nl((')

Z AR B AN B B A Ok R AR oE TR
il FRAE TAERT A .
2.3.1 R TV VA VR0 T TR S 1A Y R X B R i B
T2 56 8 1) KR B R I L S 2 A 2R
BHEA BRA Bl ARMEY) 25 Hh 19 B W E R 1 000.0 pg/mlL,
oY R ASH A2 B R 3% (e =2) , BT AR Ml 5 T B AS B 58
BEA

¥R 1 L

Muel(C)

30
L{nyl((;,\-)z%zl.{)yo

10 pg/ mL 5 AE iff 45 W04 B 1 40 = A2 R 20 ~
200 pL RS AS L 1 000.0 pg/mL MIARUER I 100 puL
10 mL F M. HLMLBRER B,
o Y VA VR R i« LA R By
c. X o,
=27 000" (2)

VL

;Lg/mL;
7*?{EJEY&E’JF‘?EWV7yg/mL;

Vy Eﬁﬁj‘//ﬁ\i?ﬂié/]1$$\7mllo

Bl uia (e ) =uly (e ) +uly (V) +uly (V)

AN 20~200 pL AR AR FEAS IR 100 pL B %5

HARVFIRZE N 2.0 % F A A k=3 W w0 (Vo) =

Zy e e = M M N

E°:1.155%,1o mL A Gk B R AT IR 22
0.02/4/6

£0.020 mLo$5 = AT k=6 W o (Vi) = 1<gf:

0.081 6%, U 10 peg/mL i o fitf £ VB FC il 771 A B4 4 5 4
AR E R

U Cero) = VaulaCe)Fula (Vo) +uly (Vi)

0.0157+0.011 55°+0.000 816> =1.895% .

1 pg/mL 8% W 1 mL A 2% B0 bR 28 % 45 1% B
10 pg/mL WA 1 mL 3 10 mL A ZERBH AL
PR 2 Wi 52 7% 58 Z BE O b ol AN o JBE N

U Ccy ) = wiy (o) Fuia (V) +uig (Vi)

0.018 957 4-0.000 816 +0.000 4* =1.897% .

B ol 5 T A O ) - R 20~200 pl (9 WA 4
AW 50 pL (1 pg/mL). 100 pL (1 pg/mL), 50 pL
(10 pg/mL), 100 pL (10 pg/mL) K H & B K 100 ~
1000 puL MRS ASFEHL 500 (10 pg/mL AR ME G 45 TR
F10 mL A LA LB T8 E 4 - T il Bk iz %
JoT B vk B 43 1R 0.005,0.01,0.05,0.1,0.5 pg/mL FYFr ifE
WWARY, BRI REP B RS NEEARTFRES SN

BE 2528 | 2022 F 10 B | A5

+3.0%,42.0%,43.0%.42.0% . +1.0% . $& ¥ 5] 4 4
b =1/3 , FL R W 5 A% T A A X AN RE 4 R v (Vo) =

0.03 0.02
——=1.732" O\um|(V]()())77_1.15500\um](VSU):
J3 3
0.03 0.02
f*l 732% vt (Vi) = f:1-155%\urcl(vﬁm)):
0.01 e i . N
“—=0.577 A%,10 mL A LA RH LR HITE
J3

0.02
e (Vi) = lgf—o 081 6% , b3k A Tk B 5% 55/
T 0 T LA A T v R I b o A VR AN A B A R

ufd ((‘1 ) +u§d (V5o ) +M%u| (V]o) =

e Ccooos ) =

0.018 97 +0.017 32*+0.000 816° =2.570% ,

u%ol(cl >+u301(Vloo)+ufc|(Vm>
0.018 97°40.011 55 +0.000 816° =2.223% ,

U Ccon ) =

wig (cr0) Tl (V) Fuly (Vi) =

e Ccoos ) =

0.018 952 4+0.017 3224-0.000 816° =2.569% ,
ufd(é‘lu)‘i’uil(vloo)+M§<~|(V10) -

e Ceon ) =

0.018 957 40.011 55 +0.000 816° =2.221% ,
u%d((/‘l(b)+ugcl(Vf)()())Jru%d(VlO) =

0.018 952+0.005 774 +0.000 816> =1.983% .

o v T A VA TR AG 4 RS B B R BR EVE TR 1 mL B
ﬂJr*FI%ﬁEP Jinzo pL B & E A B W AR EE
(5 pg/mL) ik B, Je il B 5T 4 ¥k B 43 3 A7 0.005,0.01,
0.05,0.1,0.5 yg/mL B FRE TAEE W . 1 mL FRAE RS B
ﬁaﬁﬁmm 1 mL A AR R W &4, B 5 B B AT

X EAEE I E., R kS R R
et (o0 ) =2.223% F UL E s W wir () = st (con) =
2.223%,

2.3.2 ARMELTAEMZERIEBIAMANIERE 5 FMkER

B T AR AR 3 5 4 3 1 BLaE A 15 30 00 ik L %

AR L B BOHE DL 2% 2. SR AR B Al i 3k dm o/ —

Fe kAU G L 15 B bR HE T AF M1 22 0 103 77 B RIAR G R BN -
A =—0.025 042+5.544 347 ¢, ,R*=0.999 997,

(3)

U Ccos ) =

ENEE

Cri

ﬁ@@ﬁﬁﬂﬁ@ﬁm LA

F5 DY b e T AR EE AR
%JTﬂ:%%i?”Tq“ﬂ(Hi( i B % BE BR O B (R AR B = o

0.05 mg/ke) MANHA A BE , BT LA A J5E BH A 7 17

2 A B PO XY B W R 0,013 33 pg/mL, bR

JE A EE N 0.1 pg/mL. o5 Py bR vk BE L Y A X A o A

B B 4% a0 (35

5 (c.—c))’
u<c,>;J1+i+”C‘)7, 4
P lel(t‘,,*(',)‘
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Table 2 Linear regression equation fitting and results
WIEH co W A: Au=atbes (Ai—An? (L‘r;*ci,)z
0.05 0.263 3 0.252 2 0.000 13 1.638 4
0.10 0.552 2 0.529 4 0.000 52 1.512 9
0.50 2.713 7 2.747 1 0.001 12 0.688 9
1.00 5.515 2 5.519 3 0.000 02 0.108 9
5.00 27.700 3 27.696 7 0.000 02 13.468 9

T, =1.33; D (Aa—A
17.418 0 .

e

2 =0.001 815 > (ci—cp)? =

YRV b =5.544 347,
PRI I IREL. p=2;
M “”'J%ﬁ(é&m:&

it 0 5 bR IR L R SE I L e =

0.133 3;

o U T AR VA W K I B 8 5 N A IR
ﬁﬁ{ﬁ,[; 1.33;

ci— HRUE T AR I W K R B B S AR 1Y R S U
Jii =

LE Y

H o, oo, = LA =
C ik Ayt
JZ(’ TA;— Gatbe T
s = = =0.024 57,
n—2
‘ _ 0.024 57 1,432
PPk, u (e == «/ Ty +174180
0.003 920
)y =" "7 = Y
0.003 920, (e,) = "o = 2.9415%.
Hooc L - YO B
C ks

wra (e 4wl Copr) > BT FE S R0 A5 BE o AN s 19
it 28 VI T B — R I, B R A IR B R T R S
1mL W AN E R, X B AEEITE, it

wea Copp) AT EZEHR BN 20~200 pL B
PRSI 20 pL(5 pg/mL) WARIE W I A L H 2 it A i i 2%

0.04

FH4.0% AE I k=3 T w () = — =
J3

2.309% » W wya(c) = 0.029 41> +0.023 092 =

3.739% .
T LA AR ME 1 8 WRE HE 51N Y AR X bR E RS B e
U el C ¢

i (e)+uba (o) =
0.022 23°40.037 397 =4.35%.

) =

BERRIEEMNEFH A KBRRBRARENTHEEITE

24 BEEMHNESINPOAHBEE w.wlrep)

A3 AR B 6 3 A i e BRI iy vk A N I 2 BE TR
K e B Wl 14 JBT A ok E 43 90 2 0,012 3,0.012 5,0.012 3,
0.012 8,0.013 1,0.012 3 pg/mL, 3 {EH N 0.012 55 pg/ml,

FRUEIR 22 S =0.000 333, H & L 2 Y 7l 5 45 9 i &
S 0.000 333
ARSEEAE R AE. BT L w (rep) «/tiTi
0.000 236, 1, (rep) =0.000 236/0.012 55=1.88%,
2.5 FHEBWESINHWABEE u.u(R)
X S A 1.2 35 R E AT A DU L E K R B B
o W S 8 UL 4% JHE BT 3% P, G 1k AR ) L K M o R AR B T

B RE S 8 N B PR AR . ARE 6 40 B PR 25 0 R L AR
B R 0.05 mg/kg, M2 BISCR, 45 103K 3,

x3 HHRHAMEWE

Table 3 Results of replicate recovery tests in samples
PR A&/ SCE/ mlEe/ R bR
/g (mge+kg ") (mg+kg D) % B/ % £/%
2.00 0.05 0.046 92.0
2.00 0.05 0.047 94.0
2.00 0.05 0.046 92.0
94.0 2.53
2.00 0.05 0.048 96.0
2.00 0.05 0.049 98.0
2.00 0.05 0.046 92.0

F A 0 R B SR P - 239 L 19 o o Al 22 T 345 3D
53

0.025
u(R)= =0.010 3.
J6

FH ¢ A0 W 2 S 2 [T 2 5 5 1000 A W 35 1

o 1—R 1-0.94)  _ .
n gt - LR A0

u(R) 0.010 3
5 5% BEERE n—1 Al BT ARG FAE ¢ OB O
o JEEIEAT R A4 R g B L B <<t fH
WA 100% TE W E 2R R 2, W R 5 100 %
AWEEZER, A HIGFAE A RTE 10, ~2.571,
W 121 i o

PR Ik 5 T USC 8 5 A B S ) 2 B o5 k4

TEIE, HiE

LTS KM S b R O S 2 4
BT BRI 25 5P, T LUK [0 2 LK R B B 40 Y
FXSH5H RS,
, - 1—R\? .
W (R = (T )+u(R>
1—0.94, .
J( 5 )+0.01o3 =0.031 7,
0.0317 . .
. (R)= Y =3.37%.,
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2.6 ERRELRAHEENTEE
LELTR, & HZMI A EE S NH wa (n) =
2.04% st (v) = 0.778% s ttr (¢) = 4.35% s uru (rep) =

1.88% »u,a (R) =3.37% , MR & A B 5 B AL 386 2 A} 45 4%
AT AR
U rel ( w ) =

wii (m) Fuly (V) +uii (o) +uii (rep) +uii (R) =

0.020 4% 40.007 782 +0.043 52 +0.018 8 +0.033 7* =

6.22%,

wic‘Xvﬁchl XV,

m m XV,

u(w)=0.050X6.22%=0.003 2 mg/kg,
2.7 YRAMBEE U(o)

WAEHTF k=2, BFEKY P=95%, W &R
BE

U(w) =2u(w)=2X0.003 2=0.007 mg/kg,

I 45 5

=0.050 mg/kg.,

i it QUEChERS-SAH 2 3% — & 16 00 35 vk 0 2 & 2R
- PR BB B AR B A5 R

w=1(0.05040.007) mg/kg.k =2,
3 5B

# it QUEChERS-A A 0 1% — 88 B 5 3% 1k 0l 22 45t

rPOK e B B AR B A AN B BE 4 BT, A5 D T I e A T
R EIRN 0=(0.0500.007) mg/kg.k =2, M&FrE
AW BE o BB RN LU W o (B B bn e IR
U b T A VR b v TR VA A T R L b A L il
e B P AR I ) BB AR 28 B 43 B XA AR fE AR
7 B TR e R A [ I 8 1A B R A E B R AL
Tk VA 0 8 1 TR O 22, R T L Sk O OR
TN AR AR, PS5 00 o 4 C A bR 46 R 9 AR 4E

AR SEAS B 5 B 43 i, ] A3 o Bl 3 B 19 A A
A5 PR (QUEChERS ¥l R S5, Bl 20 7K e 1 i 3 R &k
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