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X500R QTOF FOOD TESTING



 

X500R QTOF System with SWATH® Acquisition for 
Pesticide Residue Screening in Fruits and Vegetables 
Xiaojing Sun, Haiyan Cheng, Lijun Li, Wenhai Jin 
SCIEX, Asia Pacific Application Support Center (Shanghai), China 

Introduction 
It is widely accepted that modern Chinese agriculture has a long 
history of excessive chemical fertilizer, pesticide, and herbicide 
use, and this has not only resulted in reduced nutrient content in 
food, but also in a variety of chemical residues that have harmed 
human health. It has been confirmed that pesticide residues may 
interfere with the body's endocrine effects on the immune system 
and hematopoietic system, and can even cause in-vivo fetal 
visceral hypoplasia or deformity in pregnant women. Weighed 
against the benefits of consuming more fruits and vegetables, 
people have recently become more heavily concerned about the 
widespread existence of pesticide residues and the excessive 
damage they can cause to the human body. 

With the continued development and popularization of liquid 
chromatography / mass spectrometry, more and more pesticide 
residue detection technologies are being developed based on 
the LC-MS/MS system. The most commonly used pesticide 
residue screening method includes the MRM-IDA-EPI system, 
which is based on QTRAP® system and high resolution TOF-
IDA-MSMS technology. While the SWATH technology is based 
on high-resolution systems, it also combines the advantages of 
IDA and MRM by dividing the mass range of the parent ion into 
multiple mass windows and allowing all ions in each window to 
collide with each other and fragment, resulting in fragmentation 
information for all ions in the entire mass range. SWATH® 
technology’s measurement of second-order fragmentation differs 
from the IDA, in which only the selected ions are triggered, 
ensuring the continuity of all ion debris and achieving SWATH’s 
second degree of quantification. By customizing the unique 
variable window settings, the size of the mass window is 
automatically adjusted according to the quantity of ions, ensuring 
the collection of high-quality data. 

The SCIEX High Resolution Mass Spectrometry X500R QTOF 
system provides high resolution, high accuracy, high sensitivity 
and high linearity range scan speeds, making SCIEX SWATH 
technology not only popular for protein macromolecules but also 
for small molecule pesticide residue screening. The X500R 
QTOF system uses newly designed SCIEX OS software to 
achieve an all-in-one whole process analysis with instrument 
control, data acquisition and data  

processing. The software has the built-in SWATH method of 

setup and powerful automatic deconvolution capabilities. This 

simple and convenient design meets food safety field use 

requirements. 

Experimental considerations: 

1. Collect and process samples of fruits and vegetables, and
measure the actual SWATH data

2. Prepare Standard Curve, Test 190 Pesticide Standard
SWATH data

3. Screening of Pesticide Residues in Vegetables and Fruits

4. The pesticide residue was quantified at two levels

Sample treatment: 

The QuEChERS method was used to pretreat received samples:  
1 leek, 2 cauliflower, 3 bean, 4 jujube (after washing), 5 jujube 
(not cleaned), 6 pear. 

1
• Weigh10g of mashed sample into a clean tube

2
• Add 10mL of Acetonitrile with 1%  acetic acid,
votex for 1min

3
• Add 1.5g of NaAC, 6g of MgSO4, votex, then
Centrifuge for 5 mins

4
• Precipitate 8mL of supernatant with Agela clean
package

5
• Centrifuge for 5 mins, transfer supernatant for
analysis



Chromatographic Methods 
Chromatography column: Phenomenex Kinetex C18, 100*2.1 
mm, 2.6µm 

Mobile phase: A: Contains 5mM ammonium acetate in water; B: 
Contains 5mM ammonium acetate in methanol gradient elution 

Flow rate: 0.4mL/min 

Column temperature: 40℃ 

Input volume: 10µL  

Time (min) B% 

0 3 

1 3 

2 45 

19 95 

22 95 

22.1 5 

25 5 

Mass Spectrometry Method 
Scanning method: SWATH® Acquisition methods  

Ion source: ESI+source CDS automatic calibration 

Table 1: Ion source parameters 

IS Voltage: 5500V Air curtain gas CUR: 35psi 

Atomizing gas GS1: 55 psi Auxiliary gas GS2: 55 psi 

Source Temperature TEM: 550°C Collision Gas CAD: 7 

Collision energy CE ± CES: 35 ±15V Air curtain gas CUR: 35psi 

Data acquisition and SWATH setup process 

IDA (Information Dependent Acquisition) uses TOF/MS Survey 
Scan to pre-scan.  When a peak ion is successfully triggered and 
detected, the scan mode is switched to Q1 and the parent ion is 
selected to acquire a high sensitivity MS/MS secondary 
spectrum of the target ion. SWATH distributes all the ions into 
successive windows, and all the ions in each window are 
transferred to the collision chamber and broken into second-
order MS/MS debris and then traced back to the parent ion 
through the software’s powerful de-convolution function. Thus all 

of the second-order fragments of all abundant ions can be 
obtained through this technique, which ensures that the 
secondary information of the low-content target is included, 
allowing the trace residue screening to become more complete 
and accurate. 

Unique intelligent variable windows, according to the distribution 
of ions in the sample, set narrow windows in the high density 
distribution areas and set up wider windows in the regions with 
fewer ions to ensure high-quality secondary mass spectra are 
collected for all ions. 

Figure 1 Left IDA schema; Right SWATH schema 

Figure 2 SWATH method settings 

In the SCIEX OS Software, choose “Experiment” and then pick 
the SWATH Acquisition mode. The software then automatically 
lists the required parameters for the SWATH mode. Mass Table 
is for the Q1 window. 

The Variable Window Calculator can be based on TOF/MS‘s 
parent ion to automatically calculate the SWATH smart variable 
window. The mode can be established by copying and pasting to 
the Mass Table, which is a method that is simple, rapid, and 
easy to use. 

Figure 3 TOF/MS’s parent ion 



Figure 4 Variable Window Calculator 

Establish SWATH® Acquisition method and initial test of 190 
varieties of standard pesticide products. 

Figure 5 Chromatogram of 190 varieties of pesticide residue standard 
products collected by SWATH.  

Data Analysis 
1. Qualitative screening

Test SWATH data of 1 (leek), 2(cauliflower), 3 (kidney beans), 4 
(jujube, washed), 5 (winter jujube, unwashed), and 6 (pear).  Use 
X500R SCIEX OS Software to perform data analysis by passing 
four confidence conditions: mass accuracy, retention time, 

isotope distribution and secondary library matching to screen 
pesticide residues in the 6 samples. 

1. Select the standard product data to establish screening
methods; import the screening list

2. Set the quantitative integration parameters

3. Set the library search criteria

4. Set the screening confidence conditions

Q1	Window	

Copy	to	Mass	Table	



5. One time import of all standard product and samples’
SWATH® data to perform screening

6. Filter results through the Mass error, RT, Isotope, Library

7. Obtain he results of screening for each sample

2. SWATH  second degree quantification

Using TOF/MS’s first degree quantitative data in complex matrix 
samples has disadvantages such as high baseline noise and a 
narrow linear range, etc. The SCIEX OS Software in the X500R 
QTOF  system can be used to directly copy and paste the ion 
pairs of compounds when a quantitative method is established, 
obtaining the results of the second quantification by using the 
MRMHR method to process SWATH data. 

Preparation of 190 kinds of pesticide on the standard 
curve1ng/mL~100ng/mL established the second degree 
quantitative SWATH® method to obtain second degree 
quantitative linear relationships, see Fig. 6. 

Figure 6 Quantitative linearity using pyridaben as an example 

For use of the high sensitivity and high selectivity SWATH  
second degree quantitative method to quantify the pesticide 
residues contained in leek, cauliflower, kidney bean, winter 
jujube (washed), winter jujube (unwashed), and pear, please see 
the table below for the pesticide residues contained in the above 
samples. 

Detected pesticides (unit: ng / mL) 

Leek Cauliflower 
Kidney 
Bean 

Winter 
Jujube 
(washed) 

Winter 
Jujube 
(unwashed) Pear 

Carbendazim 8.7 1 1.4 

Insecticide 4.5 

Methylpyrimidine 3.5 

Prometryn 33 

Pyrimethanil 23 270 

Thiophanate-methyl 2.1 

Imidacloprid 1.2 580 3.4 

Propoxur 50 13.7 

Tebuconazole 1.1 4.5 3.4 

Acetamiprid 3.7 5.1 86 

Kresoxim 8.2 15 22 

Streptozotocin 35 18 74 

Buprofezin 160 

Fenpyroximate 61 

Paclobutrazol 140 

Triadimefon 23 

Summary 
The experiment used the SCIEX X500R QTOF system’s SWATH 
technology to screen pesticide residues in six varieties of 
vegetables and fruits, among which leeks, kidney beans and 

Chromatogram	isotope	pattern MS/MS	FIT 

Pyridaben 
r=0.99942	
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jujube contained 6 or more types of pesticide residue.  In 
particular, in the jujube, the imidacloprid content reached 580 
ppb, far exceeding the limits of pesticide residue standards; 
buprofezin and paclobutrazol content also exceeded100ppb. 
Through the analysis of the washed jujube samples we found 
that although the pesticide residue is extremely high, it is 
fortunately possible to be washed off with detergent. Even so, 
the washed jujube still contains more than 10ppb of kresoxim-
methyl and pyraclostrobin.  

This experiment established the SWATH® screening and 
quantitative methods for residues of the190 most commonly 
used types of pesticides for the Ministry of Agriculture risk 
assessment. SWATH technology obtained the primary and 
secondary data of all pesticide residues by entering the samples 
only a single time. The highly sensitive secondary spectra were 
still able to identify each compound in the spectral library and 
obtained the secondary spectra even when the pesticide content 
in the sample was very low, using four confidence conditions: 
mass accuracy, isotope distribution, retention time, and 
secondary library matching to corroborate. 

Any ion’s continuous chromatographic peak data in the SWATH 
secondary spectrum can be used as the basis for quantitative 
data analysis.  When the sample in the first class 
chromatographic peak has matrix interference, SWATH second 
degree quantification can effectively reduce the background 
noise and eliminate interfering ions so that the quantitative 
results are more accurate and reliable. 190 kinds of standard 
curve pesticide residues were profiled, and qualitative and 
quantitative analysis of the 6 samples was performed. 

Setting up the SWATH method is very easy.  One can directly 
establish methods by going to SCIEX OS software’s built-in 
SWATH options, and through the Variable Windows, the settings 
allow the user to intelligently partition the ions’ Q1 mass window, 
to ensure that each ion can receive high quality SWATH data, in 
order to meet the qualitative and quantitative needs. 

References 
1. André Schreiber, SCIEX, Concord, Ontario (Canada), X500R

and SWATH for pesticide screening RUO-MKT-11-4711-A

2. SCIEX, European Union Reference Laboratory (EURL-FV)
Almeria, Spain and the EMEA team, Analysis of Regulated
Pesticides in Baby Food Using SCIEX X500R QTOF
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Use of X500R QTOF for Monitoring Unexpected Additives in 
Nutritional Supplements 
Zhao Xianglong, Cheng Haiyan, Li Lijun, Jin Wenhai 
SCIEX, Pacific Applications Support Center (Guangzhou), China 
 
Introduction 
Nutritional supplements can supplement necessary nutrients and 
are believed to support recovery from illness. Generally, these 
products promote a particular effect or claimed function[1]; thus, 
in typical use, people often incorrectly believe they have a 
definite treatment efficacy. They are often linked to the alleviation 
of certain illnesses. In order to maximize these functions, 
manufacturers may add related drugs in order to increase their 
efficacy without including them as a listed ingredient. According 
to reports and discoveries from actual monitoring cases, 
unexpected additives to nutritional supplements are generally 
selected because they relate to the health product effects or 
address the additive side effects or functions; the additive usually 
takes the form of one or more drug additives, drug derivatives, 
etc.[5]  Because these additives are generally high-dose, drug 
interactions can be unclear. Thus, a great potential hazard exists 
for human health [2-4]; the China Food and Drug Administration 
(CFDA) “Health product potential illegal additives list” clearly 
stipulates monitoring processes for additives in 6 different types 
of nutritional supplements: those with weight loss, blood sugar 
reduction, blood pressure reduction, anti-fatigue, sleep 
improvement, and immune strengthening functions. The purpose 
is to protect consumers’ health. 

SCIEX’s X500R QTOF high resolution mass spectrometry 
system can be used for rapid monitoring of additives in nutritional 
supplements; after sample injection, a first order mass accuracy 
number and second order fragmentation spectrum are 
simultaneously obtained. Currently, over 50 additives can quickly 
be qualitatively confirmed in this way. Matrix interference in 
complex matrices can be overcome for specific screening of 
additives; preprocessing is even simpler and more convenient. 
The new SCIEX OS software fully integrates instrument control, 
data collection, data handling, and other processes. The 
workflow is more intuitive and smarter; this method provides an 
efficient means for rapid, high-throughput monitoring of 
nutritional supplements for additives. 

 

 

 

Experimental Process 
1. Collect samples of 6 types of nutritional supplements 

currently on the market - those with weight loss, blood sugar 
reduction, blood pressure reduction, anti-fatigue, sleep 
improvement, and immune strengthening functions. Perform 
simple preprocessing. 

2. Use TOF MS-IDA MS/MS mode for data collection; after 
sample injection, obtain first order ion and second order ion 
fragmentation spectrograms. 

3. The mass accuracy number, isotope distribution, retention 
time, and standard library alignment are used for positive 
verification of samples and checking the accuracy of sample 
monitoring results. 

4. Monitoring reports systematically summarize sample 
screening results; the report content can be tailored to 
specific requirements. 

 

X500R high-resolution mass spectrometry screening 
workflow: 

 

 

 

1. Both TOF-MS-
IDA-MS/MS  
And  
TOF-MS/MS data 
gathered in the 
same injection 
 
 
2. SCIEX OS is the 
integral software 
used to perform 
this analysis 
 
 
 
 
3. Screening 
results and report 
generation 
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Preprocessing Method 

1. Use tablets ground into a powder, granules from inside 
capsules, or liquid samples; weigh accurately a 1.0gsample, 
and place in a 10mLcentrifuge tube; 

2. Add 5mL acetonitrile and agitate 2 min;   

3. Vortex 2 min;  

4. Centrifuge at 4℃ at 10000 Rpm for 15min;  

5. Dissolve the supernatant 1-fold; 

6. Pass through a 0.22µm filter and directly inject sample;  

 

Liquid Phase Conditions 

Chromatographic Column: Phenomenex Kinetex C18, 
2.1*100mm, 2.6µm;  

Elution gradient 

Time (min) A% B% 

0 95 5 

5.0 55 45 

15.0 20 80 

20.0 5 95 

25.0 5 95 

25.1 95 5 

30 95 5 

   

Positive ion mode: A: 0.1% Formic acid Water; B: 0.1% Formic 
acid Acetonitrile; 

Negative ion mode: A: Water; B: Acetonitrile; 

Flow rate: 0.3mL/min;  

Column temperature: 40℃; 

Amount inserted: 10 µL;  

 

Mass Spectrometry Method 

Scanning method: TOF MS-IDA MS/MS 
Ion source: ESI source 
Scanning range: m/z 50-2000 
CUR gas: 30 PSI                    
Collision gas CAD: 7 

IS voltage: 5500V/-4500V 
Source temperature: 600℃ 

Atomizing gas GAS1: 55 PSI        
Auxiliary gas GAS2: 70 PSI 

DP voltage: ± 60V                   
Collision energy: 35 ± 15V 

Unexpected Additive Screening Method 

Injection of a single sample simultaneously monitors for over 50 
unexpected additives: 

 

1. 10 sedative-hypnotic mixtures (20ppb), ion extraction flow 
diagram (XIC) appears below: 

 

2. 7 blood glucose-lowering drugs (concentration 20ppb); ion 
extraction flow diagram (XIC) appears below: 
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3. 8 impotence drug mixtures (20ppb), ion extraction flow 
diagram (XIC) appears below; 

 

 

4. 6 weight loss drug mixtures (20ppb), ion extraction flow 
diagram (XIC) appears below; 

 

 

5. 5 blood pressure-lowering drug mixtures (20ppb), ion 
extraction flow diagram (XIC) appears below; 

 

 

Sample Information 
Following the CFDA’s “Health product potential illegal additives 
list” 6 different nutritional supplements were randomly selected, 
including those for weight loss, blood sugar reduction, blood 

pressure reduction, anti-fatigue, sleep improvement, and 
immune strengthening. Samples came from 19 different brands; 

 

 

Experimental Results 
Blood Pressure-Lowering Drugs 

1.   Sample no. 5 - atenolol positive 

Sample no. 5 is a blood pressure-lowering capsule; it  
claims to have a rapid effect and prolonged use can  
control blood pressure. 

 

Screening with the X500R QTOF system showed Sample no. 5 
contains large amounts of the additive atenolol. Prolonged use of 
high-dose atenolol can lead to serious side effects including 
decreased vision, breathing difficulties, weakness, depression, 
unexplained rash and ankle swelling and other symptoms. 
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2.   Sample no. 9 - nitrendipine positive 

Sample no. 9 is from a brand of blood pressure-lowering tablet; 
screening shows a definite quantity of nitrendipine. The product 
claims to contain pure and natural extracts with no side effects, 
but prolonged oral nitrendipine can cause diseases like allergic 
hepatitis, rash, and even exfoliative dermatitis. 

 

3.   Sample no. 17 - nifedipine positive 

Sample no. 17 is from a brand of blood pressure-lowering 
Chinese medicine; screening shows a nifedipine additive. It 
claims to lower blood pressure with Chinese medicine, falsely 
advertising an anti-hypertensive effect. 

 

  

Glucose-Lowering Drugs 

1. Sample no. 7 - glibenclamide, glipizide, rosiglitazone 
positive 

Sample no. 7 is a brand of glucose- and lipid-lowering capsule; 
test results show sample no. 7 contains the 3 glucose-lowering 
drugs glibenclamide, glipizide, and rosiglitazone as additives. 
Improper use of sulfonylureas such as glibenclamide and 
glipizide can cause hypoglycemia; patients can rarely develop 
rash, erythema multiforme, edema, and liver and kidney 
damage. Thiazolidinediones like rosiglitazone can cause slight 

hypersensitivity and mild headache when used incorrectly or at 
improper doses. 

 

 

 

2.   Sample no. 4 - Gliclazide positive 

Sample no. 4 is a brand of plant extract; it is mainly used to 
stabilize blood sugar. Screening results show an addition of 
glicazide, which produces a definitive glucose-lowering effect. 
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Glucose-lowering drugs are low-cost; they are common 
“functional components” added to nutritional supplements. These 
chemical drugs are often used to treat diabetes, as they have a 
clear hypoglycemic effect. However, their side effects are also 
quite evident; prolonged use can lead to hypoglycemia and 
kidney damage, even leading to death. 

Anti-Fatigue/Impotence 

1.   Sample no. 12 - sildenafil positive 

Sample no. 12 is a kidney health product for the elderly; its 
description states it is pure Chinese medicine and contains 
several flavors of medicine. Screening shows an addition of large 
quantities of sildenafil in order to achieve its claimed kidney 
effects. 

 

2.   Sample no. 14 - tadalafil positive 

Sample no. 14 is a brand of impotence health product. 
Impotence products are the most frequently found to contain 
additives. In order to accelerate the speed of onset, additives are 

generally used in large quantities; screening results showed 
sample no. 14 contained tadalafil. 

 

When not used under the guidance of a specialized physician, 
prolonged use of nutritional supplements containing “impotence” 
additives can severely harm the body. Side effects can include 
dizziness, fainting, and even hearing loss. 

Screening results appear in the table: 

1. The problem of additives in nutritional supplements is 
widespread; additives appear in many samples; 

2. Blood sugar- and pressure-reducing products contain many 
different additives; they generally take the form of multiple drugs, 
and use of Chinese medicine is especially serious. 

3. Anti-fatigue and impotence health care products generally 
contain large amounts of additives; 
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Summary 
This study randomly selected 19 nutritional supplements 
commonly found on the market; these covered 7 glucose- and 
blood pressure-lowering products, 5 anti-fatigue, anti-impotence 
products, 4 sleep aids, and 3 weight loss products. Screening 
results showed that blood pressure-lowering and glucose-
lowering products most commonly contained additives, 
especially those products advertised to use Chinese medicine 
extracts to lower blood sugar. Representative samples of blood 
pressure-lowering capsules showed a high rate of positive 
results. The main additives were atenolol, nitrendipine, 
nifedipine, glibenclamide, glipizide, rosiglitazone, gliclazide and 
other inexpensive and readily available glucose- and blood 
pressure-lowering drugs, impotence, anti-fatigue/immune 
system-enhancing additives were generally sildenafil or tadalafil. 
Additives take the form of one or many drugs; some additives 
are present in amounts several times therapeutic doses. Thus, 
they can be quite hazardous to consumer health. 

The SCIEX X500R QTOF high resolution mass spectrometry 
system was used for rapid monitoring of 50 different additives in 
6 types of nutritional supplements. Its high sensitivity detected 
small concentrations of additives, its rapid scanning and effective 
overcoming of complex matrix interference ensure that after 
sample injection, a first order mass accuracy number (TOF-MS) 
and second order fragmentation spectrum (TOF-MS/MS) are 
simultaneously obtained. Combined with the high-quality additive 
library, accurate qualitative screening for additives in complex 
matrices can be performed. 

Health product additive screening methods using the X500R 
QTOF system are reliable, simple, and rapid.  The system 
provides an efficient approach to additive screening of nutritional 
supplements, and it ensures health and safety product quality; it 
is critical in the fight against the use of potentially harmful 
additives. 
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Use of X500R QTOF for Monitoring of Additives  
in Cosmetics 
Yang, Cheng Haiyan, Li Lijun, Jin Wenhai 
SCIEX, Pacific Applications Support Center (Beijing), China 
 

Introduction 
With the gradual increase in people’s living standards, cosmetics 
have become a necessity for daily life. As they are used at every 
stage of life from infancy into old age, their functions have 
gradually evolved from the traditional areas of cleanliness and 
skin care to the domains of beautification and beauty 
enhancement[1]. Some businesses add undocumented 
ingredients to cosmetic products to enhance their function and 
attract consumers. The use of these additives can potentially 
cause many adverse health effects in people. Issues with the 
safe use of cosmetics have attracted the attention of domestic 
and international research teams.  The European Union 
Cosmetics Regulation EC 1223/2009[2] and China’s “Sanitary 
Regulations for Cosmetics” [3] both clearly prohibit the use of 
hormones, antibiotics, and disinfectants in cosmetics. Because 
the cosmetics market is wide-ranging, and prohibited additives 
are quite diverse, we have established a highly selective, high-
throughput method for rapid screening and quantification of 
prohibited drugs in cosmetics. It allows relevant teams to 
significantly improve their monitoring capabilities and consumer 
protection. 

The benefits of this method are as follows: 

1. In this method, sample preparation is simple and efficient; 
for 35 samples, it takes only 2 hours from preprocessing to 
the start of testing. The previous obstacle of tedious 
procedures such as the need for SPE purification during 
preprocessing has been resolved; 

2. The scope of compounds that may be monitored is wide; 
there are 240 total illegal additives commonly found in 
cosmetics, including glucocorticoids, disinfectants, 
tetracyclines, and hormones. 

3. One sample injection can be tested for 200 compounds in a 
testing time of 24 min., which is fast and efficient. 

4. Performing simultaneous identification and quantification in 
the truest sense, the X500R system has a spectral library of 
prohibited cosmetics additives and four stages (first-order 
error, retention time, isotope abundance matching, spectral 
library matching) for identification purposes. It is simple and 

fast and ensures accurate, reliable screening results. 
Concerning quantification, the X500R system MRMHR ion 
matching quantification is comparable to quadrupole MRM. 

5. This method establishes retention time stage, screening 
sequences, and spectral libraries for 240 compounds; all 
can be used directly, saving method development time and 
costs and acting as a powerful cosmetics monitoring tool. 

Experimental Process 
Data collection: Using TOF-IDA MS/MS mode, inject a sample 
and simultaneously obtain primary precursor ions and secondary 
product ions; work time can be saved and efficiency increased 
via standard library matching of two sub-ions. 

Positive sample determination: Using library search, with 
positive match and reverse match, determine the overall degree 
of match. Efficiently eliminate false positive results, making 
qualitative results more accurate and reliable. 

Positive sample accurate quantification:  Because of the high 
selectivity and high throughput of the X500R Scheduled MRMHR, 
its scanning mode allows accurate quantification of prohibited 
additives found in positive samples.  

 

Automated monitoring report generation: Include sample 
screening library search results and quantitative results; report 
formats can be tailored to your needs. 

Preprocessing method: 
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1. Emulsions, solid samples, liquid samples: Weigh 
accurately 0.5g or 0.5mL into a 15mL centrifuge tube; 

2. Add 10 mL of 85% aqueous methanol and agitate 
vigorously for 2 min; 

3. Vortex 2 min; 

4. Centrifuge at 4℃ at 10000 Rpm for 10 min; 

5. Dissolve the supernatant in ultrapure water 1-fold; 

6. Pass 1 mL through a 0.22µm filter and insert for testing; 

Liquid phase conditions: 

Chromatographic Column: Phenomenex Kinetex C18, 
2.1*100mm, 1.7µm; 

Mobile phase: Gradient elution was used 

Positive ions: A is 0.1% formic acid; B is acetonitrile; 

Negative ions: A is ultrapure water; B is acetonitrile; 

Flow rate: 0.3 mL/min; 

Column temperature: 40 ℃; 

Amount injected: 10 µL; 

Mass spectrometry method: 

Scanning method: TOF-IDA MS/MS qualitative screening; 

Scanning method: Scheduled MRMHR positive sample 
accurate quantification; 

ESI ion source parameters: 

Air curtain gas CUR: 30 psi;       

Collision gas CAD: 7 psi; 

IS Voltage: 5500V/-4500 V;        

Source temperature: 600 ℃; 

Atomizing gas GAS 1: 55psi;           

Auxiliary gas GAS 2: 70psi; 

 

 

Compound information: 

Table 1 240 prohibited additives - information 

 

Chromatogram: 

Positive ion mode:  For 200 prohibited cosmetics additives (5 
ng/mL), including sulfonamides, quinolones, glucocorticoids, 
androgens, product ion chromatograms from precursor ions are 
below:  

 

 

 

 

 

 

Negative ion mode: 8 estrogens (5 ng/mL) product ion 
chromatograms from precursor ions appear below:  
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Sample Collection 
Following the definition of “cosmetics” in the national “Sanitary 
Regulations for Cosmetics,” 35 cosmetic products of different 
types, brands, and functions were collected; the products 
principally came from colleagues, Taobao, small companies, 
market stalls, free samples, hotels, etc. 

 

 

Screening Flowchart 
Simple, efficient screening flowchart: Includes analysis of target 
unknowns and complete unknowns. 

 

 

 

Screening Results 
1. Glucocorticoids: 

Mask sample No. 2 contains the glucocorticoid dexamethasone, 
Mask sample No. 15 contains the glucocorticoid 
methylprednisolone, and Mask sample No.  17 contains the 
glucocorticoid prednisone. Chromatograms are as follows: 

 

 

Mask sample no. 2 chromatogram: 

 

Mask sample no. 15 chromatogram: 

 

Mask sample no. 17 chromatogram: 

 

Hazard: Studies show that glucocorticoids can influence 
glucose, lipids, protein biosynthesis and metabolism. Clinically, 
glucocorticoids act as anti-infectious drugs and can inhibit 
fibroblast proliferation; they decrease serotonin formation and 
have a definitive skin-whitening effect. However, long-term use 
of cosmetics containing these may lead to skin thinning, capillary 
expansion, and hair follicular atrophy; once use is discontinued, 
skin may redden, itch, become flushed, and develop papules, 
desquamation, and other time-dependent dermatitis.  Excessive 
use might also cause an increase in blood sugar, hypertension, 
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osteoporosis, decreased immune function, obesity, and other 
hazards. Thus, China’s “Sanitary Regulations for Cosmetics” and 
the EC cosmetics regulations state clearly that glucocorticoids 
are prohibited from cosmetics.  

2. Sex hormones:  

No. 13 Emulsion sample containing the androgen progesterone. 
The chromatogram is as follows: 

 

Hazards: Progesterone is a hormone used in the treatment of 
infertility and menopause. It’s topical application is believed to 
promote skin elasticity, but it’s long term adverse effects have 
halted it’s use. Chinese cosmetics standards, cosmetics sanitary 
regulations, and EC cosmetics regulations clearly state that 
androgens are prohibited from cosmetics. These regulations 
serve to prevent consumers from unknowingly using cosmetics 
with prohibited androgen additives, a health safety hazard. 

3. Sulfonamide antibiotics: 

Sample No. 9- Moisturizing lotion containing 
sulfonamidopyrimidine Sample No. 9- Moisturizing lotion 
chromatogram: 

 

Hazard: Sulfonamide drugs are mainly used to prevent and treat 
bacterial infections. They have a wide antimicrobial spectrum, 
are chemically stable, convenient to use, easy to manufacture, 
etc.  Their bactericidal activity is elaborated through inhibition of 
bacterial growth and proliferation by disruption of folic acid 

metabolism. Clinical research shows that sulfonamides have a 
definitive anti-acne and anti-pimple function. However, because 
sulfonamides have a relatively long in vivo acting time and half-
life, long-term use can cause accumulation in the human body, 
producing human health hazards and leading to drug-resistant 
pathogens. Based on the Chinese “Sanitary Standard for 
Cosmetics,” “Sanitary Regulation for Cosmetics,” EU Cosmetics 
Regulation (Council Directive 76/768/EEC), and Japan’s 
Pharmaceutical Affairs Law, sulfonamides are prohibited from 
use as components in cosmetics.  

4. Quinolone antibiotics: 

Sample No. 18 - Cleansing emulsion containing ofloxacin. The 
chromatogram follows: 

 

Hazard: Ofloxacin is a quinolone drug. This drug is quite 
effective as an antibiotic, and it is especially active against gram-
negative bacteria and other antibiotic-resistant bacteria. It has a 
wide spectrum of activity, is well absorbed, easy to take, and 
low-cost. It is used for treating a wide variety of clinical 
infections.  However, when this drug is added to cosmetics and 
distributed over the body surface, particularly on the face, lips, 
and other sensitive skin and blood vessel-rich mucosal surfaces, 
it may undergo rapid absorption through capillaries or mucus 
membranes and gradually damage the normal mucosa of the 
skin surface, causing adverse reactions like rash and rapid-type 
hypersensitivity.  

 

 

 

5. Other components: Not all cosmetics contain hazardous 
ingredients, of course. There are also nutritive components. 
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a. For example, Sample No. 4 moisturizer contains betaine, 
which is a water-soluble disinfectant. It is not harmful to skin and 
is commonly found in shaving cream. Sample No. 8 is a high-end 
brand of Hydrosol containing benzyl piperazine pharmaceutical 
intermediates, which improve anti-allergy function and enhance 
the effectiveness of the immune system; the chromatogram is 
below: 

 

b. For example, sample no. 3 contains folpet, which is a 
disinfectant with a broad spectrum of protection. Its human and 
animal toxicities are low, but it is a human mucus membrane 
irritant and is toxic to fish. It stimulates plant growth and 
development. It is relatively insoluble in water at room 
temperature but is soluble in alkali or at high temperatures. 

 

c. Most cosmetics contain triphenyl phosphate compounds; 
these are flame retardants and stabilizers, according to the 
literature: These cosmetics are nonvolatile and make skin 
translucent, soft, resilient, and very light-stable.  In addition, they 
are not readily absorbed by the skin and are not prohibited under 
the cosmetics health regulations; 

 

d. In addition, most cosmetics contain melatonin, which has a 
whitening effect; the literature reports that melatonin can regulate 
natural sleep/wake cycles, counter aging, improve immune 
function, prevent cancer, etc. Toxicity in humans has not been 
observed;  

 

e. Many cosmetics contain vitamin B3, nicotinamide. This is a 
known nutrient in cosmetics.  

 

This component has 3 main functions: first, it can accelerate 
metabolism, promote the sloughing of melanin-containing 
keratinocytes, thus improving whitening. Second, it can act on 
previously produced melanin, decreasing its outward cell 
migration towards the surface. Third, it can promote epidermal 
protein synthesis, improving skin texture and moisture, and 
countering aging.  Nicotinamide has some drawbacks; the most 
significant is that the impurity nicotinic acid in it can be 
stimulating to the skin. Some consumers may experience allergic 
reactions like skin reddening after using products with high 
nicotinamide content. This is widely seen as an unacceptable 
problem with nicotinamide. Thus, nicotinamide use in cosmetics 
is still under investigation in terms of impurity control; formulation 
design and process also have an influence on this.   
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Quantitative Aspects 
Quantitative method establishment: Use quadrupole ion pair 
mode: 

 

 

Quantitative results: 

Use Scheduled MRMHR scanning mode for accurate 
quantification; the standard curve is as follows:  

Androgen progesterone 

 

Sulfadiazine 

 

 

Quantitative results: 

 

The quantitative results table shows: 

1. According to requirements of the “Sanitary Regulations for 
Cosmetics”: All compounds in the table are illegal additives;  

2. Glucocorticoids are widespread throughout masks; 

3. Many hormones, sulfonamides, quinolones, and other 
disinfectants are found in emulsions and creams; 

4. The major brand names are not excluded; they too may add 
prohibited substances;  

Summary 
This study collected 35 common cosmetics, including 10 different 
brands of mask and 25 types of emulsions, moisturizers, and 
creams. Experimental results show many glucocorticoids are 
found in masks, and other cleaning emulsions and moisturizers 
contain hormones and antibiotics. In addition, several cosmetics 
were found to contain nutritive components: for example, vitamin 
B3, melatonin, etc.; a high-end brand of hydrosol contains benzyl 
piperazine pharmaceutical intermediates. These promote 
immune function.  

This article uses the novel X500R high resolution mass 
spectrometer to establish screening and quantification 
techniques for prohibited additives in cosmetics via liquid 
chromatography tandem mass spectrometry. Because X500R 
has a highly sensitive and strong anti-matrix interference 
capability, sample preprocessing is simplified, increasing work 
efficiency. This method is widely applicable; it includes 240 
illegal substances commonly found in cosmetics. It has a 
dedicated spectral cosmetics library; in combination with rapid 
X500R scanning, it can simultaneously collect the most 
abundant and highest quality primary and secondary 
spectrograms from complex matrices. This ensures screening 
results are accurate and reliable. Because X500R sensitivity to 
prohibited additives in cosmetics is on the nanogram level and 
below, the X500R system’s MRMHR quantitative analysis 
capability is comparable to that of quadrupole MRM.  
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This method is fully compliant with customer requirements; 
application of a high resolution mass spectrometer to screen for 
and monitor prohibited additives in cosmetics is a significant 
advance.  
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Rapid and Sensitive Analysis of Antibiotics in Children’s 
Urine Using the X500R QTOF System 
Binjie Liu, Haiyan Chen, Lei Yi, Wan Wang, Lijun Li, Wenhai Jin 
SCIEX, Asia & Pacific area Application Support Center(Beijing), China

Introduction  
Antibiotics are a class of secondary metabolites produced by 
microorganisms (including bacteria, fungi, and actinomycetes) 
which restrain the growth and survival of other microorganisms, 
as well as analogous compounds that are chemically 
synthesized or semi-synthesized.  In 1928, Alexander Fleming 
discovered penicillin and officially began using it in clinical 
settings in 1941, marking the arrival of antibiotic era. In recent 
decades, antibiotics have evolved by leaps and bounds, with 
more than 200 varieties on the market. The annual use of 
antibiotics is alarming and amounts to tens of tons, including not 
only human antibiotics, but also large amounts used in animal 
breeding. The abuse of antibiotics has caused serious pollution 
to food and the environment. It is widely known that many 
antibiotics can cause liver and kidney damage, allergies, local 
irritation, and other side effects to the human body. Because the 
physiological functions of childrens’ organs are still immature, 
direct and indirect antibiotic exposure may cause negative 
effects on the development of their bodies. Aside from clinical 
and prescribed medication, children also are more likely to ingest 
antibiotics from meat, eggs, milk, other food, and water pollution. 
Therefore, the monitoring of level of antibiotics in biological 
samples has become a major research area. 

In this study, we use the SCIEX X500R Quadrupole-Time of 
Flight Mass Spectrometer to build screening and quantitative 
methods. Urine samples containing more than 200 types of 
antibiotics from hundreds of children were screened, and the 
positive samples were quantitatively analyzed. 

The X500R Quadrupole-Time of Flight Mass Spectrometer 
system features the world’s fastest sampling rate, the intelligent 
TOF MS-ID / MS / MS sampling mode, and a stable and durable 
ion source, making it ideal for the analysis of a large number of 
complex matrix samples (Figure 1). This system truly achieves 
the goal of instant, comprehensive collection of high-quality 
primary and secondary mass spectrometry data by needle 
injection. It allows the target compound to pass the screening of 
“Four Critical Points”: precursor mass accuracy, compound 
isotope pattern, retention time, and high-precision mass  

 

 

 

 

accuracy, providing the most accurate qualitative screening in a 
timely manner. SCIEX has a professional spectral library with 
hundreds of antibiotics, which delivers added confirmatory proof 
of the analyte detected. 

In addition, the excellent sensitivity of the SCIEX X500R and 
unique Scheduled MRMHR function is comparable to the 
quantitative function of triple quadrupole (see Figure 2). The 
experiment procedures are as follows: 

Sample Collection 
A total of 114 urine samples were collected.  55 boys and 59 
girls from Beijing participated, 12 of whom were 2-5 years old 
and 110 of were 8-11 years old. Samples were from from 
morning urine.  Samples were immediately stored in a -80 
refrigerator after collection.  

Pretreatment Method     
1. Sample hydrolysis    

Urine hydrolysis: 1000 μL juvenile urine, +200 μL ammonium 
acetate buffer solution (pH 5.0) +15 μL glucuronidase.  Allow the 
mixture to undergo hydrolysis reaction at 37°C overnight. Add 
100 μL of McIlvaine-Na2 EDTA buffer to mixture. 
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2. SPE extraction   

1) Activate: Water-activate the Cleanert MAS-MIX SPE 
cartridge (60 mg / 3 mL) using 1 mL of methanol and 1 mL  
of water. 

2) Sample loading: Load 1300 μL of urine hydrolysate sample. 

3) Leaching: Leach with 1 mL of 5% aqueous methanol 

4) Elution: 2 mL (ammonia: methanol: water) = 5: 85: 10    

5) Dissolution after nitrogen blowdown: 35 nitrogen blow  
to dry, 20% methanol dissolved in water to 200 μL, mix  
with sample. 

Aqueous phase conditions     

Chromatographic column: Phenomenex Analytical Column, 
Kinetex 2.6 μm F5 100 Å, 100 X 3.0 mm   

Mobile phase Phase A consists of 0.1% formic acid; Phase B 
consists of 0.1% acetonitrile   

Flow rate: 0.4 mL / min     

Column temperature: 40ºC 

 

Mass Spectrometry Method 
Scanning method: TOF-IDA-MS/MS qualitative screening 

Scanning method: Scheduled MRMHR positive sample  
accurate quantification 

ESI ion source parameters: 

Air curtain air CUR: 30 PSI;  
Collision gas CAD: 7 
IS voltage: 5500V / -4500V;  
Source temperature: 600; 
Atomizing gas GAS1: 60 PSI;  
Auxiliary gas GAS2:   60 PSI 

 

Figure 1 Screening method TOF MS-IDA-MS / MS method editing 
interface 

 

 

Figure 2 MRMHR quantitative editing interface   

 

Screening of target antibiotics    

A total of more than 200 varieties of antibiotics in eight 
categories were screened in this study including: 8 varieites of 
penicillins, 38 cephalosporins, 18 macrolide compounds, 10 
lincomycin compounds, 18 Tetracycline compounds, 39 
quinolones, 41 imidazolium compounds, and 50 sulfonamides 
and sulfonamide compounds.   

 

Screening test results    

The extracted ion chromatogram for more than 200 antibiotic 
compounds under the above LC-MS conditions (see Fig. 3). 
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Figure 3 The extracted ion chromatogram for more than 200 
antibiotic compounds 

SCIEX OS software’s integrated interface is highly automated, 
easy to use and self-explanatory. The software automatically 
screens target compounds on “Four Critical Points”: compound 
mass error, isotope distribution, retention time and secondary 
fragments spectral configuration to ensure the accuracy of the 
results. 

As shown in Fig. 4, according to the results shown by the 
software, azithromycin was detected in several samples.  The 
green check mark on mass error, isotopic distribution, retention 
time and secondary fragments spectral configuration means they 
matched well. The mass deviation of azithromycin in several 
samples was less than 1 ppm, which indicated the instrument 
had mass accuracy and stability. The match scores between 
measured second-order spectra and the database were all over 
90 points, which indicated that the instrument retained excellent 

secondary fragmentation performance even with complex matrix 
samples. 

According to the experimental results, eight compounds in four 
categories were detected in 104 samples (see Table 1).  This 
includes enrofloxacin and ofloxacin in the quinolone category, 
which were detected, respectively, in 1 and 13 of the samples, 
accounting for 0.88% and 11.40% of the total sample size,  

respectively. Three examples of the sulfonamides category, 
namely Sulfamonomethoxine, trimethoprim, sulfamethoxazole 
pyrimidine were found in 5, 11, and 4 of the samples, accounting 
for 4.39%, 9.65% and 3.51% of the total sample size, 
respectively. The macrocyclic lactone azithromycin was detected 
in 11 samples, accounting for 9.65% of the total sample. 
Metronidazole and metronidazole of imidazole were detected in 
12 and 13 samples respectively, accounting for 10.53% and 
11.40% of the total sample size respectively. 

The detection rate is shown in Fig 6. A total of 39 samples were 
found to be positive for antibiotics, accounting for 34.2% of the 
total samples. More than one kind of antibiotic (as many as 
three) were found in some samples. In some samples, 
hydroxylmetronidazole was detected. This may be caused by the 
internal biotransformation of metronidazole. ￼ 

 

Table 1 Compounds tested in urine samples and urine sample numbers 

Compound Name Molecular formula Child urine sample number (#) 

Enrofloxacin C19H22FN3O3 90 

Ofloxacin C18H20FN3O4 37、38、56、58、63、64 、65 、66 、68、 69、 85 、90、 92 

Hydroxymetronidazole C6H9N3O4 3 、4、7、13、16、18、19、31、63、80、81、95、112 

metronidazole C6H9N3O3 3 、4、7、13、16、18、19、31、 63、 80、 95、112 

Sulfamonomethoxine C11H12N4O3S 19、63、66、68、69 

Trimethoprim (TMP) C14H18N4O3 55、63、66、68、69、72、80、86、87、90、91 

Sulfameter (SMD) C11H12N4O3S 63、66、68、69 

Azithromycin C38H72N2O12 7、8、21、23、41 、47、 50、 57、67、72 、74 

    



Profiling and Identification of Hop-Derived Bitter Compounds 
in Beer Using LC-HR-MS/MS 
André Schreiber 
1SCIEX Concord, Ontario (Canada) 

Overview 

Here we present a method to study the profile of hop-derived 
bitter compounds using LC coupled to high resolution mass 
spectrometry. 

Diluted beer samples were injected directly into the SCIEX 
X500R QTOF system. Data were processed using both a 
targeted list of accurate masses of molecular ions of known hop-
derived compounds in SCIEX OS software and a non-targeted 
analysis by performing statistical data processing (Principal 
Components Analysis, PCA) in MarkerView™ software. 

Introduction 

Beer is the world's most widely consumed beverage (after tea 
and water) and probably the oldest alcoholic beverage.1 Beer
has attracted consumers over centuries due to its refreshing 
character, attractive aroma, and typical bitter taste. 

The production of beer is called brewing, which involves the 
fermentation of starches, mainly derived from cereal grains (most 
commonly malted barley, although wheat, corn, and rice are 
widely used). Most beer is flavored with hops, which add 
bitterness and act as a natural preservative, though other 
flavorings such as herbs or fruit may occasionally be included.2

Aroma-active volatiles as well as nonvolatile bitter compounds of 
beers have been thoroughly investigated in recent decades. 

The typical hop-derived beer bitterness is caused by adding 
cones, pellets, or extracts of hop during wort boiling. A number of 
isomerization processes have been identified to be of major 
importance for bitter taste development in the final beer product. 
The so-called isoxanthohumol (Figure 1), identified as a bitter 
compound in beer, was found to be generated from the hop-
derived xanthohumol, during wort boiling. Moreover, trans- and
cis-iso-α-acids have been identified as the major bitter
contributors in beer and were demonstrated to be generated 
upon a rearrangement reaction of their hop-derived precursors, 
the α-acids. Following the α-acids, the second major
constituents of hop are the β-acids (Figure 1), but there are
almost no data available on the direct contribution of these  

compounds to beer bitterness or on their role in the generation of 
bitter-tasting conversion products during wort boiling.3, 4

Figure 1. Hop-derived bitter compounds and their isomerization 
processes during the wort boiling

Here an LC-HR-MS/MS based method is presented using the 
SCIEX X500R QTOF system to identify hop-derived bitter 
compounds in beer based on accurate mass MS and MS/MS 
data after information dependent acquisition (IDA) followed by 
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targeted and non-targeted data processing in SCIEX OS and 
MarkerView™ software. 

Experimental 

Beer Samples 

• Store-bought samples from the Liquor Control Board of
Ontario (LCBO)

• Degassed and diluted 2x with water

• Injection of 5 µL

LC Separation 

• ExionLC™ AD system

• Phenomenex Luna Omega 1.6 µm Polar C18 (50 x 2.1 mm)

• Gradient of water/methanol + 5 mM ammonium formate at a
flow of 0.5 mL/min (Table 1)

Table 1. Gradient conditions used for the identification hop-derived bitter 
compounds 

Step Time (min) A (%) B (%) 

0 0.0 90 10 

1 1.0 90 10 

2 6.0 10 90 

3 7.0 10 90 

4 7.1 90 10 

8 10.0 90 10 

MS/MS Detection 

The SCIEX X500R QTOF system with Turbo V™ source and 
Electrospray Ionization (ESI) was used in positive polarity. Ion 
source temperature was set to 450ºC and IS voltage was set to 
5500 V. 

Mass calibration was achieved using the integrated calibrant 
delivery system (CDS) with the TwinSprayer probe (dual ESI 
needle). 

High resolution data were acquired using an IDA method 
consisting of a TOF-MS survey (100-1000 Da for 200 msec) and 
up to 10 dependent MS/MS scans (50-1000 Da for 50 msec). 
Declustering Potential (DP) was set to 80 V and MS/MS 
fragmentation was achieved using a Collision Energy (CE) of 35 
V with a Collision Energy Spread (CES) of ±15 V. 

Dynamic background subtraction (DBS) was activated to achieve 
the most complete MS/MS coverage. No inclusion list was used 
which allowed non-target identification without the need for a 
second injection to acquire MS/MS data. 

Data Acquisition and Processing 

All data were acquired and processed using SCIEX OS software 
version 1.0, which showcases a thoughtfully designed user 
interface that is fast to learn and delivers improved lab 
productivity. In addition, MarkerView™ software version 1.3 was 
used for statistical processing using Principal Components 
Analysis (PCA). 

Results and Discussion 

X500R Performance Characteristics and Data Acquisition 

Workflows 

The X500R QTOF system utilizes N-optics design to maximize 
resolution while maintaining benchtop design and a minimized 
footprint. Its resolving power increases with mass range 
providing ~30000 to 40000 resolution for the typical molecular 
weight range of ingredients and potential contaminants in beer 
(Figure 2). 

Figure 2. Resolution in TOF-MS and MS/MS mode achieved for 
isoxanthohumol 

The X500R QTOF system achieves stable mass accuracy of 
less than 2 ppm by using a heated TOF configuration, with 6 
heater drones throughout the TOF path and by using the 
dynamic background calibration software algorithm. The X500R 
QTOF’s mass accuracy is supplemented by legendary dynamic 
transmission control and dynamic background calibration, 
introduced in 2010 with the TripleTOF® system and optimized
over time. 



In addition, the integrated CDS with the TwinSprayer probe 
provides an independent calibrant delivery path for reliable auto-
calibration (Figure 3), maintaining mass accuracy over long 
periods of time by automatically calibrating in batch mode. 

Figure 3. TwinSprayer ESI probe showing the independent inlet for LC 
and calibrant 

The accurate measurement of a molecular ion is insufficient for 
compound identification. Single stage MS information can only 
be used for empirical formula finding, and accurate mass MS/MS 
data are absolutely necessary to identify chemical structures 
based on the molecular fingerprint saved into the pattern of 
fragment ions. 

Using IDA, simultaneous acquisition of TOF-MS and MS/MS 
data in a single data file for each sample was possible. Up to 10 
MS/MS spectra were automatically collected for each 
chromatographic data point (Figure 4). 

Figure 4. Simultaneous acquisition of TOF-MS and MS/MS spectra using 
IDA, the example shows spectra of isoxanthohumol (355) and the 
pesticide boscalid (343)

Processing Workflow for Target Identification in SCIEX OS 

Software 

A targeted processing method was built to profile for 26 known 
hop-derived bitter compounds (Figure 5). Retention times were 
established by comparing the chromatographic profiles of beer 
samples to results published in literature.3

During targeted processing, Extracted Ion Chromatograms (XIC) 
of all analytes are generated based on user input (chemical 
formula and expected retention time). MS and MS/MS 
information is automatically evaluated if an XIC signal is detected 
and compounds are identified by matching retention time, 
accurate mass and isotope pattern of the molecular ion. 

Figure 5. Targeted processing method to profile known hop-derived bitter 
compounds, XIC will be generated based on provided chemical formula 
and retention time) 

During this project a small HR-MS/MS library was generated to 
assist future identification by also utilizing the MS/MS 
fragmentation (Figure 6). 

Figure 6. Updating HR-MS/MS libraries in SCIEX OS software to assist 
future compound identification 



Results of Analyzing 40 Beer samples 

The amounts of xanthohumol (X) and isoxanthohumol (IX) in a 
beer can provide information about how hops were used during 
the beer making process. Figure 7 shows the intensity for IX and 
X in 3 different beers. The observed X/IX ratio of the pilsner and 
Weissbier is in line with published data.3

Figure 7. Intensity of isoxanthohumol (IX) and xanthohumol (X) and the 
X/IX ratio in different beers (left to right German pilsner, German 
Weissbier of the same brewery and dry-hoped IPA produced in Ontario, 
Canada) 

The concentrations of IX, X and X/IX from the beer samples are 
summarized in Figure 8. This data reflectins different styles of 
beer making. It is obvious that the high X/IX ratio in Pale Ales 
and India Pale Ale (IPA) is caused by the late addition of hops 
during the boiling and fermentation process.4

Figure 8. Intensity of isoxanthohumol (IX) and xanthohumol (X), top, and 
the X/IX ratio, bottom, for 40 different beers including different styles. The 
data reflect the differences of beers produced in different countries 

Isoxanthohumol (IX), isocohumulone (ICH), and isohumulone 
(IH) were the 3 most abundant hop-derived bitter compounds 
detected in beer. ICH and IH and other iso-α-acids were present
in their trans- and cis- form (Figure 9). The intensity ratio of
trans/cis acids varied between 0.02 to 0.15 (American Lagers <
European Pilsners < American Pal Ales and IPA).  

Figure 9. Intensity of cis- and trans-isocohumulone, isohumulone,
cohumulone, and humulone in a Czech pilsner, the trans/cis ratio was
0.06 

The measure of bitterness in beer is the IBU (International 
Bittering Units). A plot of the sum of the peak areas of IX, ICH 
and IH against the IBU for different beers is shown in Figure 10.  

Figure 10. Correlation of intensity of IX, ICH and IH against the published  
IBU for different beer styles (yellow: American lagers, orange: European 
pilsners, red: Pale Ales and India Pale Ales, brown: Bock, and black: 
Stout) 
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Beer Profiling using Statistical Data Analysis 

Statistical data analysis, such as Principal Components Analysis 
(PCA), can be used to profile and compare different beverage 
samples. Figure 11 shows the PCA scores plot for 40 different 
beers. Beers of similar style group together. The location of a 
sample in the plot indicates a specific flavor or color (i.e. lighter 
beer vs. a more hoppy/bitter beer). The PCA loadings plot 
assists in finding characteristic markers (m/z-RT). Once these 
markers are found, the corresponding chemical can be identified 
using formula finding based on accurate mass MS and MS/MS 
followed by ChemSpider searching and MS/MS elucidation. 

Figure 11. PCA scores plot used to profile and map different beer styles, 
the loading plot (not shown here) assisted to find characteristic m/z-RT 

The β-acids lupulone and adlupulone were found in higher 
concentrations in darker beers, such as stout and black IPA, as 
the profile plot (bottom trace) in Figure 11 shows. Both 
compounds were identified using the described automated 
software tools in SCIEX OS software (Figure 12). 

Figure 12. Identification of lupulone and adlupulone in an Irish stout 
based on formula finding followed by ChemSpider searching and MS/MS 
elucidation 

Summary 

The SCIEX X500R QTOF system was used to analyze 40 
different beer samples in positive polarity ESI using information 
dependent acquisition of MS and MS/MS spectra. Samples were 
processed using a targeted approach to profile 26 known hop-
derived bitter compounds in SCIEX OS software. Samples were 
also processed using PCA in MarkerView™ software. 

This study shows that LC-HR-MS/MS is a valuable tool to study 
flavor and aroma profile in food and beverage samples. 
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LC-MS/MS Analysis of Emerging Food Contaminants 
Identification of Artificial Colors and Dyes in Food Samples using LC-HR-MS/MS 

André Schreiber1 and Paul Winkler2 
1SCIEX Concord, Ontario (Canada) and 2SCIEX Redwood City, California (USA) 

Overview 

Here we present a novel LC-HR-MS/MS method that was used 
to identify artificial colors and dyes in food samples. 

High resolution MS and MS/MS data were collected using a 
SCIEX X500R QTOF system in negative Electrospray Ionization 
(ESI). Non-target peak finding, sample-control-comparison 
followed by identification based on empirical formula finding and 
ChemSpider database searching was performed in SCIEX OS 
software. In addition, statistical data processing was done in 
MarkerView™ software. 

Introduction 

Artificial colors and dyes are used in food to make it visually 
more appealing and “flavorful” since people associate certain 
colors with certain flavors. 

However, some dyes are banned because they are toxic and 
carcinogenic. Other dyes are approved for use in foods and 
regulated by Codex Alimentarius, the US-FDA, EFSA etc. Nature 
derived color additives (pigments derived from vegetables, 
minerals or animals) are exempt from certification.1-3

Recent research shows a link between the presence of artificial 
colors in food and behavioral problems of children.4-5 These
findings have resulted in public concern about the use of artificial 
dyes. 

Analytical methods used to test for the presence of banned 
colors and dyes in food include TLC-UV/VIS, LC-UV/VIS, and 
LC-MS. Such methods have limited selectivity and sensitivity and 
are therefore only used for target analysis. Recent 
advancements in LC-HR-MS technology provide the ability to 
perform targeted and non-targeted screening in food samples on 
a routine basis. The exact mass and MS/MS data provided by 
these instruments contain enough information to confidently 
identify known food ingredients and contaminants and also to 
identify unknown chemicals that may also be present in the 
sample. 

Artificial colors and dyes in food samples were identified using 
the SCIEX X500R QTOF system. MS detection was performed 

using information dependent acquisition (IDA) to simultaneously 
collect accurate mass MS and MS/MS information.

Compounds were automatically identified. SCIEX OS was used 
to automatically process the data using a non-target peak finding 
algorithm and sample-control-comparison to locate unique peaks 
in the sample. MarkerView™ software and statistical data 
processing was used to separate matrix and sample specific 
signals from true contaminants. TOF-MS and MS/MS data of 
ions of interest were automatically processed using empirical 
formula finding and searched against online databases, such as 
ChemSpider, for identification. The SCIEX OS software offers an 
easy to use and intuitive workflow to tentatively identify unknown 
chemicals in food. 

Experimental 

Samples 

Store-bought “Icing Colors” were diluted 10,000x using a sugar 
solution prepared by dissolving 10 g of sugar in 10 mL water (LC 
grade) to mimic the icing sugar matrix typically used for baking. 

LC Separation 

LC separation was performed using a SCIEX ExionLC™ AD 
system with a Phenomenex Luna Omega 1.6 µm Polar C18 (50 
x 2.1 mm) column and a fast gradient of water and methanol with 



5 mM ammonium formate buffer at a flow rate of 0.5 mL/min (see 
Table 1 for the gradient profile). The injection volume was 5 µL. 

Table 1. Gradient conditions used for the identification of food dyes 

Step Time (min) A (%) B (%) 

0 0.0 90 10 

1 1.0 90 10 

2 6.0 10 90 

3 7.0 10 90 

4 7.1 90 10 

8 10.0 90 10 

MS/MS Detection 

The SCIEX X500R QTOF system with Turbo V™ source and 
Electrospray Ionization (ESI) was used in negative polarity. 

Mass calibration was achieved using the integrated calibrant 
delivery system (CDS) with the TwinSprayer probe (dual ESI 
needle). 

High resolution data were acquired using an IDA method 
consisting of a TOF-MS survey scan (100-1000 Da for 200 
msec) and up to 10 dependent MS/MS scans (50-1000 Da for 50 
msec). Declustering Potential (DP) was set to -80 V and MS/MS 
fragmentation was achieved using a Collision Energy (CE) of CE 
of -35 V with a collision energy spread of ±15 V. 

Dynamic background subtraction (DBS) was activated for best 
MS/MS coverage. No inclusion list was used, which allowed non-
target identification without the need for a second injection to 
acquire MS/MS data. 

Data Acquisition and Processing 

All data were acquired and processed using SCIEX OS software 
version 1.0, which showcases a thoughtfully designed user 
interface that is fast to learn and delivers improved lab 
productivity. In addition, MarkerView™ software version 1.3 was 
used for statistical processing using Principal Components 
Analysis (PCA). 

Results and Discussion 

X500R Performance Characteristics and Data Acquisition 

Workflows 

The X500R QTOF system utilizes an N-optics TOF design to 
maximize resolution while maintaining benchtop design and a 

minimized footprint. Its resolving power increases with mass 
range providing ~30000 to 40000 resolution for the typical 
molecular weight range of ingredients and contaminants in food 
(Figure 1). 

Figure 1. Resolution of different chemicals detected in negative polarity 
ESI in diluted dye samples 

The X500R QTOF system achieves stable mass accuracy of 
less than 2 ppm by using a heated TOF configuration, with 6 
heater drones throughout the TOF path and by using the 
dynamic background calibration software algorithm. The X500R 
QTOF’s mass accuracy is supplemented by legendary dynamic 
transmission control and dynamic background calibration, 
introduced in 2010 with the TripleTOF® system and optimized
over time. 

In addition, the integrated CDS with the TwinSprayer probe 
provides an independent calibrant delivery path for reliable auto-
calibration (Figure 2), maintaining mass accuracy over long 
periods of time by automatically calibrating in batch mode. 

Figure 2. TwinSprayer ESI probe showing the independent inlet for LC 
and calibrant 



The accurate mass measurement of a molecular ion is 
insufficient for compound identification. Single stage MS 
information can only be used for empirical formula finding.  
Because many different chemicals have identical molecular 
formulas accurate mass MS/MS data are absolutely necessary 
to identify chemical structures based on the molecular fingerprint 
observed in the MS/MS spectrum. 

Using IDA, simultaneous acquisition of TOF-MS and MS/MS into 
a single data file for each sample was possible. Up to 10 MS/MS 
spectra were automatically collected for each chromatographic 
data point (Figure 3). 

Figure 3. Simultaneous acquisition of TOF-MS and MS/MS using IDA, 
the example shows spectra of sucrose and sucrose dimer of the matrix 

Processing Workflow for Non-Target Identification in SCIEX 

OS Software 

Full scan chromatograms are very rich in information and easily 
contain thousands of ions from chemicals present in the sample, 
including the food matrix itself. Powerful software is needed to 
explore the high resolution MS and MS/MS spectra generated to 
get answers and results from these complex data. 

Figure 4 shows Total Ion Chromatograms (TIC) of samples 
analyzed. It can be seen that the TIC are dominated by matrix 
components (sugars) eluting at ~0.3 min. The main dyes in the 
red and blue sample can be found, but minor components and 
ingredients in the yellow and brown sample are not visible. 

Figure 4. TIC of a blank (water), matrix (sugar solution) and for dyes 
samples, peak finding without software tools is very complicated or even 
impossible 

SCIEX OS software  a single platform for MS control, data 
processing and reporting, and provides: 

• Simple software workflows that deliver reliable results

• Automated feature detection based on non-target peak finding
followed by sample-control-comparison

• Automated compound identification using empirical formula
finding followed by library and online database searching

• Quick data review and reporting utilizing customizable
flagging and filtering of results

The workflow to setup non-target data processing is illustrated in 
Figures 5a and b. 

Figure 5a. Selecting unknown sample(s) and control sample for non-
target data processing and sample-control comparison in SCIEX OS 
software 



Figure 5b. Setup of non-target peak finding criteria and identification 
tools, including MS/MS library searching and empirical formula finding, 
criteria for traffic lights are set for later data review and filtering 

Data Review during Non-Target Identification in SCIEX OS 

Software 

After non-target peak finding and sample-control-comparison the 
results are displayed (Figure 6). The results table can be sorted 
and filter using the traffic lights. The Peak review will 
automatically provide XIC, TOF-MS and MS/MS data for both the 
sample and control sample. 

Figure 6. Results display after non-target peak finding and sample-
control comparison, results were filtered by formula finding score (>70%) 
and sorted by intensity 

Zooming into the TOF-MS spectrum provides details of formula 
finding, including mass error in TOF-MS and MS/MS and the 
number of structures found in ChemSpider for each possible 
formula (Figure 7). 

Figure 7. Zoom into TOF-MS to display detailed results of formula 
finding, the most likely formula has a mass error of 0.3 ppm in TOF-MS 
an average mass error of 1 ppm of all fragments in MS/MS and 5 
matching structures in ChemSpider 

From the TOF-MS display the formula can be linked to 
ChemSpider. The ChemSpider display will list all matching 
structures, automatically sorted by number of references. The 
selected structure is automatically fragmented in-silico and 
compared against the accurate mass MS/MS spectrum. 

Using this workflow the main ingredient in the red food coloring 
was quickly identified as Erythrosine (Figure 8). 

Figure 8. ChemSpider search results and in-silico fragmentation assisting
to quickly identify Erythrosine in red food coloring 

Results of Analyzing Food Coloring 

Identified artificial dyes and by-products are summarized in 
Table 2. Figures 9, 10 and 11 show further examples of 
identification based in ChemSpider searching and MS/MS 
elucidation. 



Figure 9. ChemSpider search results and in-silico fragmentation assisting
to quickly identify Tartrazine in yellow food coloring 

Figure 10. ChemSpider search results and in-silico fragmentation 
assisting to quickly identify Brilliant Blue in blue food coloring 

Table 2. Artificial dyes and by-products identified in samples

Sample m/z - RT Area %* Formula 
Formula Finder 

Score (%) 
Mass error 

(ppm) 
MS/MS error 

(ppm) 
Identification 

Red 834.6480 / 5.02 88.5 C20H8I4O5 94.5 0.3 1.0 Erythrosine 

708.7515 / 4.91 6.1 C20H9I3O5 93.4 0.5 0.9 Erythrosine-I 

890.6733 / 5.47 1.0 C23H12I4O6 92.0 0.8 0.8 Erythrosine+C3H4O 

407.0012 / 2.76 0.6 C16H12N2O7S2 96.2 0.1 1.0 Sunset Yellow 

582.8543 / 4.87 0.4 C20H10I2O5 92.1 0.1 2.1 Erythrosine-I2 

Yellow 197.9867 / 0.53 C7H4NO4S- 88.9 0.7 2.0 in-source fragment 

466.9974 / 0.53 90.3 C16H12N4O9S2 92.0 0.2 2.0 Tartrazine

224.0134 / 0.53 C8H6N3O3S- 93.6 0.7 0.5 in-source fragment 

501.9503 / 0.56 9.7 contains 2 Cl- not identified 

Blue 747.1508 / 4.01 90.1 C37H36N2O9S3 86.9 0.3 3.3 Brilliant Blue 

577.1473 / 4.49 5.4 C30H30N2O6S2 92.5 0.2 1.7 
Brilliant Blue - 

C7H6O3S 
(by-product) 

184.9909 / 0.52 4.5 C7H6O4S 78.1 2.1 2.3 
3-Formylbenzene-

sulfonic acid 
(by-product)

Brown 407.0012 / 2.76 33.9 C16H12N2O7S2 93.3 0.2 1.6 Sunset Yellow 

451.0277 / 3.31 24.8 C18H16N2O8S2 86.6 0.5 3.0 Allura Red 

834.6480 / 5.02 19.1 C20H8I4O5 92.8 0.1 1.9 Erythrosine 

501.9503 / 0.56 9.3 contains 2 Cl- not identified 

* Area % includes monoisotopic peak, isotopes, adducts (i.e. Na+), multiply charged ions and in-source-fragments
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Figure 11. ChemSpider search results and in-silico fragmentation 
assisting in the quick identification of Allura Red in the brown food 
coloring 

Statistical Data Analysis to Identify Unknowns 

Statistical data analysis is an alternative to simple sample-
control-comparison. Tools, such as Principal Components 
Analysis (PCA), can be used to identify characteristic markers in 
complex samples and at lower levels. Figure 12 shows an 
example of PCA performed in MarkerView™ software to find 
ingredients in food dyes. 

Figure 12. PCA as an alternative to sample-control comparison quickly 
finds differences between samples (score plot shown left) and helps to 
identify characteristic m/z-RT using the above described tools 

Summary 

A new non-target LC-HR-MS/MS based approach to quickly 
identify artificial colors in food samples was developed using the 
SCIEX X500R QTOF system.  

Negative polarity ESI TOF-MS and MS/MS data acquired using 
information dependent acquisition were processed in SCIEX OS 
and MarkerView™ software. Characteristic m/z-RT were further 
processed using empirical formula finding and ChemSpider 
searching. The major compounds in food coloring were quickly 
identified using automated and intuitive software workflows in 
SCIEX OS. 
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Overview

Here we present results using a new method to identify and
quantify pesticide residues in food using the SCIEX X500R
QTOF system. Samples were extracted using a QuEChERS
method and analyzed by LC-HR-MS/MS. Limits of quantitation of
10 µg/kg were achieved for every compound after 10x dilution of
the extract to minimize possible matrix effects.

Target compounds were automatically identified by matching
retention time, accurate mass and isotope pattern of the
molecular ion and MS/MS library searching using SCIEX OS
software. In the same data processing step, compounds were
quantified and unknown samples were flagged when a user-
defined reporting level was exceeded.

Introduction

Recent advancements in LC-MS/MS technology, including hybrid
systems like quadrupole-quadrupole Time-of-Flight (QTOF), now
provide the ability to perform targeted and non-targeted
screening in food samples on a routine basis.3

The SCIEX X500R QTOF system is a robust, high performance
high resolution MS/MS system designed for routine use
providing:

• Sensitivity to easily detect compounds at maximum residue
levels

• Resolving power to remove interference from complex food
matrices

• Linearity to quantify over up to 3 orders of magnitude

• Mass accuracy to identify compounds following regulatory
guidelines

• Confident identification using MS/MS spectra and ion ratios

• Industry leading robustness of Turbo V™ source and Curtain
Gas™ interface

Full scan chromatograms are very rich in information and easily
contain thousands of ions from any residue present in the
sample, including the food matrix itself. Powerful software is

needed to explore the high resolution MS/MS spectra generated
to get answers and results from these complex data.

The SCIEX OS software is a single platform for MS control, data
processing, and reporting and provides:

• Simple software workflows that deliver reliable results

• Simultaneous identification and quantitation

• Quick data review and reporting utilizing customizable
flagging and filtering of results

Experimental

Standards

A standard mix of 200 pesticides was used to prepare serial
dilutions for quantitative analysis.

Sample preparation

EU proficiency test samples and food samples from a local
supermarket were extracted using a QuEChERS procedure
following guideline EN 15662/2007. Sample extracts were diluted
10x to minimize possible matrix effects.

LC Separation

LC separation was performed using a SCIEX ExionLC™ AC
system with a Phenomenex Kinetex Biphenyl 2.6u (50 x 2.1mm)
column and a fast gradient of water and methanol with 5 mM
ammonium formate buffer at a flow rate of 0.5 mL/min (see Table
1 for the gradient profile). The injection volume was 5 µL.



Table 1. Gradient conditions used for the separation of pesticides

Step Time (min) A (%) B (%)

0 0.0 90 10

1 0.5 90 10

2 2.0 70 30

3 9.0 40 60

4 11.0 20 80

5 12.0 5 95

6 15.0 5 95

7 16.0 90 10

8 20.0 90 10

MS/MS Detection

The SCIEX X500R QTOF system with Turbo V™ source and
Electrospray Ionization (ESI) was used.

Mass calibration was achieved using the integrated calibrant
delivery system (CDS) with the TwinSprayer probe (dual ESI
needle).

High resolution data were acquired using an IDA method
consisting of a TOF-MS survey (100-1000 Da for 100 msec) and
up to 20 dependent MS/MS scans (50-1000 Da for 35 msec).
MS/MS fragmentation was achieved using CE of 35 V with a
collision energy spread (CES) of ±15 V.

Dynamic background subtraction (DBS) was activated for best
MS/MS coverage, and no inclusion list was used to also allow
retrospective unknown identification without the need for a
second injection to acquire MS/MS data.

Data Acquisition and Processing

All data were acquired and processed using SCIEX OS software
version 1.0, which showcases a thoughtfully designed user
interface that is fast to learn and delivers improved lab
productivity.

Results and Discussion

X500R Performance Characteristics

Resolution > 20,000 (at full width half height) and mass accuracy
<5 ppm are often sufficient to separate the analytes of interest
from interfering matrices and, thus, are identified as the set
requirements for compound identification in various guidelines.1, 2

The X500R QTOF system utilizes N-optics design to maximize
resolution while maintaining benchtop design and a minimized
footprint. Its resolving power increases with mass range
providing ~30000 to 40000 for the typical molecular weight range
of pesticides.

The 4 mm orifice leading into the TOF accelerator delivers
resolution without compromise in sensitivity. The sensitivity of
the X500R QTOF system is comparable to a SCIEX QTRAP®

5500 system operated in MRM mode, allowing extract dilution to
minimize ion suppression while detecting easily at 10 μg/kg
levels (Figure 1).

Figure 1. Sensitivity and resolution of different pesticides, left: XIC of the 
molecular ion of each compound ± 5 mDa at 1 ng/mL (Emamectin at
10 ng/mL), right: TOF-MS spectrum of molecular ion with achieved
resolution value (average of seven X500R QTOF systems) 

The X500R QTOF system achieves stable mass accuracy of
less than 2 ppm by using a heated TOF configuration, with 6
heater drones throughout the TOF path to maintain mass
accuracy and robustness. In addition, the integrated CDS with
the TwinSprayer probe provides an independent calibrant
delivery path for reliable auto-calibration. The CDS setup
maintains mass accuracy over long periods of time by
automatically calibrating in batch mode (it is recommended to
infuse a calibrant standard every hour or two).



Furthermore, the X500R QTOF’s mass accuracy is
supplemented by legendary dynamic transmission control and
dynamic background calibration, introduced in 2010 with the
TripleTOF® system and optimized over time.

Figure 2 shows an example of mass accuracy for a selected
pesticide detected over a wide concentration range.
Paclobutrazol was quantified from 0.1 to 1,000 ng/mL with good
linearity (r2 = 0.9993). Excellent mass accuracy was achieved
(-0.2 to 0.91 ppm) at all levels, even at the highest concentration
of 10,000 ng/mL which was above the upper limit of quantitation
for this analyte.

Figure 2. Detection of Paclobutrazol from 0.1 to 10,000 ng/mL with good
linearity (0.1 to 1,000 ng/mL) and mass errors of < 1 ppm even at the
highest concentration above the upper limit of quantitation 

Despite the high selectivity of high resolution MS detection, there
is a risk of false positive findings due to interfering isomers and
matrix signals. As a result food testing guidelines require the
detection of the “molecular ion” and “at least one fragment ion”,
and for “a higher degree of confidence in identification, further
evidence may be gained from additional mass spectrometric
information. For example, evaluation of full scan spectra, isotope
pattern, adduct ions, additional accurate mass fragment ions…
(in MS/MS)”.2

The example shown in Figure 3 highlights the need of fragment
ion detection to confidently differentiate between isomers.

The pesticides Prometon and Terbumeton have identical
molecular formulae (C10H19N5O) and as a result the identical
molecular ion and isotope pattern. The retention time difference
of less than 0.1 min, due to highly similar structures, is not
sufficient to differentiate both pesticides.

Figure 3. Confident identification of isomers Prometon and Terbumeton
using characteristic MS/MS fragment ions and MS/MS library searching

However, the two compounds have unique and characteristic
fragment ions, C7H14N5O+ and C6H12N5O+, respectively, which
can be used for identification. Molecular and fragment ions have
been measured with good mass accuracy of < 5 ppm and less <
1 mDa, respectively.

Processing Workflow for Targeted Identification and

Quantitation in SCIEX OS Software

Extracted Ion Chromatograms (XIC) of all target analytes are
generated based on user input (chemical formula and expected
retention time). MS and MS/MS information is automatically
evaluated if an XIC signal is detected and compounds are
identified by matching retention time, accurate mass and isotope
pattern of the molecular ion and MS/MS library searching.
Qualitative rules are defined in the processing method and can
be used for results review and filtering (Figures 4a and b).

Figure 4a. Method editor in SCIEX OS software, user input for target
compounds including chemical formula to calculate precursor ion mass
and expected retention time 



Figure 4b. Method editor in SCIEX OS software, user input for qualitative 
rules (traffic lights) to enable easy results review and filtering 

In the same data processing step standard calibration lines are
generated to automatically calculate concentrations in unknown
samples (Figure 2).

Results of EU Proficiency Test Samples

Two samples of an EU proficiency test for pesticides and fruits
and vegetables were extracted and analyzed for pesticides.
Results are listed in Table 2. Retention time errors were less
than 0.1 min and mass errors were between -1.20 and 1.17 ppm
and were well below the required 5 ppm (SANTE/11945/2015).

Concentrations were assigned for pesticides present in the
SCIEX iDQuant™ standards kit for pesticide analysis.

Table 2. Pesticides identified and quantified in two EU proficiency test
(EUPT) samples based on matching retention time (RT), accurate mass
and isotope pattern and MS/MS library searching 

Pesticide 
RT error

(min) 

Mass 
error
(ppm) 

Isotope
ratio
error

MS/MS
FIT (%)

Conc.
(µg/kg) 

EUPT 1 

Acetamiprid 0.00 0.09 2.2 100.0 449

Acrinathrin 0.00 0.61 1.0 98.9 -

Buprofezin 0.01 0.32 1.1 100.0 204

Chlorpyrifos 0.00 -0.78 3.3 95.2 -

Cypermethrin 0.01 -0.27 4.9 99.2 -

Cyprodinil 0.01 -0.17 1.1 100.0 374

Diazinon 0.00 -0.20 1.7 100.0 -

Difenoconazole 0.00 0.22 1.8 100.0 1092

Fenamiphos 0.00 -1.74 1.3 99.9 -

Fenamiphos-sulfone 0.00 -0.26 1.7 100.0 -

Fenamiphos-sulfoxide 0.00 -0.94 1.3 97.1 -

Fenhexamid 0.02 0.16 0.6 100.0 871

Fludioxonil (-) 0.01 -0.69 0.8 99.6 236

lambda-Cyhalothrin 0.00 0.42 2.4 99.0 -

Methoxyfenozide 0.02 0.63 12.2 100.0 94.0

Pirimicarb 0.02 -0.37 0.3 100.0 478

Pyridaben 0.01 0.41 3.1 100.0 1063

Spinosyn A 0.01 -0.24 3.3 100.0 366

Spinosyn D 0.01 1.17 13.3 N/A 57.4

Tetraconazole 0.01 -0.36 9.3 100.0 111



Table 2. cont. (sample 2) 

Pesticide 
RT error

(min) 

Mass 
error
(ppm) 

Isotope
ratio
error

MS/MS
FIT (%)

Conc.
(µg/kg) 

EUPT 2 

Atrazine 0.00 0.12 7.3 100.0

Cadusafos 0.00 -1.20 2.3 99.2

Carbetamide 0.02 -1.02 16.3 100.0

Demeton-S-methyl-
sulfone 0.00 0.21 0.4 99.7

Ethoprophos 0.00 -0.47 1.7 98.7

Fenpropidin 0.00 -0.34 2.2 100.0

Fipronil (-) 0.00 0.20 7.3 100.0

Flubendiamide (-) 0.00 0.11 8.9 0.0

Fluometuron 0.01 -0.03 0.9 99.9

Fuberidazole 0.02 -0.56 1.3 99.7

Furathiocarb 0.01 -0.31 2.3 100.0

Metosulam 0.00 -0.42 1.7 100.0

Prosulfocarb 0.00 -0.54 1.2 100.0

Secbumeton 0.00 0.06 1.6 100.0

Spiromesifen 0.01 -0.84 5.9 99.0

(-): identified in negative polarity 

Figures 5a and 5b show screenshots of the result table used for
pesticide identification in proficiency test samples.

Figure 5a. Pesticides identified in proficiency test sample 1 in positive
polarity based on matching retention time, accurate mass, isotope pattern 
and MS/MS library searching (note: Fludioxonil was identified in negative
polarity)

Figure 5b. Pesticides identified in proficiency test sample 2 in positive
polarity based on matching retention time, accurate mass, isotope pattern 
and MS/MS library searching (note: Fipronil and Flubendiamide were
identified in negative polarity)

No false positive results were reported. MS/MS data and mass
spectral library searching were crucial to differentiate and
correctly identify structural isomers. Library searching results
were reported as FIT and in all cases were above 90%.

The pesticide Flubendiamide was not present in our MS/MS
libraries. Here the built-in ‘Fragments Tool’ of SCIEX OS was
used to compare the structure of the suspected compound with
the high resolution MS/MS spectrum. All measured fragment
ions matched the theoretical fragmentation pathway, resulting in
a tentative identification of Flubendiamide.

Figure 6. Tentative identification of Flubendiamide based on a 
comparison of the HR-MS/MS spectrum with the theoretical
fragmentation pathway
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Results of Store-bought Samples

Fruit and vegetable samples obtained from a local supermarket
were extracted and tested for pesticide residues. Results above
10 µg/kg are listed in Table 3.

Table 3. Pesticides identified and quantified in store-bought fruit and 
vegetable samples based on matching retention time (RT), accurate
mass and isotope pattern and MS/MS library searching 

Sample / Pesticide 
RT error

(min) 

Mass 
error
(ppm) 

Isotope
ratio
error

MS/MS
FIT (%)

Conc.
(µg/kg) 

Banana 

Buprofezin 0.01 0.32 3.5 100.0 341

Imazalil 0.02 0.79 15.1 91.5 565

Thiabendazole 0.01 -1.51 13.9 97.6 444

Blueberry n.d.

Carrot n.d.

Grapes 

Boscalid 0.01 -0.80 8.8 97.2 115

Buprofezin 0.01 0.22 7.3 99.6 17.3

Cyprodinil 0.01 -0.87 3.3 94.8 412

Imidacloprid 0.01 -0.58 14.6 96.1 82.5

Pyraclostrobin 0.00 -1.31 4.8 100.0 46.7

Lemon 

Imazalil 0.02 0.74 7.3 94.7 1080

Pyrimethanil 0.01 -0.77 1.0 99.2 164

Pyriproxyfen 0.01 0.43 11.4 95.3 31.6

Organic banana 

Spinosyn D 0.00 2.33 19.8 100.0 12.6

Organic strawberry 

Spinosyn A 0.01 0.55 9.1 100.0 13.9

Spinosyn D 0.01 1.63 6.0 99.4 33.3

Spinach n.d.

Strawberry 

Acetamiprid 0.08 -0.35 6.5 98.7 19.2

Table 3. cont.

Boscalid 0.00 -0.49 4.9 99.3 161

Myclobutanil 0.00 -0.31 13.9 100.0 85.0

Pyraclostrobin 0.00 1.33 16.3 99.0 40.5

Pyrimethanil 0.00 0.32 4.7 97.3 391

Tomato (n.d.) n.d.

n.d.: no pesticide detected 

Summary

A new method to identify and quantify pesticide residues in food
samples was developed using the SCIEX X500R QTOF system.
Qualitative and quantitative data processing was performed in
SCIEX OS software.

The method was successfully applied to EU proficiency test
samples and store-bought fruit and vegetable samples. Samples
were extracted using a QuEChERS procedure and analyzed
using LC-HR-MS/MS. Limits of quantitation of 10 µg/kg were
achieved for all compounds after 10x dilution the extracts to
minimize possible matrix effects.

Pesticides were automatically identified by matching retention
time, accurate mass and isotope pattern of the molecular ion and
MS/MS library searching using SCIEX OS software. In the same
data processing step compounds were quantified and unknown
samples were flagged when a user-defined reporting level was
exceeded.
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Perfect Balance to Elevate your Lab’s Performance
Using the X500R QTOF System and SCIEX OS Software to Quickly Identify Unknowns in Food Samples 

André Schreiber1, Yuji Aita2, and Jianru Stahl-Zeng3

1SCIEX Concord, Ontario (Canada), 2SCIEX Tokyo (Japan), 3SCIEX Darmstadt (Germany) 

Overview

Here we present results using a new method to identify
unexpected chemical residues and contaminants in food using
the SCIEX X500R QTOF system. Samples were extracted using
a QuEChERS method and analyzed by LC-HR-MS/MS.

Unknown compounds were automatically identified by using a
non-target peak finding algorithm followed by sample-control-
comparison to separate matrix and sample specific signals from
true contaminations. TOF-MS and MS/MS data for ions of
interest were automatically processed using formula finding and
searched against mass spectral libraries and online databases,
such as ChemSpider, for identification. The SCIEX OS software
offers an easy to use and intuitive workflow to tentatively identify
unexpected chemicals in food.

Introduction

Hybrid LC-MS/MS systems like quadrupole-quadrupole Time-of-
Flight (QTOF) provide the ability to perform targeted and non-
targeted screening in food samples on a routine basis.

The SCIEX X500R QTOF system is a robust, high performance
high resolution MS/MS system designed for routine use
providing:

• Sensitivity to easily detect compounds at relevant
concentrations

• Resolving power to remove interference from complex food
matrices

• Linearity over up to 3 orders of magnitude to identify
compounds at different concentration levels

• Mass accuracy to identify compounds following regulatory
guidelines

• Confident identification using MS/MS spectra and ion ratios

• Industry leading robustness of Turbo V™ source and Curtain
Gas™ interface

Full scan chromatograms are very rich in information and easily
contain thousands of ions from any chemical present in the
sample, including the food matrix itself. Powerful software is

needed to explore the high resolution MS/MS spectra generated
to get answers and results from these complex data.

The SCIEX OS software is a single platform for MS control, data
processing and reporting, and provides:

• Simple software workflows that deliver reliable results

• Automated identification of unknowns

• Quick data review and reporting utilizing customizable
flagging and filtering of results

Experimental

Sample preparation

Food samples from a local supermarket were extracted using a
QuEChERS procedure following guideline EN 15662/2007.
Sample extracts were diluted 10x to minimize possible matrix
effects.

LC Separation

LC separation was performed using a SCIEX ExionLC™ AC
system with a Phenomenex Kinetex Biphenyl 2.6u (50 x 2.1mm)
column and a fast gradient of water and methanol with 5 mM
ammonium formate buffer at a flow rate of 0.5 mL/min (see Table
1 for the gradient profile).

The injection volume was 5 µL.



Table 1. Gradient conditions used for unknown screening 

Step Time (min) A (%) B (%) 

0 0.0 90 10 

1 0.5 90 10 

2 2.0 70 30 

3 9.0 40 60 

4 11.0 20 80 

5 12.0 5 95 

6 15.0 5 95 

7 16.0 90 10 

8 20.0 90 10 

MS/MS Detection 

The SCIEX X500R QTOF system with Turbo V™ source and 
Electrospray Ionization (ESI) was used. 

Mass calibration was achieved using the integrated calibrant 
delivery system (CDS) with the TwinSprayer probe (dual ESI 
needle). 

High resolution data were acquired using an IDA method 
consisting of a TOF-MS survey (100-1000 Da for 100 msec) and 
up to 20 dependent MS/MS scans (50-1000 Da for 35 msec). 
MS/MS fragmentation was achieved using CE of 35 V with a 
collision energy spread (CES) of ±15 V. 

Dynamic background subtraction (DBS) was activated for best 
MS/MS coverage, and no inclusion list was used to also allow 
retrospective unknown identification without the need for a 
second injection to acquire MS/MS data. 

Data Acquisition and Processing 

All data were acquired and processed using SCIEX OS software 
version 1.0, which showcases a thoughtfully designed user 
interface that is fast to learn and delivers improved lab 
productivity. 

Results and Discussion 

X500R Performance Characteristics 

Resolution > 20,000 (at full width half height) and mass accuracy 
<5 ppm are often sufficient to separate the analytes of interest 
from interfering matrices and, thus, are identified as the set 
requirements for compound identification in various guidelines.1, 2

The X500R QTOF system utilizes N-optics design to maximize 
resolution while maintaining benchtop design and a minimized 
footprint (Figure 1). Its resolving power increases with mass 
range providing ~30000 to 40000 for the typical molecular weight 
range of pesticides.3

The 4 mm orifice leading into the TOF accelerator delivers 
resolution without compromise in sensitivity. The sensitivity of 
the X500R QTOF system is comparable to a SCIEX QTRAP®

5500 system operated in MRM mode, allowing extract dilution to 
minimize ion suppression while detecting easily at 10 μg/kg
levels.3

Figure 1. N-optics design of the X500R QTOF system to maximize 
resolution while maintaining benchtop design and a minimized footprint, 6 
heater drones are integrated into the TOF path to maintain mass 
accuracy and robustness 

The X500R QTOF system achieves stable mass accuracy of 
less than 2 ppm by using a heated TOF configuration, with 6 
heater drones throughout the TOF path to maintain mass 
accuracy and robustness. In addition, the integrated CDS with 
the TwinSprayer probe provides an independent calibrant 



delivery path for reliable auto-calibration. The CDS setup 
maintains mass accuracy over long periods of time by 
automatically calibrating in batch mode (it is recommended to 
infuse a calibrant standard every hour or two). 

Furthermore, the X500R QTOF’s mass accuracy is 
supplemented by legendary dynamic transmission control and 
dynamic background calibration, introduced in 2010 with the 
TripleTOF® system and optimized over time.

While accurate mass measurement of the molecular ion is 
important for empirical formula finding, this is not the only 
information available. Combining all available accurate mass MS 
and MS/MS information is crucial to minimize the list of potential 
formulae. Figures 2, 3 and Table 2 illustrate that the number of 
formulae can be reduced from over 200 to a single match by not 
only using the accurate mass of the molecular ion but also 
including the isotope pattern and MS/MS matching in the 
formula-finding algorithm. 

Using the combined scoring of MS and MS/MS matches, SCIEX 
OS lists the most likely chemical formula at the top of results 
table. Also, SCIEX OS downloads a ChemSpider hit count for 
each calculated formula which further assists in identifying the 
correct result (Figure 2). 

Figure 2. TOF-MS and MS/MS spectra used for empirical formula finding,  
results are ranked by a combined score using MS and MS/MS 
information, and when combined with the ChemSpider hit count, can be 
used to quickly find the correct match 

Figure 3. Number of matching molecular formulae depending on the 
information and mass accuracy used for empirical formula finding 
(elements allowed C49H75Br3Cl5F3I3N10O10PS3) 

Table 2. Ranking of matching formulae using MS and MS/MS 
information collected for Trifloxystrobin, the MS rank combines mass 
accuracy and isotope pattern matching and the MS/MS rank combines 
mass accuracy and number of ions (n) 

Hit Formula MS Rank ppm 
MS/MS 
Rank 

ppm 
(n=11) 

1 C20H19F3N2O4 2 0.3 2 2.0 

2 C21H15F3N6 9 -2.9 4 3.0 

3 C18H16N8O4 4 0.9 6 4.8 

4 C15H17FN8O5 11 -1.9 5 4.8 

5 C16H13FN12O 7 -5.2 10 9.0 

6 C14H20F3N6O3P 22 2.8 1 2.0 

7 C16H21N6O5P 7 -3.1 11 9.4 

8 C23H18F2N2O3 9 3.1 14 9.4 

9 C21H23F2O4P 1 -0.9 24 22.1 

10 C19H21FN2O7 16 -8.4 12 9.4 

In addition to more efficient formula finding, MS/MS spectra are 
also needed for structural elucidation. Without MS/MS spectra it 
is impossible to conclude a correct structure from a molecular 
formula alone. 

The example shown in Figure 4 highlights the need of fragment 
ion detection to confidently differentiate between isomers 
Prometon and Terbumeton. 



Figure 4. Confident identification of isomers Prometon and Terbumeton 
using characteristic MS/MS fragment ions and MS/MS library searching 

Processing Workflow for Unknown Identification in SCIEX 

OS Software 

Extracted Ion Chromatograms (XIC) are generated using a non-
target peak finding algorithm. No masses or retention times are 
provided to find chromatographic features. Sample-control-
comparison is used to separate matrix and sample-specific 
signals from true contaminations. 

High resolution TOF-MS and MS/MS data of ions of interest are 
automatically processed using: 

• MS/MS library searching to identify compounds already
present in existing libraries

• Empirical formula finding based on TOF-MS and MS/MS

• ChemSpider searching

• Comparison of structures retrieved from ChemSpider against
the acquired HR-MS/MS spectra

The method editor in SCIEX OS software to setup parameters 
and criteria for unknown identification is shown in Figure 5a-c. 

Figure 5a. Method editor in SCIEX OS software for unknown 
identification, selection of sample and control-sample for non-target peak 
finding  

Figure 5b. Method editor in SCIEX OS software for unknown 
identification, configuration of library search parameters 

Figure 5b. Method editor in SCIEX OS software for unknown 
identification, configuration of formula finding options 

SCIEX offers true HR-MS/MS spectral libraries for over 2500 
compounds, including pesticides, veterinary drugs, toxins, 
fluorochemicals, pharmaceuticals, and illicit drugs.  

Results of Unknown Identification 

Two samples of bell pepper, including an organic pepper, were 
extracted and analyzed using the developed LC-HR-MS/MS 
method in positive and negative polarity. Both samples were 
processed using the described non-target workflow. 

A total of 2358 (positive polarity) and 1563 (negative polarity) 
chromatographic features were identified using the non-target 
peak finding algorithm. Less than 50 features were found to be 
characteristic for the contaminated bell pepper after sample-
control-comparison using an area ratio of 10. 

Results can be sorted and filtered for easy data review after 
performing sample-control-comparison. Library searching and 
formula finding results and scores are listed in the result table. 
More details and a visual display of XIC, TOF-MS and MS/MS 
for both samples can be found in peak review (Figure 6). 



Figure 6. Results display after non-target screening, library searching 
and formula finding results are displayed in the table (top) and 
chromatograms and spectra with result details can be reviewed (bottom) 

Formula finding results are displayed below the TOF-MS 
spectrum in the peak review window. Results are automatically 
ranked by mass accuracy (MS and MS/MS) and the matching of 
the isotope pattern. In addition the ChemSpider hit count is listed 
to quickly identify the correct match. The formulae can be 
searched against ChemSpider. Structural information from 
ChemSpider will be automatically compared against the acquired 
MS/MS spectrum to provide feedback for a quick identification. 

Examples of tentatively identified pesticides in the bell pepper 
sample are shown in Figures 7, 8 and 9.  

Figure 7a. Review of XIC of m/z 239.150 at RT 5.3 min and spectra with 
a found formula of C11H18N4O2 

Figure 7b. The ChemSpider search and automatic elucidation of the 
MS/MS spectrum led to the tentative identification of Pirimicarb (top) and 
also of its metabolite Desmethyl-pirimicarb (bottom), both compounds 
were confirmed by MS/MS library searching 

Figure 8a. Review of XIC of m/z 226.134 at RT 8.2 min and spectra with 
a found formula of C14H15N3, although ranked second based on mass 
accuracy the high ChemSpider hit count revealed the correct match 
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Figure 8b. The ChemSpider search and automatic elucidation of the 
MS/MS spectrum led to the tentative identification of Cyprodinil, this 
compound was confirmed by MS/MS library searching 

Figure 9a. Results display after non-target screening of the negative 
polarity data, review of XIC of m/z 367.203 at RT 6.7 min and spectra 
with a found formula of C22H28N2O3 

Figure 9b. The ChemSpider search and automatic elucidation of the 
MS/MS spectrum led to the tentative identification of Methoxyfenozide 

Summary 

A new method to identify unexpected chemical residues and 
contaminants in food samples was developed using the SCIEX 
X500R QTOF system. Store-bought food samples were 
extracted using a QuEChERS procedure and analyzed by LC-
HR-MS/MS.  

Data processing was performed in SCIEX OS software. The 
processing workflow consists of peak finding using a non-target 
algorithm (no masses or retention times were provided to find 
chromatographic features). Automatic sample-control-
comparison was used to separate matrix and sample specific 
signals from true contaminations. In a final step, tools such as 
empirical formula finding, MS/MS library searching and online 
database searching was used for identification. 

The method was successfully applied to tentatively identify 
pesticide residues in vegetable samples. 
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Pesticide and Potency Testing for the Cannabis Industry 
Elevate your confidence in cannabis testing with the X500R QTOF System 

Method details and access to HR-MS/MS libraries to detect, 
quantify, and confirm pesticides, mycotoxins, cannabinoids and 
terpenes in plant edible samples using HPLC coupled with the 
X500R QTOF system, powered by SCIEX OS Software. 

SCIEX OS can deliver faster method set-up 

Column Restek Raptor ARC-18 
50 x 2.1mm, 2.7µm 

Mobile Phase A 0.1% formic acid, 5mM ammonium formate 
in water 

Mobile Phase B 0.1% formic acid, 5mM ammonium formate 
in acetonitrile 

Flow rate 0.4 mL/min 

Column temperature 40°C 

Injection volume 5 µL 

Gradient profile Time (min) % B 

0 30 

0.5 30 

4 95 

5 95 

5.1 30 

Step 1
• Weight 0.1g sample

Step 2
• Sonicate in 9mL methanol for 5 minutes

Step 3
• Bring to 10mL final volume

Step 4
• Centrifuge and draw off 1mL for analysis.



p 2 

Review your results with utmost efficiency using SCIEX OS for 
simultaneous quantitation and MS/MS library confirmation. 

Download a free XIC compound 
list detailing a full list of 
applicable compounds including 
molecular formula and accurate 
mass. 

Download a free trial of our      
All in One high resolution MS/MS 
library, containing 2135 
compounds. 

Learn more at sciex.com/X-All.

Suggested IDA (Information Dependent Acquisition) conditions for routine food contaminant testing as displayed in SCIEX OS. 

AB Sciex is doing business as SCIEX. 
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Pesticide analysis in food 
Elevate your food testing with the X500R QTOF System 

Method details and access to HR-MS/MS libraries to detect, 
quantify, and confirm pesticides in food extracts using HPLC 
coupled with the X500R QTOF system, powered by SCIEX OS 
Software.. 

Suggested sample preparation conditions based on the QuEChERS 
method (QuEChERS European standard method 15662).

Column Phenomenex Kinetex Biphenyl, 50 x 2.1 
mm, 2.6 um 

Mobile Phase A 5 mM ammonium formate in water 

Mobile Phase B 5 mM ammonium formate in methanol 

Flow rate 0.5 mL/min 

Column temperature 40C 

Injection volume 2 uL 

Gradient profile Time (min) % B 

0 10 

0.5 10 

2.00 30 

9.0 60 

11.0 80 

12.0 95 

15.0 95 

16.0 10 

20.0 10 

Step 1 
• 10g homogenized sample (hydrate with water if needed).

Step 2 
• Add 10mL acetonitrile and internal standard

Step 3 
• Extract with vigorous shaking for 1 minute

Step 4 

• Add QuEChERS salt mix (Phenomenex roQ KS0-8909),
shake vigorously for 1 minute.

Step 5 
• Centrifuge for 10 minutes at 9000 rpm.

Step 6 

• Transfer 1mL supernatent to dSPE tube (Phenomenex
roQ KS0-8916,8913,8914, or 8915 depending on sample
type.

Step 7 
• Shake vigorously for 30 seconds

Step 8 
• Dilute 100µL of extract to 1mL in water for MS analysis
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Review your results with utmost efficiency using SCIEX OS for 
simultaneous quantitation and MS/MS library confirmation. 

Download a free XIC compound 
list detailing a full list of pesticide 
compounds including molecular 
formula and accurate mass. 

Download a free trial of the 
pesticide high resolution MS/MS 
library, containing 557 
compounds. 

Learn more at sciex.com/X-Pesticides. 

Suggested IDA (Information Dependent Acquisition) conditions for routine food contaminant testing as displayed in SCIEX OS. 

AB Sciex is doing business as SCIEX. 

© 2015 AB Sciex.  For Research Use Only. Not for use in diagnostic procedures. The trademarks mentioned herein are the property of AB Sciex Pte. Ltd. or their respective owners. 
AB SCIEX™ is being used under license. 

Document number: RUO-MKT-07-2861-A 

http://www.sciex.com/X-Pesticides
http://www.sciex.com/X-Pesticides
http://www.sciex.com/X-Pesticides


Antibiotic analysis in food 
Elevate your food testing with the X500R QTOF System 

Method details and access to HR-MS/MS libraries to detect, 
quantify, and confirm antibiotic vet drugs  in tissue extracts using 
HPLC coupled with the X500R QTOF system, powered by 
SCIEX OS Software.. 

Sample prep protocol adopted from: 
Mastovska & Lightfield, J. Chrom. A., 2008, 1202, 118-123 

Column Phenomenex Gemini 3µm C18 110Å 
column, 50 x 2.0mm 

Mobile Phase A 0.1% formic acid in water 

Mobile Phase B 0.1% formic acid in methanol 

Flow rate 0.5 mL/min 

Column temperature 40°C 

Injection volume 10 uL 

Gradient profile Time (min) % B 

0 2 

0.3 2 

7.27 80 

7.37 99 

10.9 99 

11 2 

15 2 

Step 1

• 1g Tissue homogenized with 10mL extraction solvent
(1:5) Water Acetonitrile

Step 2

• Vortex, shake vigorously for 5 minutes, centrifuge
(5000rpm, 5 minutes)

Step 3

• Decant supernatent to 15mL tube & add 500mg C18
sorbent.

Step 4
• Vortex, shake 30 sec, centrifuge (5000rpm, 1 minute).

Step 5

• Collect 5mL aliquot of extract and reduce in volume to
<1mL.

Step 6
• Bring to final volume of 1mL w/water and filter for analysis
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Review your results with utmost efficiency using SCIEX OS for 
simultaneous quantitation and MS/MS library confirmation. 

Download a free XIC compound 
list detailing a full list of antibiotic 
compounds including molecular 
formula and accurate mass. 

Download a free trial of the 
antibiotic high resolution MS/MS 
library, containing 244 
compounds. 

Learn more at sciex.com/X-Antibiotics. 

Suggested IDA (Information Dependent Acquisition) conditions for routine food contaminant testing as displayed in SCIEX OS. 

AB Sciex is doing business as SCIEX. 
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Mycotoxin analysis in food 
Elevate your food testing with the X500R QTOF System 

Method details and access to HR-MS/MS libraries to detect, 
quantify, and confirm mycotoxins in food extracts using HPLC 
coupled with the X500R QTOF system, powered by SCIEX OS 
Software. 

Sample prep protocol based : Sulyok M, Krska R, Schumacher R (2010) 
Food Chem 119:408-416 

SCIEX OS can deliver faster method set-up 

Column Phenomenex  Gemini C18, 
150 x 4.6 mm, 5 µm 

Mobile Phase A 5 mM ammonium acetate 
+ 1% acetic acid in water

Mobile Phase B 5 mM ammonium acetate 
+ 1% acetic acid in methanol

Flow rate 1.0 mL/min 

Column temperature 25°C 

Injection volume 5 uL 

Gradient profile Time (min) % B 

0 0 

2 0 

14 100 

18 10 

18.1 0 

20.5 0 

Step 1 

• Add 4mL extraction solvent (79/20/1. V/V/V)
Acetonitrile/Water/Acetic Acid per 1g sample.

Step 2 
• Extract on a rotary shaker for 90 minutes

Step 3 
• Centrifuge.

Step 4 

• Dilute 350µL of extract with 350µL 20/79/1 (v/v/v)
Acetonitrile/Water/Acetice Acid.

Step 5 
• Filter into vial for analysis.
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Review your results with utmost efficiency using SCIEX OS for 
simultaneous quantitation and MS/MS library confirmation. 

Download a free XIC compound 
list detailing a full list of 
mycotoxin compounds include 
molecular formula and accurate 
mass. 

Download a free trial of the 
mycotoxin high resolution 
MS/MS library, containing 288 
compounds. 

Learn more at sciex.com/X-Mycotoxins.

. 

Suggested IDA (Information Dependent Acquisition) conditions for routine food contaminant testing as displayed in SCIEX OS. 

AB Sciex is doing business as SCIEX. 
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X500R QTOF WATER TESTING



Drinking water analysis using Large Volume Injection 
Elevate your environmental testing with the X500R QTOF System 

Method details and access to HR-MS/MS libraries to detect, 
quantify, and confirm 460 compounds (pesticides, herbicides 
pharmaceuticals and personal care products) in drinking water 
samples using HPLC coupled with the X500R QTOF system, 
powered by SCIEX OS Software. 

SCIEX OS can deliver faster method set-up 

SCIEX OS delivers enhanced data exploration of your acquired TOF 
MS and TOF MS/MS data 

Column Acquity HSS T3, 1.8µm 
2.1 x 100mm 

Mobile Phase A 5mM ammonium acetate in water 

Mobile Phase B 5mM ammonium acetate in methanol 

Flow rate 0.4 mL/min 

Column temperature 30C 

Injection volume 100 uL 

Gradient profile Time (min) % B 

0 20 

13 80 

15 80 

15.1 20 

17 20 

Step 1
• Direct aqueous injection



p 2 

Review your results with utmost efficiency using SCIEX OS for 
simultaneous quantitation and MS/MS library confirmation. 

Download your free XIC 
compound lists detailing 
Pesticides and PPCP compounds 
including molecular formula and 
accurate mass. 

Download a free trial of our All in 
One high resolution MS/MS 
library, containing 2135 
compounds. 

Learn more at sciex.com/X-All in One. 

Suggested IDA (Information Dependent Acquisition) conditions for routine environmental testing as displayed in SCIEX OS. 

AB Sciex is doing business as SCIEX. 
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Pesticide analysis in water 
Elevate your environmental testing with the X500R QTOF System 

Method details and access to HR-MS/MS libraries to detect, 
quantify, and confirm pesticides in water samples using HPLC 
coupled with the X500R QTOF system, powered by SCIEX OS 
Software. 

SCIEX OS can deliver faster method set-up 

SCIEX OS delivers enhanced data exploration of your acquired TOF 
MS and TOF MS/MS data 

Column Phenomenex Kinetex Biphenyl, 
100 x 2.1 mm, 2.6 um 

Mobile Phase A 5 mM ammonium formate in water 

Mobile Phase B 5 mM ammonium formate in methanol 

Flow rate 0.5 mL/min 

Column temperature 30C 

Injection volume 100 uL 

Gradient profile Time (min) % B 

0 0 

10 90 

13 90 

13.1 10 

15 10 

Step 1
• Direct aqueous injection



p 2 

Review your results with utmost efficiency using SCIEX OS for 
simultaneous quantitation and MS/MS library confirmation. 

Download a free XIC compound 
list detailing a full list of 
pesticides compounds including 
molecular formula and accurate 
mass. 

Download a free trial of the 
pesticide high resolution MS/MS 
library, containing 557 
compounds. 

Learn more at sciex.com/X-Pesticides 

Suggested IDA (Information Dependent Acquisition) conditions for routine environmental testing as displayed in SCIEX OS. 

AB Sciex is doing business as SCIEX. 

© 2015 AB Sciex.  For Research Use Only. Not for use in diagnostic procedures. The trademarks mentioned herein are the property of AB Sciex Pte. Ltd. or their respective owners. 
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PPCP analysis in water 
Elevate your environmental testing with the X500R QTOF System 

Method details and access to HR-MS/MS libraries to detect, 
quantify, and confirm pharmaceuticals and personal care 
products in water samples using HPLC coupled with the X500R 
QTOF system, powered by SCIEX OS Software. 

SCIEX OS can deliver faster method set-up 

SCIEX OS delivers enhanced data exploration of your acquired TOF 
MS and TOF MS/MS data 

Column Phenomenex Kinetex Biphenyl, 
100 x 2.1 mm, 2.6 µm column 

Mobile Phase A 0.1% formic acid in water 

Mobile Phase B 0.1% formic acid in methanol 

Flow rate 0.6 mL/min 

Column temperature 30C 

Injection volume 100 uL 

Gradient profile Time (min) % B 

0 2 

1 2 

7 65 

7.1 100 

9 100 

9.1 2 

12 2 

Step 1
• Direct aqueous injection



p 2 

Review your results with utmost efficiency using SCIEX OS for 
simultaneous quantitation and MS/MS library confirmation. 

Download a free XIC compound 
list detailing a full list of PPCP 
compounds including molecular 
formula and accurate mass. 

Download a free trial of our All in 
One high resolution MS/MS 
library, containing 2135 
compounds. 

Learn more at sciex.com/X-All in One.

Suggested IDA (Information Dependent Acquisition) conditions for routine environmental testing as displayed in SCIEX OS. 

AB Sciex is doing business as SCIEX. 

© 2015 AB Sciex.  For Research Use Only. Not for use in diagnostic procedures. The trademarks mentioned herein are the property of AB Sciex Pte. Ltd. or their respective owners. 
AB SCIEX™ is being used under license. 
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Illicit drugs analysis in water 
Elevate your environmental testing with the X500R QTOF System 

Method details and access to HR-MS/MS libraries to detect, 
quantify, and confirm illicit drugs in water samples using HPLC 
coupled with the X500R QTOF system, powered by SCIEX OS 
Software. 

SCIEX OS can deliver faster method set-up 

SCIEX OS delivers enhanced data exploration of your acquired TOF 
MS and TOF MS/MS data 

Column Phenomenex Kinetex C18,  
100 x 4.6 mm, 5 um column 

Mobile Phase A 0.1% formic acid in water + 2mM 
ammonium formate 

Mobile Phase B Acetonitrile 

Flow rate 0.9 mL/min 

Column temperature 30C 

Injection volume 100 uL 

Gradient profile Time (min) % B 

0 2 

1 2 

7 65 

7.1 100 

9 100 

9.1 2 

12 2 

Step 1

• Samples acidified to pH 2 using HCL and stored in the
dark at 4 C until required

Step 2
• Transfer 1mL of sample into an analytical vial



p 2 

Review your results with utmost efficiency using SCIEX OS for 
simultaneous quantitation and MS/MS library confirmation. 

Download a free XIC compound 
list detailing a full list of illicit 
drug compounds including 
molecular formula and accurate 
mass. 

Download a free trial of our     
All in One high resolution MS/MS 
library, containing 2135 
compounds. 

Learn more at sciex.com/X-All. 

Suggested IDA (Information Dependent Acquisition) conditions for routine environmental testing as displayed in SCIEX OS. 

AB Sciex is doing business as SCIEX. 

© 2015 AB Sciex.  For Research Use Only. Not for use in diagnostic procedures. The trademarks mentioned herein are the property of AB Sciex Pte. Ltd. or their respective owners. 
AB SCIEX™ is being used under license. 
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Introduction

Bath Salts refer to a group of drugs containing one or more 
synthetic chemicals related to cathinone, one of the psychoactive 
principles naturally found in khat (
the early synthetic cathinones such as mephedrone were first 
synthesised in the 1920s. However they became popular only in 
recent years when underground chemists began to use them in 
designer drugs. Since then, hundreds of other designer drugs or 
“legal highs” have been reported. 
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public health threat.
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Liquid Chromatography

HPLC separation was performed at 30 
HPLC column (50 × 2.1 mm). Mobile phases used were water 
and methanol with appropriate additives. The LC flow
0.5 mL/min and the LC runtime was 6.5 min

MS and MS/MS C

MS and MS/MS data were
new benchtop 

OS software, each SWATH
MS experiment

and source conditions
size was applied to accommodate the application of three 
internal standards, ensuring
were not in the same 
labeled analytes. 
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(v:v), 0.1% formic acid in water : 0.1% formic acid in methanol 

centrifugation. Injection

Liquid Chromatography

HPLC separation was performed at 30 
HPLC column (50 × 2.1 mm). Mobile phases used were water 

h appropriate additives. The LC flow
0.5 mL/min and the LC runtime was 6.5 min

MS and MS/MS Condition

MS and MS/MS data were collected 
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, each SWATH®
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size was applied to accommodate the application of three 
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were not in the same SWATH
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in water : 0.1% formic acid in methanol 

centrifugation. Injection

Liquid Chromatography 

HPLC separation was performed at 30 
HPLC column (50 × 2.1 mm). Mobile phases used were water 

h appropriate additives. The LC flow
0.5 mL/min and the LC runtime was 6.5 min
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collected using SWATH
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. Table 1 lists the data acquisition methods 

Variable SWATH
size was applied to accommodate the application of three 
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SWATH® acquisition 
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List of Target Compounds

Data was
targeted way. A calibration mix was prepared that contained over 
50 forensically relevant
56 drugs
containing the bath salt 
related compounds

Data Analysis: Confidence Settings and 
Screening C

Data was processed in 
Reporting was performed also in 
customized report template

Figure 4
screening. Four main confidence criteria were used for positive 

Table 2: List of Drug targets For Urinary Analysis 

Drugs analyzed in positive mode

2,5-Dimethoxy
propylthiophenethylamine

2C-B-FLY

3,4-Dimethylmethcathinone

3-Desmethylprodine

4-Ethylmethcathinone

4-Fluoroamphetamine

4-Fluoromethamphetamine

4-Fluorotropacocaine

4-Methylephedrine

4-Methylethcathinone

4-Methyl

Cocaine

5-apb

6-apb

5-Iodo-

Codeine

Alpha-PVP

Alpha-Pyrrolidinopropiophenone

n-Desmethylmirtazapine

Bromo-

Buphedrone

List of Target Compounds

Data was acquired in 
targeted way. A calibration mix was prepared that contained over 

forensically relevant
56 drugs was constructed for post
containing the bath salt 
related compounds

Data Analysis: Confidence Settings and 
Screening Criteria

Data was processed in 
Reporting was performed also in 
customized report template

Figure 4 is an example of the
screening. Four main confidence criteria were used for positive 

Table 2: List of Drug targets For Urinary Analysis 

Drugs analyzed in positive mode

imethoxy-4-n
propylthiophenethylamine

FLY 

imethylmethcathinone

esmethylprodine

thylmethcathinone

luoroamphetamine

luoromethamphetamine

luorotropacocaine

ethylephedrine

ethylethcathinone

ethyl-N-ethyl-norephedrine

Cocaine-N-oxide 

-2-aminoindane

Codeine-6beta glucuronide

PVP 

Pyrrolidinopropiophenone

esmethylmirtazapine

Bromo-Dragonfly 

Buphedrone ephedrine metabolite

List of Target Compounds

acquired in a non
targeted way. A calibration mix was prepared that contained over 

forensically relevant drugs
was constructed for post

containing the bath salt (detailed in Table 2) 
related compounds. 

Data Analysis: Confidence Settings and 
Screening Criteria 

Data was processed in 
Reporting was performed also in 
customized report template

is an example of the
screening. Four main confidence criteria were used for positive 

Table 2: List of Drug targets For Urinary Analysis 

Drugs analyzed in positive mode

n-
propylthiophenethylamine 

imethylmethcathinone 

esmethylprodine

thylmethcathinone

luoroamphetamine

luoromethamphetamine

luorotropacocaine

ethylephedrine

ethylethcathinone

norephedrine

aminoindane

6beta glucuronide 

Pyrrolidinopropiophenone

esmethylmirtazapine

ephedrine metabolite

List of Target Compounds 

a non-targeted fashion but 
targeted way. A calibration mix was prepared that contained over 

drugs; thus a targeted list consisting of 
was constructed for post-acquisition data processing

(detailed in Table 2) 

Data Analysis: Confidence Settings and 

Data was processed in SCIEX OS
Reporting was performed also in 
customized report templates. 

is an example of the confidence setting used for 
screening. Four main confidence criteria were used for positive 

Table 2: List of Drug targets For Urinary Analysis 

Drugs analyzed in positive mode 

norephedrine 

Pyrrolidinopropiophenone 

ephedrine metabolite 

targeted fashion but 
targeted way. A calibration mix was prepared that contained over 

a targeted list consisting of 
acquisition data processing

(detailed in Table 2) and designer drug 

Data Analysis: Confidence Settings and 

SCIEX OS software 
Reporting was performed also in SCIEX OS

confidence setting used for 
screening. Four main confidence criteria were used for positive 
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Flephedrone

Vigabatrin 

Vilazodone

MDPBP 

MDPV 

Methedrone

Methiopropamine

Methoxetamine

Methylhexanamine

Naloxone-N

Naphyrone

Zopiclone-

n-Ethylcathinone

n-Ethylcathinone
metabolite

Pentedrone

Salvinorin B

Tiagabine 

Butylone

Desomorphine

Desoxypipradrol

Etizolam

targeted fashion but analyzed in a 
targeted way. A calibration mix was prepared that contained over 

a targeted list consisting of 
acquisition data processing

and designer drug 

Data Analysis: Confidence Settings and 

software version 1.0
SCIEX OS software with 

confidence setting used for 
screening. Four main confidence criteria were used for positive 
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analyzed in a 
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a targeted list consisting of 
acquisition data processing 

and designer drug 

Data Analysis: Confidence Settings and 

version 1.0. 
software with 

confidence setting used for 
screening. Four main confidence criteria were used for positive 
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identification determination, which were mass err
(R), isotope ratio difference (I), and library score (L). 
Subsequently, a combined score (C) was computed based on 
these four confidence categories (MRIL) with custom weightings. 
Finally, when there was no comparison sample (blank sample o
sample spiked with drugs at reference level), the absolute peak 
intensity was used as an additional criteria to help reduce false 
positive rate.
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identification determination, which were mass err
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Subsequently, a combined score (C) was computed based on 
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identification determination, which were mass err
(R), isotope ratio difference (I), and library score (L). 
Subsequently, a combined score (C) was computed based on 
these four confidence categories (MRIL) with custom weightings. 
Finally, when there was no comparison sample (blank sample o
sample spiked with drugs at reference level), the absolute peak 
intensity was used as an additional criteria to help reduce false 
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is particularly important in the scenario of designer drugs where 
new drugs emerge on a monthly basis. But full scan TOF MS 
approach, in a lot of cases, is not selective enough when 
analyzing biological samples where matrix interference is 
common. 
providing selective MS/MS detect
addition to the full scan TOF MS data.

SWATH
and it 
distinquish the presence or absence of structural isomers that 
fragment to produce unique fragmentation pathways and 
therefore unique fragment ions. 

Although the screening data 
in a non
which means a compound list was pre
targeted analysis. This list contained the chemical formulas (for 
extracted ion mass calculation of the precursor molecular ion), 
mass extraction window,
window. The list also contained the accurate mass of several 
unique fragment ions for each compound.

Figure 6
barely chromatographically separated and relying on retenti
time alone may not accurately identify the presence of the 
correct isomer. Accurate mass of the precursor molecular ion will 
also not be able to distinguish between the two isomers. 
SWATH
data which
Resolution MS/MS 
allowed the confident identification of the 3,4 
Dimethylmethcathinone and 4
an accurate mass of 192.138 with a ch
C12H17

Further to library searching of MS/MS data, acquiring MS/MS all 
the time, allows the extraction of unique fragment masses which 
provide a clean extracted ion chromatogram trace for 
quantifcation purposes; while the TOF
extracted precursor ion, will in many cases show interference. 
Figure 7 shows the same example of 3,4 Dimethylmethcathinone 
and 4
where the interference in TOF MS trace (pink) is
the MS/MS traces of the unique fragment ions (blue) 
159.10425 and 145.0886 for Dimethylmethcathinone and 4
Ethylmethcathinone respectively. Top pane A is the example of 
3,4 Dimethylmethcathinone (RT=4.41 min), and the bottom pane 
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w drugs emerge on a monthly basis. But full scan TOF MS 

approach, in a lot of cases, is not selective enough when 
analyzing biological samples where matrix interference is 
common. SWATH
providing selective MS/MS detect
addition to the full scan TOF MS data.

SWATH® acquisition allows 
and it is therfore 
distinquish the presence or absence of structural isomers that 
fragment to produce unique fragmentation pathways and 
therefore unique fragment ions. 

Although the screening data 
in a non-targeted f
which means a compound list was pre
targeted analysis. This list contained the chemical formulas (for 
extracted ion mass calculation of the precursor molecular ion), 
mass extraction window,
window. The list also contained the accurate mass of several 
unique fragment ions for each compound.
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barely chromatographically separated and relying on retenti
time alone may not accurately identify the presence of the 
correct isomer. Accurate mass of the precursor molecular ion will 
also not be able to distinguish between the two isomers. 
SWATH® acquisition however 
data which through library searching 
Resolution MS/MS 
allowed the confident identification of the 3,4 
Dimethylmethcathinone and 4
an accurate mass of 192.138 with a ch

17NO+H+).

Further to library searching of MS/MS data, acquiring MS/MS all 
the time, allows the extraction of unique fragment masses which 
provide a clean extracted ion chromatogram trace for 
quantifcation purposes; while the TOF
extracted precursor ion, will in many cases show interference. 
Figure 7 shows the same example of 3,4 Dimethylmethcathinone 
and 4-Ethylmethcathinone structural isomers used previously,
where the interference in TOF MS trace (pink) is
the MS/MS traces of the unique fragment ions (blue) 
159.10425 and 145.0886 for Dimethylmethcathinone and 4
Ethylmethcathinone respectively. Top pane A is the example of 
3,4 Dimethylmethcathinone (RT=4.41 min), and the bottom pane 
(B) refers to 4-Ethylmethcathinone (RT= 4.61min).
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mass extraction window, 
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unique fragment ions for each compound.

shows an example where two structural isomers are 
barely chromatographically separated and relying on retenti
time alone may not accurately identify the presence of the 
correct isomer. Accurate mass of the precursor molecular ion will 
also not be able to distinguish between the two isomers. 

acquisition however 
through library searching 

Resolution MS/MS Forensic 
allowed the confident identification of the 3,4 
Dimethylmethcathinone and 4
an accurate mass of 192.138 with a ch

Further to library searching of MS/MS data, acquiring MS/MS all 
the time, allows the extraction of unique fragment masses which 
provide a clean extracted ion chromatogram trace for 
quantifcation purposes; while the TOF
extracted precursor ion, will in many cases show interference. 
Figure 7 shows the same example of 3,4 Dimethylmethcathinone 
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shows an example where two structural isomers are 
barely chromatographically separated and relying on retenti
time alone may not accurately identify the presence of the 
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Further to library searching of MS/MS data, acquiring MS/MS all 
the time, allows the extraction of unique fragment masses which 
provide a clean extracted ion chromatogram trace for 
quantifcation purposes; while the TOF
extracted precursor ion, will in many cases show interference. 
Figure 7 shows the same example of 3,4 Dimethylmethcathinone 

Ethylmethcathinone structural isomers used previously,
where the interference in TOF MS trace (pink) is
the MS/MS traces of the unique fragment ions (blue) 
159.10425 and 145.0886 for Dimethylmethcathinone and 4
Ethylmethcathinone respectively. Top pane A is the example of 
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159.10425 and 145.0886 for Dimethylmethcathinone and 4
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4-methylnitrosamino

5-apb

6-apb

5-Iodo-2-
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Vigabatrin 

Vilazodone 

Zopiclone-N-

-MKT-02-4653

h appropriate additives. The LC flow rate was 

Flephedrone 

 

 

Methiopropamine 

Methoxetamine 

Methylhexanamine 

-Oxide

desmethylcyclobenzaprine

desmethylmirtazapine 

ethylcathinone

ethylcathinone ephedrine 

nitrosoanabasine

nitrosonornicotine

 

Ractopamine 

 

Hydroxycotinine

-oxide

4653-A 

rate was 

desmethylcyclobenzaprine  

ephedrine  

Hydroxycotinine 



MS and MS/MS Conditions

MS and MS/MS data 
the new benchtop 
software, each acquisition scan beginning with a TOF
experiment. 
was used to
each target compound and to 
parameters for each MRM
set up to automatically
containing two looped TOF
per compound corresponding to the two 
intense 

List of Target Compounds

Data was acquired in a targeted fashion 
targeted wa
50 forensically related
drugs (Table 
method 
acquisitio

Results and Discussion

MRMHR

unscheduled or scheduled.
retrospective capability is through the TOF
is performed at the
workflow however, is its selectivity capabilities through the 
accurate mass of unique fragment ions for quantification 
purposes. This is demonstrated in Figure 
compared to the MRM analysis, extra
the extraction of the accurate mass of the precursor ion from a 
TOF-MS experiment. The compound is not able to be 
distinguished from the high background and interferences of the 
nominal mass experiment and not even by the extract
accurate mass of the precursor ion from the full scan TOF
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Figure 9. SCIEX OS Software MS Tune Allows for Quick Instrument 
Status Check via Simple Step by Step Instructions

Building a batch is assisted by the smart grid design allowing 
copy/paste, fill 
10 shows the batch editor and the link to the auto
setup.

Once the batch has been submitted to the queue the Auto
samples are inserted as shown in the Queue Manager in Figure 
11.  The SCIEX OS software allows for 
status including monitoring and recording of LC pressure trace
as well as direct control of the individual components of the 
system (Figure 11).

Figure 8. SCIEX OS Software 

Figure 9. SCIEX OS Software MS Tune Allows for Quick Instrument 
Status Check via Simple Step by Step Instructions

Building a batch is assisted by the smart grid design allowing 
copy/paste, fill down, auto increment and import/
10 shows the batch editor and the link to the auto

Once the batch has been submitted to the queue the Auto
samples are inserted as shown in the Queue Manager in Figure 
11. The SCIEX OS software allows for 

including monitoring and recording of LC pressure trace
well as direct control of the individual components of the 

system (Figure 11).

Document number: RUO

SCIEX OS Software MS 

Figure 9. SCIEX OS Software MS Tune Allows for Quick Instrument 
Status Check via Simple Step by Step Instructions

Building a batch is assisted by the smart grid design allowing 
down, auto increment and import/

10 shows the batch editor and the link to the auto

Once the batch has been submitted to the queue the Auto
samples are inserted as shown in the Queue Manager in Figure 
11. The SCIEX OS software allows for 

including monitoring and recording of LC pressure trace
well as direct control of the individual components of the 

system (Figure 11).

Document number: RUO

MS Acquisition Method 

Figure 9. SCIEX OS Software MS Tune Allows for Quick Instrument 
Status Check via Simple Step by Step Instructions

Building a batch is assisted by the smart grid design allowing 
down, auto increment and import/

10 shows the batch editor and the link to the auto

Once the batch has been submitted to the queue the Auto
samples are inserted as shown in the Queue Manager in Figure 
11. The SCIEX OS software allows for 

including monitoring and recording of LC pressure trace
well as direct control of the individual components of the 

Document number: RUO-

Acquisition Method 

Figure 9. SCIEX OS Software MS Tune Allows for Quick Instrument 
Status Check via Simple Step by Step Instructions

Building a batch is assisted by the smart grid design allowing 
down, auto increment and import/export. Figure 

10 shows the batch editor and the link to the auto

Once the batch has been submitted to the queue the Auto
samples are inserted as shown in the Queue Manager in Figure 
11. The SCIEX OS software allows for detailed instrument 

including monitoring and recording of LC pressure trace
well as direct control of the individual components of the 

-MKT-02-3786

Acquisition Method

Figure 9. SCIEX OS Software MS Tune Allows for Quick Instrument 

Building a batch is assisted by the smart grid design allowing 
export.  Figure 

10 shows the batch editor and the link to the auto-calibration 

Once the batch has been submitted to the queue the Auto
samples are inserted as shown in the Queue Manager in Figure 

detailed instrument 
including monitoring and recording of LC pressure trace

well as direct control of the individual components of the 

3786-A

Figure 9. SCIEX OS Software MS Tune Allows for Quick Instrument 

Building a batch is assisted by the smart grid design allowing 
export. Figure 

calibration 

Once the batch has been submitted to the queue the Auto-Cal
samples are inserted as shown in the Queue Manager in Figure 

detailed instrument
including monitoring and recording of LC pressure traces

well as direct control of the individual components of the 



Processing

Once a results table is generated, quantitative and qualitative 
results can be reviewed in the same panel (Figure 12). A Traffic 
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Table 1: List of analytes and internal standards, and their concentrations

Compounds

6-MAM

7-Aminoclonazepam

7-Hydroxymitragynine

Acetyl Fentanyl

Alpha-Hydroxyalprazolam

Alpha-Hydroxymidazolam

Alpha-Hydroxytriazolam

Alpha-PPP

Alpha-PVP

Alprazolam

AM-2201 4

Amitriptyline

Amphetamine

Benzoylecgonine

Buphedrone

Buprenorphine

Carisoprodol

Clomipramine

Codeine

Cotinine

Cyclobenzaprine

Desalkylflurazepam

Desipramine

Desmethyldoxepin

Dextromethorphan

Diazepam 

Dihydrocodeine

Doxepin

EDDP 

Fentanyl 

Grey background: IS
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Hydroxymitragynine

Acetyl Fentanyl 

Hydroxyalprazolam

Hydroxymidazolam

Hydroxytriazolam

PPP 

PVP 

Alprazolam 

2201 4-OH pentyl
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Cotinine 
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Diazepam 
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EDDP  

Fentanyl 

Grey background: IS

Table 1: List of analytes and internal standards, and their concentrations

(ng/mL)

1000

Aminoclonazepam 5000

Hydroxymitragynine 1000

200

Hydroxyalprazolam 5000

Hydroxymidazolam 5000

Hydroxytriazolam 5000

1000

1000

5000

OH pentyl 1000

5000

10000

5000

1000

2000

10000

5000

5000

5000

5000

Desalkylflurazepam 5000

5000

Desmethyldoxepin 5000

Dextromethorphan 5000

5000

5000

5000

10000

200

Grey background: IS

Table 1: List of analytes and internal standards, and their concentrations

(ng/mL)

1000 

5000 

1000 

200 

5000 

5000 

5000 

1000 

1000 

5000 

1000 

5000 

10000 

5000 

1000 

2000 

10000 

5000 

5000 

5000 

5000 

5000 

5000 

5000 

5000 

5000 

5000 

5000 

10000 

200 

Table 1: List of analytes and internal standards, and their concentrations

Compounds

Gabapentin

Hydrocodone

Hydromorphone

Imipramine 

JWH 122 5-

JWH 19 6-OH hexyl

JWH 210 5-

JWH-018 4-

JWH-018 pentanoic 
acid 

JWH-073 3-

JWH-073-butanoic acid

JWH-250-N
pentyl 

JWH-073-butanoic acid

JWH-250-N
pentyl 

Lorazepam 

MDA 

MDEA 

MDMA 

MDPV 

Meperidine 

Mephedrone

Meprobamate

Methadone 

Methamphetamine

Methedrone

Methylone 

Methylphenidate

Midazolam 

Mitragynine

Morphine 

Table 1: List of analytes and internal standards, and their concentrations

Compounds 
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Hydromorphone 

 

-OH pentyl

OH hexyl 

-OH-pentyl

-OH pentyl

018 pentanoic 

-OH butyl

butanoic acid

N-4-OH

butanoic acid

N-4-OH

Lorazepam  

 

Mephedrone 

Meprobamate 

 

Methamphetamine 

Methedrone 

Methylphenidate 

 

 

Table 1: List of analytes and internal standards, and their concentrations

(ng/mL)

10000 

5000 

5000 

5000 

1000 

1000 

1000 

1000 

1000 

1000 

butanoic acid 1000 

1000 

butanoic acid 1000 

1000 

5000 

10000 

10000 

10000 

1000 

5000 

1000 

10000 

10000 

10000 

1000 

1000 

5000 

5000 

1000 

5000 

Table 1: List of analytes and internal standards, and their concentrations in spiking solution (for preparation of calibrators)

Compounds

Naloxone 

Naltrexone 

N-desmethyltapentadol

Norbuprenorphine

Norcodeine

Nordiazepam

Norfentanyl

Norhydrocodone

Normeperidine

Noroxycodone

Norpropoxyphene

Nortriptyline

O-Desmethyltramadol

Oxazepam 

Oxycodone 

Oxymorphone

PCP 

Pregabalin 

Propoxyphene

Protriptyline

RCS4-4-OH

Ritalinic Acid

Sufentanil 

Tapentadol 

Temazepam 

Tramadol 

Zolpidem 

Amobarbital/pentobarbital

Butabarbital

Butalbital 

in spiking solution (for preparation of calibrators)

Compounds

 

desmethyltapentadol

Norbuprenorphine 

Norcodeine 

Nordiazepam 

Norfentanyl 

Norhydrocodone 

Normeperidine 

Noroxycodone 

Norpropoxyphene 

Nortriptyline 

Desmethyltramadol

 

 

Oxymorphone 

 

Propoxyphene 

Protriptyline 

OH-pentyl 

Ritalinic Acid 

Tapentadol  

Temazepam 

Amobarbital/pentobarbital

Butabarbital 
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in spiking solution (for preparation of calibrators)

(ng/mL)

5000 

5000 

desmethyltapentadol 5000 

2000 

5000 

5000 

200 

5000 

5000 

5000 

10000 

5000 

5000 

5000 

5000 

5000 

2500 

10000 

10000 

5000 

1000 

5000 

200 

5000 

5000 

5000 

5000 

Amobarbital/pentobarbital 10000 

10000 

10000 
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in spiking solution (for preparation of calibrators)

Compounds

Pentobarbital

Secobarbital

THC-COOH

6-MAM-d3

Amphetamine

Benzoylecgonine
d3 

Buprenorphine

Carisoprodol

Codeine

Fentanyl

Hydrocodone

Hydromorphone

JWH 018 4
pentyl-d5

JWH 019 6
hexyl-d5

MDPV-d8

Meperidine

Mephedrone

Meprobamate

Methadone

Methamphetamine
d5 

Methylone

Mitragynine

Morphine

Nordiazepam

Nortriptyline

Oxycodone

Oxymorphone

THC-COOH

Butalbital

Secobarbital

Document number: RUO-

in spiking solution (for preparation of calibrators)

Compounds

Pentobarbital 

Secobarbital 

COOH 

d3

Amphetamine-d5 

Benzoylecgonine-

Buprenorphine-d4 

Carisoprodol-d7 

Codeine-d6 

Fentanyl-d5 

Hydrocodone-d6 

Hydromorphone-d6 

JWH 018 4-OH
d5 

JWH 019 6-OH
d5 

d8 

Meperidine-d4 

Mephedrone-d3 

Meprobamate-d7 

Methadone-d3 

Methamphetamine-

Methylone-d3 

Mitragynine-d3 

Morphine-d6 

Nordiazepam-d5 

Nortriptyline-d3 

Oxycodone-d6 

Oxymorphone-d3 

COOH-d3 

Butalbital-d5 

Secobarbital-d5 

-MKT-02-3786

(ng/mL)

10000 

10000 

2000 
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SCIEX OS Software Processing

Identification and Quantification 

Defining the retention time and accurate precursor and fragment 
mass for each analyte is performed first (Figure 24)
setting up the library searching parameters

Figure 24. Defining the Retention Time, Accurate mass of Precursor 
and Fragment Ions

Defining the qualifying components includes setting accuracy 
tolerance levels for calibrants and controls as well as flagging 
integration discrepancies. Qualifying d
defining the identification criteria and 
levels at which mass error, error in retention time, isotope pattern 
and library matching scores are deemed an acceptable 
difference, marginal difference or un
(Figure 25
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order to maximize triggering IDA MS/
reduce the MRM
MRMHR), resolve isobaric species and alleviate ion suppression 
caused by co
shows the Extracted Ion Chromatograms (XICs) f
minute run and Figure 27 show

Figure 26. Extracted Ion
Analysis using an 8.0 Minute LC R

Figure 27. Extracted Ion Chromatograms for Analytes from a Urine 
Analysis using an 2.0 Minute LC Runtime
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With the ability to provide the most interference free 
fragmentation information for library searching
acquisition
screening 
multiple screening criteria that are used for identification 
purposes in the SCIEX OS Software’s easy to understand user 
interface.
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Figure 28 Screening and Identification Results from an IDA 
Experiment 
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Figure 31
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Comparisons

Figures 32 an
from the TOF
workflow. This information can be used for quantification 
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Anti-Doping Analysis 
Identify the drug cheats with the X500R QTOF System! 

The new SCIEX X500R QTOF System and SCIEX OS are 
bringing the power of accurate mass technology to the routine 
environment; your latest sport doping tool to help you win the 
fight against doping and to catch the cheaters! 

With this new technology there is nowhere for the cheaters to 
hide! A perfectly balanced system designed with optimal 
resolution and sensitivity.  

All information from the sample is captured for easy retrospective 
analysis - Using the unique mode of MS/MSALL with SWATH® 
Acquisition both MS and MS/MS data is captured on everything 
in the  sample

No more need to store samples; reanalyze the data not the 
sample 

Figure 1 

Using our unique SWATH® Acquisition Workflow you can confidently identify the isomers of your analyte based upon their unique 
fragment ions and ratios. Due to the high degree of accuracy in the identification of doping substances the X500R is the solution to your 
Anti-Doping testing.     
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Figure 2 

The X500R SWATH® Workflow can confidently detect the presence of doping substances and their isomers at low concentration 
levels. The two images (figures 1 and 2) illustrate that even at a low concentration the spectrum information matches that of our >1700 
compound High Resolution Library.

Figure 3 

Figure 4

Using the X500R with SWATH® 
acquisition and SCIEX OS the 
following is achieved:- 

1) Identification based on
unique fragment ions and
their ratios as well as
MS/MS library searching

2) Quantitation on both
precursor ion and fragment
ions

Learn more at sciex.com/X500R 

AB Sciex is doing business as SCIEX. 
© 2015 AB Sciex.  For Research Use Only. Not for use in diagnostic procedures. The trademarks mentioned herein are the property of AB Sciex Pte. Ltd. or their respective owners. 
AB SCIEX™ is being used under license. 
Document number: RUO-MKT-07-3041-A 

http://www.sciex.com/X500R


Forensic drug screening analysis 
Elevate your forensic testing with the X500R QTOF System 

Method details and access to HR-MS/MS libraries to screen for 
forensic drugs in urine samples using HPLC coupled with the 
X500R QTOF system, powered by SCIEX OS Software. 

SCIEX OS can deliver faster method set-up 

SCIEX OS delivers enhanced data exploration of your acquired TOF 
MS and TOF MS/MS data 

Column Phenomenex Kinetex Biphenyl, 
100 x 3.0 mm, 2.6 um column 

Mobile Phase A 0.1% formic acid in water 

Mobile Phase B 0.1% formic acid in methanol 

Flow rate 0.6 mL/min 

Column temperature 30°C 

Injection volume 10 uL 

Gradient profile Time (min) % B 

0 2 

1 2 

7 65 

7.1 100 

9 100 

9.1 2 

12 2 

Step 1

• Dilute urine samples 5 times with the following dilutent:
90% Mobile Phase A (5mM ammonium formate in
water): 10% Mobile Phase B (Methanol with 0.05%
formic acid)
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Review your results with utmost efficiency using SCIEX OS for 
simultaneous quantitation and MS/MS library confirmation. 

Download a free XIC compound 
list detailing a full list of forensic 
drug compounds including 
molecular formula and accurate 
mass. 

Download a free trial of the 
forensic high resolution MS/MS 
library, containing 1703 
compounds. 

Learn more at sciex.com/X-Forensics. 

Suggested IDA (Information Dependent Acquisition) conditions for routine forensic drug screening as displayed in SCIEX OS 

AB Sciex is doing business as SCIEX. 

© 2015 AB Sciex.  For Research Use Only. Not for use in diagnostic procedures. The trademarks mentioned herein are the property of AB Sciex Pte. Ltd. or their respective owners.  
AB SCIEX™ is being used under license. 
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Forensic drug screening analysis 
Elevate your forensic testing with the X500R QTOF System 

Method details and access to HR-MS/MS libraries to screen for 
forensic drugs in blood extracts using HPLC coupled with the 
X500R QTOF system, powered by SCIEX OS Software. 

SCIEX OS can deliver faster method set-up 

Column Phenomenex Kinetex Biphenyl, 
100 x 3.0 mm, 2.6 um column 

Mobile Phase A 0.1% formic acid in water 

Mobile Phase B 0.1% formic acid in methanol 

Flow rate 0.6 mL/min 

Column temperature 30°C 

Injection volume 10 uL 

Gradient profile Time (min) % B 

0 2 

1 2 

7 65 

7.1 100 

9 100 

9.1 2 

12 2 

Step 1
• Add 0.2ml of blood into centrifuge tube

Step 2
• Add 0.8mL of cold acetonitrile dropwise while vortexing

Step 3
• Centrifuge for 10 minutes at 5000rpm

Step 4
• Transfer supernatant to clean glass vials and dry down.

Step 5
• Reconstitute in 200µL of 20% methanol in water.

Step 6

• Vortex for 1 minute and centrifuge for 10 minutes at
10,000xg

Step 7
• Transfer supernatant to clean glass HPLC vials
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Review your results with utmost efficiency using SCIEX OS for 
simultaneous quantitation and MS/MS library confirmation. 

Download a free XIC compound 
list detailing a full list of forensic 
drug compounds including 
molecular formula and accurate 
mass. 

Download a free trial of the 
forensic high resolution MS/MS 
library, containing 1703 
compounds. 

Learn more at sciex.com/X-Forensics. 

Suggested IDA (Information Dependent Acquisition) conditions for routine forensic drug screening as displayed in SCIEX OS 

AB Sciex is doing business as SCIEX. 
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Headquarters
500 Old Connecticut Path | Framingham, MA 01701 USA
Phone 508-383-7700
sciex.com

International Sales
For our office locations please call the division
headquarters or refer to our website at
sciex.com/offices

Your Success is Our Success
We take it personally

As an SCIEX customer you have access to an excellent customer support organization. 

Wherever you are, we’re there with you as a trusted partner to answer questions, provide solutions, 

and maximize lab productivity.

Our customer support organization has access to the latest product updates, software revisions, 

methods and repair procedures to make sure that you stay on top of your game.

When you have questions, we have answers.

Learn more at sciex.com/customersupport, or locate your local account representative at 

sciex.com/contactus
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