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Abstract

Background: The production of hospital-compounded
medicines with a longer shelf life raises questions
about drug-packaging interactions, especially deso-
rption events involving extractables and leachables
(E/L). A meta-synthesis of the literature was performed
to describe which mass spectrometer is suitable for
identifying and quantifying E/L.
Methods: A meta-synthesis of studies focused on the
identification or quantification of E/L published between
January 1997 and December 2017 was performed. Inclusion
criteria were E/L studies dealing with pharmaceutical pro-
ducts, in which mass spectrometry (MS) coupled to liquid
chromatography (LC) or gas chromatography (GC) was
used. The full-text articles had to be available and written
in English. Articles about food packaging, environmental
contamination, counterfeit compounds, pharmacokinetics,
or process-related impurity studies were excluded. Two
researchers independently assessed the papers according
to a score based on a seven-item questionnaire.
Results: In total, 32 papers matched our criteria and were
included in the meta-synthesis. For qualitative analysis
with LC, quadrupole time-of-flight (QTOF; n = 4) and ion
trap (n = 4) mass detectors were used the most; and with
GC, single quadrupole (n = 8). For quantification studies

with LC, QTOF (n = 3) and triple quadrupole (n = 2) were
used the most; and with GC, single quadrupole (n = 7).
Conclusions: For simultaneous qualitative and quantitative
analysis of E/L with LC, QTOF or Orbitrap is a suitable
detector. For quantitative analysis with LC only, triple
quadrupole is suitable. For qualitative and quantitative
analysis with GC, single quadrupole can be used.

Keywords: leachables, extractables, drug-packaging inter-
actions, LC/MS, GC/MS

Introduction

Pharmaceutical compounding has changed remarkably in
hospital pharmacies in recent years. In fact, compounded
products with a longer expiration date, such as ready-to-use
syringes or chemotherapy dose banding, have been intro-
duced in hospitals worldwide [1–4]. Because the shelf-life of
compounded products is increasing, it raises questions
about drug-packaging interactions such as sorption and
desorption [5].

Indeed, in hospital pharmacy, the choice of the con-
tainer is mainly based on clinical needs and not, as in
pharmaceutical industry, by taking account of the risk of
primary packaging interactions with the product.

Sorption is generally assessed during stability studies
of drug products. Conversely, desorption is rarely studied.
However, there is a significant risk that substances migrate
from the container into the drug product [6]. These sub-
stances are called extractables and leachables (E/L).
Extractables correspond to substances that migrate from
the packaging into the drug solution under extreme chemi-
cal and physical conditions (such as high temperature,
organic solvents, etc.), whereas leachables are defined as
substances that migrate from the packaging into the drug
product under normal conditions [6].

E/L can be toxic or cause adverse effects in patients [6].
This problem is well exemplified by the Eprex® (epoetin
alpha) case. The leaching of a substance from the rubber
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stopper led to a change in this product’s composition,
which caused the aggregation of epoetin alpha, resulting
in red cell aplasia in several patients [7]. Another paper
described cases of nausea that might have been due to
several leachables originating from sodium chloride-
prefilled syringes used to flush IV tubing [8].

E/L may also cause compatibility concerns. Oxidation,
precipitation, or aggregation phenomena have been
observed and reported. One author observed a cloudy
appearance in ceftriaxone sodium for injection that was
due to a leachable compound named butylated hydroxyto-
luene [9]. Thus, based on these examples, it seems that
E/L might affect the quality and safety of compounded
products. Therefore, E/L should be a major concern in our
hospital-compounded drug products. However, unlike to the
marketed products for which regulatory law about drug-
packaging interaction is strict, there are no mandatory spe-
cifications in the regulation for hospital preparations [10].

Several E/L can be detected in the same sample and
may have very different physicochemical properties. They
may be volatile or not, of an organic or inorganic nature,
etc [11]. They are also very different in terms of structure;
for example, they can be phenols, aromatic compounds,
fatty acids, etc [12]. Because the E/L profile cannot
be predicted, qualitative and structural analyses are
required in order to be able to fully characterize every
E/L that might be present in the sample [12]. Moreover,
E/L are found at trace levels [11]. Therefore, a sensitive
detector must be used for the quantitative analysis [12].

For the analysis of semivolatile and nonvolatile sub-
stances, liquid chromatography coupled to mass spectro-
metry (LC/MS) is frequently used for E/L studies; while for
volatile compounds, gas chromatography coupled to MS
(GC/MS) is the most common [11]. MS is frequently used for
E/L analysis because it allows structural, qualitative, and
quantitative analyses [12]. In fact, MS offers the possibility
of identifying unknown compounds thanks to the exis-
tence of MS/MS spectral libraries [13].

A mass spectrometer is also very sensitive, which
allows the quantification of E/L at trace levels [11]. As
there are several types of mass spectrometers available
(single quadrupole, quadrupole time-of-flight (QTOF),
etc.), it is not straightforward to determine which mass
spectrometer would be suitable for E/L analysis. To the
best of our knowledge, there are no published studies
describing which type of mass spectrometer should be
used for E/L identification and quantification studies.

Therefore, by using a meta-synthesis approach, the
aims of this study were to examine critically all identifica-
tion and quantification studies involving E/L that have been

published over the past twenty years and to discuss which
type of mass spectrometer coupled to GC or LC would be
suited to carry out E/L studies with a broad range of identi-
fication and quantification capacities. In most cases, the
studied substances are not well known.

Methods

A meta-synthesis aims at selecting, comparing, and analyz-
ing qualitative data or studies in order to better understand a
specific topic [14, 15]. A meta-synthesis can be divided into
five major steps [14, 15] : 1) the framing step, in which the
research question is clearly defined; 2) the searching step, in
which a search of articles with specific keywords and in
several databases is carried out; 3) the screening step, in
which the eligibility of the searched articles in the meta-
synthesis is examined; 4) the quality appraisal step, in
which the quality of the articles retained in the meta-synth-
esis is evaluated; and 5) the synthesis step, in which the
qualitative data are sorted and analyzed. Our meta-synthesis
obeyed the above procedure, as detailed below [14, 15].

Framing

In this study, we focused on E/L identification and quan-
tification studies of pharmaceutical products or materials
in which GC/MS or LC/MS was used for the analysis. The
qualities of the structural, qualitative, and quantitative
analyses of E/L by different types of mass spectrometers
coupled to LC or GC were compared. A discussion about
which type of mass spectrometer is suitable for E/L iden-
tification and quantification was then realized.

Searching

The following inclusion criteria were defined for the litera-
ture search: 1) the studies under selection had to focus
exclusively on the E/L of a pharmaceutical product or
material; 2) GC/MS or LC/MS had to be used in the analysis;
3) the packaging material tested as well as the type and
model of the mass spectrometer used had to be described in
the article; and 4) the article had to be published between
January 1997 and December 2017. We decided to exclude
papers dealing with food packaging, environmental con-
tamination, counterfeit products, adulterants, process-
related impurities, or pharmacokinetics.
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The literature search was done in the PubMed data-
base (with Mesh terms or keywords) and in Scifinder
(with keywords) by using the following queries: 1) leach-
able, or leachables and extractable, or extractables; 2)
drug contamination, and drug packaging; and 3) plasti-
cizers/analysis and pharmaceutical solutions.

A total of 5333 papers were found to comply with our
selection criteria. In order to refine the search results, the
following border conditions were added to the queries: 1)
the criteria “gas chromatography mass spectrometry or
chromatography, high pressure liquid chromatography,
liquid” were implemented to the three queries; 2) the
articles had to be written in English; 3) the full text of
the articles had to be available; and 4) duplicates were
removed. The inclusion of these additional criteria
restricted our search results to 73 papers.

Screening

We then reviewed the titles and abstracts of the 73
papers to determine which articles were eligible for
the meta-synthesis. When the abstract summary was
not sufficient to decide the suitability of an article, its
full text was studied. In this step, 49 articles were
identified as unsuitable for the following reasons: 1)
The articles were about food packaging, environmental
contamination, counterfeit products, adulterants, pro-
cess-related impurities, stability, or pharmacokinetics;
2) it was a general review about E/L with no case study;
3) no mass detector was used for identifying or quanti-
fying E/L; 4) the type and the model of the mass spec-
trometer used were not available; and 5) the material
tested was not specified. This led us to a selection of 24
articles retained for the literature review. The refer-
ences of these 24 articles were examined, and the E/L
papers listed were also analyzed according to our pro-
tocol, yielding 9 additional papers meeting our selec-
tion criteria. In total, the meta-synthesis features 33
articles.

Quality appraisal

The relevance and the credibility of the 33 retained
papers were assessed independently by two hospital
pharmacist researchers by using a score based on seven
binary questions inspired from the Critical Appraisals
Skills Programme (CASP) Qualitative Checklist [14–16].

For some questions, subquestions were added to clarify
the main question. The questions and subquestions were
as follows:
1) Was the purpose of the study clear?

a. Is the aim of the research relevant? (Major)
2) Was the methodology appropriate?

a. Is it clear that the paper describes an identification
or quantification study about E/L in a pharmaceu-
tical product or material and that the analysis was
done by LC/MS or GC/MS? (Major)

3) Was the research design appropriate to address the
aims of the research?
a. Is the pharmaceutical material or product clearly

defined?
b. Are the types and the model of the detector used

specified? (Major)
c. Are the analytical conditions clearly described?
d. Are the screened E/L specified and are there E/L

from the pharmaceutical container or material?
(Major)

4) Did the results address the objectives of the
research?
a. Could E/L have been identified or quantified by LC/

MS or GC/MS? (Major)
b. If there was a change in the method, did the

authors explain why this was done? (In case of a
change, major)

5) Were the results strong enough?
a. Is the method validated? (For quantification stu-

dies, major)
b. Are the results of identification confirmed? (For

identification studies, major)
6) Did the discussion and conclusion address the objec-

tives of the research?
7) Is the research valuable?

a. Do the results and discussion provide a research
perspective? (Major)

b. Do they propose new research fields?

A positive answer to a question gave one point, and a
negative answer gave zero points [14, 15]. A positive
answer to the subquestions considered as major was
mandatory to get the point of the question. To be
retained, an article needed to score at least four points
[14, 15]. After independently assessing the quality of the
papers, the score given for each article was compared
and discussed by the two researchers. A consensus over-
all score was then assigned to each article. One article did
not reach the minimum score of four points. In total, 32
papers were used for the meta-synthesis.
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Synthesis

A summary of the different steps followed to determine
whether papers were to be included in the meta-synth-
esis is shown in Figure 1. To help focus our discussion
on the qualitative and structural analysis of E/L by GC/
MS or LC/MS, the identification studies were grouped
into Table 1 and the quantification studies were grouped
into Table 2. For each of the selected articles, the raw
material or packaging tested, the composition of the
packaging tested, the equipment, the type of the mass
spectrometer used, and the score obtained for the qual-
ity appraisal are provided.

Results

Among the 32 articles included in this meta-synthesis of E/L
contamination, 18 identification studies and 14 quantifica-
tion studies were flagged (Tables 1–2) [6, 7, 9, 11, 13, 17–43].

Equipment and detectors used for E/L
identification

Among the E/L identification studies, LC/MS was used for
the analyses in seven studies, GC/MS was used in six

Figure 1: Summary diagram.
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studies, and both GC/MS and LC/MS were employed
together in five studies (Table 1). In particular, LC/MS
was utilized in 6 studies and LC/MS/MS was utilized in
12 studies (Table 3). Meanwhile, GC/MS/MS was only
used in 3 studies, while GC/MS was employed in 12
studies (Table 3).

Equipment and detectors used for E/L
quantification

Among the E/L quantification studies, LC/MS was used for
the analyses in seven studies, GC/MS was used in six stu-
dies, and both GC/MS and LC/MS were employed together
in one study (Table 2). In particular, LC/MS was utilized in

three studies and LC/MS/MS was utilized in six studies
(Table 4). Meanwhile, GC/MS/MS was used in only one
study, and GC/MS was employed in seven studies (Table 4).

Discussion

Equipment and detectors used for E/L
identification

LC/MS for E/L identification

Identifying E/L and their degradation products is a critical
issue, given that ignoring the identity of the compounds of

Table 1: Articles included in the meta-synthesis of the identification studies.

Article Raw material/
packaging

Composition Equipment Type of MS Score

Wei,  [] Rubber stopper Chlorinated butyl rubber GC/MS and LC/MS/MS Single quadrupole and QTOF 

Petrusevski,  [] Bottle and caps LDPE and PP LC/MS/MS Ion trap 

Valente,  [] Syringe and
rubber stopper

Type I borosilicate glass
and rubber

LC/MS/MS Orbitrap + ion trap 

Zdravkovic,  [] Bag PVC GC/MS Single quadrupole 

Jenke,  [] Raw material PVC, brominated
isobutylene-isoprene,
LDPE, PC, COC

GC/MS, LC/MS, LC/MS/
MS, and Headspace GC/
MS

GC/MS:  single
quadrupoles and TOF, LC/
MS: single quadrupole, TOF,
ion trap + FT-ICR, QTOF and
ion trap



Norwood,  [] Raw material COC LC/MS TOF 

Chang,  [] Bag + stopper PVC + rubber and PO +
rubber

LC/MS/MS Orbitrap 

Nashed-Samuel,  [] Syringe Glass (quality of glass
not available)

LC/MS/MS Ion trap 

Corredor,  [] Rubber closure Rubber LC/MS Single quadrupole 

Pan,  [] Bottle LDPE LC/MS/MS and GC/MS/
MS

Ion trap and dual stage
quadrupole



Maus,  [] Foam PE GC/MS/MS Quadrupole ion trap 

Pang,  [] Stopper and
prefilled syringe

Rubber GC/MS and LC/MS/MS Single quadrupole and QTOF 

Zhao,  [] Vial + septum Rubber GC/MS Ion trap 

Jenke,  [] Film Polyolefin GC/MS and LC/MS/MS Triple quadrupole, single
quadrupole, double focusing
magnetic sector mass
spectrometer, and QTOF



Nassar,  [] Glass vial,
aluminium cap,
and septum

Type I flint glass vial +
aluminium cap + rubber

LC/MS/MS and LC/MS Ion trap and TOF 

Zhang,  [] Rubber closures Rubber GC/MS Ion trap and single
quadrupole



Milano,  [] Rubber stopper Rubber GC/MS/MS Ion trap 

Wahl,  [] Plastic tubing PVC GC/MS Single quadrupole 
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interest prevents a proper safety assessment. Identification
studies are facilitated by the development of new technolo-
gies such as MS/MS, especially for untargeted substances
[44, 45]. Due to its ability to generate precursor ions and
product ions, this technology enables one to obtain much
more structural information about E/L than with MS alone
[45]. The specificity is higher with MS/MS because the gen-
eration of a product ion enables the separation of two com-
pounds with the same molecular weight, which is not
possible with MS alone [46]. This may explain why MS/MS
has been used in most identification studies. Indeed, among
the identification studies in ourmeta-synthesis, analysis was
performed by MS/MS in 12 studies and by MS in 6 studies.

It became more common to use LC/MS/MS, compared
with LC/MS, in identification studies after 2007. This corre-
sponds to the launching of MS/MS databases specifically
for E/L, such as the E/L Safety Information Exchange data-
base (ELSIE) founded in 2007 [47, 48]. The ELSIE database
contains safety data on E/L and E/L profiles [47, 48]. The
marketing of MS/MS spectral libraries by instrument sup-
pliers in recent years also has provided a helpful tool for
compound identification. In fact, the databases suggest a
potential molecular structure for each compound of interest
based on the accurate masses of precursor and product
ions. It is noteworthy that the analyzed papers were pub-
lished in the last twenty years and even the most of them in

Table 2: Articles included in the meta-synthesis of the quantification studies.

Article Raw material/
packaging

Composition Equipment Type of MS Score

Dorival-Garcia,  [] Single-use bag EVA + PE + LLDPE + LDPE + ULDPE LC/MS/MS QTOF 

Bourdeaux,  [] Medical device PVC GC/MS Single
quadrupole



Moreta,  [] Film, multilayer
packaging made
of PE, aluminium
foil, polyester,
or paper

PE, aluminum foil, polyester and paper LC/MS/MS QTOF 

Gimeno,  [] ) Medical
device

) Raw material

PVC GC/MS/MS Triple
quadrupole



Pahl,  [] Bag Various films LC/MS + GC/MS
and Headspace
GC/MS

Single
quadrupole



Zdravkovic,  [] IV bag, bottle,
metered dose
inhaler

PVC, PP, acetal, polyester, ethylene propylene
diene, monomer rubber, stainless steel

LC/MS Single
quadrupole



Pouech,  [] Raw material PP, Poly-cyclo-olefin, and copolyester LC/MS/MS Triple
quadrupole/
ion trap



Reisinger,  [] Raw material PP and PE LC/MS/MS Triple
quadrupole
and QTOF



Strac,  [] Bag PVC GC/MS Single
quadrupole



Yamaji,  [] Ampoule PE GC/MS Single
quadrupole



Soeborg,  [] Tube Epoxy phenol lacquered aluminium LC/MS/MS Triple
quadrupole



Garrido-Lopez,  [] Films PE LC/MS Single
quadrupole



Story,  [] Bag PVC GC/MS Single
quadrupole



Loff,  [] Perfusion lines PVC with DEHP, PVC DEHP-free, PE, PVC with
DEHP/PU, and PVC with DEHP/PE

GC/MS Single
quadrupole



8 C. Fauchere et al.: Investigation of Drug-Packaging Interactions



the last ten years. The development of the databases was
quite spectacular but only for some providers.

Among the identification studies using LC/MS, an ion
trap (n = 4) or a QTOF (n = 4) mass detector was used the
most frequently. In addition, an Orbitrap detector (n = 2)
was used for the identification of E/L. Based on these
results, we wondered which mass spectrometer would
have the capacity to identify E/L and what the difference
would be between these three detectors.

Comparison of QTOF with ion trap mass detection

To date, no identification studies of E/L have compared
ion trap and QTOF mass detection. In the articles included

in this meta-synthesis, the identification of E/L with only
ion trap detection coupled to LC was successful in one
study out of four [18, 23, 25, 28]. Petrusevski et al. success-
fully identified two E/L (Irganox 1010 and Irgafos 168) with
an ion trap mass detector [18]. In the three other articles
using ion trap detection, the identification of E/L was
possible by using other techniques such as nuclear mag-
netic resonance (NMR), Fourier-transform infrared spectro-
scopy, and GC/MS [23, 25, 28].

The identification of E/L with only QTOF mass detec-
tion was not possible in any of the articles included in this
meta-synthesis [7, 17, 21, 27]. However, much structural
information could be obtained with QTOF mass detection.
For example, Pang et al. described a tentative structural
identification of 2,2’-thiobis[6-(1,1-dimethylethyl)-4-methyl]

Table 3: Equipment and detector inventory list for the identification studies.

IDENTIFICATION

Equipment LC/MS (n = ) GC/MS (n = )

Type of detector Number of studies using
this type of detector

Number of studies using
this type of detector

MS

Single quadrupole  

Ion trap  

TOF  

Double focusing mass spectrometer  

MS/MS

QTOF  

Orbitrap  

Triple quadrupole  

Quadrupole/ion trap  

Ion trap  

Ion trap-Orbitrap  

Ion trap-FT-ICR  

Dual stage quadrupole  

Total  

Table 4: Equipment and detector inventory list for the quantification studies.

QUANTIFICATION

Equipment LC/MS (n = ) GC/MS (n = )

Type of detector Number of studies using
this type of detector

Number of studies using
this type of detector

MS Single quadrupole  

MS/MS
QTOF  

Triple quadrupole  

Triple quadrupole/ion trap  

Total  
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phenol with QTOF mass detection [7]. Because no refer-
ence standard was available, the identity of this substance
could not be confirmed [7]. Nevertheless, this discovery
helped to identify the source of the leachable component:
it came from additives used in rubber processing [7].

Based on these results, it appears that the identifica-
tion of E/L compounds with QTOF mass detection
coupled to LC is difficult. This is due to the fact that the
bond connectivity cannot be completely solved with
QTOF mass detection [17]. Therefore, the identification
of an unknown compound cannot be achieved without
a reference standard to confirm its identity [17]. Moreover,
the identification of compounds with QTOF is complex
for constitutional isomers and stereoisomers due to the
absence of some structural information [49].

Thanks to the ability of ion trap mass detection to do
multiple fragmentations of precursor ions, a more com-
plex structure can be solved with ion trap MS than with
QTOF MS [49]. The identification of isomers or unknown
compounds may be feasible [49]. However, ion trap mass
detection has a lower resolution than QTOF mass detec-
tion, which may compromise the identification processes
due to a low mass accuracy measurement [49].

Based on the information found in the literature, it can
be concluded that bothQTOFand ion trapmass detection are
techniques that contribute to the identificationandconfirma-
tion of E/L [49]. Using only QTOF or ion trap mass detection
maynotbe sufficient for the full identificationof anunknown
E/L. However, the limits and abilities of these two techniques
are complementary [49]. Combining an accurate mass mea-
surement with multiple fragmentations might help to solve
the molecular structure of an unknown compound [49].

Comparison of QTOF with orbitrap mass detection

The identification of E/L with Orbitrap mass detection
was possible [19, 22]. In fact, for example, Chang et al.
identified 2-mercapto-benzothiazole thanks to the accu-
rate mass and fragmentation pattern given by the
Orbitrap mass detector [22].

QTOF and Orbitrap are both high-performance detec-
tors suitable for identification studies of E/L [50]. Orbitrap is
well known for its highmass resolving power (70,000 atm/z
200 for Qexactive focus, Thermofisher), but it has a slower
scan acquisition [50]. Moreover, its scanning speed is inver-
sely proportional to the resolution, which means that the
faster the scan acquisition, the lower the resolution [50].
QTOF mass detection has a lower resolving power (up to
40,000) than Orbitrap mass detection, but its resolving
power is independent of the acquisition rate [51].

Choosing between a QTOF and an Orbitrap mass
detector is a difficult dilemma because both detectors
are able to identify compounds accurately [50]. Several
studies comparing the performance of these two detectors
have been presented in the literature, but none was
specific to E/L identification [50–52]. A study on forensic
hair analysis concluded that the resolution of Orbitrap
and QTOF mass detectors was sufficient to differentiate
tetrahydrocannabinol from isobaric ions [52].

Thus, it appears that there is not much of a difference
in the performance between an Orbitrap and a QTOF
mass detector. The choice between these two detectors
for the identification of E/L may depend on others fac-
tors. Nevertheless, the main criteria are the existence and
the quality of the E/L libraries provided by the supplier.

GC/MS for E/L identification

Many GC/MS libraries exist, such as the National Institute of
Standards and Technology (NIST) library, and are used for
the identification of unknown compounds [53]. In the present
meta-analysis, the NIST database was used in seven articles
to identify or confirm the identity of E/L analyzed by GC/MS

The results of our literature review demonstrated that
triple quadrupole mass detection is rarely used to identify
E/L and that single quadrupole mass detection is the most
frequently used detector combined with GC for identifica-
tion studies (n= 8). This finding coincideswith the results of
comparable literature reviews [54, 55]. In fact, several lit-
erature reviews of pesticide residue analysis in food confirm
that GC coupled to a single quadrupole mass detector is the
most frequently used equipment for identification studies
[55–57]. Indeed, more than half of the cited articles used GC
coupled with a single quadrupole mass detector to identify
pesticide residues [55–57]. This might be due to the fact that
single quadrupole detectors are robust, affordable, and
sensitive, especially in the selected ion monitoring mode
[53]. Thus, using GC coupled to a single quadrupole mass
detector for the identification of E/L seems to be the most
reasonable choice.

Equipment and detectors used for E/L
quantification

LC/MS for E/L quantification

Similar to the studies on the identification of E/L, LC/MS/
MS was a more frequently used technique than LC/MS.

10 C. Fauchere et al.: Investigation of Drug-Packaging Interactions



The most frequently used MS/MS detectors in quantifica-
tion studies of E/L are QTOF (n = 3) and triple quadrupole
(n = 2).

Comparison of QTOF with triple quadrupole mass
detection

There are no studies available in the literature that spe-
cifically compare the quantification of E/L with triple
quadrupole and QTOF mass detection. Reisinger et al.
simultaneously used QTOF and triple quadrupole mass
detection to analyze E/L substances (Tin622, Tin770…)
[37]. In this paper, the limit of quantification (LOQ) was
much lower with triple quadrupole mass detection than
with QTOF mass detection [37]. In fact, the LOQ with
triple quadrupole mass detection was ten times lower
than with QTOF mass detection for the analysis of
Tin770 [37]. This corresponds to the literature findings
for studies with similar applications (mostly regarding
food or water contamination).

Several studies mention that a better dynamic range
and lower detection limits are observed with triple quad-
rupole mass detection [58, 59]. One study shows that the
results were more repeatable when using triple quadru-
pole mass detection [59]. However, all comparative stu-
dies found in the literature conclude that triple
quadrupole mass detection yields better results only
for the quantitative analysis of targeted compounds
and that it cannot provide some qualitative information
[58–62]. In fact, in contrast with QTOF, with a triple
quadrupole mass detector, there is no possibility of
obtaining structural information about unknown com-
pounds [58–62]. As discussed above, QTOF mass detec-
tion has the advantage of being able to obtain a full MS
and MS/MS spectra of any compound in the same run at
a high acquisition rate and a high resolution, which are
useful for compound identification and quantification
[58–62].

GC/MS for E/L quantification

As observed with the identification studies, single quad-
rupole is the most frequently used type of mass detector
with GC (n = 7). This result may be explained by the
same reasons described for the identification studies: a
single quadrupole mass detector coupled to GC is sensi-
tive enough for trace analysis and is robust and cost-
effective [53].

Conclusions

The aim of the present meta-synthesis was to determine
which detection method was suitable to identify and
quantify E/L. The results of the search suggest that
there is no specific type of LC or GC/MS instrument that
is the best for E/L analysis. As a limitation of this study,
no detailed analysis of the ionization source could have
been done, because of the large range of equipment and
type of spectrometer included in the study.

The choice of a mass detector will depend on the
aims of the study. If the objective is to use a mass
detector that might be able to do qualitative, structural,
and quantitative studies of E/L with LC, a QTOF or
Orbitrap mass detector would be a good choice because
these detectors can identify and quantify compounds
simultaneously at high resolution and with good sensi-
tivity. If the aim of the study is to quantify targeted E/L
with LC, a triple quadrupole mass detector would be a
good choice because it has a better dynamic range and
can reach a lower LOQ. For GC/MS, a single quadrupole
mass detector is the most frequently used to analyze
volatile E/L because it is sensitive and robust.
Compound identification is also possible with GC/MS
due to the high reproducibility of electrospray ionization
and the availability of MS libraries.

Future perspectives

It is obvious that doing a complete assessment of E/L
might not be possible by using only GC/MS or LC/MS In
fact, some structural information, especially regarding
bond connectivity, may be missing when using only a
mass spectrometer particularly for complex structures
[11]. In several identification studies included in this
literature review, NMR was used for identifying
unknown E/L [11, 17, 19]. This technology can yield
much more structural information about compounds
and therefore offers a chance to elucidate the structures
of unknown substances such as isomers [11, 17, 19].
Finally, the analysis of inorganic E/L such as aluminum,
magnesium, and calcium cannot be performed with LC/
MS/MS or GC/MS However, elemental analysis should
be done because these substances may also cause toxi-
city and compatibility concerns. This is why Inductively
Coupled Plasma coupled to MS is also used for the
analysis of inorganic E/L [47]. Thus, to do a complete
E/L study, several types of detection techniques are
needed.
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These warnings raise questions about the feasibility
of such studies in hospital pharmacies, due to the
resources needed. Moreover, analysis of E/L is only part
of the work. Doing a complete E/L study implies a tox-
icological assessment of each substance extracted and
identified [17]. Fundamentally, it seems clear that to
ensure safety and quality in our pharmaceutical pro-
ducts, drug-packaging interactions should be assessed.
But given the huge variety of containers and pharmaceu-
tical products, working alone might be difficult. Rarely, it
is possible for a hospital pharmacy to have a full access
to the leachable and extractable profile of a container,
but mostly the information file is not provided leading to
an extensive screening of E/L substances. It is also diffi-
cult to find the right challenge between time and cost
invested compared to the need of identification/quantifi-
cation of peaks revealed. Therefore, the choice of the
equipment for hospital pharmacists has also to take into
account this balance.

Based on this idea, a European group named the
L/E Group of Hospital Pharmacies in Europe has been
created in order to share work on E/L and to discuss
the main issues in such E/L studies [63]. Thus, it
seems that it is only by collaborating with major
European hospitals that we may be able to cope with
the problem of E/L.
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