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ABSTRACT: Objective To evaluate the measurement uncertainty for determination of macrolide residues in honey
by liquid chromatography-tandem mass spectrometry (LC-MS/MS). Methods According to JJF1059.1-2012
Evaluation and expression of uncertainty in measurement, the measurement uncertainty for determination of
macrolide residues in honey by LC-MS/MS was evaluated, mathematical model was established, and sources and
sizes of uncertainty were also analyzed. Finally, the synthetic and expanded uncertainties were calculated. Results
The major sources of uncertainty were calibration curves fitting, quantitative calibration of instrument and precision
of recovery. When including factor was k=2, determination results of spiramycin, tilmicosin, oleandomycin,
erythromycin, tylosin, kitasamycin, josamycin and roxithromycin were (9.02+0.81), (9.26+0.63), (9.79+0.68),
(9.47+0.59), (9.75+£0.82), (9.16+0.70), (9.59+0.60), (9.84+0.68) pg/kg, respectively. Conclusion The established
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method can provide scientific basis for evaluation of the reliability of the measurement methods and results of

macrolide residues in food. In order to get accurate and reliable measurement results, it is necessary for trace residual

analysis to have good equipment maintenance, perfect sample pretreatment process and personnel’s precise operation

in the process of the actual detection.
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Tablel Retentiontimeand MS parameters of 8 kinds of target compounds
(min) (m/z) (m/z) V)
843.1 10.88 422.3 174.1, 540.3* 16, 14
869.1 11.79 435.3 522.5, 695.5* 21,16
687.9 12.22 688.5 158.1, 544.4* 24,18
733.9 12.78 734.6 158.1, 576.4* 25,18
915.8 12.71 916.7 174.0%,772.6 37,31
771.9 12.81 772.6 109.0, 174.1* 35, 32
827.9 13.15 828.6 109.0, 174.0* 33,31
837.0 13.32 837.8 158.0, 679.5% 31,26
.k
R2 MERME. REENTHEE
Table2 Uncertaintiesfrom standard purity and sample weighting
pl% pil% Mimg u(p) () u (M) et (M)
97 1 10.9 0.57735 0.00595 0.0583 0.00535
95 2 9.8 1.15470 0.01215 0.0583 0.00595
98 1 10.3 0.57735 0.00589 0.0583 0.00566
95.3 1 10.3 0.57735 0.00606 0.0583 0.00566
96 2 10.5 1.15470 0.01203 0.0583 0.00555
92 2 10.2 1.15470 0.01255 0.0583 0.00572
95 1 10.9 0.57735 0.00608 0.0583 0.00535
98 1 9.9 0.57735 0.00589 0.0583 0.00589
’ C ’ k= \/é ’ “(p) :pll\/?'3 ’ urel(p):u(p)/p
2
2 2 2 Uyer (M):
[urel (C):| + [urel (V)] t| Uy (fQ) +
Upel (C) = 2 2 |: :| (2) 2 ’ ,
[urel (R)] + [u,el (m)] 0.03 mg;
, 95%
32 BHETWMEETE
+0.1 mg,
321 MARLE h KA E 69 XA T AR B 69 RA ¢ 5] 0.1/1.96=0.05 mg
N T EJE 1y (C) -~ =
u(M) =4(0.03)" +(0.05)" = 0.0583Mg
urel(M) :uM/My 2
(@) 100 mL; : © (28, 1)
0.1 mg/mL 3
JJG196-2006
p Upel (p) ) [}
8 p P 4
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Table3 Dilution of stock solution

(mg/mL) (mg/mL) (mL) (mL) (mL)
5 100 5 5 100
1 5 10 10 50
0.1 1 5 5 50
x4 WHEERIANNTHEE
Table4 Uncertainties from glass container
(mL)
100 mL A ( 2 )Y +0.10 5.774x10™*
50 mL A ( 2 )0 +0.05 5.774x10™*
10 mL A 1 +0.05 2.887x10°
5mL A ( 2 )Y, +0.025 2.887x10°
6
, , 322 HRMHEIIANGTAL
: 0.01g 5.01 g,
(2:8, 7:1) , 20 °C +0.05 g, B ,
a 12x10%CY, u(my) =0.05/1/3=0.0289 g;
a 21x10%°CH, (20£4) C , +001g A ,
' u(my)=0.01/1.96 = 0.00510g , 2

u@ )= (AV)/NJ3, AV =V xAT xa ,

5
2
6 5 125 20 50
100 250 ng/mL ,
3 , )
, 6 ,
) 6,
sty 1 1 (v-x)
u(x)=—- |=+=+ 5 (3)
b |p n =« —
Z(Xl _Xl)
i=1
S(4) :
Z[A (a+bx;) ]
S(4 ; 0 b
(4)= — a
D ) p=6; n
, n=6x3=18; x , hg/mL; X;
, ng/mL; X , ng/mL,

2

ZCIG 7792, Z(X - X;) =45005,
i= i=1

— Ju(m) [P+ [u(m) |? = 0.0293g ;
toy (m) = 0.0294/5.01 = 0.00585
323 FEECE TN T

, 10
puakg , 6 , R, S(R)
u(R) = SR/ 6 1,/ (R) = u(R)IR,
, 7
324 RELEFZARBIINGTHTE
, 2mL ,
A 2mL , +0.012 mL,
, 2 mL
trey (V) = 0.012/(2x+/3) = 0.00346 ;
a 21x10* CY, (20+£4) C ,

sy (V) = 4% 21x10*/({/3) = 0.000485

urel \/[urel

ERETIANG RH
et (f) = 2%=0.02

)P + [ (V)] = 0.00349

325 BEZ
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e (C) = LC-MSMS 8
[ter (Rﬂ2 +[ e (m)}z 9
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Table5 Uncertaintiesfrom temperature variation
AV ImL
100 mL A ( ) 100x4x1.2x10° 2.771x10°
100 mL A ( +) g 100x4x2.1x10™ 4.850x10™*
50 mL A ( + 2 )V 50x4x2.1x10* 4.850x10™*
10 mL A ( + )7 10x4x2.1x10™ 4.850x10™
5mL A ( + 2 ) 5x4x2.1x10™ 4.850x10™
F#*6 REMZARESIANNAHTEE
Table6 Uncertaintiesfrom calibration curve
Y=bX+a (@) x (ng/mL) X; (ng/mL) S(4) Uyop ()
Y=30862X+42026 0.9991 2255 77.92 3.309x10* 0.02562
Y=51425X+74155 0.9998 23.15 77.92 3.566x10" 0.01610
Y=145640X+3082824 0.9998 24.48 77.92 8.299x10* 0.01244
Y=69605X+145515 0.9999 23.68 77.92 4.826x10* 0.01570
Y=14275X+14468 0.9998 24.38 77.92 9.897x10° 0.01521
Y=14016X+19073 0.9996 22.90 77.92 9.731x10° 0.01631
Y=34946X+44409 0.9999 23.98 77.92 2.423x10* 0.01549
Y=71643X+8736 0.9995 24.60 77.92 4.955%x10* 0.01502
R7 ERESIANNTHEE
Table7 Uncertaintiesfrom recovery
Ry R, Rs R4 Rs Rs R S(R) u(R) trer (R)
88.1 102.4 98.9 91.0 89.3 90 93.3 5.9 2.404 0.02577
92.3 95.6 98.4 97.8 97.3 96.6 96.3 22 0.899 0.00933
97.5 88.0 94.0 91.9 98.6 98.2 94.7 4.2 1.718 0.01814
96.9 99.3 97.9 98.8 95.7 98.7 97.9 1.4 0.555 0.00567
88.4 103.7 95.9 96.7 87.8 89.7 93.7 6.2 2535 0.02705
88.4 99.6 95.1 92.6 100.2 96.1 95.3 4.4 1.808 0.01897
95.7 97.8 98.8 96.9 95.5 94.2 96.5 17 0.685 0.00710
96.4 90.1 98.2 92.9 97.9 100.1 95.9 37 1.525 0.01590
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Table8 Uncertainty from each component of 8 kinds of macrolides

0.00595 0.01215 0.00589 0.00606 0.01203 0.01255 0.00608 0.00589
0.00535 0.00595 0.00566 0.00566 0.00555 0.00572 0.00535 0.00589
tret (€) 0.00335 0.00335 0.00335 0.00335 0.00335 0.00335 0.00335 0.00335
0.01330 0.01330 0.01330 0.01330 0.01330 0.01330 0.01330 0.01330
0.02562 0.01610 0.01244 0.01570 0.01521 0.01631 0.01549 0.01502
Uret (1) 0.00585 0.00585 0.00585 0.00585 0.00585 0.00585 0.00585 0.00585
urer (R) 0.02577 0.00933 0.01814 0.00567 0.02705 0.01897 0.00710 0.01590
et (V) 0.00349 0.00349 0.00349 0.00349 0.00349 0.00349 0.00349 0.00349

urer (fo) 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02

*9 THEETEER
Table9 Evaluation results of uncertainty
t,e(C) 0.0447 0.0338 0.0341 0.0310 0.0419 0.0378 0.0312 0.0341
C (ng/kg) 9.02 9.26 9.79 9.47 9.75 9.16 9.59 9.84
U (ng/kg) 0.81 0.63 0.67 0.59 0.82 0.69 0.60 0.67
(k=2)(ng/kg) 9.02+0.81  9.26+0.63 9.79+0.68 9.47+0.59 9.75+0.82 9.16+0.70 9.59+0.60 9.84+0.68
VYN (3
4 =R e SN/T 2062-2008 Determination of macrolide antibiotics residues in royal
LC-MS/MS 8 jelly for import and export LC-MSMS method [S].
) [4] GBIT 20762-2006
- [s.

, GB/T 20762-2006 Method for the determination of lincomycin,
oleandomycin, erythromycin, tilmicosin, tylosin, clindamycin, spiramycin,
kitasamycin and josamycin residues in livestock and poultry
muscles-LC-MS/MS method [S].

' [5] GBIT 22964-2008
S 30k ; S
GB/T 22964-2008 Determination of lincomycin, oleandomycin,
[1] SN/T 1777.2-2007 erythromycin, tilmicosin, tylosin, spiramycin, kitasamycin and josamycin
2 (sl. residuesin fugu and eel-LC-MS/MS method [S].
SN/T 1777.2-2007 Determination of macrolide antibiotic residues in [6l 235 )
animal-derived food—Part 2: LC-MS/MS method [S]. [S].
[2] GB/T 22946-2008 The ministry of agriculture of the People's Republic of China
announcement N0.235, highest veterinary drug residues in animal foods
- (Sl limited [S].
GB/T 22946-2008 Determination of lincomycin, erythromycin, tilmicosin, [7] JJF1059.1-2012 [S].

Kl

tylosin, spiramycin, clindamycin, kitasamycin and josamycin residues in
royal jelly and lyophilized royal jelly powder-LC-MS/M S method [S].
SN/T 2062-2008 8

JJF 1059.1-2012 Evaluation and expression of uncertainty in measurement
[sl.
JJF 1135-2005 [S].
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