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Abstract

Due to concerns about the safety of components from plastic, it is crucial to screen for potential extractables in 

pharmaceutical packaging and medical devices. Compounds found at levels above the analytical evaluation 

threshold must be identified and reported for toxicological assessment. Achieving highly confident compound 

identifications can be challenging due to the complexity of samples, potential false positives, and the multiple 

compound identifications for each chromatographic peak. Here, an extractables analysis using a benchtop multi-

reflecting time-of-flight (MRT) mass spectrometer, the Xevo MRT Mass Spectrometer, is reported, operating in a 

data independent acquisition (DIA) mode. High mass accuracy for precursor and fragment ion data is attained 

which is critical to ensure high identification confidence for a screening workflow.

Benefits

The Xevo MRT Mass Spectrometer provides consistent low- to sub-ppm mass accuracy, allowing for 

increased extractables identification confidence.

■
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High mass resolution, sensitivity, and fast acquisition rates ensure exceptional data quality for scientific 

interpretation, suited to large complex data sets.

■

A DIA workflow delivers accurate mass of both precursor and associated fragment ion data further increasing 

the confidence of identifying unknowns when screening against a library and aiding structural elucidation.

■

The UNIFI™ application within the waters_connect™ Software provides customized workflows to simplify 

screening and structural elucidation in complex datasets.

■

Introduction

Medical devices, pharmaceutical packaging, and manufacturing components contain different chemicals, 

including polymers, polymer additives such as antioxidants, slip agents, colorants, and other compounds. These 

chemicals, their impurities, and degradation products can migrate out of the materials resulting in potentially 

unsafe substances. Due to this, there are regulations, standards, and guidance in place to ensure that safety 

limits for the consumer are met.1-3

To ensure safety, it is therefore crucial to screen for and identify potential extractables and leachables (E&L). 

Compounds that are found at levels above the analytical evaluation threshold (AET) must be identified and 

reported for toxicological assessment.4 The confidence level in the identifications of these compounds must be 

as high as possible, which can be challenging due to the complexity of samples, potential false positives, and the 

number of possible compound identifications for each chromatographic peak. Technological advancements are 

critical to assist in reducing the burden of this process on the analyst.

The Xevo MRT Mass Spectrometer (Figure 1) utilizes a novel quadrupole-multi reflecting time-of-flight design 

that delivers mass resolution of up to 100,000 full width half maximum (FWHM) at 50 Hz (MS) and 100 Hz 

(MS/MS) scan rates, resulting in low- to sub-ppm mass accuracy across a wide m/z range for confident 

extractables screening analyses. The system can be employed using the DIA approach, MSE,5 that ensures the 

acquisition of precursors and their associated fragment ions with low- to sub-ppm mass accuracy. Combining 

the DIA strategy with the Xevo MRT Mass Spectrometer attributes significantly reduces the possibility of false 

positives, while greatly reducing the number of potential candidate compounds per chromatographic peak, 

hence increasing identification confidence. This data is also critical for confident structural elucidation of 

unknowns that is necessary for an extractables screening report.
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Here, an extractables analysis is reported using the Xevo MRT Mass Spectrometer with a data independent 

acquisition workflow. The subsequent data is processed using the compliance ready waters_connect Software 

with the UNIFI application that provides automated data acquisition, processing, and reporting.

Figure 1. Waters Xevo MRT Mass Spectrometer and 

ACQUITY™ Premier System.

Experimental

Sample Description

Three different commercially available antihistamine tablet products were purchased and three cuttings from 

each plastic and foil packaging were taken. Each cutting was thermally shaken at 50 °C in isopropanol (IPA) for 

24 hours alongside a procedural solvent blank (negative control) and a pooled quality control (QC). Samples 

were spiked with the Waters Extractables and Leachables Screening Standard (E&L SST) (p/n: 186006063) prior 

to injecting as technical triplicates.

Method Conditions
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LC Conditions

LC system: ACQUITY Premier System

Column: ACQUITY CORTECS™ C18, 90 Å, (1.6 μm, 2.1 x 100 

mm)

Column temperature: 50 °C

Injection volume: 1 µL

Flow rate: 0.3 mL/min

Mobile phase A: Water + 1 mM ammonium acetate + 0.1% formic 

acid

Mobile phase B: Methanol

Gradient: Mobile phase B was held at 2% for 0.5 minutes 

before being ramped to 98% over 5.5 minutes then 

held for 7 minutes. It then dropped to 2% for 2 

minutes.

MS Conditions

MS system: Xevo MRT Mass Spectrometer

Ionization mode: ESI+

Acquisition range: m/z 50–1200

Source temperature: 120 °C
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Desolvation temperature: 550 °C

Desolvation gas flow: 800 L/hr

Cone gas flow: 50 L/hr

Capillary voltage: 2.5 kV

Collision energy: Low energy: 6 eV High energy ramp: 20–40 eV

Cone voltage: 40 V

Data Management

The waters_connect Software was used for data acquisition and the UNIFI application was used for data 

processing. All statistical analyses were undertaken with EZInfo® 3.0 (Sartorius, Göttingen).

Results and Discussion

A complete extractables analysis using an E&L specific workflow can be undertaken with the UNIFI application 

(Figure 2A). The workflow can be customized to meet user requirements and help streamline the analysis of 

complex datasets.

System Suitability Review

The first step undertaken in the workflow is to review the E&L SST mix results, used to benchmark the system 

(Figure 2). The E&L SST contains common polymer additives over a range of molecular weights and ionization 

polarities. The Xevo MRT Mass Spectrometer delivers consistent low- to sub-ppm mass accuracy with mass 

accuracy for all E&L SST analytes across all injections providing an RMS of 0.81 ppm.
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Figure 2. The E&L SST results displayed in the component review within the UNIFI 

application. [A] Example of the customizable UNIFI workflow. [B] Mass accuracy for 

each analyte in one injection. [C] The mass accuracy for the compound, TINUVIN® 327 

in each E&L SST injection.

During data processing, precursor and fragment ions resulting from the MSE acquisitions are precisely aligned 

based on their retention times. The combined high mass accuracy of precursors and associated fragment ions for 

all compounds (Figure 3)6 provides comprehensive and confident extractables screening results.
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Figure 3. [A] Low (upper) and high (lower) energy spectra of diethyl phthalate. [B] 

Mass error of diethyl phthalate associated fragments from the E&L SST. 

Screening Against an E&L Library

When undertaking an extractables analysis, any compounds that are found above the AET need to be identified 

and reported for toxicological assessment. The AET is defined as the level below which identification and 

quantification is not required.4 After verifying the SST mix, the samples were investigated by screening against 

the Waters E&L library to find matches based on accurate mass, retention time, and corresponding fragments.7

With these parameters available in a library or database for each compound entry, the possibility of false 

positives is reduced, the number of possible candidates is reduced, and confidence in any identification made is 

increased. With consistent low- to sub-ppm mass accuracy this confidence is further increased. To ensure the 

mass accuracy is maintained across the study, the E&L SST was spiked into all samples (Figure 4) and 

monitored, with fragment ion mass accuracy also confirmed to be low- to sub-ppm (Figure 5). The UNIFI 

application utilizes both experimental fragment ion data and theoretical fragments with in-silico fragment 

matching.
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Figure 4. Mass accuracy (ppm) of CYASORB® 2908 across all injections.

Figure 5. Mass error of diethyl phthalate fragments from the spiked E&L SST.

To assist with the review of potential identifications, the UNIFI application has a number of tools to help 
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streamline this process. The Binary Compare Tool is used to compare the samples to the extracted procedural 

blank (negative control) to find components that are unique to the sample or elevated in the sample compared to 

the blank (Figure 6).

Figure 6. Mirror plot highlighting the differences of the base peak intensity 

chromatograms. The traces represent the negative control (red), sample extraction 

(blue), and the difference between the negative control and sample extraction (green).

Once the binary compare tool is applied, this can be incorporated as a data filter. Filters can be applied to 

significantly reduce the number of potential candidates aiding the data review process and reducing the number 

of false positives. Different parameters can be applied to showcase differing confidence levels. For example, the 

number of matched fragments, a certain response level to apply an AET threshold, unique or elevated response 

compared to the negative control, and limiting the mass error range (Figure 7).
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Figure 7. [A] Example of filters that can be applied within the UNIFI application. [B] 

Number of components identified with different levels of filtering for one of the sample 

injections. [C] Some of the components identified with a high confidence level of more 

than one fragment match, mass error between -1 and 1 ppm, and elevated response 

compared to the negative control.

The trend plot view within the UNIFI application allows the response profiles for the identified compounds across 

a sample batch to be viewed. For example, bis(2-ethylhexyl)adipate was found, using the Waters E&L library, 

across all injections (mass error (RMS)=0.77 ppm) but elevated in two of the packaging types analyzed (Figure 

8).
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Figure 8. Bis(2-ethylhexyl)adipate elevated in two of the packaging extractions, 

compared to the negative control.

Statistical Analysis and Structural Elucidation

Multivariate statistical analysis (MVA) tools can be used for the analysis of complex datasets. Data were 

transferred to EZInfo using the UNIFI application, and Principal Component Analysis (PCA) was performed. 

Figure 9 shows the resulting PCA scores plot from the negative control, the three samples (including biological 

and technical replicates), and the pooled QC. There is clear separation between the three groups of samples, 

which highlights the difference between the extraction profiles of these packaging materials. Tight clustering of 

the pooled QC injections signifies the high technical reproducibility achieved with the Xevo MRT Mass 

Spectrometer.
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Figure 9. Unsupervised PCA plot showing excellent technical reproducibility between 

samples and the variation between sample groups.

To establish the features responsible for the differences between sample groups, an Orthogonal Projections to 

Latent Structures Discriminant Analysis (OPLS-DA) was performed (Figure 10A), highlighting the variation 

between groups. The inter group variation of the sample is expected as the samples were not milled down to 

promote homogeneity.

The resulting S-Plot indicates the differential markers between the two groups compared from the OPLS-DA 

(Figure 10B). These markers were selected and transferred back into the UNIFI application for structural 

elucidation.
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Figure 10. OPLS-Da [A] and S-Plot [B] representing the negative control and one of the 

sample types.

The imported differential markers are then displayed using the Discovery Tool in the UNIFI application.8 The 

trend plot for one of the elevated markers is displayed (Figure 11A). Since MSE mode was used, the accurate 

mass of both precursor and fragments ions were available for the interpretation of each marker.

The Discovery Tool combines elemental composition determination with database searching and in silico

 fragmentation. The elemental composition calculator determines the most likely chemical formulae for a 

precursor ion. The i-FIT algorithm is used to rank formulae by the likelihood that the theoretical isotope pattern 

of the formula matches the isotope pattern in the measured spectrum. Each elemental composition that explains 

a given precursor ion is automatically searched against the ChemSpider database (Royal Society of Chemistry), 

returning prospective compounds, together with their structures, for a given composition. The structure of each 

compound is then automatically submitted to an in-silico fragmentation algorithm and the m/z values of the 

theoretical fragments are compared to the high energy m/z values of the marker. Figure 11B demonstrates the 

information displayed by the Discovery Tool for an elucidated marker. A standard would be needed for a 100% 

match, but this greatly reduces the processing time for the analyst.
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Figure 11. MVA marker results and Discovery Tool [A] Marker summary across all 

injections for one marker. [B] Example of a predicted identification of N,N’-1,12-

dodecanediyldidodecanamide (mass error –0.77 ppm).

Conclusion

Screening with the Xevo MRT Mass Spectrometer is a highly specific tool for E&L screening analyses. The multi 

reflecting-time of flight technology ensures consistent low- to sub-ppm mass accuracy for the wide mass range 

typical of extractable compounds. For example, the mass accuracy for all E&L SST analytes across standard 

injections had an RMS of 0.81 ppm.

Utilizing MSE mode provides highly informative and accurate data for both precursor and fragment ions in 

sample matrix. This reduces the false positive rate and significantly reduces the possible candidate matches 

therefore greatly increasing identification confidence. For example, from no filters to applying fragment matches, 

binary compare, and mass accuracy filters of ±5 ppm, reduced the number of candidate matches by 80%. 

Narrowing the mass accuracy window to ±1 ppm further reduces the matches by another 60% in this case, 

reducing the burden on the analyst. 

MSE mode is also critical to assist with the structural elucidation of unknowns, for example, a putative 
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identification of N,N’-1,12-dodecanediyldidodecanamide was made with a mass error –0.77 ppm and multiple 

fragment matches.

Software tools were employed to aid review of the highly accurate mass data within complex datasets. These 

included binary compare, filtering, multivariate statistical analysis, and trend plots. This combined with the 

technology of the Xevo MRT Mass Spectrometer, ensures a seamless and highly confident extractables screening 

workflow.
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