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Graphical Abstract 

Research highlights 

- First investigations on the use of proton transfer reaction-mass spectrometry for 

detecting phthalate compounds 

- Identification of product ion pathways as a function of the reduced electric field 



Abstract 

One of the most common environmentally relevant groups of pollutants are phthalate esters. 

After decades of industrial use, they have become ubiquitous in the environment and analytical 

methods to chemically detect them in trace amounts are required. In this study, details of Proton

Transfer Reaction-Mass Spectrometry (PTR-MS) investigations for the reactions of phthalic 

acid and ten phthalate esters with H3O+ as a function of the reduced electric field are presented. 

A characteristic product ion observed for several of the phthalate esters is protonated phthalic 

anhydride (m/z 149.02, C8H5O3
+). However, not all of the phthalates investigated in this study 

fragment to produce this product ion following proton transfer. For alkyl diester phthalates,

loss of the corresponding alcohol results in the main product ion, but its abundance decreases 

with increasing alkyl chain length, whilst in comparison for the dialkyl ester phthalates, the

protonated phthalic anhydride ion abundance increases with increasing alkyl chain length and 

with increasing reduced electric field. Collisional induced dissociation in the drift tube of the 

PTR-MS is shown to be useful as means to manipulate the underlying ion chemistry, leading 

to unique product ions distinctive to phthalates. The results reported in this work represent a 

wealth of new data that will be of use for developing a PTR-MS analytical method for the

quick, selective and reliable identification of phthalates in the environment.



1. Introduction 

Phthalate esters, simply known as phthalates, are the dialkyl, diaryl or alkyl aryl esters of ortho-

phthalic acid. Their structure consists of two ester groups attached to two consecutive carbons 

of a benzene ring (Figure 1), and they form a family of chemicals commonly used as additives 

in the polymer industry, mainly as plasticisers, since the 1930s.1 They can be found in a wide 

range of products, ranging from paints, food packaging, cosmetics, toys, building materials, 

pharmaceuticals to personal care products.2,3,4 Hence, they have become ubiquitous xenobiotic 
5,6,7pollutants in the environment.

Figure 1: Generic chemical structure of ortho phthalates (R1, R2 groups can be linear, 

branched, a combination of both or a cyclic ring).

Phthalates are considered to be endocrine disruptors and human carcinogens.8,9 and have been 

listed as priority water pollutants. Their use is now either banned or limited by the European 
10,11,12,13,14Union, United States, China, Canada, and several other countries. Thus, human

health and environmental concerns arising from decades of phthalates exposure have led to the 

application of several analytical techniques to the detection and quantification of these 

plasticisers. Mass spectrometry-based techniques are some of the most commonly used,15 either 

with a chromatographic front-end separation,16,17,18 or without.19,20,21,22,23 One type of analytical 

technology that does not commonly use chromatographic separation, and hence can be used in 

real time is direct injection mass spectrometry (DIMS),24 of which Proton Transfer Reaction-

Mass Spectrometry (PTR-MS) is a commonly used technique.25

PTR-MS has found use in a broad range of analytical fields and applications, spanning from 

environmental analysis, to food science, atmospheric chemistry, health science, and homeland 

security.24,25,26,27,28-37 In a previous study by González-Méndez et al., dealing with PTR-MS

and smokeless powder, there was an indication of phthalate compounds being present in the

powders.36 In a continuation of that study we present here a novel PTR-MS investigation 

involving a number of phthalates, namely; phthalic acid (PAcid), dimethyl phthalate (DMP), 

diethyl phthalate (DEP), diallyl phthalate (DAP), dipropyl phthalate (DPP), dibutyl phthalate 

(DBP), mono(2-ethylhexyl) phthalate (MEHP), diisobutyl phthalate (DiBP), benzyl butyl 



phthalate (BBP), dibenzyl phthalate (DBeP) and di(2-ethylhexyl) phthalate (DEHP). To the 

best of our knowledge, there are no other published PTR-MS studies of phthalates. Therefore, 

the data presented in this paper addresses this lack of information by providing information on

the product ions resulting from their reactions with H3O+ as a function of reduced electric field 

E/N (the ratio of the electric field strength (E) to the gas number density (N)). This informs us

as to what product ions should be monitored and at what reduced electric field operational 

conditions for best sensitivity and selectivity.

2. Experimental Details and methods 

2.1. Proton transfer reaction mass spectrometry (PTR-MS) 

PTR-MS is a chemical ionisation technique based on ion/molecule reactions between reagent 

ions, namely H3O+.(H2O)n (n = 0, 1, 2, and 3) and traces of neutral organic molecules directly 

injected in the drift tube (DT) of the instrument, whilst an electric field E is applied, and 

pressure, temperature and humidity are maintained at fixed values. The reagent ions are 

generated in a glow discharge through a series of ion/molecule processes and transferred to the 

DT by an applied voltage gradient. As the reagent ions migrate down the DT under the 

influence of the applied electric field, they may react with neutral trace analyte molecules,

resulting in the protonated analyte molecule and/or fragment product ions. The latter results

from spontaneous dissociative proton transfer and/or collisional induced dissociation (CID),

with CID being enhanced with increasing reduced electric field. A fraction of the reagent and 

product ions are then transferred to the mass spectrometer for separation and detection.

For the work presented in this paper, a Kore Technology Ltd. Series I Proton Transfer 

Reaction - Time of Flight-Mass Spectrometer (PTR-ToF-MS) instrument was used, details of 

which have been given elsewhere. 25,38 Therefore, only brief and pertinent details will be 

provided in this paper.

Oxygen-free nitrogen (99.998% purity, BOC Gases, Manchester, UK) was used as the 

carrier gas. The use of a dry buffer gas resulted in H3O+ being the dominant reagent ion for the 

complete range of reduced electric fields, as illustrated in Figure 1. Any contribution from 

H3O+.(H2O)n (n > 0) to the total reagent ion signal was negligible (3% or less) across the whole 

E/N range. Thus the reactions with H3O+ dominate. Proton transfer from this reagent ion to a 

compound is facile if the proton affinity (PA) of the analyte is higher than that of water 

(PA(H2O) = 691 kJ mol -1), although it should be appreciated that sensitive detection of analytes 

is still possible when this is not the case providing proton transfer is dissociative.39



Figure 2. Reagent ion intensities, in counts per second (cps), of H3O+.(H2O)n, n = 0, 1, and 2

recorded at the detector of the KORE PTR-ToF-MS as a function of reduced electric field 

(approximately 80-205 Td). 

Water vapour was introduced into the hollow cathode via a mass flow controller to 

obtain an operating pressure of 1.15 mbar. The drift tube pressure was set to 1.10 mbar. The 

inlet line and reaction region were both maintained at a temperature of 100 ∘C. To change the 

reduced electric field value, the operating drift tube voltage was adjusted from 160 V up to 410

V. At the operating pressure used, this provided an E/N range of approximately 75- 250 Td. 

The headspace above each compound was transferred to the inlet of the PTR-ToF-MS

via dynamic headspace using oxygen-free nitrogen (99.998% purity, BOC Gases, Manchester, 

UK) as carrier gas. The carrier gas was introduced into a glass vial containing typically 2.5 mL 

of phthalate samples through a septum using a polyether ether ketone (PEEK) capillary. An 

identical outlet capillary was connected to the inlet system of the PTR-ToF-MS. If no signal 

was observed at room temperature, the vial was heated to 30 ⁰C in order to improve signal 

intensity.

Two mass spectra, with an integration time of 10 seconds, for every phthalate were 

recorded for each E/N value. The averaged mass spectra were then used for analysis. 



2.2 Chemicals 

Individual samples were purchased from Sigma Aldrich (Cheshire, UK), unless otherwise 

stated, and used without further purification. These, in order of molecular weight, are PAcid 

(99.5%), DMP (Acros Organics, Thermo Fisher Scientific, Schwerte, Germany, 99%), DEP 

(99.5%), DAP (97%), DPP (98%), DBP (99%), MEHP (97%), DiBP (99%), BBP (98%), 

DEHP (96%) and DBeP (Alfa Aesar, Thermo Fisher Scientific (Kandel) GmbH, Kandel, 

Germany, 97%). For structural information and other details see Table 1.

Table 1. Compound name, acronym, monoisotopic mass, molecular formula, vapour pressure 

at 25 ∘C (in mbar),40 and chemical structure of the compounds in order of increasing molecular 

mass.

Compound 
Molecular 

formula 

Monoisotopic 

mass 

Pvap 

(mbar) 
Chemical structure 

Phthalic acid, PAcid C8H6O4 166.027 8.48×10 -7

Dimethyl phthalate, DMP C10H10O4 194.06 4.11×10 -3

Diethyl phthalate, DEP C12H14O4 222.09 2.80×10 -3

Diallyl phthalate DAP C14H14O4 246.09 2.68×10 -4

Dipropyl phthalate DPP C14H18O4 250.12 1.76×10 -4

Dibutyl phthalate DBP C16H22O4 278.15 2.68×10 -5

Mono(2-ethylhexyl) 

phthalate MEHP
C16H22O4 278.15 1.08×10 -6

Di-isobutyl phthalate 

DiBP 
C16H22O4 278.15 5.41×10 -4

Benzyl butyl phthalate 

BBP
C19H20O4 312.14 1.10×10 -5



Di(2-ethylhexyl) phthalate 

DEHP 
C24H38O4 390.28 1.89×10 -7

Dibenzyl phthalate DBeP C22H18O4 458.26 1.59×10 -6

2.3 DFT Calculations 

Density functional theory (DFT) calculations have been undertaken to determine the proton 

affinities (PAs) and gas-phase basicities (GBs) for the compounds of interest. These 

calculations were conducted using Gaussian09W and GaussView05 for Windows.41 The 

B3LYP functional with the 6-31+G(d,p) basis set was used throughout, a combination which 
42,43has been found to be satisfactory based on our previous work.

3. Results and discussion 

3.1. DFT calculations 

The adjacent carboxyl/esters groups’ stereochemistry for most of the compounds of interest 

means that multiple stable conformations of the protonated species are possible. Whilst they 

are all accessible given the GBs, interconversion requires group rotation involving transition 

states. Loss of water or an alcohol can occur from each of these conformations leading to one 

or the other of the two conformations of protonated phthalic anhydride. For the diethyl ester 

compounds, more complex calculations are required given that sequential fragmentation 

occurs. A thorough calculation for these values will be lengthy and involve multiple stable 

conformations, and that is not within the scope of this work. Given the apparently simple 

fragmentations of phthalic acid and its dimethyl ester, this presents an interesting chemical 

question that will be dealt with in a separate paper. However, obtaining approximate PAs and 

GBs of the studied substances is possible. All the diesters will have very similar PAs and GBs 

to the dimethyl ester (DMP) and mono(2-ethylhexyl) phthalate (MEHP) – these are 940 and 

903 kJ mol -1, and 942 and 903 kJ mol -1, respectively, for their most stable conformation. 

Phthalic acid itself has a calculated PA of 909 kJ mol -1 and GB of 872 kJ mol -1 for the most 

stable conformation. The DFT-calculated PAs and GBs of (H2O)n are 684 and 653 kJ mol -1;

842 and 777 kJ mol -1; and 937 and 841 kJ mol -1 for n = 0, 1 and 2, respectively. Therefore, the 

compounds investigated in this study can undergo facile proton transfer from H3O+.(H2O)n (n

= 0, 1, 2).



3.2. Product ions and their distributions as a function of E/N

For this section, only product ions with product ion distribution percentages greater than 3%

for any given reduced electric field value are reported. Given that the reagent ion signal is > 

97% of H3O+ for any given E/N, the reaction of H3O+ with any given phthalate dominates. The

relative product ion abundances reported have an uncertainty of approximately 10%. In all 

cases, monoisotopic masses have been calculated using the lightest isotopomer. However, 

when calculating the product ion distributions, we considered all of the isotopologues. For the 

product ion distribution (PID) plots (given in percentages), the voltage applied to the drift tube 

is shown in the main x-axis, and the reduced electric field E/N achieved for that particular 

voltage is shown on the secondary x-axis. Product ions have been tentatively assigned based 

on the 2 decimal figures exact peak mass and isotopic patterns (13C) intensities. 

The most common fragmentation pathway observed is represented in Figure 3. This 

consists of an α-cleavage of the molecular ion, losing an -R1OH group, followed by an 

intramolecular McLafferty rearrangement, dissociating the -[R2-H] moiety, to form protonated 

phthalic anhydride (i.e. m/z 149.02).44 This product ion, however, is not observed for all the 

phthalates (e.g. it is not detected for dimethyl and diallyl phthalate). Another common product 

ion is the one arising from the loss of a formate ester group from the protonated parent. 

Figure 3: General fragmentation pathway from the protonated parent to protonated phthalic 

anhydride at m/z 149.02. Note that the neutral molecules are omitted. 

3.2.1 Phthalic acid (PAcid) 

Figure 4 shows the PID plot for the reaction of H3O+ with phthalic acid as a function of the 

reduced electric field. Only two product ions were observed: the protonated parent molecule 

([C8H6O4].H+) at m/z 167.03 and protonated phthalic anhydride (C8H5O3
+) at m/z 149.02. The 

latter is a characteristic phthalate product ion and is observed with many of these compounds.44



Figure 4: Percentage product ion distribution resulting from the reaction of phthalic acid with 

H3O+ as a function of the drift voltage and the reduced electric field in the range from 80 to 

205 Td. 

3.2.2 Dimethyl phthalate (DMP) 

Dissociative proton transfer to yield C9H7O3
+ at m/z 163.04, resulting from the loss of methanol 

from the protonated parent, is the dominant channel for the reaction of DMP with H3O+

(Figure 5). The protonated parent ion, [C10H10O4].H+ at m/z 195.07, only represents ca. 25% of 

the total product ion signal at around 80 Td and its intensity steadily decreases as the E/N

increases. DMP is the only one of the alkyl diester phthalates studied here in which protonated 

phthalic anhydride is not a product ion. Protonated phthalic anhydride ion is also observed in 
18, 44 GC-MS studies of phthalates.



Figure 5: Percentage product ion distribution resulting from the reaction of DMP with H3O+ as 

a function of the drift voltage and the reduced electric field in the range from 80 to 205 Td. 

3.2.3 Diethyl phthalate (DEP) 

Figure 6 shows the PID plot for the reaction of DEP with H3O+ as a function of the drift voltage 

and the reduced electric field. At low E/N, the most abundant ion at ca. 60% is the protonated 

parent, [C12H14O4].H+ at m/z 223.10. Its intensity steadily decreases as the reduced electric field 

increases. For E/N values below 140 Td, a product ion at m/z 75.04 is observed. This is 

tentatively assigned to protonated ethyl formate (C3H7O2
+). The ion at m/z 177.05, presumably 

results from the loss of ethanol from the protonated parent, and hence is assigned to C10H9O3
+.

This product ion peaks at around 150 Td with ca. 65% of the total product ion signal. For E/N

above 170 Td, the dominant ion is protonated phthalic anhydride (C8H5O3
+), formed through 

collision-induced dissociation, reaching 95% of the total intensity at 210 Td. 



Figure 6: Percentage product ion distribution resulting from the reaction of DEP with H3O+ as 

a function of the drift voltage and the reduced electric field in the range from 80 to 205 Td. 

3.2.4 Diallyl phthalate (DAP) 

The dominant product ion for the reaction of DAP with H3O+ from approximately 80 Td up to 

around 150 Td (Figure 7), is at m/z 247.10, corresponding to the protonated parent, 

[C14H14O4].H+ .Above 170 Td product ions C11H9O3
+ at m/z 189.06, resulting from the loss of 

allyl alcohol, C3H5
+ at m/z 41.04, tentatively assigned to the allyl radical, and C3H3

+ at m/z

39.02 dominate. These ions are produced in a cascade-like fragmentation pathway as the 

collisional energy increases. Similarly to DMP, protonated phthalic anhydride was not 

observed in the DAP measurements. 



Figure 7: Percentage product ion distribution resulting from the reaction of DAP with H3O+ as 

a function of the drift voltage and the reduced electric field in the range from 80 to 205 Td. 

3.2.5 Dipropyl phthalate (DPP) 

Figure 8 shows the PID for the reaction of H3O+ with DPP as a function of the reduced electric 

field in the range from 80 to 205 Td. At low E/N, the dominant ion is the protonated parent 

[C14H18O4].H+ at m/z 251.13, followed by the loss of one of the propyl formate (i.e. C4H6O2)

branches from the protonated parent, yielding C10H13O2
+, tentatively assigned to protonated 

propyl benzoate, and the loss of propanol from the protonated parent, yielding C11H11O3
+. The 

abundance of these three ions decrease with increasing reduced electric field and at ca. 150 Td

protonated phthalic anhydride m/z 149.02 becomes dominant. The ions found at high E/N are 

protonated benzoic acid (C7H7O2
+, m/z 123.04) and protonated benzene (C6H7

+, m/z 79.05). A 

minor contribution is observed for the whole E/N range from charged benzoyl ion (C7H5O+,

m/z 105.03). 



Figure 8: Percentage product ion distribution resulting from the reaction of DPP with H3O+ as 

a function of the drift voltage and the reduced electric field in the range from 80 to 205 Td. 

3.2.6 Dibutyl phthalate (DBP)

The protonated parent ion [C16H22O4].H+ at m/z 279.16 is the most abundant ion from low E/N 

up to around 130 Td, after which protonated phthalic anhydride becomes the most abundant 

ion for the rest of the reduced electric field range (see Figure 9). At low E/N we also observed 

an ion resulting from the loss of butanol from the protonated parent, C12H13O3
+ at m/z 205.09,

and another ion caused by the loss of butyl formate (i.e. C5H8O2) to yield C11H15O2
+ at m/z

179.10, which is tentatively assigned to protonated butyl benzoate. At high E/N some minor 

ions are protonated benzoic acid (C7H7O2
+), charged benzoyl (C7H5O+) and protonated benzene 

(C6H7
+) at m/z 123.04, m/z 105.03 and m/z 79.05, respectively. 



Figure 9: Percentage product ion distribution resulting from the reaction of DBP with H3O+ as 

a function of the drift voltage and the reduced electric field in the range from 80 to 205 Td. 

3.2.7 Monoethylhexyl phthalate (MEHP) 

Protonated phthalic anhydride is the dominant product ion for all the E/N range for the reaction 

of MEHP with H3O+ (Figure 10). The protonated parent (i.e. m/z 279.16) was not observed for 

any reduced electric field value. Another ion, C8H17O+, at m/z 129.13, is tentatively assigned 

to protonated 2-ethylhexanal. The other observed product ions, C8H17
+ at m/z 113.13, C8H15

+

+ + + +at m/z 111.12, C5H11 at m/z 71.09, C5H9 at m/z 69.07, C4H9 at m/z 57.07, C3H7 at m/z 43.05,

C3H5
+ at m/z 41.04 and C3H3

+ at m/z 39.02, potentially come from successive fragmentation 

of protonated 2-ethylhexanal.



Figure 10: Percentage product ion distribution resulting from the reaction of MEHP with H3O+

as a function of the drift voltage and the reduced electric field in the range from 80 to 205 Td. 

3.2.8 Diisobutyl phthalate (DiBP) 

The PID of the reaction of DiBP with H3O+ (Figure 11) is similar to that of its isomer DBP 

(Figure 9), observing the same product ions, but with different relative percentages. The two 

dominant ions are the protonated parent ([C16H22O4].H+ at m/z 279.16) predominantly observed 

at lower E/N and protonated phthalic anhydride at higher E/N. For DiBP the crossover point is 

at ca. 170 Td, instead of at ca. 130 Td for DBP. At low E/N there are traces of the loss of 

isobutanol from the protonated parent molecule (C12H13O3
+ at m/z 205.09).



Figure 11: Percentage product ion distribution resulting from the reaction of DiBP with H3O+

as a function of the drift voltage and the reduced electric field in the range from 80 to 205 Td. 

3.2.9 Benzyl butyl phthalate and dibenzyl phthalate (BBP and DBeP) 

BBP and DBeP have a benzyl ester group in common and this seems to be crucial in the proton 

transfer and fragmentation processes as they show very similar product ion distributions 

(Figure 12). The product ion at m/z 91.05, assigned to be C7H7
+, dominates throughout the 

whole E/N range. The identity of this ion is supposedly assigned to be the tropylium ion, formed

from the rearrangement of the benzyl cation (C6H5CH2
+) to a more energetically stable cyclic 

aromatic structure.45 This ion is commonly observed in compounds containing a benzyl group.46

Two other product ions are observed for both BBP and DBeP with a lower branching 

percentage than C7H7
+, these are C7H7O+, m/z 107.05, tentatively assigned to protonated 

benzaldehyde, and C6H7
+, m/z 79.05, which is tentatively assigned to protonated benzene.



(a) 

(b)

Figure 12: Percentage product ion distribution resulting from the reaction of (a) BBP and (b) 

DBeP with H3O+ as a function of the drift voltage and the reduced electric field in the range 

from 80 to 205 Td. 



3.2.10 Bis(2-ethylhexyl) phthalate (DEHP) 

Figure 13 shows that the reaction of DEHP with H3O+ yields a similar PID to that of MEHP 

(Figure 10). For example, the protonated parent, here [C24H38O4].H+ at m/z 391.40, is not 

observed. The main difference between MEHP and DEHP is that protonated phthalic anhydride 

is not the dominant ion for any E/N value for DEHP, whilst it is for MEHP. Instead, for DEHP, 

there are several product ions that become dominant across the studied E/N range. Furthermore, 

the only two product ions observed with DEHP that were not found with MEHP are at m/z

235.17, assigned to C15H23O2
+, and m/z 123.04, C7H7O2

+, tentatively assigned to loss of 2-

ethylhexyl formate from the protonated parent and protonated benzoic acid, respectively. 

Figure 13: Percentage product ion distribution resulting from the reaction of DEHP with H3O+

as a function of the drift voltage and the reduced electric field in the range from 80 to 205 Td. 

3.2.11 Separation of isomers: DBP vs DiBP vs MEHP 

DBP, DiBP and MEHP are isomers, and thus the protonated parent for these molecules is at 

the identical m/z value ([C16H22O4].H+, m/z 279.16). However, their reaction with H3O+ yields 

different product ions distributions at different reduced electric fields, hence providing a quick

and easy method to differentiate between them without the need for pre-separation. The 

difference between butyl-containing isomers (i.e. DBP and DiBP) and MEHP is the presence 

of the protonated parent ion at low E/N for DBP and DiBP, which is not observed for MEHP. 



To distinguish between DBP and DiBP it is necessary to compare other product ions. The main 

differences between these two isomers is the higher signal of C12H13O3
+ (m/z 205.09) from 

DBP at low E/N (i.e. around 20%) and C7H7O2
+ (m/z 123.04) at high E/N. For DiBP, the

presence of the former is very little (only ca. 5%) and the latter is less than 3% (and for this 

reason it is not included in the plots). 

4. Conclusions 

This study provides the first PTR-MS results of phthalic acid and ten of its ester derivatives. A

characteristic product ion observed for many of the phthalates is protonated phthalic anhydride 

(m/z 149.02, C8H5O3
+), which is not a surprise as this ion has been widely reported as a 

phthalate indicator with different mass spectrometric techniques. However, phthalates do not 

always fragment to produce this ion following proton transfer. For the dialkylester phthalates,

the abundance of protonated phthalic anhydride increases with increasing alkyl chain length 

and with the reduced electric field. Furthermore, protonated phthalic anhydride is the only 

dominant product ion for reduced electric field values higher than approximately 130 Td for 

DBP, while for DEHP it only reaches 20% of the total ion signal and for BBP it is not a product 

ion. Therefore, some caution must be taken before discarding the presence of phthalate esters 

when m/z 149.02 is not a product ion observed in the PTR-MS.

All of the alkyl diester phthalates investigated lose the corresponding alcohol (i.e. 

methanol for DMP, ethanol for DEP, propanol for DPP and butanol for DBP). The abundance 

of product ions resulting from the loss of an alcohol decreases with the increasing alkyl chain 

length. For example, for DMP the loss of methanol (m/z 163) results in the dominant ion 

throughout all of the E/N range, while for DBP the loss of butanol results in a product ion at 

m/z 205 that is only ca. 20% at 80 Td, and it steadily decreases with increasing reduced electric 

field. Protonated benzoate esters are also product ions observed with phthalates after losing a 

formate group (e.g. propyl benzoate for DPP, butyl benzoate for DBP and 2-ethylhexyl 

benzoate for DEHP). 

Different product ion distributions were found for DBP, DiBP and MEHP, which 

provides a means to analytically distinguish these three phthalate ester isomers. The range of 

collisional energies provided by a PTR-MS instrument can therefore be used to manipulate the 

ion-molecule reactions to yield characteristic and distinguishable fragmentation pathways for

improved selectivity. Many of the fragmentation channels were only observed at an E/N higher 

than a certain value, which indicates that they result from field-activated collision-induced 

dissociation. 



We have shown that PTR-MS can analyse the environmentally relevant phthalate 

compounds. It is worth highlighting that for analysing many samples for phthalates with PTR-

MS the adoption of an automated sampling system, as devised for food studies,47 would be 

advantageous and considerably enhance the use of PTR-MS. 
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