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Abstract

Non-targeted analysis is the determination of the chemical composition of a complex mixture
without a priori knowledge regarding the identities or quantities of the compound. These
techniques can be performed in a wide variety of materials and areas of study. Methods and
results between laboratories can vary widely based on the compounds of interest and user
expertise, which can cause poor interlaboratory comparability of non-targeted results. To
address this knowledge gap, three research grade test materials were developed to allow for
the comparison of instrument methods, specifically reversed-phase liquid chromatography
with positive electrospray ionization mass spectrometry. The materials were shipped to thirty-
one participating laboratories to be analyzed by their own non-targeted analysis instrumental
method. Of the participants, twenty-three laboratories submitted “good” quality datasets and
could be further evaluated. Using principal components analysis, the differences and
similarities of the analytical methods could be examined. Overall, there were no obvious trends
or associations between the methods of different laboratories and the review of the principal
components analysis revealed no notable parameters that caused significant clustering or
separation.
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1. Background

Non-targeted analysis (NTA) is a range of techniques aimed at determining the chemical
composition of a complex mixture (including food, water, soil, serum, urine, etc.) with no a
priori knowledge regarding the identities or quantities of the compounds. This technique can
be achieved using a wide variety of instrumentation and methods, which primarily include gas
or liquid chromatography with mass spectrometry [1-4]. Reviews and editorial literature have
indicated that there is a question of the reproducibility of non-targeted analysis [5-6]. Within-
laboratory variability often can be minimized with a well-defined quality management
program, but between-laboratory variability can significantly impact the findings of data
produced from different laboratories. This variability can be detrimental to the success of NTA
interlaboratory studies.

In response to this need to evaluate the reproducibility of non-targeted analysis methods,
researchers at NIST formed the Method Assessment for Non-Targeted Analysis (MANTA)
Program, with a focus on measuring the sources of variability across the NTA workflow and
determining where reference materials and reference data may reduce the variability and
improve interlaboratory comparability of NTA results. For the first study, NIST created a
solution of eleven compounds aimed at measuring the instrument response variability. The
focus of the first interlaboratory study was the use of liquid chromatography with high-
resolution mass spectrometry (HRMS).

The solution was ready-to-use for instrumental analysis and shipped to laboratories with
different instrumentation and NTA methods. The laboratories were instructed to directly
analyze the solution (without sample preparation) and submit the resulting raw analytical data
to the MANTA Program coordinators. The method limitations included reversed-phase liquid
chromatography with electrospray ionization in positive polarity mode and a MS! scan range
of (at least) m/z 75 to 350.

2. Materials

The solution, referred to as Research-Grade Test Material (RGTM) 10104, consisted of a
methanol and toluene solution with eleven organic compounds (Table 1). Approximately 1.2
mL of the solutions were transferred to individual amber glass ampoules that were evacuated
with argon. The ampoules were stored at 7 °C until shipment.



Table 1. Chemical composition of the RGTM solution, values are mass fractions (mg/kg)
and were determined by gravimetric preparation.

RGTM
Compound 10104
decyltrimethylammonium bromide (DTMA) 0.39
18-crown-6 ether (CE) 0.87
methyl propionate (C3) 30.95
methyl butyrate (C4) 19.19
methyl hexanoate (C6) 9.12
methyl octanoate (C8) 10.80
methyl decanoate (C10) 9.83
methyl laurate (C12) 8.73
methyl myristate (C14) 20.12
haloperidol (HAL) 0.88
thiourea (T) 1.19

Upon registration, participants were shipped three ampoules of RGTM 10104. The samples
were shipped overnight in an insulated envelope with blue-ice packs. Participants were
instructed to store the solutions at or below 7 °C until analysis.

3. Participant Description

Online registration for the interlaboratory study opened on March 21%, 2018, and participants
were able to register until August, although sample shipment initially occurred in May 29,
2018. Overall, there were 38 registered participants that received samples. By the close of the
study, 31 participants had submitted results.

Upon submission of their results, participants were able to submit instrumental method details
and their self-determined research areas. The description of the participants that submitted data
1s summarized in Tables 2 and 3.



Table 2. Participant count of the manufacturers of the liquid chromatographs, mass
spectrometers, and chromatography columns used in the study. Values in parentheses are the
ratio of the total participants.

Liquid Mass Chromatography
Manufacturer Chromatograph | Spectrometer Column
ThermoFisher
Scientific 8 (25.8 %) 15 (48.4 %) 1(3.2%)
Agilent Technologies 12 (38.7 %) 8 (25.8 %) 8 (25.8 %)
Waters Corporation 6 (19.4 %) 5(16.1 %) 14 (41.9 %)
AB Sciex 2 (6.5 %)
Bruker 1 (3.2 %)
Shimadzu 5(12.9 %)
GL Sciences 2 (3.2 %)
Restek 1(3.2 %)
Phenomenex 5(16.1 %)

Table 3. Participant count of the research areas, participants were able to identify more than
one area. Values in parentheses are the ratio of the total participants.

Number of
Research Area Laboratories
Environmental 10 (32.3 %)
Exposure Science 7 (22.6 %)
Metabolomics 18 (58.1 %)
Lipidomics 11 (35.5 %)
Nutritional 1(3.2%)
Industrial/Material Characterization 0 (0 %)
Other Clinical/Biochemical Area 5(16.1 %)
Other Research Area 6 (19.4 %)

4. Data Analysis Methods

After submitting the instrumental method information, participants were invited to submit their
raw data to NIST. Prior to submission, the participants were instructed to convert their
proprietary data formatted files to mzXML format using ProteoWizard msConvert [7]. The
raw data was submitted via the NIST nfiles Secure File Transfer application. All submitted
data was available for only 60 days and was deleted from the application after that time.

Data analysis of the raw data files was performed using R statistical programming language
[8] with in-house developed scripts. Briefly, extracted ion chromatograms (EICs) were created
for every compound in the solution, based on the exact mass of all compound ions with the
participant-reported mass error. These EICs were inspected prior to further analysis for general
quality, including the existence of a Gaussian-like chromatographic peak and a good signal-



to-noise ratio (above 3 times the standard deviation of the noise). After inspection of all EICs,
certain quality criteria were determined. The criteria for a “good” quality data file included:
1. Atleast 3 fatty acid methyl esters were detected at their [M+H]" ion
2. The [M]" or [M+H]" ion was detected for decyltrimethylammonium, thiourea, and
haloperidol
3. The [M+Na]" ion was detected for 18-crown-6 ether
4. All the above compounds formed a detectable chromatographic peak above noise

Once data files were identified as good quality, they were further processed internally by
additional R-scripts. Chromatographic and mass spectrometric figures of merit were calculated
based on the EICs. Figures of merit are included in the attached data analysis report, but include
retention factors, efficiency factor, relative peak area, selectivity factor, signal-to-noise ratio,
and adduct formation area ratios. For exploratory statistical analysis, the figures of merit were
analyzed using principal components analysis with mean center and autoscale pre-processing
and NA values were replaced by the mean value for the specific figure of merit.

5. Results and Discussion

There were 31 laboratories that submitted raw data for analysis, of those laboratories only 23
(74 %) had data that was deemed “good” quality based on the previously discussed criteria.
The summary of the quality check for the compounds is visually shown in Figure 1.
Laboratories were contacted to re-evaluate the data and only one laboratory re-submitted data,
which subsequently passed the quality criteria. Not all laboratories submitted fragmentation
(MS?) data, therefore only parent ion (MS') data was used for the data analysis.

The most common issues observed were the detection of the fatty acid methyl esters and
thiourea; for many laboratories there was no observable chromatographic peak for some of
these compounds. More specifically, only two laboratories detected propionic acid methyl
ester. The longer-chain fatty acid methyl esters (decanoic acid methyl ester to tetradecanoic
acid methyl ester) had the highest frequency of detection of the fatty acid methyl esters. Eight
laboratories did not detect thiourea; from a dialogue with some of these laboratories, most did
not set their mass range to below m/z 100 and therefore would not be able to detect thiourea
(M+H)" (or propionic acid methyl ester (M+H)") with a m/z value of 77.0168.

Using the derived data from the 23 “quality” laboratories, principal components analysis
(PCA) was performed. The PCA scores using the first two principal components is shown in
Figure 2. The loadings plot for the first two principal components is shown in Figure 3. From
the visualization of the first two principal components with loadings, there is no obvious trend
or clear association between most laboratories. Of note, laboratories M011 and MO013 are from
the same laboratory with different users and similar instrument methods and their PCA scores
cluster together. The same trend is observed with M012 and M0025, which are from the same
laboratory and instrument with different users. These laboratories should yield similar results
and the PCA scores support this hypothesis. In contrast, M022 and M027 are two different
laboratories and users and do not have significant similarities between instrumental methods.

The three major categories of research for the participants were metabolomics, lipidomics, and
environmental analysis. Using the mean and the uncertainty (twice the standard deviation) of



the first two principal components, regions of the laboratories within these categories are
shown in Figure 4. Lipidomics and metabolomics researchers were the same subset of
laboratories and their regions are aligned. From Figure 4, there is significant overlap between
these three communities, which suggests that there is not a significant method difference
between the participating laboratories.

Overall, the solution does appear to discriminate between instrumental methods, although the
cause for the discrimination is not clear. The information provided by the PCA is dense and
will require further analysis to identify any trends that could impact differences between
instrumental methods. All laboratories will be provided with a Microsoft Excel spreadsheet
that includes interactive components for laboratories to mine the data for themselves.
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Figure 1. The results of the quality check for all laboratories (y-axis) for each compound and
adduct examined (x-axis). Regions that are marked with pale yellow passed the quality check
and regions marked with red failed the quality check. Adducts for 18-crown-6 ether are
labeled CE+H, CE+Na, CE+K, CE+H30, CE+NH4, CE+EA+H for the respective pseudo



molecular ions: [M+H]", [M+Na]", [M+K]*, [M+H30]", [M+NHa4]", [M+ethylamine+H]".
Compounds in bold were included in the quality check criteria.
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Figure 2. Principal components analysis scores plot using Principal Component 1 (PC1; 27.5
% variance) and Principal Component 2 (PC2; 13.4 % variance). The labels are the coded
laboratory names for the study.

PCA Loadings Plot
k7k8 k9 slope
k5 k6
aCHHLE 5
KB kit k4 asymllgal ac 4
relareals aEE e
ac_‘g 104 efactor2 ac9.c8
ac
ac2.c5 efactorle gjbifﬂlﬁ snl 63%5 C4ac9 clO
S efac orl— 8ol A25% 4
aclO.cl p .: 5 Q0ro ac
o t%% 5 . efact SR kL % Giggﬁréo
@E%: eFactor? ‘:éi-‘ﬂa 4‘224 1 acS c10
1es lapeed 3 asy 71 cl0
ac10.c pesc relar‘eass 3 a;
ac relarea
ac égﬁ 49 AR ar ?ireall acteZBERF
; relaread asym9 ac5.c2
5" 4,09 aclacdzc?
ac
asyml5
PC1



Figure 3. Principal components analysis loadings plot using Principal Component 1 (PC1;
27.5 % variance) and Principal Component 2 (PC2; 13.4 % variance). The labels are the
coded figures of merit.
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Figure 4. Principal components analysis scores plot using Principal Component 1 (PC1; 27.5
% variance) and Principal Component 2 (PC2; 13.4 % variance). The lines represent the
mean score + the expanded uncertainty (twice the standard deviation) of laboratories that
identified within the environmental (green, dotted), metabolomics (orange, solid) and
lipidomics (purple, dashed) communities.

6. Conclusions

The results included in this internal report are promising for the use of an artificial solution to
determine the similarities and differences between two or more instrumental methods. While
there are no clear trends to be drawn from the statistical analysis, there is clustering between
laboratories that are using the same instrumentation and analytical method. The data quality
check resulted in the removal of many laboratories, suggesting that the solution is not widely
usable by laboratories across the disciplines and methods. Future research, with a



corresponding interlaboratory study, should use the information in this study to develop a new
test solution that has a broader applicability.
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Appendix A: Supplemental Materials

The source code used for the analysis of the analytical data and the generation of the figures
shown in this internal report are available at: https://doi.org/10.18434/mds2-2412
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