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Determination of pyrethroids and macrocyclic lactone
Insecticides in spices and tea

Using the SCIEX 7500 system

Cathy Lane,! Sara Cheikh Ibrahim,? Tino Schroeder,? Susanne Hergett,?> Jack Steed,! Jianru Stahl-Zeng,® Roy
Sperling?
ISCIEX, UK; 2Bilacon, Germany; *SCIEX, Germany

Pyrethroids and macrocyclic lactones are groups of commonly
used insecticides in the agriculture and horticulture industries.
Macrocyclic lactones are naturally occurring, or semisynthetic,
compounds produced as fermentation products in soil-dwelling
Streptomyces avermitilis.* Pyrethroids, on the other hand, are
synthetic, and were designed based on the naturally occurring
family of pyrethrins, which were originally derived from
chrysanthemum flowers.?

Due to the widespread use of these compounds in the
environment, a comprehensive quantitative method is necessary
to monitor and control their concentration in final food products
destined for human consumption.

Here, a method has been developed using the SCIEX 7500

system for the simultaneous identification and quantification of

pyrethroid and macrocyclic lactone insecticides at detection

levels below the maximum residue level defined by the European Key features of the SCIEX 7500 system for

Commission under regulation 2018/1514.3 the quantification of pesticides in spices and
green tea
e Highly sensitive detection and quantification of avermectin
Avermectin Bla Bifenthrin Deltamethrin (containing 96% avermectin Bla and 4% avermectin B1b),
XIC from 20101. .9 (1.0 points) HIC from 20101 "“:;"i“‘*’ HIC from 20107..d (1.0 peints) bifenthrin, cyfluthrin, cypermethrin, deltamethrin, fenvalerat, A-
oo * o] wo{ o [or2 cyhalothrin, milbemectin A3 and A4 and permethrin from
- w00 2000 | QUECHERS extracts of spices and green tea
2000 7000 e Improved sensitivity over previous assays with lower limits of
o 7 7w 2 ool quantification (LLOQs) down to 0.02 ng/mL in solvent (Figure
7 o0 2 coo z 1)
= 000 = 5000 - e Optimization of new parameter QOD for milbemectin A3 in
4000 4 . . .
2500 M 4000 spices resulted in greatly reduced background and increased
3000 3000 1 signal to noise
2000
2000 2000 7 e Increased sensitivity allows for the use of lower sample
e 3“5“ e ::.}.r? T?ﬁ'; o injection volumes, increasing assay robustness and

significantly reducing ion suppression in matrix
Figure 1. Signals obtained for avermectin Bla, bifenthrin and

deltamethrin at their respective LLOQs. A good signal is obtained

at a concentration level of 0.02 ng/mL, highlighting the sensitivity that

can be achieved when using the SCIEX 7500 system.
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Figure 2. Additional declustering of ions using QO dissociation. On the SCIEX 7500 system, additional declustering can be applied during LC-MS
analysis using 2 modes: QOD simple (left) and QOD enhanced (right). Use of a voltage differential, applied either between the QJet ion guide rods and
1QO0 lens or between the 1QO0 lens and QO on the SCIEX 7500 system, can aid in breaking up clusters, removing interferences and increasing signal to

noise.

Methods

Sample preparation: Avermectin (containing 96% avermectin
Bla and 4% avermectin B1b), bifenthrin, cyfluthrin,
cypermethrin, deltamethrin, fenvalerat, A-cyhalothrin,
milbemectin A3 and A4 and permethrin were diluted into mobile
phase A for analysis. Calibration curves were constructed in
mobile phase A by spiking in compounds at concentrations of
0.02-20 ng/mL.

Organic green tea (1 g) was milled to a fine powder,
homogenized and added to 10 mL of water and 10 mL of
acetonitrile. For the spices (organic paprika powder), a starting
mass of 2 g was used. The sample was shaken for 1 min and
added to Macherey-Nagel QUEChERS Mix | (ref 730970). The
sample was shaken for another 3 min and centrifuged for 5 min.
Next, 8 mL of the organic (upper) phase was added to
Macherey-Nagel QUEChERS Mix Il (ref 730648). The sample
was shaken for 3 min, centrifuged for 5 min and 7 mL was then
taken and acidified with 5% formic acid in acetonitrile (10 pL per
1 mL of sample taken). Compounds were spiked into the tea
extract at 1 ng/mL and 10 ng/mL, corresponding to 10 ppb and
100 ppb in the original tea and 5 ppb and 50 ppb in the original
spice sample. Samples were analyzed on the SCIEX 7500
system without further dilution.

Chromatography: Chromatographic separation was performed
using the ExionLC AD system and a Phenomenex Synergi
Fusion-RP (4 um, 50 x 2.1 mm) column at a flow rate of 0.25
mL/min. Mobile phase A was 5 mM ammonium formate in 20%
methanol and 80% water (v/v); mobile phase B was 5 mM
ammonium formate in 90% methanol and 10% water (v/v). A
gradient of 0-100% mobile phase B over 8 min was used. The
total analysis time was 17 min, using either a 2 pL or 5 pL
injection volume. The column temperature was 40°C.

Mass spectrometry: Multiple reaction monitoring (MRM)
analysis was performed using a SCIEX 7500 system. The
system was operated in positive electrospray ionization (ESI)
mode using the OptiFlow Pro ion source. Data was acquired
using SCIEX OS software. Source conditions, which were
optimized using the guided optimization tool in SCIEX OS
software, were ISV 3500 V, GS1 40, GS2 70, TEM 250°C and
CUR 50.

Data processing: Data was processed using SCIEX OS
software.

20et
o 21 %22
1.6e8 3005
1.4e8
2.545 4
g 1 g
F 1oes F 2065
5 5
= 80es = 1565
6.0e5 1065
4 (et
20e5 2o /\,.rJ\/)
B Rt e e
85 90 55 100 85 90 955 100
Time, min Time, min

Figure 3. Sensitivity increase resulting from optimization of
parameters for QOD enhanced for milbemectin A3 in spices. XIC
for milbemectin A3 using default QOD value of -10 V (left); XIC for
milbemectin A3 using optimized QOD enhanced mode value of 25 V
(right). Milbemectin was analyzed at a concentration of 50 ppb (2 pL
injection volume). A signal to noise increase of 3.5-fold was observed
after optimization of QOD.
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Method development and optimization

An MRM method was first developed and optimized on the
SCIEX Triple Quad 5500 system and targeted more than 500
pesticides and their metabolites. Eleven of the most challenging
compounds from the multi-component method were selected for
evaluation on the SCIEX 7500 system, and the method was
adapted. Using the guided optimization tool in SCIEX OS

software, collision energies were re-optimized for the SCIEX :x S
7500 system. Source conditions were also optimized using the :ﬁ
guided optimization tool in SCIEX OS software. 5066

406 v in/9.57
Additional declustering of ions can be achieved on the SCIEX 3086 | Cyhalothrin lambds / 3

2.0e6

7500 system by using a voltage differential applied either
between the QJet ion guide and 1QO0 lens (QO dissociation, Q0D
simple) or between the 1QO0 lens and QO rods (QOD enhanced),
illustrated in Figure 2. QOD is useful for breaking up clusters,
decreasing interferences and increasing signal to noise in some
cases. QOD was optimized for a subset of the analytes that were
the most difficult to detect in green tea and spices. MRM

187 \Mllbemedln A3/823

1.7e7
1.6e7
1.5¢7
14e7
1.3¢7
127
117

1.0e7 Milbemectin A4 /9.51

Intensity, cps

1.0e6

0.0e%

86

Figure 4. Chromatographic separation of 10 compounds.
Avermectin (containing 96% avermectin Bla and 4% avermectin B1b),
bifenthrin, cyfluthrin, cypermethrin, deltamethrin, fenvalerat, A-
cyhalothrin, milbemectin A3 and A4 and permethrin at a concentration of
10 ng/mL (5 pL injection volume) in mobile phase A.

extracted ion chromatograms (XICs) for milbemectin A3 in spices
that were acquired using both default settings and optimized
QOD enhanced settings are shown in Figure 3. In this case, a
signal to noise increase of 3.5-fold was observed after
optimization of QOD.

Dilution series in solvent

The optimized MRM assay was applied to the analysis of a
dilution series of target compounds in mobile phase A.
Standards were prepared in the range 0.01-20 ng/mL; 5 pL
sample was injected per analysis. Each sample was analyzed 3
times. Examples of calibration curves and MRM XICs from the
low end of the dilution series for 3 compounds are shown in
Figure 5. LLOQs and associated statistics for all compounds are
shown in Table 1.

The final MRM assay comprised 1 MRM transition per
compound. Separation of target compounds is shown in Figure
4,

Table 1. LLOQs and associated statistics for a dilution series of 10 compounds in solvent. Avermectin contains 96% avermectin Bla and 4%
avermectin B1b. For each compound, linearity was observed from the LLOQ to the 20 ng/mL top standard. A linear regression with 1/x weighting was
applied to the data.

Compound Q1 (m/z) Q3 (m/z) Retention time LLOQ (ng/mL) #Valuesat % Accuracyat % CV atLLOQ Linearity
(min) LLOQ LLOQ (r value)
AvermectinBla 890.5 305.1 9.35 0.02 30f3 142 7.4 0.9964
AvermectinB1b 876.5 291.1 9.12 0.50 30f3 99.9 6.6 0.9958
Bifenthrin 440.2 181.1 9.84 0.02 30f3 154 4.1 0.9937
Cyfluthrin 450.9 434.0 8.99 0.50 30f3 96.9 5.1 0.9890
Cypermethrin 433.1 191.0 9.09 0.02 30f3 106 10.5 0.9918
Deltamethrin 522.9 280.7 9.13 0.02 30f3 97.4 34 0.9924
Fenvalerat 437.0 125.0 9.22 0.20 30f3 93.4 5.6 0.9915
A-cyhalothrin 467.0 225.0 9.06 0.05 30f3 110 12.6 0.9897
Permethrin 408.2 355.1 9.57 0.05 30f3 107 12.6 0.9914
Milbemectin A3 546.1 511.2 9.24 0.05 30f3 99.3 6.6 0.9987
Milbemectin A4 560.0 525.2 9.52 0.05 30f3 99.5 10.4 0.9965
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Figure 5. MRM XICs from the low end of the calibration curves for avermectin Bla, bifenthrin and deltamethrin. An LLOQ of 0.02 ng/mL was
obtained for each of these 3 compounds in solvent with linearity maintained across the entire dilution series (all r values = 0.9924).

Compounds spiked into spices and green tea

Compounds were next spiked into QUEChERS extracts of spices
and green tea at 1 ng/mL and 10 ng/mL, corresponding to 5 ppb
and 50 ppb in spices and 10 ppb and 100 ppb in tea.
Quantification of target compounds in matrix against the dilution
series in solvent was performed using both 2 pL and 5 pL
injection volumes to assess the effect of lowering the injection
volume on matrix ion suppression. It was found that the
reduction in ion suppression observed for a 2 pL injection
compared with a 5 pL injection mostly compensated for the
reduction in injection volume to the extent that the sensitivity of
the assay was not significantly impacted (Table 2 and Figure 6).
Figure 7 demonstrates the background signal and ion
suppression observed with a 2 pL injection volume; however, the
level of ion suppression was much less than the ion suppression
observed with higher volume injections (Figure 6).

It is noted that for bifenthrin, an unexpected increase in signal
was observed in the QUEChERS spiked samples compared with
the dilution series in solvent. The source of this anomalous result
is unknown and requires further investigation. See Table 3 and
Table 4 for a summary of each compound’s ion suppression
results and concentrations of detection (mean calculated
concentration) in the matrices analyzed.
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Matrix lon Suppression in Green Tea

Compound Ql Q3  Spices, 2 pL Injection Tea, 2 pL Injection

Blank 5ppb 50 ppb Blank 10 ppb 100 ppb c gg
AvermectinBla  890.5 3051 x v v x v v 2 60
AvermectinB1b 876.5 2911 x  x x x  x x S 50
Bifenthrin 44021811 v v ¥  x v S5
Cyfluthrin 4509 4340 x  x v o ox x v 5 I
Cypermethrin 4331 1910 x  «x v x v v =1
Deltamethrin 5229 280.7 % v v x v 4 3 E E E E *é E E % %
Fenvalerat 4370 1250 x  «x v x v 4 § § 2 © 2 =T £ & 3§ =%
Cyhalothrin,lambda 467.0 2250 x  x v x v v E ¢ ¢ 3 £ & § & & &
Permethrin 4082 3551 % x v x 7 v E H & a = % %
Milbemectin A3 546.1 511.2 X i v L & v Injection volume 2 uL M Injection volume 5 uL
Milbemectin A4 560.0 525.2 % x v x x v
Compound Ql Q3 Spices, 5 pL Injection Tea, 5 pL Injection Matrix lon Suppression in Spices

Blank 5 ppb 50 ppb Blank 10 ppb 100 ppb
AvermectinBla 8905 3051 x v v x v %
AvermectinB1b 8765 2911 x x x  x x g2 %
Bifenthrin 4402 1811 v Y v x v v 2 80
Cyfluthrin 4509 4340 x x % x  x v 3 1
Cypermethrin 4331 1910 % x v % v v ;2 fg
Deltamethrin 5229 280.7 % v v x v v ] - - - - - . - - . -
Fenvalerat 437.0 1250 x x v x v v g & £ E E E§ E = 3% %
Cyhalothrinlambda 467.0 2250 x v x v v T § s E E £ g £ 3§ %
Permethrin 4082 3551 x  «x v x v v B 5 S8 z " & £ 3 3
Milbemectin A3 546.1 511.2 x x v x x v < < = =
Milbemectin A4 560.0 525.2 L £ v & & v Injection volume 2 ul M Injection volume 5 ul

Table 2. Detection of spices and green tea. Top: 2 pL sample
injected per analysis. Bottom: 5 pL sample injected per analysis. No . L .
difference in sensitivity was observed when using a 2 pL injection Figure 6. lon suppression in green tea at 100 ppb (top) and spices at

compared to a 5 pL injection volume. This may be due to the reduction SE pé’b ﬁbottorrll) Versus slolvgr;t for injectiorr\I volumes Ofl 2 L ang >
in ion suppression observed for a lower volume injection (see Figure HL. Each sample was analyzed 3 times at each injection vo ume,oar]
6). concentrations were calculated against a dilution in solvent. The % ion

suppression values were calculated based on expected concentrations.
See Table 3 and Table 4 for more detail.

Solvent Green Tea Spices
+ @ XIC from 201015 Blanks2 wiff2..ussian smoothed (1.0 poinis) + @ XIC from 201015 Matrix Sample. _ussian smoothed (1.0 points) + @ XIC from 201015 Matrix Sample. ussian smoothed (1.0 points)
2.0e6 2.0e6 20e6
1.5e6 1.5e6
2 2 a
= = o
Blank | 10 F 1o i)
g § ]
= = =
5,o=50ﬂ/\\\ 5051 /\
s > \HJ\,_,\N _
0.0e0 T = T 0.0e0 y 7 q 0.0e0 — ¥ 9
9.0 95 10.0 9.0 95 100 S0 95 100
Time, min Time, min Time, min
+ @ XIC from 201015 Matrix Sample. _ussian smoothed (1.0 points) + @ XIC from 201015 Matrix Sample. _ussian smoothed (1.0 points) + @ XIC from 201015 Matrix Sample.__ussian smoothed (1.0 points)
Sef f 5e6
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. I ;
16 o N Te6 \
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Figure 7. Analysis of 10 compounds in different matrices. MRM XICs for 10 compounds spiked into solvent (left), and into QUEChERS extracts of
green tea (middle) and spices (right) using a 2 pL injection volume. Data is from blank samples, shown at the top, and samples with a concentration of
10 ng/mL (100 ppb in green tea and 50 ppb in spices), shown at the bottom. High levels of background signals are present in the green tea and spice

QUEChERS extracts compared with analysis of compounds spiked into solvent alone.
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Table 3. Quantification of 10 compounds in green tea against a dilution series in solvent. A QUEChERS extract of green tea was spiked at 1 ng/mL
and 10 ng/mL (10 ppb and 100 ppb) with each of 10 compounds and analyzed using the SCIEX 7500 system. Two injection volumes (2 pL and 5 pL) were
used. Each sample was analyzed 3 times at each injection volume. Calculated concentrations against solvent curves were adjusted for injection volume.

Compound |Solvent Green tea, 10 ppb, Green tea, 100 ppb, Green tea, 10 ppb, Green tea, 100 ppb,
RT 2 pL injection 2 pL injection 5 pL injection 5 pL injection
min
( : Matrix ~ Mean calc.  Matrix % Matrix ~ Mean calc.  Matrix % Matrix ~ Mean calc.  Matrix % Matrix ~ Mean calc.  Matrix %
RT conc. ion RT conc. ion RT conc. ion RT conc. ion
(min) (ppb) suppression | (min) (ppb) suppression | (min) (ppb) suppression | (min) (ppb) suppression
AvermectinBla | 9.35 9.35 4.1 59.5 9.36 36.4 63.3 9.35 2.7 73.4 9.33 32.7 67.3
AvermectinB1b | 9.12 | ND ND ND | ND ND ND | ND ND ND | ND ND ND
Bifenthrin | 9.84 | 9.84 23.9 -138.8 | 9.85 264.0 -163.9 | 9.84 14.3 -42.5 | 9.83 164.0 -63.8
Cyfluthrin | 8.99 | ND ND ND | 9.02 39.8 60.3 | ND ND ND | 9.00 25.4 74.6
Cypermethrin | 9.09 | 9.10 35 64.8 | 9.10 63.0 37.1 | 9.10 1.9 80.7 | 9.10 24.9 75.1
Deltamethrin ’ 9.13 ’ 9.13 47 53.3 ’ 9.13 77.9 22.1 ‘ 9.13 3.0 70.2 | 9.13 29.5 70.5
Fenvalerat | 9.22 | 9.21 6.9 315 | 9.22 68.1 31.9 | 9.21 3.8 62.2 | 9.21 44.2 55.8
A-cyhalothrin | 9.06 | 9.05 35 65.5 | 9.07 56.3 437 | 9.05 25 74.9 | 9.05 24.6 75.4
Permethrin ’ 9.57 ’ 9.56 7.4 26.0 ’ 9.57 96.5 35 ‘ 9.56 9.8 1.9 | 9.56 72.1 27.9
Milbemectin A3 | 9.24 | ND ND ND | 9.23 47.2 52.9 | ND ND ND | 9.21 27.5 72.5
| ND ND ND | 9.51 64.3 35.8 | ND ND ND | 9.45 32.2 67.9

Milbemectin A4 | 9.52

ND = not detected

Table 4. Quantification of 10 compounds in spices against a dilution series in solvent. A QUEChERS extract of spices was spiked at 1 ng/mL and 10
ng/mL (5 ppb and 50 ppb) with each of 10 compounds and analyzed using the SCIEX 7500 system. Two injection volumes (2 pL and 5 pL) were used.
Each sample was analyzed 3 times at each injection volume. Calculated concentrations against solvent curves were adjusted for injection volume.

Compound |Solvent Spices, 5 ppb, Spices, 50 ppb, Spices, 5 ppb, Spices, 50 ppb,
RT 2 pL injection 2 pL injection 5 pL injection 5 pL injection
(min)
Matrix ~ Mean calc. Matrix % Matrix ~ Mean calc. Matrix % Matrix ~ Mean calc. Matrix % Matrix ~ Mean calc. Matrix %
RT conc. ion RT conc. ion RT conc. ion RT conc. ion
(min) (ppb) suppression | (min) (ppb) suppression [ (min) (ppb) suppression | (min) (ppb) suppression
AvermectinBla | 9.35 9.33 2.6 47.8 9.34 326 34.8 9.29 0.7 86.8 9.29 5.8 88.4
AvermectinB1b ’ 9.12 ’ ND ND ND ’ ND ND ND ‘ ND ND ND | ND ND ND
Bifenthrin | 9.84 | 9.82 8.8 -75.3 | 9.84 69.0 -38.0 | 9.81 15 70.6 | 9.82 15.4 69.2
Cyfluthrin ’ 8.99 ’ ND ND ND ’ 9.02 20.0 60.2 ‘ ND ND ND | 9.00 9.6 80.8
Cypermethrin | 9.09 | ND ND ND | 9.09 23.6 52.9 | ND ND ND | 9.07 21.0 58.1
Deltamethrin | 9.13 | 9.13 1.7 66.8 | 9.13 21.6 56.9 | 9.13 0.6 88.3 | 9.12 5.6 88.9
Fenvalerat ’ 9.22 ’ ND ND ND | 9.21 28.9 423 | ND ND ND | 9.19 9.7 80.6
A-cyhalothrin | 9.06 | ND ND ND | 9.04 416 16.8 | ND ND ND | 9.02 13.3 734
Permethrin ’ 9.57 ’ ND ND ND | 9.56 5.8 88.4 | ND ND ND | 9.54 1.4 97.2
Milbemectin A3 ’ 9.24 ’ ND ND ND | 9.21 22.3 55.5 | ND ND ND | 9.17 5.4 89.2
Milbemectin A4 | 9.52 | ND ND ND | 9.48 30.6 38.8 | ND ND ND | 9.49 6.7 86.7

ND = not detected
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Determination of 10 kinds of Neonicotinoid Pesticide
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TRREERR -
Time [min] Flow [mL/min] B[%]
0.00 0.3000 5
0.50 0.3000 5
9.00 0.3000 90
12.50 0.3000 90
12.60 0.3000 5
15.00 0.3000 5
(=G Pabes

it - R MRM
TR ¢ ESI
HEFIRSE
IS EEJE% : 5500 V FHEH CUR: 30 psi
Z/EF GAS1: 65 psi THBIINELES GAS2: 65 psi
JESELE TEM: 600°C fifi## 47 CAD: Medium

BT HY IR AR

HipGER

{bEYIE AT Rk

|
l
M\ il J}‘\ cL

ff2 10fE K i R I A AR B i 4R

2. BEEER > [FRHEEKEREERERE - KT EEHE
T2 GB 2763-2021 (B hZr 2 B e i R B i RS
PR ) MR R bR R0 EE K -

1 10T R AR E AR b L R (E

fil1 10T iR T R R AR U TR G

1 &R [EIER R R Bl R B

ERZEAREERCE 0.5~250 ng/mL FERERNGUR - AHEHHHR HE
2 [EEFERE r>0.998 » JTAEORERE SRR BA RAFHI4E
P -
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Uiw==l 0.001 0.1 0.2 0.002
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U](E=17d 0.001 0.1 0.1 0.002
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SR
ke a3 b 2O
5 fi(min)
129.1 10 5.28

=55 it 203.1 53
157.1 15 5.28
126 31 5.81

JEUERRAE 2711 65
225.1 15 5.81
211 15 6.23

IGEFRIZR 292 55
181.1 28 6.23
126 35 6.82

IBESIE 3231 95
151.1 28 6.82
169 17 7.04
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SR 262 58
122.1 37 7.2
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IE SRR 223.1 71
56 17 7.42
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90.1 50 7.83
321.2 17 8.23/9.06
N 263.1 20 8.23/9.06

W EE 367.1 82
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137.1 32 8.23/9.06
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1.1 AR

A BB 7% 2 S A BT
BRI RO R OIS, AREHRMARZEE 5 . 6a 3165632020 KBS IRIETE RITHE
HIRIERE 25 BT - fER TRV R - S KERSE \
% 4 FIRE 25\ AR T R A BUF P i - ok 7752 GB 31656.4-2021 7K Sh P BRI B BT HIE
EBEENBRAE - B&M0 - B bR, (EE&EEY - A J77£3 ¢ GB 31656.5-202 17K FE i R 2 AR A S ERH E
Tl ~ 5 B ~ (AR 5 S /K T S B T TR, R
WA T KRR - FETTE, RS T RIEAA - (BB sy
PSP ST R, B S e K A SR B KA JTES | GB31656.8-2021 /K S A HRE AR R RLATHIE

J3754 ¢ GB31656.7-2021 7K S GH I i oY = AHIE

TS R E S BT - A S S RURAE (3 SR R T 35356 © GB 31656.9-2021/KFE Stk — F R B R Eg Sl

T o BT A T K R L Y R R B AR AR ST T T

BE RN J7 A B2 s TAF > 3407 AV B SAFIR R -

1. Ji7EATH  BE2021RAFTH KER A 5IfE4EGB 31656.3-
2021 ~ GB 31656.4-2021 * GB 31656.5-2021 * GB 31656.7-2021
GB 31656.8-2021 * GB 31656.9-2021 * GB 31656.10-2021 - GB 73759 1 GB 31656.12-2021 7Kz i 7 ) 2B ERY) 2 S RE TN E

31656.11-2021 ~ GB 31656.12-2021 ~ GB 31656.13-2021 (L& N - . N
IS 737410 © GB31656.13-202 17Kzt HE i FE IR (G 22 iR B B I E

73757+ GB31656.10-2021 7K 2 f VU EE 25 B SR HIE

7758 ¢ GB 31656.11-2021 7K M P L2 ~ TUERZE ~ &ZEA%
TEIR IR BTN E

VIR
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BAEIRRER
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3. YR FrA KA S R AR A U g
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JiZE 1 0.3 mL/min
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1.3 BB EHE Tl

i ) T THEET L&) BEE e or
EEE 24 1 SCIEX — ERVUSRATE R 247 (m/z) (m/2) Ea W) (V) 4wt
= v v 4 =l . Nr=g N - AR AR ER
A« 2 S ERAIMRM 5 BEFR : ESUR BB 2791 169 Fenthion 1 78 23 31656.8
IS) :5500/-4500 V ; HfET-JEE TEM) :550 C ; EHER
(s / ) FET R (TEM) IR 2791 247 Fenthion 2 78 18 31656.8
(CUR) :35psi; filfif#E4 (CAD) : Medium ; FE{EHRE (GS1)
- . . T 274 109 Trichlorfon 1 32 25 31656.8
55 psi ; RS (GS2) : 55psi s MRMEE T, (F1) -
274 88 Trichlorfon 2 31 21 31656.8
- 221 109 Dichlorvos 1 70 23 31656.8
FL. &
221 127 Dichlorvos 2 70 25 31656.8
. R B hfE . iazi .
%f’, [E=Ri2U3 E[ERE=R ZFD;@ L.
(m/z)  (m/2) i ) (eV) St 305 153 Diazinon 2 80 28 31656.8
3201 2761 Norfloxacin 1 80 26 316563 325 183 Azamethiphosl 26 21 3165638
3201 2331 Norfloxacin 2 80 35 316563 325 112 Asamethiphos2 26 51 3165638
3201 302 Norfloxacin 3 41 27 316563 331 17 Malathion 1 64 17 316568
360.1  316.1 Enrofloxacin 1 80 28 316563 331 99 Malathion 2 64 31  31656.8
360.1  245.1 Enrofloxacin 2 80 36 31656.3 240 1561 Propetamphos- 55 11 31656.8
Deisopropyl 1
360.2 342 Enrofloxacin 3 41 27 31656.3 b h
240 1381 ropetamphos- 55 21 31656.8
3321 288.1 Ciprofloxacin 1 80 25  31656.3 Deisopropyl 2
3321 245.1 Ciprofloxacin 2 80 33 31656.3 363 227 Coumaphos 1 100 36 31656.8
3321 314 Ciprofloxacin 3 46 25 31656.3 362.9 307 Coumaphos 2 100 25 31656.8
262 244.1 Oxolinic acid 1 70 26 31656.3 282.1 212 Pendimethalin 1 45 15  31656.9
262 216.1 Oxolinic acid 2 70 40  31656.3 282.1 194 Pendimethalin 2 45 25  31656.9
262.1 160 Oxolinic acid 3 26 47  31656.3 1942 622 Metaldehyde 1 80 20 31656.10
262.1 2441 Flumequin 1 77 23 31656.3 1942  106.2 Metaldehyde 2 80 23 31656.10
262.1 2021 Flumequin 2 77 42  31656.3 4451  410.2 Tetracycline 1 80 24 31656.11
262.1 174 Flumequin 3 26 49  31656.3 4451 4271 Tetracycline 2 80 19  31656.11
362.2 3181 Ofloxacin 1 80 26 31656.3 4612 4262 Oxytetracycline 1 80 25  31656.11
3622 2611 Ofloxacin 2 80 38 31656.3 4612 4432 Oxytetracycline 2 80 17  31656.11
319 58 Chlorpromazine 1 66 67 31656.4 479.1 462 Chlortetracycline 1 80 24 31656.11
319 86.1 Chlorpromazine 2 66 23 31656.4 479.1 444 Chlortetracycline 2 80 28  31656.11
251.1 91.1 methaqualone 1 131 45 31656.5 445 428.1 Doxycycline 1 80 24 31656.11
251.1 132.1 methaqualone 2 131 35 31656.5 445 154.1 Doxycycline 2 80 35  31656.11
324.7 170.9 Niclosamide 1 -80 -35 31656.7 366.2 349.1 amoxicillin 1 46 13 31656.12
324.7 288.9 Niclosamide 2 -80 -25 31656.7 366.2 114.1 amoxicillin 2 46 30 31656.12
299.1 129 Phoxim 1 67 16  31656.8 366.3 2083 amoxicillin 3 120 17.5 31656.12
299.1 77 Phoxim 2 67 46 31656.8 350.3  192.1 ampicillin 1 55 23 31656.12
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T EETHEA (8D

ST THET {Lap i ﬁf mf 75t
(m/2)  (m/2) . R aw
350.3 106.1 ampicillin 2 55 26 31656.12
350.3 160.2 ampicillin 3 120 16 31656.12
351.2 160.1 penicillin V 1 55 16 31656.12
351.2 192 penicillin V 2 55 16 31656.12
335.2 160.1 penicillin G 1 60 18 31656.12
335.2 176.2 penicillin G 2 60 18 31656.12
402.2 160.1 oxacillin 1 60 18 31656.12
402.2 243.1 oxacillin 2 60 18 31656.12
436.2 160.1 cloxacillin 1 60 18 31656.12
436.2 277.1 cloxacillin 2 60 18 31656.12
470.1 160.1 dicloxacillin 1 60 21 31656.12
470.1 311.1 dicloxacillin 2 60 21 31656.12
415.2 199.1 nafcillin 1 64 20 31656.12
415.2 256.1 nafcillin 2 64 51 31656.12

518 160 Piperacillin 1 60 15 31656.12
518 143 Piperacillin 2 60 20 31656.12
462 246 Azlocillin 1 60 17 31656.12
462 218 Azlocillin 2 60 26 31656.12
381 222 Methicillin 1 40 21 31656.12
381 165 Methicillin 2 40 25 31656.12
209.2 166.2 2-NB-SEM 1 80 14 31656.13
209.2 192.1 2-NB-SEM 2 80 16 31656.13
236.1 133.9 2-NB-AOZ 1 80 17 31656.13
236.1 103.9 2-NB-AOZ 2 80 31 31656.13
249.2 134.1 2-NB-AHD 1 80 17 31656.13
249.2 104.1 2-NB-AHD 2 80 27 31656.13
335.2 291.1 2-NB-AMOZ 1 80 17 31656.13
335.2 262.2 2-NB-AMOZ 2 80 23 31656.13

RUO-MKT-02-14911-ZH-A
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XIC from 2022-31656.3.wiff
6.0et3
5.5e6
5.0e6
4.5e6
4.0e6
3.5e6

3.0e6

Intensity, cps

2.5e6

2.0e6

1.5e6

1.0e6

5.0e5

JUL

35 4.0 45 5.0 5.5
Time, min

0.0e0

2.0 25

[ 1. 7K 28 i P s S T s B R I T B (GB 31656.3-2021)

XIC from 31656 4.waff

»
Fed

ded

Jed

Intensity, cps

2ed

5 [ 7 3 g 10 11
Time, min

12, FE A S PN IR R A T ] (GB 31656.4-2021)

p3



SCIEX

The Power of Precision

XIC from 31656 4-test wiff XIC from 31656.9.wiff
4. Dedh =
3,504 1423 1
3.0e4 12651
Z 2.5ed ] g 105
5] =]
2 20e4 2 B0ty
& z
= 1.5e4 ] = Bled
1.0e4 4.0ed 4
o - A
0.0=0 L . 0.0e0 : : : : : : . .
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Time, min Time, min
3. S A2 AR E B T 8 (GB 31656.5-2021) El6. LB nAe — FH TR ER R U T 8] (GB 31656.9-2021)
XIC from 2022051 1-est wiff XIC from 31656, 10Hestvaff
ey 4Dty
6.0ed 15e4 ]
5 0ed 304 ]
% 4.0ed ] g 254
£ 2 20e4]
g 3,024 ] s
= = 15ed ]
2 0ed ]
1.0e4
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0.0e0 f T 1 . ¥ et L 7 t " " . 0.0eD . " ' . , . .
25 30 35 40 45 50 55 60 65 70 75 B0 1 2 3 4 5 3 7
Time, min Time, min
liEl4. FE AL S mE RO P e 177 [ (GB 31656.7-2021) 7. EYE AU 2 R B E AU 77 [ (GB 31656.10-2021)
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B
Be5
2.0¢6 -
Beh 4
g 15667 2 45
° g
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2 2 35 |
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XIC from 20220512-31656_12_wiff Calibration for Tetracycline 1: y = 3380.46617 ...(r = 0.99874, r* = 0.99748) (weighting: 1/ x)
1.1e5
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8.0e4
" 7 Oed 1.5e6
&
= 6.0e4
2
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[E19. AE A A B I 2E Y R U 77 [ (GB 31656.12-2021) 11, VUER A 4R M O] Hh 47 GB 31656.11-2021)

F22. [arAR AR R (n=6)

XIC from 31658 13 waff
118 &%) TRIEE g THEEE
] g (g/ke)  [FINCE%)  (mE(%)
2005 | s bR 5.0 92.13 1.56
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Quantification of Whey Protein Content in Infant Formula

by CE-SDS

Gao Tie," Chen Hongxu,' Wu Jianhua,' Feng Ping?
1 CE & Biopharma, SCIEX, China
2 Wyeth Nutrition, China

Introduction

Milk is almost always the first source of protein for human growth
and development. Mammalian milk includes two major groups

of proteins: whey proteins, a family of globular proteins, and
casein proteins, a family of phosphoproteins. They are found in

a roughly 60:40 ratio in human milk and in other ratios in other
mammalian milks. Whey proteins are also a standard component
of most infant formulas. According to the People’s Republic of
China National Food Standard GB 10765, milk-based infant
formula refers to liquid or powdered products made mainly from
milk and milk protein products; with addition of adequate amount
of vitamins, minerals, and/or other ingredients; and produced
and processed by physical methods only, that is suitable for
normal infants.

(i
I

Figure 2. PA 800 Plus Pharmaceutical Analysis System

To verify the claims of infant formula vendors and ensure the
quality, safety, and efficacy of infant formula, it is essential

to have an accurate method for measuring whey content.
Previously, however, there was no reliable method to separate
the two major protein types and quantify the whey protein
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Figure 1. Electropherogram of infant formula.
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content. The challenge was compounded by pasteurization,
during which the Maillard reaction can cause proteins to form
complexes with sugars. These complexes make effective
separation of the various proteins even more difficult.

This note explores an effective, practical method based on
capillary electrophoresis—sodium dodecyl sulfate (CE-SDS)—
for separating and quantifying the whey protein content in infant
formula. Analysis using the CE-based SCIEX PA 800 Series
Pharmaceutical Analysis System clearly separated whey,
casein proteins, and immunoglobulins (Figure 1), and provided
accurate, reliable quantitation of the whey proteins. The method
was validated across multiple laboratories and demonstrated

to be reliable and reproducible.' This method was approved by
the AOAC Expert Review Panel for Stakeholder Panel on Infant
Formula and Adult Nutritionals (SPIFAN)."

Key Features

e CE-SDS on the PA 800 Plus system provides excellent
separation resolution, clearly separating the whey proteins,
casein proteins, and immunoglobulins in both protein standard
and infant formula samples

* Separations are relatively fast; under 30 minutes in the
case of this analysis

* Validation across multiple laboratories found the method
to be reliable and reproducible

Experimental

Reagents and Supplies

The SDS-MW Analysis Kit (SCIEX, P/N 390953) supplied the
capillary, SDS gel buffer, 10 kDa marker, MW marker, and
sample buffer. Contents are listed in Table 1. Other reagents
and supplies included: B- mercaptoethanol (SIGMA P/N M7154
or M6250); milk protein standards (SIGMA: a-lactalbumin,
L6010; B-lactoglobulin, L3908; IgG, 15506; BSA, A1933;
B-casein, C6905; aS-casein, C6780; k-casein, C0406. ALAR
Ingredients: CGMP). Infant formula was provided by a local dairy
manufacturer. Deionized water (Millipore).

( SCIEX

Sample Preparation

Milk protein standard mixture

Milk proteins were weighed and dissolved in water according
to the infant formula ratio.

Infant formula

Infant formula (100 mg + 4 mg) was added to 1.5 mL centrifuge
tubes. Water (1 mL) was added to each tube. Tubes were
vortexed and oscillated until the infant formula was fully
dissolved.

Sample running pre-solution

Sample pre-running solution was prepared by mixing sample
buffer and the 10 kDa Marker (internal standard), both from
the SDS-MW Analysis Kit, in an 84:1 ratio.

Denaturation

10 pL of each sample solution was pipetted into separate 1.5 mL
microcentrifuge tubes. 85 L of sample running pre-solution and
5 pL of B-mercaptoethanol were added to each microcentrifuge
tube. Each tube was mixed well and then heated in a water bath
at 100° +5° C for 10 minutes. The tubes were allowed to cool

to room temperature and then vortexed. Finally, each sample
was transferred to a separate injection vial.

Items Part Number
50 um ID capillary column 338451
SDS Gel Buffer A30341
10 kDa marker A26487
MW marker A22196

SDS sample buffer
0.1N NaOH
0.1N HCI

Table 1. ltems in SDS-MW Analysis Kit

{I_Inr?:] Ewent Walue Dwration I::iI:lt D;:Tt Summary Comments
1 Rinze - Pressune 200 psi 10.00 rnin BI:D1 BO:D1 forwarnd 0.1 M MalH rinze to clzan capillary surface
2 Rinze - Pressune 20,0 psi 5.00 rmin BIET BO:E1 farwand 0.1 W HCl ringe to neutralize capillary surface silanol group
3 Rinse - Pressure 2000 psi 2.00 min BI:F1 BO:F1 forward ddH20 ringe to remove the acid residue
4 Rinze - Prezsune 0.0 psi 10.00min  BEBET BO:B1 forwand 505 Gel rize to fill the capillary
[ 0.00 Separate - Yoltage 150k 1000 min : BECT BO:C1 5.00 Min ramp, reverse polanty, bath  : SDS Gel for voltage equilibration
5

Figure 3. Column conditioning method.
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Separation and Detection

All separations were carried out on a capillary electrophoresis-
based SCIEX PA 800 Plus Pharmaceutical Analysis System
equipped with a photodiode array (PDA) detector operated at
220 nm, 2 Hz. Aperture was 2 (100 x 200 ym). The system was
equipped with a fused-silica capillary column (50 um ID, 30 cm
total / 20 cm effective length). Sample storage and capillary
temperatures were both 25° C. Conditioning and separation
methods are show in Figures 3 and 4, respectively.

Data Analysis

Data analysis was performed using SCIEX 32 Karat Software.
Integration

Integration was carried out with Caesar integration off.

The electropherogram of the protein standard mixture was
integrated. Migration of the whey and casein proteins are
defined by the comparison to the E-grams of every single
protein standard shown in Figure 5.

For the infant formula electropherogram, the autointegration start
point was after the solvent peak and approximately 0.4 minutes
before the 10 kDa marker peak. The auto integration end point
was the end of the casein protein peaks group, the position of
which was defined according to the standard mixture. Manual
integration was performed for high MW whey proteins that
eluted after the casein proteins.

( SCIEX

Calculation

Whey protein content in the infant formula was calculated
using the following equations:

Aw.c. = 1.4 x Aw (1)

where: Aw.c. = corrected integrated area of the
whey components

Aw = total integrated area of the whey components

1.4 = correction factor

Whey protein % = Aw.c./(Aw.c.+Acn)x100 (2)

where: Acn = integrated area of the casein components

The correction factor is used to adjust the response factor
difference of whey proteins and casein proteins when detected
at UV 220nm, since caseins contain more aromatic amino
acids (t) which contribute higher response for the amount

to area than whey proteins do.

Results and Discussion
Milk Protein Standard Mixture

The milk protein standard composed of whey proteins
(a-lactalbumin, B-lactoglobulin, CGMP, I1gG, and BSA) and
casein proteins (B-casein, aS1-casein, aS2-casein, k-casein)
were analyzed by CE-SDS. All the casein proteins migrated
between the IgG light chain and IgG heavy chain. The whey
proteins and casein proteins were completely separated from
each other (Figure 5).

Infant Formula

The electropherogram of the infant formula sample was
previously shown in Figure 1. Whey protein content was
calculated to be 61.97%, in line with the whey protein
content of natural human milk.

.[[llanne] Ewent WYalue Duration I:::Il D\t’::‘lat Summary Comments
1 Finse - Pressure 70.0 psi 3.00 rmin BLD1 BO:D1 farward. In A Dok wial inc 8 0.1 M NaDH rinse ta clean capillay surface - Automatic increment every 8 runs
2 Finse - Pressure 70.0 psi 1.00 min BLE1 BO:E1 farward. In # Dot wial inc 8 0.7 M HCl rinse to neutralize capillary surface silanal group - Automatic increment every 8 runs
3 Finze - Pressure 0.0 psi 1.00 min BLF1 BO:F1 forward. In # Dok wial inc 8 “wiater ninge to remove the acid residue - Automalic increment every 8 wns
4 Finze - Pressure 0.0 psi 10.00 min i BLE1 BO:E1 forward. In # Dok wial inc 8 505 Gel nnze to fill the capillany with S0S gel - Automatic increment every 8 runs
5 wait 0.00 min Bl:Al BO:a1 In/ Out wial inc 8 ddHZ0, usze for dipping to clean capillan tip - Automatic increment eveny 8 runs
B wait 0.00 min Bl.ad BO:ad In/ Out wial inc 8 ddHZ0, usze for dipping to clean capillan tip - Automatic increment eveny 8 runs
7 Inject - Voltage 50K 20.0 sec Slal BO:C1 Owerride, ieverse polarity Sample injection
g “Wwait 0.00 min BIE4 BO:B4 I/ Out vial inc 8 ddH20, usze for dipping to avoid zample came over - Automatic increment every 8 runs
g 0.00 Separate - Yoltage 150KV 3000 min  :BICY BO:C1 1.00 Mir ramp, reverse polarity, botk, In # Out vial inc 8§ SD5 Gel for separation - Automatic increment every 8 runs
10 5.00 Altozem
11

Figure 4. Separation method.
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ggggg <« Whey —> Casein | —> < Whey =

0.0075 B-Casein
0.0070 10kDa Marker

0.0085 a-Lactalbumin /

0.0060
0.0065
0.0050

0.0045
0.0040 C,ESMP / lgG heavy
0.0035 n chain

aS2-Casein
0.0030
0.0025

BSA
0.0020 ﬁ chai / k-Casein /

0.0015 |\ J\Aﬂ f /!
oot | k/\,\ L_u, A | 'J\/\\’\TA‘“—-L

0.0006 — ]
0.0000

B-lactoglobulin aS1-Casein

AU

IgG light
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Minutes

Figure 5. Electropherogram of protein standard mix. The first integrated peak is the 10 kDa marker.
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Foodomic Study of Different Varieties of Quinoa Based on

ZenoTOF™ 7600 System
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Determination of Irganox compounds extracted from food
packaging using 4 food simulants

Quantification of Irganox chemicals using the QTRAP 6500+ system

Lakshmanan Deenadayalan!, Sashank Pillail, Jessica
ISCIEX, India; >SCIEX, UK; *SCIEX, Germany

Introduction

This technical note demonstrates the accurate and precise
quantification of 16 Irganox compounds spiked into food
simulants and in a plastic food packaging extract. Most Irganox
compounds met the acceptable accuracy (70-130%) and
precision criteria (%CV <15%) when quantifying from a single
solvent external calibration curve, eliminating the need for
matrix-matched standards. The lowest calibration standard
measured ranged from 0.025 to 0.50 ng/mL, demonstrating the
sensitivity of the QTRAP 6500+ system.

Human health can be impacted by chemicals that migrate into
foods and beverages from food contact materials (FCMs), such
as wrappers and containers. Understanding the risk of FCM
chemicals requires sensitive and accurate analytical methods.
Extractables are chemicals that are released when the FCMs are
stressed, such as using solvents, elevated temperatures, solvent
exposure time and agitation. Conversely, leachables are
chemicals that migrate under ambient conditions.

Smith?, Jack Steed? and Jianru Stahl-Zheng?

The method presented in this technical note focuses on
extractables found in food packaging. The method was
developed for the quantification of a diverse suite of 16 Irganox
compounds found in food packaging using 4 food simulants, as
outlined by the EU regulations.*

Key features of the QTRAP 6500+ system for
the analysis of Irganox compounds

e Two external calibration curve preparations that were
dependent on compound-specific solubility were used to
analyze food packaging samples in 4 different food simulants,
based on EU regulations

The sensitivity of the QTRAP 6500+ system enabled accurate
quantification below the 10 ng/mL EU regulatory level

Linearity was observed between 0.025 and 50 ng/mL with a r?
value >0.99

Post-spike sample accuracy was observed between 70% and
130% with %RSD <15% when quantified using an external
calibration curve (n=6)

1.2¢ " . 1.Irganox MD1024 6. Irganox 5057
% Positive pOIa”ty 4 2.Irganox 1098 7. Irganox 1010
1.0e8 4 Concentration: 50na/mL 3. Antioxidant 425, 8.lrganox 1330
g” Irganox 1081 9. Irganox E201
o 8.0e7 4 4. Irganox 259, 10. Irganox 565
':; 2 Irganox 3125 11. Irganox PS 800
= 6.0e7 - 5. Irganox 3114
S
= 4.0e7 A
1
2.0e7 A 5 6 8 10
3 N i 7 9 11 A
0.0e0 . . — e . LL—’\ , : . \
1 2 3 4 5 6 7 8 9 10 11
Time. min
¥ Negative polarity |3 1. Irganox 1425
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< 3. Irganox 1520
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Figure 1. Overlaid extracted ion chromatograms (XICs) of 16 Irganox compounds. Positive ion (top panel) and negative ion (bottom panel)

pl

analytes were acquired in electron spray ionization (ESI) mode and are shown for a 50 ng/mL standard.
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Methods

Standard preparation: All standards were weighed to
approximately 1 mg, dissolved in 1 mL of methanol and
sonicated for 5 min. Irganox 1529 (n-hexane) and Irganox E201
(ethanol) were available as neat standard solutions. A 50 pg/mL
mixed standard was prepared from the individual stock solutions
with a final solvent composition of 10:90 (v/v), water/methanol.

Calibration curve preparation: Stock solutions were prepared
in methanol and spiked into calibration solution 1 or 2, depending
on compound-specific solubility. Calibration solutions were
composed of 50:50 (v/v), water/ethanol with 3% acetic acid by
volume (calibration curve 1) and 50:50 (v/v), water/ethanol
(calibration curve 2). Thirteen of the 16 Irganox compounds were
prepared as described for calibration curve 1. The final
calibration curves ranged from 0.025 to 50 ng/mL.

Food simulant spikes: Compounds were spiked into each of
the 4 food simulants to yield final in-sample concentrations of
0.10, 1.00 and 2.5 ng/mL but were then diluted using the
appropriate solvent in a 1:2 ratio to ensure complete solubility
(Table 1). Therefore, the final in-vial concentrations were 0.033,
0.33 and 0.83 ng/mL. The food simulant spike samples were
quantified using both calibration curves 1 and 2.

Food packaging material extract preparation: A 1 g sample of
a plastic food packaging material (yogurt container) was weighed
into each 10 mL glass centrifuge tube and 10 mL of each
simulant was added (Table 1). The tubes were vortexed for 5
minutes and incubated at 40°C for 24 hours. Samples were
filtered through a 0.22 pm syringe filter and diluted using the
appropriate dilution solvent in a 1:2 ratio (Table 1).

Post-extraction spike of food packaging material: Extracts
were prepared as described above. The final extract was spiked
with the mixed Irganox standard to yield an in-sample
concentration of 10 ng/mL. The resulting solution was then
diluted with the appropriate solvent in a 1:2 ratio (Table 1).

Table 1. Food simulants and dilution solvents used to evaluate
plastic materials or articles intended for food contact based on
the EU commission regulation (10/2011).

Food simulant Dilution solvent

3% Acetic acid (w/v) 100% Ethanol

10% Ethanol (w/v) 50 % Ethanol with 3% acetic acid

20% Ethanol (w/v) 50 % Ethanol with 3% acetic acid

Samples were injected without

50% Ethanol (w/v) dilution

Chromatography: The ExionLC AD system was used with a
Phenomenex Luna Omega Polar C18 analytical column (C18
100A, 3 um, 100 x 4.6 mm). In addition, an Agela Ghost Hunter
column (50 x 4.6 mm) was used as a delay column to separate
the analytical peak from the LC pump contamination. The LC
gradient conditions used are shown in Table 2. Mobile phase A
was water with 10mM ammonium formate and 0.1% formic acid
by volume. Mobile phase B was methanol. The flow rate was 0.8
mL/min and the column oven temperature was 40°C.

Table 2. LC gradient used for the separation of 16
Irganox compounds.

Time (min) %A %B
0.01 10 90
1.0 10 90

2.0 2 98
10.5 2 98
10.6 10 90
12.0 10 90

Mass spectrometry: Samples were analyzed using the SCIEX
QTRAP 6500+ system with electrospray ionization (ESI) and
polarity switching. Data were acquired using the Scheduled
MRM algorithm. The target scan time was 0.80 sec for positive
polarity and 0.30 sec for negative polarity. The optimized source
and gas parameters and compound-specific MRM parameters
used are shown in Tables 3 and 4, respectively.

Table 3. Optimized source and gas parameters.

Parameter Value
Curtain Gas 40 psi
CAD Gas Medium
lon Spray Voltage 4500/-4500 V
Temperature 500°C
GS1 90 psi
GS2 35 psi

Data processing: All data were processed using SCIEX OS
software, version 2.1.6. For the consistency with the EU
regulations, concentrations are reported on an in-sample basis
which is representative the method sensitivity, whereas the in-
vial concentrations represent the instrument sensitivity.
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Table 4. Optimized compound-specific parameters used for

analysis.

Compound (n?/lz) (n?fz) DP(V) CE(V) CXP(V)

Irganox PS 800 515.4 329.2 150 20 13
Irganox 1010 1194.8 785.4 130 73 13
Irganox 1330 792.6 219.1 125 37 12

Irganox MD1024 5534 237.1 120 38 10
Irganox 565 589.3 250.0 160 62 15
Irganox 5057 394.3 134.1 195 50 10
Irganox 3125 1059.6 762.4 100 44 14
Irganox 1098 637.5 581.4 130 32 11
Irganox 259 656.6 415.3 80 34 10
Irganox 1081 359.0 139.1 40 28 8
Irganox E201 431.1 165.1 120 37 10

Antioxidant 425 386.3 135.1 20 26 16
Irganox 3114 801.5 7845 88 20 12
Irganox 1425 327.1 299.1 -115 -33 -11
Irganox 1035 641.3 423.2 -130 -42 -13
Irganox 1520 423.2 145 -60 -21 -11

Chromatographic separation

Good separation was achieved for the 16 Irganox compounds
using an optimized chromatography method (Figure 1). A fast

polarity switching method was used to acquire data for both
positive and negative ion compounds in a single injection. A
delay column was introduced after the mixing chamber to reduce

the background interference from the mobile phases, thereby

improving the method detection limits.

Calibration for Irganox 1425_071:y = 8.58887e4 x + 2.4 (r = 0,99927, = 0.99854) (weighting: 1/ x"2)

Area

4.0e6

3.5e6

3.0eb 4

2.5eb 4

2.0e6 4

1.5e6 4

1.0e6

5.0e5 4

0.0e0 -

10 15 20

25

30

35

40

45

Concentration [PPB)

Figure 2. lllustrative calibration curve for Irganox 1425. The calibration
curve was prepared using 50:50 (v/v), water/ethanol with 3% acetic acid
(calibration curve 1) as diluent over the range of 0.025-50 ng/mL. An r?
value >0.99 was achieved.

Calibration curve sensitivity and linear
dynamic range

Calibration curves were generated for all compounds analyzed
across a concentration range of 0.025 to 50 ng/mL. Standards
were prepared in the calibration 1 diluent (50:50 (v/v), water/
ethanol with 3% acetic acid by volume), unless specified. Table 5
shows the accurate quantification achieved across this range
with an r? value >0.99. The lower limit of quantification (LLOQ) is
represented by the lowest standard analyzed in the calibration
range and this value varied from 0.025 to 0.5 ng/mL across
Irganox compounds. Figure 2 shows an example calibration
curve using the quantifier transition for Irganox 1425, which
demonstrates the linear dynamic range of 0.025 to 50 ng/mL and
r2>0.99.

Table 5. Linearity range and correlation coefficient (r?) achieved
for the 16 Irganox compounds.

c Linearity Corre‘Ia‘tion

ompound range (ng/mL) coef(frlzglent
Irganox PS 800 0.250-50 0.991
Irganox 1010* 0.500-50 0.993
Irganox 1330 0.050-10 0.990
Irganox MD1024 0.100-50 0.995
Irganox 565* 0.025-50 0.992
Irganox 5057 0.050-25 0.993
Irganox 3125 0.100-25 0.990
Irganox 1098 0.100-50 0.999
Irganox 259 0.025-50 0.996
Irganox 1081 0.500-50 0.998
Irganox E201 0.250-50 0.996
Antioxidant 425 0.050-50 0.997
Irganox 3114* 0.500-50 0.992
Irganox 1425 0.025-50 0.999
Irganox 1035 0.025-50 0.991
Irganox 1520 0.050-25 0.991

Note: All Irganox compounds were quantified using calibration curve
1 (50:50 (v/v), water/ethanol with 3% (v/v) acetic acid) except for
those denoted with an asterisk, which were quantified using
calibration curve 2 (50:50 (v/v), water/ethanol).
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Accurate and precise quantification of
Irganox compounds in food simulant spikes
using a single solvent calibration curve

Excellent accuracy (70-130%) and precision (%CV <15%) were
achieved for 13 of the 16 Irganox compounds in all 4 food
simulant spikes when quantified with the calibration curve 1
solutions (Table 6). The remaining 3 compounds (Irganox 1010,
565 and 3114) showed good accuracy and precision with either
calibration curve 1 or calibration curve 2 solutions, depending on
the food simulant matrix. Excellent precision based on 6
replicates was achieved at the LLOQ of all compounds spiked in
each food simulant. These results demonstrate that good data
quality can be achieved for most Irganox compounds using a
single solvent curve across the diversity of food simulant
matrices specified in the EU regulations. Removing the need to
run individual matrix-matched curves can save significant sample
preparation and analysis time.

400

Food packaging material spikes

Overall, the 10 ng/mL post-extraction spikes of the
representative plastic food material (for example, yogurt
container) showed good accuracy among the 4 food simulants,
indicating minimal quantitative bias due to the matrix (Figure 3).
The individual data points in Figure 3 represent the average of 6
replicates per Irganox compound. The 10% and 20% ethanol
food simulants showed 70-130% accuracy for all compounds
except for Irganox 1010 in the 10% ethanol simulant. The 50%
ethanol and 3% acetic acid extracts showed 3 and 4 Irganox
compounds outside the 70-130% acceptable range, respectively.
No Irganox compounds were detected in the yogurt container,
prior to spiking.

It is recommended to analyze the Irganox compounds with
accuracies that failed to meet the 70-130% accuracy criteria
using matrix-matched calibration or with mass-labeled internal
standards. Overall, these findings demonstrate that the majority
of the Irganox compounds in the 4 food simulants can be
accurately quantified without the need for internal standards.

300

200

Average accuracy (%)

100

0 I I

é,\b
v
.'\\0
&
o

S°

Figure 3. Average accuracy (n=6) of post-extraction spikes from the plastic yogurt container. Final extracts were spiked to yield 10
ng/mL in-sample and then diluted 2:1 with the compatible diluent solvent. Dots represent averages for individual Irganox compounds and the

curve width represents approximate frequency of data points.
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Table 6. Average accuracy and %CV (n=6) for all 16 Irganox compounds at the lowest measured concentration. Concentrations are
reported on an in-sample basis.

Simulant 3% Acetic acid 10 % Ethanol 20 % Ethanol 50% Ethanol
In-samplg Avg. accuracy In-sampl_e Avg. accuracy In-samplg Avg. accuracy In-samplfa Avg. accuracy
Analyte concentration (%CV) concentration (%CV) concentration (%CV) concentration (%CV)
(ng/mL) (ng/mL) (ng/mL) (ng/mL)

Irganox PS 800 1.00 119 (11) 1.00 120 (13) 1.00 124 (13) 1.00 94 (5.6)
Irganox 1330 1.00 114 (3.0) 1.00 121 (2.8) 1.00 120 (3.1) 0.025 112 (3.3)
Irganox MD1024 0.10 113 (1.9) 0.10 108 (6.8) 0.10 109 (2.7) 0.025 100 (5.9)
Irganox 5057 0.10 115 (3.7) 0.10 117 (8.4) 0.10 122 (4.0) 0.025 122 (9.1)
Irganox 1098 0.10 118 (12) 0.10 115 (7.9) 0.10 107 (1.5) 0.025 100 (1.8)
Irganox 259 0.10 114 (2.4) 0.10 111 (2.2) 0.10 110 (2.4) 0.025 108 (0.8)
Irganox 1081 1.00 105 (13) 1.00 101 (11) 1.00 112 (11) 1.00 105 (5.0)
Irganox E201 1.00 103 (4.8) 2.50 113 (3.1) 2.50 113 (9.7) 1.00 125 (3.4)
Antioxidant 425 0.10 95 (13) 0.10 88 (6.4) 0.10 86 (12) 0.025 70 (3.3)

Irganox 1425 1.00 108 (4.1) 1.00 112 (2.9) 1.00 108 (3.4) 0.10 79 (11)
Irganox 1035 0.10 111 (9.6) 0.10 109 (11) 1.00* 95 (5.3) 0.025 106 (13)
Irganox 3125 1.00 106 (6.2) 1.00 104 (5.6) 1.00 103 (5.6) 0.10 91 (6.9)
Irganox 1520 1.00 117 (3.0) 1.00 103 (2.5) 1.00 105 (2.3) 0.025 117 (6.0)
Irganox 1010 2.50*% 106* (8.4) 2.50 106 (12) 2.50 96 (2.4) 1.00* 118+ (7.3)
Irganox 565 1.00 96 (7.9) 1.00* 95* (2.6) 1.00* 85* (7.4) 0.025* 90* (5.9)
Irganox 3114 1.00* 114* (5.4) 1.00* 121* (2.6) 1.00* 117* (3.3) 1.00* 89+ (2.9)

Note: All Irganox compounds were quantified using calibration curve 1 (50:50 (v/v), water/ethanol with 3% (v/v) acetic acid) except for those
denoted with an asterisk, which were quantified using calibration curve 2 (50:50 (v/v), water/ethanol).
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Conclusions

A fast polarity switching method was developed to
analyze 16 Irganox compounds in a single method

The SCIEX QTRAP 6500+ system provided excellent
sensitivity, reproducibility and linearity when quantifying
Irganox compounds in different food simulants and
post-extraction spikes in a plastic food container

Two solvent-based external calibration curves were
used to evaluate Irganox compounds in different
simulants. Matrix-matched calibration curves were not
required.

R? values >0.99 were achieved for all compounds with
%CV <15% across 6 replicates at the lowest measured
concentration in all simulants, meeting the EU
regulation requirements
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Application in Screening of Packaging Material Extracts Based
on X500R QTOF High Resolution Mass Spectrometry

RETERE » 2210 E > FLE
Zhao Xianglong, Li Lijun, Guo Lihai
SCIEX China

Key words: X500R QTOF, packaging material, extracts,
screening
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The Power of Precision

B oo PR HV 1258 B L& YIHILC-MS/MS TR E = 7 7%
A Rapid Quantitative Method of LC-MS /MS for 12 kinds of
phenolic compounds in Food packaging material

TR SAFT - BE BUKER FanE

Li Xinglint, Jin Lili?, Yang Zong?, Liu Bingjie!, Guo Lihai!
SCIEX Chinal
Bz B i@ e I E R E e (EI) 2

National Reference Laboratory for Food Contact Material (Changzhou)?

Keywords: SCIEX Triple Quad; Food packaging material; phenolic
compound
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5 ng/mLAT110 ng/mL={EEERELL - FHEREEET - IFEEL
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HIY(E82.1%~109.1% 2 [H] » MHEMEEZELES% (n=6) LIA ©

1. gy
1.1 BESLAEEE

KITEBSE B AKE R LS ETER BB
(GRS A 2 B2 I GB 31604.11GB 5009.156/VAH E » i 122
LB (BRI SRASRRIZE > TIA80%REER/K » £40°C
THEI%10K » BEUEM R E SR KE RSB > 181502 um
TEHEAEER - DILROE (- R E R HONE

1.2 @tk
LT © Phenomenex Kinetex F5, 2.6 um, 100 mm X 3.0 mm
SREIHH © A K (SmMZEESE) B HIEE
R - 40°C
SRR - BB (FRD)

KL RSB

Time (min) Flow(mL/min) B (%)
0 0.3 50
1 0.3 70
2 0.3 90
5 0.3 90
5.1 0.3 50
7 0.3 50

pl



-
_SCIEX

The Power of Precision

1.3 EpLik
JRf 5 - EIEFEEEE (electrospray ionization, ESI)
Bl

IE/E

BETIRSE
HESA (CUR) :30psi s s (CAD) :9 ;

HETERE (TEM) : 550 C 5

FHENINZENVRE (GAS 2) : 55 psi;

IEFEEEL (1S) : 5500V/-4500 V
#(LF (GAS 1) : 50 psis

MRMEE T I

2. FhRAEAR ¢

2.1, (L

EhRsAE L T EREHEGE > Lol T AR - NERSENE
AL DU ENE > R FOEEN (s 2 Phenomenex Kinetex F5 >

2.6 um > 100 mm X 3.0 mm > JREIHH FA RS mmol/LLIEHA N > B
FHEE > SRR T A LEeIERIRI SRS (WEL1FrR) > WHA

S RERREE T - I B R AR

1506

fE 1. 12fEMP L A PRI R s

2.2, @RI~ BRI EE M2

PAZE /KR B s B R 258 > o3 AAINL ng/mL ~ 5 ng/mL
110 ng/mL={EUREH T - SEVEEEE) » TIEEUCEITE
82.1%~109.1% 7 [t » FHEMEAERE (RSD% ) TE5% (n=6) DAA » &
EpeE RERIAZ T EE ARSI EUER D R RAFIRRENM: (05R2Fh
) o 127E R LAY B IR 4R [0 (A 35 2 500,995 DA

(@ 2fR) o RAGHERT - ZE T4 DUn e 4GB
31604.50-2020/(1GB 31604.10-2016/YE & HITEK -

RUO-MKT-02-14598-ZH-A

2. LI LAY FIRE T HIDIEREIEREE R

1 ng/mL 5ng/mL 10 ng/mL

[E[ir RSD [H[yz RSD  [Hli RSD
E% % E% % E% %

1 EEFRE-T4EOKEDHEE 887
2 A 4R KHEUEEE 960 233 1032 3.02 919 258
EERIA-(2,3- ZFEEA

7 ({sr=x?|
5 i

4.67 109.1 297 103.5 2380

3 e i 873 373 909 266 1054 235
4 %EQAQXTS;?&%%% 101.0 460 957 325 987 111
5 3-ring noge 879 319 836 394 1079 147
6 4-ring noge - - 1089 4.41 935 2.69
7 A 865 345 978 232 1022 136
8 L) 108.8 291 874 285 859 2.60
9 EERDF 1059 430 836 345 913 287
10 A 912 477 81 459 976 276
11 SEE 945 346 872 326 102.6 1.54
12 AR - - 891 439 1038 219
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2. 12fE P L SRR AR

3. /NG

ARIZERFHSCIEX ExionLC™ 2.0+FISCIEX Triple Quad™ System?Z#

I T e EEM R R R EPRTRERE B TTE - ZITAR
MEALT CERERR R > BAEERERE  BRES - OHTERE

Bt EIRVELF AL o 305 A e UK R FE#EGB 31604.50-2020/1GB
31604.10-2016VE A8 Z0K - B & SE M P eS0T 57
Mg EEEENSEEE -
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i 1R 5 PR T2 ST
- L&Y Q1 Q3 DP CE 1. BRZEEREE &R R EREERA] > e
) -
- B (m/z) (m/z) (V) (eV) 31604.1-2015
3301 1832 31 19 2. BILEEIZEEAE iR S e e TR T A
1 i - — 4K - BonZe o SNuTRt 74t Senn e PR TH ravisl
= -4 bl i
330.1 133.2 31 10 HIl » GB 5009.156-2016
= -4 )
358.1 1351 36 10 7E ° GB 31604.10-2016
e - TR N =
3 EEJTA (Z;igfgﬁ%ﬁ%)zﬁ 376.1 209.1 37 19 4. B SLEHERDRL R SRR S AHIE  GB 31604.50-2020
i )
o 376.1 1351 37 10
LA A T o W= e W (T = Y e
SETAT 2\ 9= 52\ L~ 72y &) 1
430.1 227 32 18
4
B 4301 1352 32 10
492.2 163 90 27
5 3-ring noge
492.2 145 90 31
654 163 100 34
6 4-ring noge
654 207 100 33
227.1 212.1 90 -24
7 A
227.1 133 90 -31
241.1 212.1 -100 -22
8 B
241.1 1109 -100 -37
199 93 -100 -28
9 T
199 105 -100 -28
219.2 133.1 -100 -40
10 THE
219.2 147.1 -100 -34
205.1 106.1 -70 -24
11 AL
205.1 133.1 -70 -29
. , 205.1 133.1 -70 -29
12 R E

205.1 106.1 -70 -24

SCIEXEEFR N A AL (E I RS N2 - IR T3 - B FERTA B S E SR M € - JERUARI BRI IR S5 8y & (R 5@ ] https://sciex.com.cn/diagnostics ©
BT FLAt A AL {E P TIZE © RN ERPRE2ET  AASTHE MR ERAT /SO MaRE - tEFmAHBHATER: - FRSERIRTARE - BR/BIYAB Sciex Pre. Ltd. BUAESSEH /B L FLA B SR M ISR AT 25 A
A A °
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Food and Environmental /SCIEX:
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B oA R Y2918 55 B HEHILC-MS/MSHR IR TE 8 774
A Rapid Quantitative Method of LC-MS /MS for 29 kinds of
Aromatic Amines in Food packaging material

FEFE BFFP B KR FO0E

Li Xinglin®, Jin Lili?, Yang Zong?, Liu Bingjie?, Guo Lihai*
SCIEX China?

B2 B oanfE A R s I E B E Bz (F ) 2

National Reference Laboratory for Food Contact Material (Changzhou)?

Keywords: SCIEX Triple Quad; Food packaging material; 1. FE sy
Aromatic Amines
1.1, BESLE R
KITEBESEIRH 4% Ll e Y T8 B
GRS A (20 B4 I GB 31604.171GB 5009.156/ AR E » #Erf
HEE—ELEY > AhRfEENP RS - K5 ZE 0B (BREZGHD) BRAREE  MA80% A EN4% L1
AL o R N SH R - (Y E AR T A N EEUE F40C T 10K - BHEERHBREIINaEmiEEY) - Het={
Yy o LEAEREE AR B EMEIEN - @0 EREEs s - BE JeReERfsE=UEER - DI s SR E RN E -
T 7~ PP E RS L EE A ARSN  NMEREMEA S MALE
88 By iR 4T & A IR Y s A BE T - (FAHARAHAE A 1.2tk
MER - BT EME RS - OIE RS EERESREE > maA
KR eaB A AEUEEN - RIS &S L aY i ilE Hik

51

alls

fOZEFE @ Phenomenex Kinetex F5, 2.6 um > 150 mm X 3.0 mm

(R BB EE R > IR A A B S B R PREDAH © A 7K (0.05%HIRE) B : ZH5
AR T7 FRHER b B 2 B R AR EGB31604.52-2021 (£ AR FESE 400

O R B 55 BIRA R ES BEHE ) B > BRI SCIEX

ExionLC™ 2.0+F1Triple Quad™ systemZETL T & S EIEEA 29 SRR BRREEAR (K1)

TS &R L EYRIIRE B T775 » %5 EE A DU % (M5 1. PR
1. AIEEERE » 20 S FhEaY - B LUS SR - : . - o
ALK - ime (min) ow(mL/min) (%)
0 0.4 10
2. ARIEERES » SERIEERpgAILAT » & DU & MH B4R , o .
HYELK :
5 0.4 95

3. ARTTERCRE - BEME - RS - o J Bt

N ) 7 0.4 95
WA TEE1055 o LIZE IR BAT 0 4y RIRINO.S ng/mL ~
1 ng/mLAI10 ng/mL={EE ke, » SEEE EMel k] 71 04 10
IR 1E81.2%~107.1% 7 8] > MBI 5 1E5% (n=6) LLPY - 10 0.4 10

RUO-MKT-02-14599-ZH-A pl
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1.3. &350k
R 5= - EEZEEEE (electrospray ionization, ESI) » 1FHE

T

AAESA (CUR) :30psic TiifE%&E (CAD) : 9

HZEE (1s) <4000 Vi BETFURE (TEM) : 600 C

i
®
i

ZEA (GAS 1) : 65 psis

MRMEET-35f FL 3=

B IIZEAGA (GAS 2) 60 psi

2. FhRAEAR ¢

2.1. tEHRARE(L

BERSFAEAL T CFERAE - EhER T RS~ RIEZSRATE
SRR DARORENH - m SR (aE ) /2 Phenomenex Kinetex F5
2.6 um > 100 mm X 3.0 mm > B FsA F50.05% FIEKAE > BRy
ZIE T S LEYRIERIEEY COELFTR) o I HAR
HYREFRAE B - (e B4R T AEE -

e

[ 29755 7 (A e H e HU e 5-h ot [

2.2. 1k ~ [OCRFIEEMEEE
DLZE (4% 2% & AR Y R s 0 43 BIVRTI0.5 ng/mL

1 ng/mLH110 ng/mL={EREH W FEREEE6S - JIFE
Y 7181.2%~107.1% 2 [ » MHEHFEAE A (RSD% ) 1£5%
(n=6) DN - EER&ERFIHZ )7 7A B FEATH AR DL R AT
HITBE 1 29%8 75 T Mg (b & I 58 B8 ASE il 43 [ B (e B 2 31
0.99624 [ (HIE2F/R) > G R - ZEHB AR DURE
TEAEGB 31604.52-2021 1 & B AR -

RUO-MKT-02-14599-ZH-A

0 Catetionfor et o 1+ 9Bt - ST 1= 99, = 9909 bmeihtin:1 /1

2. 20FF E (R HIERAE £

3. /NG

ASCERFHSCIEX ExionLC™ 2.0+A{ISCIEX Triple Quad™ systemZ#
1L T B i B 5 T AR PR A M 0% - 3207 AR R L T
BERER R - BEESHEE  BEUES > o EED > =5
VEAFEEREE o 30778 DU E fEHEGB 31604.52-2021 17 & i I
Ko HhaEREM RS R e I E A ERNSE

SERL -

1L BSZERFEE Rl B s - 6B
31604.1-2015

2. BEREEFERE BB e e TR T A
HIl » GB 5009.156-2016

3. BonZEEmAEE Gl R YRR OB ERHE
GB31604.52-2021

s 20TE5 A (T R B sl 7 S 510 %

(E&YITE Q1(m/z) Q3(m/z) DP(V)  CE(eV)
R 170.2 152.1 80 23
4-F IR
170.2 153.1 80 36
185.2 168.2 80 28
HIR AL
185.2 167.1 80 38
. 1421 125.0 80 31
4-F-2- AT
142.1 89.1 80 48
2255z 144.1 127.1 80 30
144.1 77.1 80 29
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2. 201807 B (AR AVE R T 1 (8D

wax /B Qi(m/z) Q3(m/z) DP(V)  CE(eV) {EEYITH Qi(m/z) Q3(m/z) DP(V)  CE(eV)
L P 226 91.1 70 23 o 136.2 91.1 80 23
MEIEE R 2,4,5- = HRCR
226 121.1 70 47 136.2 121.1 80 39
- B 153.1 107.1 80 24 e 124.1 109.1 70 27
2-FJE-4-THFEH WA AT
153.1 89.1 80 29 124.1 80.2 70 33
R 128.1 93.1 80 23 o 198.2 77.1 70 34
BRI HREAEER
128.1 111.1 80 23 198.2 93.2 70 34
JE 139.1 124.1 70 31 . - 122.2 77.1 80 22
A-FREERR 2,4-— FEE
139.1 108.1 70 63 122.2 105.1 80 25
1992 106.1 80 30 B e 122.2 105.1 80 25
4,4 g R IR 2,6- FAELIRR
199.2 77 80 40 122.2 77 80 22
R 253.1 217 100 46 I 94 77.1 70 22
3,3- &R i
253.1 182.1 100 27 94 51.1 70 31
B » 213.2 180.1 100 33 T 109.2 92.1 70 42
3,3'- FH LI R
213.2 196.1 100 34 109.2 65.2 70 35
4,4'- & H-3,3-H 227.2 120.2 100 22 4,4'- "5 H-3,3- 5 267.2 195.2 90 43
AT AL R Y5E 227.2 178.1 100 31 ZIRHE 267.2 140.1 90 26
P 138.2 123.1 70 27 B 2452 187.2 90 26
3-FIE R 3,3 H A AR R
138.2 106.1 70 44 245.2 230.1 90 42
R 201.2 108.1 90 30 2-[(4-EFEIE)FEPE 199.2 106.1 80 30
4,4 "B TR
201.2 80 90 26 i3 199.2 77 80 40
U 217.2 124.1 90 25 L 199.2 106.1 80 30
4,4-—FH IR 2,250 L R
217.2 200 90 23 199.2 77 80 40
. 108.1 91 75 21 I 109.2 92.1 70 42
R PR
108.1 93 75 38 109.2 65.2 70 35
o 123.1 106.1 100 31
2,4- G FEH
123.1 77.1 100 23

SCIEXEEFRZ BN AL (E I RS N2 - RIE T3 - B I FEPTA R S E H R 8 & - VAR BAS T FIE

> AR P B ({2 5 E R https://sciex.com.cn/diagnostics ©

BT S S {E P TIZE © SR ERPRE2ET « ASTHE MAIREEEAN/BOE MaRE - e FmAHBHATER: - FRSERIRTARE - BRIBIYAB Sciex Pre. Ltd. BUAESS /B L FLA B SR M ISR Y 25 A A
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