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[ Abstract] Objective To explore the main factors of uncertainty in the determination
of 33 pesticide residues in ginseng by gas chromatography-tandem mass spectrometry.
Methods 33 pesticide residues in ginseng were determined by gas chromatography-tandem
mass spectrometry. According to the requirements of JJF 1059.1—2012 "Evaluation and
Expression of Uncertainty in Measurement" and JJF 1135—2005 "Evaluation of Uncertainty
in Chemical Analysis Measurement", the mathematical model of uncertainty evaluation
was established. Each component is evaluated by analyzing the main sources of uncertainty
in the determination process, namely the weighing of the samples, the dilution of the
standard solution, the pretreatment of the samples, and the repeatability of the instrumental
determination. Results The average recovery rate of samples ranged from 79.61% to 116.70%.
The extended uncertainty of 33 pesticide residues measured in the range of 0.010 to 0.20 mg-kg™*
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was +0.000 718 to +0.025 2 mg-kg". Conclusion This method provides a theoretical basis for

the determination of 33 pesticide residues in ginseng by gas chromatography-tandem mass

spectrometry near the critical point.

[Keywords ] Gas chromatography-tandem mass spectrometry; Ginseng; Pesticide

residue; Simultaneous determination; Evalution of uncertainty
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Table 1. The relative standard uncertainty <2 3R AR ERNENIRERTHEE
introduced by 33 standard substances Table 2. The relative standard uncertainty
ARXTY AR generated by 33 standard solutions

AT AHERE (k=2)  AHIEFu, (S) R FR U (1) Uy (55) Uy (S)
pET 2.0% 1.0% R 1.00% 0.41% 1.08%
AU 3.0% 1.5% AU 1.50% 0.41% 1.56%
TR I 3.0% 1.5% TR IR 1.50% 0.41% 1.56%
SEEZ R 3.0% 1.5% SIEE R 1.50% 0.41% 1.56%
I AVAVAN 2.0% 1.0% R AVAVAN 1.00% 0.41% 1.08%
BT R 3.0% 1.5% BT s 1.50% 0.41% 1.56%
oA I ol 3.0% 1.5% PR f 1.50% 0.41% 1.56%
N EZAVAVAN 3.0% 1.5% N ETAVAVAN 1.50% 0.41% 1.56%
AR 3.0% 1.5% K 1.50% 0.411% 1.56%
[(EAVAVAY 2.0% 1.0% R AYAYA 1.00% 0.41% 1.08%
I 3.0% 1.5% FH 1.50% 0.41% 1.56%
L AYAVA 3.0% 1.5% S AYAVAY 1.50% 0.41% 1.56%
TG 3.0% 1.5% JIGH 1.50% 0.41% 1.56%
P L B 3.0% 1.5% R L% il 1.50% 0.41% 1.56%
AR L) 3.0% 1.5% FORE R ALY 1.50% 0.41% 1.56%
U 3.0% 1.5% U 1.50% 0.41% 1.56%
Xof B 3.0% 1.5% X i 1.50% 0.41% 1.56%
=GR 3.0% 1.5% =R 1.50% 0.41% 1.56%
FH L S A 3.0% 1.5% FR L S 1.50% 0.41% 1.56%
K Wit 2.0% 1.0% IR R 1.00% 0.41% 1.08%
ot 3.0% 1.5% ot 1.50% 0.41% 1.56%
F AU 3.0% 1.5% LN 1.50% 0.41% 1.56%
K IGH 2.0% 1.0% K ECH 1.00% 0.41% 1.08%
P.P'-DDE 2.0% 1.0% P.P'-DDE 1.00% 0.41% 1.08%
T 3.0% 1.5% TR 1.50% 0.41% 1.56%
FH L 3.0% 1.5% LB TTE 7N 1.50% 0.41% 1.56%
o ik 2.0% 1.0% o ik 1.00% 0.41% 1.08%
0.P'-DDT 3.0% 1.5% 0.P'-DDT 1.50% 0.41% 1.56%
Bt 3.0% 1.5% B S 1.50% 0.41% 1.56%
P.P'-DDD 3.0% 1.5% P.P'-DDD 1.50% 0.41% 1.56%
P.P'-DDT 3.0% 1.5% P.P'-DDT 1.50% 0.41% 1.56%
T H R T 2.0% 1.0% WM RRE 1.00% 0.41% 1.08%
W R 3.0% 1.5% LR 1.50% 0.41% 1.56%
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R3 SN ESE T ERENIRERBERE

Table 3. The relative standard uncertainty arising from the repeatability of analytical instruments

— 5% ) 5% ) 7 ) X, ) X; ) X4 ) x ) S (x) u(x )_1 u, (X)
/ng * mL™ /pug * mL™ /pg c mL™ /ug e mL™ /ug c mLT /pg c mLT /ug © mL 1% /pg + mL 1%
O—PN W 0.0528 0.0518 0.0521 0.055 3 0.0532 0.0530 0.0530 0.1234  0.000 50 0.95
KL 0.0510 0.0535 0.0539 0.0563 0.0549 0.0564 0.0543 0.2023 0.000 83 1.52
EANIEY 7S 0.0497 0.0502 0.0511 0.0498 0.0521 0.0490 0.0503 0.1113 0.000 45 0.90
MELATH 0.0500 0.0528 0.0523 0.0546 0.0534 0.0551 0.0530 0.1825 0.000 75 1.41
CIEE R 0.0516 0.0541 00527 00518 0.0503 0.0513 0.0520 0.1302 0.000 53 1.02
[ AVAVAY 0.0508 0.0524 0.0521 0.051 1 0.0510 00510 0.0514 0.0672 0.000 27 0.53
T 0.0516 0.0522 0.0518 0.0503 0.0527 00517 00517 0.0804 0.000 33 0.63
S—P B 0.0496 0.0516 0.0517 0.0505 0.0524  0.0511 0.0512  0.0989 0.000 40 0.79
OVAVAVAN 0.0489 0.0497 0.0519 0.0515 0.0489 0.0501 0.0502 0.1282 0.000 52 1.04
NG 0.0486 0.0491 0.0477 0.0484 0.0492 0.0518 0.0491 0.1414 0.000 58 1.18
[ EAVAVAN 0.0485 0.0491 0.0499 00501 0.0506 0.0515 0.0500 0.1065 0.000 43 0.87
F N 0.049 1 0.050 1 0.0505 0.0499 0.0519 0.0505 0.0503 0.0924 0.000 38 0.75
S AVAVAN 0.0443 0.0460 0.0479 0.0472 0.0430 0.0459 0.0457 0.1815 0.000 74 1.62
SCIGH 0.0495 0.0509 0.0507 0.0510 0.0512 0.0521 0.0509  0.0841 0.000 34 0.67

FR X e 0.0501 0.0497 0.0514 0.0514 0.0499 0.0495 0.0503 0.0850 0.000 35 0.69
FORESREY 00505 0.0519  0.0518 0.0508 0.0515 0.0526 0.0515 0.0768 0.00031 0.61

Ry 00521 0.0533 0.0545 0.0531 0.0546 00547 0.0537 0.1052 0.000 43 0.80
X 0.0539 0.0516 0.0506 0.0504 0.0527 0.0501 0.0516 0.1495 0.000 61 1.18

= SR 0.0531 0.0533 00536 00512 0.0546 0.0522 0.0530 0.1175 0.000 48 0.90
FH L S M 0.0510 0.0511 0.0519 0.0525 0.0527 0.0505 0.0516 0.0886 0.000 36 0.70

IK e 0.0427 00439 00449 0.0435 0.0422 0.0438 0.0435 00953 0.00039  0.89
o~ St 0.0432 00444 00449 00443 0.0431 0.0432 00439 00777 000032  0.72
FRTEIR 0.0517 00504 00515 00522 0.0524 00515 00516 00703 0.00029 0.56
AR ICH 0.0524 00508 00522 00528 00523 00536 0.0524 00916 000037  0.71
P.P'-DDE 0.0502 00507 00510 00535 0.0522 00510 00514 0.1208 0.00049 096
T 0.0512 00502 00510 00526 0.0537 0.0524 00519 0.1277 0.00052 1.00
LT B 0.0493 00486 0.0505 00471 00509 0.0481 00491 0.1448 0.00059 120
I3 P gk 0.0479 00475 00498 0.0496 0.0472 0.0483 0.0484 0.1087 0.00044 092
0.P'-DDT 0.0519 0.0509 00507 0.0495 0.0508 0.0528 00511 0.1130 0.00046  0.90
Bt ft 0.0505 0.0499 00492 00483 0.0502 0.0473 0.0492 01232 000050  1.02
P.P'-DDD 0.0506 00517 00523 00507 00522 00511 00514 00742 000030  0.59
P.P'-DDT 0.0494 00509 00487 00511 0.0500 00515 00503 0.1086 0.00044  0.88
TP R i 00501 0.0483 0.0506 0.0491 0.0524 0.0496 0.0500 0.1413 0.00058  1.15
W R 0.0475 00487 00484 00475 00479 0.0497 0.0483 00845 0.00034  0.71

E: X RR RS AREREOR MR WG EER; X AT REAFEBRELOKN T LR FHMA; S (x) RFRAAFEERELORD
LS R IR Z
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R4 FEmBYINER B R = & AR XS R R E
Table 4. The relative standard uncertainty arising from the recovery rate of samples
WK BIEP (% ) t,y (R)
A2 2 F 0.010 mg * kg™ 0.050 mg - kg 0.20 mg - kg P 1%
O— N 1 B 7780  79.40 8220 8620 7830  77.10  80.07 8387 8020  80.57 1.24
DT 9253 9620  80.07 100.00 8850 8540 101.80 9140  93.00  92.10 2.49
Py 7353 7933 7467 8260  78.00 8140 10580 105.00 103.60  87.10 5.20
TR IR 81.60 9753  75.13 10050 8560  85.80 100.80  87.60  92.60  89.68 3.28
BEEER T 83.53  99.87 7347 9920 87.10  83.80 107.00 8820  94.60  90.75 3.79
I AVAYA 86.00 9647 7720 9640 8800  83.00 10560 8720 8920  89.90 3.12
T I 8293 9693 7527 99.00 8740 8370 102.60 8840  92.80 89.89 3.24
S— NI B 81.60  93.07 7380 9450 8520  81.30 9820 8840  89.40  87.27 2.91
TAVAVAN 88.00 9633  80.13 9770 8940 8230 10580 91.00 91.80  91.38 2.88
IR 96.87 101.40 9333 10290 107.60 10030 113.20 107.00 100.00  102.51 1.95
B AVAVAN 92.87 102.13 8440 103.00 9820  86.80 103.60 100.60  99.60  96.80 2.45
8L i 101.27 10247 9280 11760 10790 9920 11720 11240 11220  107.00 2.67
S AYAYA 103.87 10347 9613 113.00 11400 9530 11560 11040 10620  106.44 2.34
SRR 7553 8207 7560 8170 7590 7690  87.60  80.60  80.60  79.61 1.69
FH L0 B 10453 10213 10053 111.20 11020 110.10 119.40 11840 11940  110.65 2.20
WAL 9273 10147 8593 10890 102.00  93.10 110.80 102.00 105.60  100.28 2.72
AU 92.00 10040 8573 107.70  99.80  92.80 107.00 10220 103.00  98.96 2.48
X 10593 10587 9473 11650 108.10 9930 121.60 111.80 107.80  107.96 2.52
=AU 8173  89.87 7607 9210 8600  79.10 91.00 8740  87.60  85.65 2.15
L S 88.13  99.07 8200 10150 9340  86.80 10120 9680 9680  93.97 2.45
K e 9627  98.07  89.13 9870 102.10 103.50 105.80  99.80  96.60  98.89 1.63
o~ St 80.80 8540  80.13 8850 8090  87.80 8320  82.60 8240  84.53 1.38
AU 101.80 10620  89.87 119.30 108.10  96.60 119.40 111.20 109.80  106.92 3.04
Gl 84.60 9293 7760 9500 87.60 81.10  96.60  89.20  91.00 88.40 2.40
P.P'-DDE 7873 8640 7393  87.60 8290 7560 8740  83.60 8560  82.42 2.08
T 86.40  96.60  77.60 9880 9140 8450 10320 9480  92.60  91.77 2.86
P RE AR AW 103.73 104.87 9740 107.60 116.80 105.10 120.60 113.00 105.80  108.32 221
I3 P Tk 10293 10647 9047 108.60 11410 9560 117.80 111.00 106.60  105.95 2.72
0.P'-DDT 8673  93.60 7353 9130 88.80 7720 9560  88.40 8620  86.82 2.78
Bt 8473 9693  79.93 9470 8570 7820 8720 9380 9040  87.95 2.48
P.P'-DDD 86.00 9467  79.13 9610 9040 8160 9680  90.80  91.60  89.68 2.32
P.P'-DDT 101.67 10293 8213 102.50 10070  85.80 10540 10220  96.00  97.70 2.81
TP R i 118.00 114.07 11447 11190 11740 103.10 108.80 11560 107.00  112.26 1.49
W R 12027 118.07 104.87 12240 12410 111.80 119.80 11420 114.80 116.70 1.71

Er PRFEZARPTIBMEARG P HIELER,
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U ( S ) A BRUEVE TR ) 7= A AR B v AN 22
o O VAFE b BRI B 7= A AR BR v AN 2
U (X)) R BT A B 2 52 7 A AR XA AN
TR, u, (R) AFES IR [RISC3 7= A 1 4R

XIPREARTE L, w, (E) SRS ™A

A PR AR E B, AR 5.

Uerel /U1 () + Uret? (@) + Urei?(X) + Urei2(R) + Urei? (£)
A5
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JEAHEE R Uggi=2 X Uy W3 AT E 2N
U=y * Up, SR 6,
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Table 5. The relative synthetic standard uncertainty of 33 pesticide residues in ginseng

e PRIERRIECH]  HERPIRTAREE TR FES AR SRR AEXS S bR
W, (S) B, (0)  HEMu, (X) B, (R) W&, (E) AN E 1
O— PN I 1.08% 0.53% 0.95% 1.24% 3.00% 3.59%
KR 1.56% 0.53% 1.52% 2.49% 3.00% 4.50%
IR 1.56% 0.53% 0.90% 5.20% 3.00% 6.29%
TR IR 1.56% 0.53% 1.41% 3.28% 3.00% 4.95%
CIEsRT 1.08% 0.53% 1.02% 3.79% 3.00% 5.08%
(I A VAVAY 1.56% 0.53% 0.53% 3.12% 3.00% 4.66%
FET ik 1.56% 0.53% 0.63% 3.24% 3.00% 4.75%
S— PN I il 1.56% 0.53% 0.79% 291% 3.00% 4.56%
S AVAVAN 1.56% 0.53% 1.04% 2.88% 3.00% 4.59%
AT 1.08% 0.53% 1.18% 1.95% 3.00% 3.95%
B-7NANAN 1.56% 0.53% 0.87% 2.45% 3.00% 4.30%
FHE 1.56% 0.53% 0.75% 2.67% 3.00% 4.40%
N AVAVAY 1.56% 0.53% 1.62% 2.34% 3.00% 4.45%
IR 1.56% 0.53% 0.67% 1.69% 3.00% 3.87%
FH LX) i e 1.56% 0.53% 0.69% 2.20% 3.00% 4.13%
FURE G 1.56% 0.53% 0.61% 2.72% 3.00% 4.41%
AU 1.56% 0.53% 0.80% 2.48% 3.00% 430%
Xt 1.56% 0.53% 1.18% 2.52% 3.00% 4.41%
AR 1.56% 0.53% 0.90% 2.15% 3.00% 4.14%
FH 3L Sk 1.08% 0.53% 0.70% 2.45% 3.00% 4.12%
7K R 1.56% 0.53% 0.89% 1.63% 3.00% 3.89%
o-fFt 1.56% 0.53% 0.72% 1.38% 3.00% 3.76%
TR 1.08% 0.53% 0.56% 3.04% 3.00% 4.47%
2K G 1.08% 0.53% 0.71% 2.40% 3.00% 4.09%
P.P'-DDE 1.56% 0.53% 0.96% 2.08% 3.00% 4.12%
Lk 1.56% 0.53% 1.00% 2.86% 3.00% 4.57%
S B 477N 1.08% 0.53% 1.20% 2.21% 3.00% 4.09%
[ERRIS 1.56% 0.53% 0.92% 2.72% 3.00% 4.47%
0.P'-DDT 1.56% 0.53% 0.90% 2.78% 3.00% 4.50%
BTt S+ 1.56% 0.53% 1.02% 2.48% 3.00% 4.35%
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235
- PRUERRIECH] AR AIRTAREE TR FEM AR SRR AEXS S bR
W Bu, (S) W, (0) BV, (X) HlkFE, (R)  WEu, (E) AN E S 1
P.P'-DDD 1.56% 0.53% 2.32% 3.00% 4.18%
P.P'-DDT 1.08% 0.53% 2.81% 3.00% 437%
T F i AR 1.56% 0.53% 1.49% 3.00% 3.91%
6 NASHIBWMARAKBNT BRAHEE NIV
3 ITig

Table 6. The extended uncertainty of 33

pesticide residues in ginseng

U
A2 2 0.010 0.050 0.20

mg - kg mg kg mg- kg
O/ M % £0.000718  +£0.00359  +£0.0144
KM £0.000900  +£0.00450  +£0.0180
ALY 7S £0.001258  +0.00629  +0.0252
TR £0.000990  +£0.00495  +£0.0198
ST £0.001016  +0.00508  +0.0203
O AVAVAN £0.000932  £0.00466  +£0.0186
BT £0.000950  £0.00475  £0.0190
S— PN I fi £0.000912  £0.00456  +£0.0182
e AVAVAN £0.000918  +£0.00459  +£0.0184
B £0.000790  +0.00395  +0.0158
[ AVAVAY £0.000860  £0.00430  +£0.0172
FHE £0.000880  +0.00440  +0.0176
R AVAVAY £0.000890  +£0.00445  £0.0178
A £0.000774  +0.00387  +0.0155
FH LX) i £0.000826  +0.004 13 £0.016 5
FAUBFILY  +0000882  £0.00441  +0.0176
TG £0.000 860  +0.004 30 +0.0172
Xt £0.000882  +£0.00441  +£0.0176
SAREEE £0.000828 +£0.00414  +£0.0166
FH 3L S Mk £0.000824  +0.004 12 +0.0165
7K R £0.000778  +0.00389  =0.0156
oS} £0.000752  £0.00376  +£0.0150
FULIET £0.000894  +0.00447  +0.0179
2K G £0.000818  +0.00409  +0.0164
P.P'-DDE £0.000824  +£0.00412  £0.0165
LA £0.000914  +0.00457  +0.0183
WALFRMHE  +£0.000818  £0.00409  +0.0164
o3 2 Tk £0.000894  +0.00447  +0.0179
0.P'-DDT £0.000900  +£0.00450  +£0.0180
BTt £0.000870  +0.004 35 £0.017 4
P.P'-DDD £0.000836  +£0.00418  +0.0167
P.P'-DDT £0.000874  £0.00437  £0.0175
SRR TR £0.000782  +0.003 91 +0.0156
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