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Abstract

In collaboration with Merck KGaA, a set of extractables and leachables certified reference materials (CRM) mixes 

were used to produce a ultraperformance liquid chromatography ion mobility-mass spectrometry (UPLC-IM-MS) 

library, comprising retention time, precursor ion, product ion m/z, and collision cross section (CCS) values in ES+ 

and ES- modes. Ion mobility-enhanced mass spectrometry libraries incorporate additional cumulative specificity 

compared to conventional mass spectrometry libraries. They can be used to reduce false detection rates and 

increase confidence of identification in complex matrices.

A non-targeted screening approach was performed utilising the UPLC™-IM-MS library to screen two food 

commodity samples. Ubiquitous components of plastics, natural constituents and spiked analytes were identified 

using the extractable and leachable (E&Ls) library. When experimental outcomes were compared to the mass 

spectrometry library data, ΔCCS values were within 2% and retention times withing 0.1 minutes, allowing 
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identifications to be confidently made. CCS values provided added identification confidence where product ions 

were not observed.

Verification of the E&Ls library generated has been performed and the library can facilitate non-targeted 

screening to identify E&Ls. 

Benefits

An extractables and leachables ion mobility enhanced mass spectrometry library inclusive of CCS values has 

been generated. The library affords additional specificity compared to conventional mass spectrometry 

libraries

■

Reduced false detections and increased confidence of identification in complex matrices■

The retention time, precursor ion and product ion information can be applied in assays incorporating 

conventional MS data

■

Introduction

Identification and characterization of E&L components in various industries are being driven by increasing global 

regulations.1–7 Product packaging or contact materials are made of a wide variety of chemicals, which can 

include polymers and polymer additives such as antioxidants, UV-stabilisers, slip agents, and colorants. These 

chemicals, their impurities, and degradation products can migrate into consumer products, adding unwanted and 

potentially harmful substances into food, medicine, and cosmetics. The breadth of man-made products to 

consider is vast, ranging from a simple food label to recycled packaging, clothes, drug delivery systems, and 

implantable medical devices. A typical E&L analysis workflow initially starts with a targeted screening step. The 

screening is based on a library or database of components where matches are made against accurate mass, 

retention times, and product ion data. The library quality is critical for a reliable screening application. The next 

workflow step is non-targeted screening, with subsequent characterization of any unknown components found. 

This step is typically complex and time-consuming; however, comparison and elucidation software tools can aid 

and accelerate the process.

High resolution mass spectrometers (HRMS) such as quadrupole time-of-flight mass analysers (Q-ToF), have 
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become more prevalent as screening tools. Using non-targeted “full spectra” data acquisition thousands of 

detections can be made in a single analysis and can be followed by retrospective targeted data analysis. The drive 

for higher sample throughput is global, with requirements for improved time efficiency and cost reduction 

resulting in movement towards multiclass compound analysis. This approach has been used to analyse food and 

environmental samples, as well as organic contaminants which reside within a variety of complex sample 

matrices.8–13 The purpose of a screening method is to rapidly detect and identify target compounds in the sample 

under investigation, with false detection rates being kept as low as possible. Using measured properties of a 

compound, such as the accurate mass, isotope pattern, and product ion spectrum, appropriate filters can be 

applied to determine the presence of a compound in a sample. Within complex matrices, using these properties 

alone to achieve matrix or analyte identification may prove to be more challenging and additional method 

development strategies need to be employed. The extra dimension of ion mobility (IM) separation can help to 

mitigate such analytical challenges, as well as generate additional identification specificity via the CCS.

UPLC-IMS comprises ion mobility (gas phase separation prior to MS analysis) coupled with UPLC (neutral 

species separation).14,15 The timescale of UPLC (seconds), IMS (milliseconds), and time-of-flight MS 

(microseconds) are compatible with the requirement of high throughput analysis of complex samples. Ion mobility 

separation is obtained by driving packets of ions through an inert buffer gas (nitrogen) using a relatively weak 

electric field. The number of collisions between ions and the buffer gas results in different drift times which are a 

function of the ions size, shape, and charge as well as on an ion’s dipole moment in cases where polarizable buffer 

gas is used. Ion mobility provides an added dimension of separation to that of LC (hydrophobicity) and MS (m/z), 

in addition to CCS, a complementary identification descriptor. The utility of CCS to increase identification 

specificity has been illustrated across a wide range of applications.16–22 

Using a previously described strategy for mass spectrometry library generation,23 a set of E&L compounds were 

characterized using UPLC-IM-MS. The library generated can be used to facilitate tandem, ToF or IM based 

analysis. The strategy employed provides retention time (tr), precursor ion, product ion, and CCS data for the 

analytes characterised.

As part of a Waters and Merck KGaA collaboration, we have jointly constructed an E&L library with CRM 

standard mixes used for analyte quantitation. The library of E&L compounds has been used to perform a non-

targeted screen of two food commodities. 
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Experimental

Sample Description

Food Matrix: Orange cordial, blackcurrant with apple cordial diluted 10:1 (H2O), Sample Spiking Concentration 

100pg/µL.

Samples ES+: bis(2-ethylhexyl) phthalate, bisphenol A bis (2,3- dihydroxypropyl) ether, bisphenol A diglycidyl 

ether, benzyl butyl phthalate, bis(4-chlorophenyl) sulfone, dibutyl phthalate.

■

Samples ES-: 3,5-di-tert-butyl-4-hydroxybenzyl alcohol, bisphenol A, 2,4-di-tert-butylphenol, 2,6-di-tert-

butylphenol, terephthalic acid, octadecyl 3-(3,5-di-tert-butyl-4-hydroxyphenyl) propionate.

■

All Standards were provided by Sigma-Aldrich (Merck KGAa), Buchs, Switzerland.

Method Conditions

LC Conditions

LC system: Waters ACQUITY™ UPLC I-Class System

Vials: LCMS Certified Clear Glass 12 x 32mm 

Screw Neck Total Recovery Vial, with Cap 

and Pre-slit PTFE/Silicone Septa, 1 mL 

Volume, (p/n: 600000671CV)

Column: ACQUITY Cortecs™ C18, 90 Å (1.6 µm, 2.1 x 

100 mm Column)

Column temp.: 50 °C

Sample temp.: 6 °C

Injection volume: 10 µL
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Flow rate: 0.3 mL/min

Mobile phase A: H2O + 1 mM ammonium acetate (containing 

0.1% formic acid v/v)

Mobile phase B: MeOH

Gradient Table

MS Conditions

MS system: SYNAPT™ XS

Ionization mode: ES+/ES-

Acquisition range: m/z 50–1200

Acquisition rate: 10 spectra per second

Capillary voltage: 1 kV/0.8 kV

Desolvation temp.: 550 °C
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Source temp.: 150 °C

Lock mass: Leucine enkephalin (m/z 556.2766)

Acquisition mode: HDMSE

Collision energy: Collision energy ramp (20 to 40 eV/20 to 50 

eV).

IMS parameters: Defaults include: T-Wave Velocity Ramp = 

Start: 1000 m/s End: 300 m/s, T-Wave Pulse 

Height = 40 V and a gas flow of helium 180 

mL and nitrogen 90 mL (buffer gas) for the 

respective gas cells was used, giving an IM 

cell pressure of ~3.2 mBar.

Calibration: IMS/Tof Calibration Kit (p/n: 186008113) 

(Waters Corp. UK).

Results and Discussion

The field of E&L analysis is very broad and has many unknowns, however the generation of E&L libraries 

incorporating tr, precursor ion, product ion and CCS values provides added specificity to non-targeted screening 

assays. Analysis of E&Ls can be challenging due to ubiquitous contamination. The scope of the verification 

undertaken, was designed to verify the library and illustrate confidence in additional identifications.

Two food commodities orange cordial and black currant with apple cordial were spiked with E&L standards at 

100 pg/µL and analyzed to verify the E&L library generated. The corresponding results obtained for UPLC-IM-MS 

ES+ analysis of spiked orange cordial is shown in Figure 1. The spiked E&L analytes have been identified, where 

retention time error (<0.1 minutes), mass accuracy (<5 ppm), expected product ion count (0–3) and Δ TWCCSN2< 
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2% have been observed. A combination of [M+H]+, [M+Na]+, and [M+K]+ species were observed. For four of the 

identified analytes two TWCCSN2 values have been determined, providing increased specificity. In the case of 

dibutyl phthalate, no product ions were observed, however a CCS value provides an additional descriptor to 

enhance confidence in identification.

As can be seen from Figure 1, triphenylphosphine oxide, triphenyl phosphate, and tris(2,4-di-tert-butylphenyl) 

phosphate, have been detected where retention time error (<0.05 min,), mass accuracy (<3 ppm), expected 

product ion count (0–2) and Δ TWCCSN2< 1.65% have been observed. These analytes are ubiquitous plastic 

constituent contaminants, their identification in solvent and matrix blanks was achieved with confidence.24–25 

Additionally, triacetin has been detected and identified with retention time error (<0.0 minutes), mass accuracy 

(0.9 ppm), expected product ion count (0) and Δ TWCCSN2 (0.5%). The results summary plot for triacetin (see 

Figure 1), reveal detections in the orange cordial food commodity, but not in blanks or blackcurrant with apple 

cordial. Triacetin is not indicated as a specific food additive on the food commodity labelling. Investigation of the 

commodity ingredients to rationalize detection of triacetin focused upon the ingredient listed as “Emulsifier 

glycerol esters of wood rosins”, which is used as an emulsifier in citrus-flavored soft drinks, preventing them from 

separating during distribution. Triacetin is a common food additive (E1518), used for instance as a solvent in 

flavorings, it has the formula C3H5(OCOCH3)3. It is classified as a triglyceride, i.e., the triester of glycerol. A 

natural product, glycerol ester of wood rosin is harvested from the stumps of longleaf (pinus palustris) and slash 

(pinus elliottii) pine tree and purified into a beverage-grade weighting agent. Triacetin may have been detected 

as natural constituent of wood rosin.
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Figure 1. ES+ summary plot illustrating detection of triacetin in orange cordial, spiked analytes, and ubiquitous 

environmental contaminants.

The spiked analytes were successfully identified in black currant with apple cordial, similarly ubiquitous plastic 

constituents were detected (see Figure 2). Additionally, D-sorbitol has been detected and identified with 

retention time error (0.0 minutes), mass accuracy (-3.3 ppm), expected product ion count (0) and Δ TWCCSN2

 (1.15%). A CCS value has provided an additional descriptor in the absence of product ions. The results summary 

plot for D-sorbitol (see Figure 2), reveal detection in the black currant with apple cordial food commodity, but it is 

absent in orange cordial. On the food commodity labelling, D-sorbitol is not indicated as a specific food additive. 

The labelling indicates commodity constituents contain fruit juices from concentrate (Apple 9%, Blackcurrant 

1%). As a natural product, D-sorbitol is found in both apple and black currants.26
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Figure 2. ES+ summary plot illustrating detection of D-sorbitol in black currant with apple cordial, spiked 

analytes, and ubiquitous environmental contaminants.
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Figure 3a. Retention time aligned precursor ion and product ion spectra of tris(2,4-di-tert-butylphenyl) 

phosphate. 
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Figure 3b. Retention time aligned and drift time aligned precursor ion and product ion spectra of 

tris(2,4-di-tert-butylphenyl) phosphate. 
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Figure 3c. Arrival time distribution of tris(2,4-di-tert-butylphenyl) phosphate.

Verification was also performed using UPLC-IM-MS ES- analysis, with the E&L spiked analytes successfully 

identified (see Figure 4), where retention time error (<0.2 minutes), mass accuracy (<5 ppm), expected product 

ion count (0–3) and Δ TWCCSN2< 1% were observed. Dual polarity identification was achieved for D-sorbitol. 

Fatty acids (FAs), arachidic and elaidic acid, have also been identified. From the results summary plot, it was 

readily observed that a high background response was detected for elaidic acid, in solvent blanks and matrix 

blanks. Fatty acids have been reported as contaminants in solvents and may also leach from laboratory 

hardware/consumable items.27 However in orange cordial the response for elaidic acid is elevated, revealing that 

a component specific to orange cordial has been detected, indicating that a FA (C18) constituent has been 

identified. Fatty acid constituents of citrus fruits include oleic acid (C18:1), stearic acid (C18:0) and arachidic acid 

(C20:0).28–30 Further investigations using high purity standards were performed. For oleic acid, tr=7.01 minutes 
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and average TWCCSN2=178.8 Å2 were determined. In the case of elaidic acid, tr=7.07 minutes and average TW

CCSN2=179.8 Å2 were observed, confirming detection of elaidic acid. Orange cordial, commonly known as 

“orange squash”, is produced using orange comminute (squashed whole orange) providing a source of fatty acid 

food commodity content. It would be of interest to expand the E&L library FA content, to identify additional FA 

components evident in orange cordial and expand investigation of FA isomeric species utilising cyclic ion 

mobility mass spectrometry.

Figure 4. ES- component summary, illustrating detection of octadecyl 3-(3,5-di-tert-butyl-4-hydroxyphenyl) 

propionate, spiked analytes, and ubiquitous environmental contaminants in black currant with apple cordial.

Conclusion

An ES+ and ES- UPLC-IM-MS library of E&L small molecules was generated comprising retention time tr, 

precursor ion, product ions and CCS values. This library can be used to facilitate non-targeted screening of 

E&Ls.

Verification of the library generated has been performed using a non-targeted screen of two food commodity 
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samples. In the research performed identification of all spiked analytes provided confidence in reproducibility and 

the utility of ion mobility enhanced, mass spectrometry libraries. Additionally ubiquitous components of plastic 

were identified. 

The diversity of the components of the E&Ls library and effectively the complexity of the challenge to screen for 

E&Ls, is illustrated by the detection of natural FA compounds, which are also “leachable” analytes, present in 

laboratory hardware and consumables. The sweetener food additive E 420 (D-sorbitol) identified in the black 

currant with apple cordial is a natural product present in apples and blackcurrants. Triacetin, also a food additive 

(E1518), identified in orange cordial, is probably a constituent of glycerol ester of wood rosins. 

Ion mobility facilitates clean-up of precursor and product ion spectra by providing specificity in another 

dimension, in addition to CCS values. The quality, not just the size, of the library is of foremost importance for 

rapid determination of E&Ls in the samples. 

For this research, performed using a UNIFI workflow, the specificity of tr, CCS, precursor and product ion library 

content enabled rapid identification and rationalization of observed analyte detections, illustrating the invaluable 

benefit of ion mobility mass spectrometry libraries to identify E&Ls. 
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