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f dimethylamine in low
concentration particulate matter by reducing the
concentration of 9-fluorenylmethyl
chloroformate†

Susana Garćıa-Alonso, *a Francisco Javier Gómez-Moreno, b Elisabeth Alonso-
Blanco b and Rosa Maŕıa Pérez-Pastor a

This study presents a refinedmethod that uses liquid chromatography with a fluorescence detector (LC-FD)

to quantify trace amounts of dimethylamine in particulate matter (PM). This method was optimized to

prioritize simplicity, cost-effectiveness and practicality. To ensure accurate and reliable analysis, strict

protocols and procedures were followed to minimize cross-contamination. Separate workspaces were

designated for preparing control blanks and sample treatments in one area and standard solutions in

another, thus mitigating the risk of cross-contamination. An evaluation was conducted on different

concentrations of 9-fluorenylmethyl chloroformate to derivatize dimethylamine. The results showed that

a concentration of 3 mg mL−1 was effective in derivatizing dimethylamine concentrations up to 300 ng

mL−1. Increasing the concentration of the derivatization reagent from 2.9 to 7.3 mg mL−1 resulted in

slightly elevated dimethylamine levels in blank measurements. Also, during the preparation of standards

at low concentrations, high analytical coefficients of variation were observed. This highlights the

importance of checking for potential sources of contamination. Method precision and quantification

limits were evaluated through blank analysis, yielding values of approximately 20% and 20 ng mL−1,

respectively, consistent with chromatographic determination for environmental analysis. The suitability of

the method for environmental analysis was demonstrated by analyzing eight PM2.5 samples. The

concentrations of methylamine and dimethylamine were found to range from 0.8 to 3 ng m−3 and 1.4 to

7.1 ng m−3, respectively, in accordance with the literature. Comparison with concurrent carbonyl

measurements revealed similar concentration profiles. Both types of analyses can be performed using

affordable methodologies that involve prior derivatization using a reduced concentration of the

derivatization reagent.
Introduction

Atmospheric particles have been the subject of debate regarding
their effects on human health and ecosystems. Reactive atmo-
spheric gases play a key role in their formation and trans-
formation, making it essential to know their implications in
atmospheric processes. In this regard, recently, there has been
increased attention to atmospheric amines and their impact on
air quality and climate, especially since they have been linked to
new particle formation.1,2 C1–C6 alkylamines are mainly
emitted from various natural and anthropogenic sources, such
as industry, vehicle emissions, biomass burning, and biological
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activity, particularly frommarine environments.3,4 However, the
absence of amine emission inventories contributes to high
uncertainties in global and regional atmospheric models,
limiting their ability to accurately simulate their
distribution.3,5–7 Thus, further research and comprehensive
observations are necessary to deepen the understanding of
amine behavior and seasonal variations in aerosol
concentrations.8,9

Field observations are essential to gain a comprehensive
understanding of organic behavior, including their temporal
and spatial distribution. The growing interest in the role of
amines in atmospheric processes is based on their reactive
capacity. Amines contribute to the gas-to-particle conversion
through processes such as direct dissolution, acid–base chem-
istry and heterogeneous reactions, serving as effective precur-
sors of atmospheric new particles.3,5 They react with gaseous
inorganic acids to form salt particles and with organic acids to
form amides.3,4 They also have signicant potential to react with
Anal. Methods, 2025, 17, 145–154 | 145
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atmospheric oxidants, contributing to secondary organic aero-
sol formation.3 Additionally, particle-phase amines may react
further with carbonyl compounds or oxidants, leading to the
formation of more oxidized compounds.5,6

Measuring short-chain amines in air is difficult, with the risk
of loss during sampling due to their high polarity, water solu-
bility, volatility, sticky nature and presence at trace levels.10,11

Gas-phase measurement has primarily relied on online tech-
nology,8 while offline methods such as diffusion denuders and
impregnated lters encounter difficulties with sampling effi-
ciency.9,12 Low ow rates (14–40 L min−1) and sampling times of
several days or even weeks are oen used, further complicating
the process and data interpretation. However, some studies
have used high-volume aerosol sampling conditions, in the
order of hundreds of liters per minute, to measure short-chain
aliphatic amines in particulate matter (PM).5,6,8,13 This method
of sampling increases the sample size and facilitates chro-
matographic analysis, which requires high sensitivity due to the
presence of trace levels.

Ion chromatography is the preferred method for direct
analysis of low molecular weight aliphatic amines due to their
polar nature.9,14–17 Analytical methods that use liquid chroma-
tography and detectors such as ultraviolet/uorescence for
aliphatic amines require the transformation of these
compounds into less polar derivatives to enable their detec-
tion.4 Various reagents have been used for derivatization,18

including 9-uorenylmethyl chloroformate (Fmoc-Cl), a deriva-
tizing reagent that can simultaneously derivatize primary and
secondary amines19,20 and is mainly used in the biological eld
to determine amino acids or longer chain aliphatic amines.21

Jámbor et al.22 have already pointed out that there is some
controversy in the literature regarding the most appropriate
methodology depending on the suitable Fmoc concentration.
As in any derivatization reaction, the concentration of the
derivatizing agent plays a critical role in performance because it
must sufficiently meet sensitivity requirements.20 Recom-
mended concentrations range from milligrams per milli-
liter4,23,24 to hundreds of micrograms per milliliter.20,25,26 To
achieve consistent and reliable chromatography, it is important
to balance sensitivity and peak stability, while minimizing the
contamination of the chromatographic system.11,19

Despite its utility, Fmoc-Cl exhibits limitations due to the
possible generation of by-products. These by-products can
interfere with chromatographic separation and reduce reaction
efficiency, for instance in the presence of pH uctuations. Some
associated by-products include:

(1) Hydrolysis of Fmoc-OH in aqueous environments,
leading to the formation of a polar compound. This results in
chromatographic elution with short retention times.27

(2) Under acidic conditions, another by-product elutes with
longer retention times, further decreasing the efficiency of
derivatization due to the pH decrease.

(3) Gradual degradation occurs over time.
When preparing standards using amine reagents, some

publications lack detailed descriptions or even provide incom-
plete or no information at all. The existing literature suggests
two predominant methodologies: acquiring amine compounds
146 | Anal. Methods, 2025, 17, 145–154
in the form of solid hydrochloride salts4,6 or as a pure reagent
solution dissolved in methanol25,28 or water.19

This study aims to adapt a simple and affordable LC-FD
method to routinely quantify trace levels of dimethylamine in
aerosols, included in the OASIS project (evolution of secondary
organic aerosols: composition, sources and formation of new
particles under ambient conditions), focused on characterizing
particle nucleation processes. The main objectives are to reduce
reagent consumption and ensure result reproducibility. In the
evaluation of the analytical procedure, we focus on mitigating
background levels, an inherent analytical challenge to the
method. Finally, methodological reliability was assessed by
analyzing eight aerosol samples obtained from a suburban area
as a real environmental setting. The results obtained were
compared with those obtained from the analysis of samples
collected simultaneously to characterize carbonyl and BTEX
compounds. These preliminary results contribute to the inter-
national database on the concentration levels of these
compound families in the study area.
Experimental
Chemicals

The following products were purchased from Sigma-Aldrich
(Deisenhofen, Germany): sodium hydroxide and Fmoc-Cl used
as the derivatization reagent. Dimethylamine, methylamine,
and diethylamine hydrochlorides (purity >98%) as a pure
reagent solution dissolved in methanol (at a concentration of 2
M) obtained from Sigma-Aldrich (Deisenhofen, Germany) were
used for the preparation of standards. High-purity water was
sourced from a Milli-Q IQ7003 Water Purication System, while
acetonitrile was obtained from Merck (Darmstadt, Germany).

Boric acid used for buffer preparation was obtained from
Honeywell (for analysis >99.8%, Fluka). Borate buffer (10 mL)
was prepared from boric acid (0.55 M) and sodium hydroxide
(0.5 M) for neutralization purposes. In detail, around 0.34 g of
boric acid and 0.2 g of sodium hydroxide are dissolved in water
and made up to a nal volume of 10 mL, and was subsequently
stored in a refrigerator (5 °C).

The PTFE syringe lter (13 mm, 0.45 mm) used in sample
preparation was purchased from Membrane Solutions (Spring
View Lane Plano, EEUU).
Chromatographic analysis

The liquid chromatograph used for the analysis was an Agilent
1100 series (Waldbronn, Germany). It was equipped with an
Agilent column (Zorbax Eclipse XDB-C18, 5 mm, 250 × 4.6 mm)
maintained at 36.7 °C and coupled with a uorescence detector
(excitation at 267 nm and emission at 314 nm). The injection
volume used was 25 mL. The mobile phase, which consisted of
a mixture of acetonitrile and water (55 : 45 v/v), was delivered at
a ow rate of 1.2 mL min−1 and programmed to reach 70%
acetonitrile in 6 minutes and maintained for 3 minutes. An
equilibration delay of 2 minutes was applied before the next
injection, resulting in a total analysis time of 11 minutes.
This journal is © The Royal Society of Chemistry 2025

http://creativecommons.org/licenses/by-nc/3.0/
http://creativecommons.org/licenses/by-nc/3.0/
https://doi.org/10.1039/d4ay00894d


Paper Analytical Methods

O
pe

n 
A

cc
es

s 
A

rt
ic

le
. P

ub
lis

he
d 

on
 2

2 
N

ov
em

be
r 

20
24

. D
ow

nl
oa

de
d 

on
 4

/4
/2

02
6 

4:
23

:4
4 

A
M

. 
 T

hi
s 

ar
tic

le
 is

 li
ce

ns
ed

 u
nd

er
 a

 C
re

at
iv

e 
C

om
m

on
s 

A
ttr

ib
ut

io
n-

N
on

C
om

m
er

ci
al

 3
.0

 U
np

or
te

d 
L

ic
en

ce
.

View Article Online
Given the expected low levels of amines in PM aerosol, the
calibration curve was constructed by assessing standards with
concentrations below 100 ng mL−1 of the amine, with particular
emphasis on those in the range of 30 to 60 ng mL−1. Final
quantication was carried out using a response factor deter-
mined from a low-concentration standard solution, as
described in the section of Results.

Derivatization reaction

The derivatized solution was prepared following the amino acid
analysis procedure provided by Jámbor et al.22 Reagents for
producing Fmoc-Cl derivatives must be freshly prepared daily.
The addition order, which has been identied as a limiting
factor through laboratory testing and by other authors,25 should
be carried out in the specied order:

(1) Borate buffer solution (82.5 mM) was prepared by diluting
150 mL of a primary borate solution (0.55M) to 1mL withMilli-Q
grade water. The primary borate solution (0.55 M) was made by
dissolving 0.35 g of boric acid and 0.22 g of sodium hydroxide in
water to a total volume of 10 mL. This solution can be stored in
a refrigerator (6 °C) for several weeks, but it is recommended to
prepare fresh dilutions on a daily basis.

(2) The primary solution of Fmoc-Cl was prepared by
weighing between 0.20 and 1.50 mg and dissolved it in 1 mL of
acetonitrile at room temperature. This resulted in concentra-
tions ranging from 200 to 1500 mg mL−1. Next, this solution was
sequentially diluted to obtain a concentration of 10 mg mL−1,
which was used as the working solution for the derivatization
preparation.

(3) The solution volumes of buffer : Fmoc-Cl : amine in
a ratio of 1 : 1 : 1 were used for analysis.22 The derivatization
solution was prepared to a nal volume of 300 mL, by adding 100
mL of Fmoc-Cl working solution to 100 mL of borate buffer (82.5
mM). Next, 100 mL of either standard or sample extract was
added and vortexed. The vial was kept at room temperature
throughout the process. No differences in the results were
observed when the derivatized solutions were prepared using
150 mL of the three components (nal volume of 450 mL).
Therefore, for the minimization of the proposed method, the
smallest volumes were considered.

PM aerosol: sampling and extraction

To validate the developed methodology, PM samples were
collected at an urban background station in Madrid, Spain. The
site is surrounded by two green areas: Casa de Campo, the
largest peri-urban park in Madrid, and Dehesa de la Villa, an
urban park. It is located approximately 7 km northwest of the
city center. Eight PM2.5 samples were collected using a high-
volume sampler (MCV CAV-A/mb sampler) at a ow rate of 30
m3 h−1 for 24 hours on preheated quartz ber lters (400 °C for
24 h).

DNPH-impregnated cartridges were employed to simulta-
neously sample carbonyl compounds in the PM + gas phase of
ambient air within the designated area. A similar methodology
was used for carbonyl measurements, utilizing reduced
amounts of solvent and derivatization reagent (DNPH).29 The
This journal is © The Royal Society of Chemistry 2025
BTEX compounds were sampled on adsorbent tubes from the
gas phase of ambient air and analyzed by thermal desorption
with gas chromatography/mass spectrometry (refer to the ESI
for the experimental conditions of analysis†).
Results and discussion

To offer valuable insights into quantifying short-chain aliphatic
amines in ambient air, we conducted optimization of derivati-
zation conditions, assessed method precision and detection
limits, and demonstrated applicability for routine sample
analysis. The results have been organized based on the
following objectives:

(1) Optimisation of derivatization conditions using solid
hydrochloride salts to prepare standards.

(2) Assessment of method precision and detection limits.
Comparison of results obtained from standards prepared using
hydrochloride salts versus the pure reagent dissolved in meth-
anol (2 M).

(3) Applicability of the method for sample analysis.
Optimization of derivatization conditions

Fig. 1 shows four representative chromatograms obtained from
the analysis of a lter blank, a standard prepared at a very low
concentration, and two PM extracts representing low and high
concentrations measured during the method application study.
The peaks assigned to methylamine and dimethylamine were
included. Although the peak for diethylamine was also assigned
in the chromatogram, this amine compound was either not
detected in some aerosol extracts or, if detected, it appeared
with interference at the retention time of the measurement.
Therefore, diethylamine was not considered in this study. Youn
et al.30 also reported interference at the retention time of the
diethylamine measurement.

Limiting background levels is a common challenge in anal-
yses that require prior derivatization.29 This issue is particularly
problematic when analysing dimethylamine due to its volatile,
polar properties and sticky nature, which can cause rapid
dispersion in the standard preparation environment. Following
strict protocols and procedures was essential to reduce the
background levels effectively. Given the adhesive nature of the
compounds of interest, there is a high risk of contamination
through surface adherence. Therefore, maintaining the clean-
liness of vials, syringes, and reagents to prevent exposure to
amine vapor from standard solutions was imperative. Imple-
menting separate workspaces for preparing blanks/samples and
standards further minimizes the risk of contamination.

The quality of solvent and pH play critical roles in inu-
encing background levels during analysis. For example, raw
acetonitrile is obtained as a by-product in the industrial
production of acrylonitrile, which contains a wide range of
impurities, such as aliphatic amines.19 Therefore, ensuring and
maintaining quality solvent usage was essential. The produc-
tion of hydrochloric acid during the derivatization process
between the amine compounds and the Fmoc-Cl reagent is
a key factor.19 Borate buffer solutions are oen employed to
Anal. Methods, 2025, 17, 145–154 | 147
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Fig. 1 Representative chromatograms obtained from the analyses of three derivatized solutions: a blank (A), a standard with a very low
concentration (B), and two aerosol sample extracts (C and D).

Analytical Methods Paper

O
pe

n 
A

cc
es

s 
A

rt
ic

le
. P

ub
lis

he
d 

on
 2

2 
N

ov
em

be
r 

20
24

. D
ow

nl
oa

de
d 

on
 4

/4
/2

02
6 

4:
23

:4
4 

A
M

. 
 T

hi
s 

ar
tic

le
 is

 li
ce

ns
ed

 u
nd

er
 a

 C
re

at
iv

e 
C

om
m

on
s 

A
ttr

ib
ut

io
n-

N
on

C
om

m
er

ci
al

 3
.0

 U
np

or
te

d 
L

ic
en

ce
.

View Article Online
maintain the desired pH level during derivatization, typically
ranging from 20 (ref. 11 and 24) to 50 mM.25 Exceeding a pH of
10 or encountering excessive water can trigger hydrolysis reac-
tions can occur in the Fmoc-Cl reagent, leading to the appear-
ance of Fmoc-OH peaks in the chromatogram, thereby
compromising result accuracy.22,27

Blanks and dimethylamine standards were prepared at
different Fmoc-Cl concentrations. The objective was to ensure
sufficient Fmoc-Cl for the amine compound reaction, while
minimizing excess reagent that could interfere with the analysis
or cause instrument deposits. Specically, the minimum ratio
of Fmoc-Cl : amine was 3 : 1. The concentration of Fmoc-Cl
ranged from 2.9 to 29 mg mL−1 in a nal volume of 300 mL.
The tests were conducted three times on the same day. Fig. 2
shows the results obtained. As can be seen, slight elevations in
dimethylamine levels were observed in blank measurements
when the Fmoc-Cl concentration increased from 2.9 to 7.3 mg
mL−1, remaining constant for higher concentrations (Fig. 2A).
Furthermore, the results indicated that concentrations of 2.9 mg
mL−1 of Fmoc-Cl were effective in derivatizing dimethylamine
at concentrations of 184 ng mL−1, while at higher concentra-
tions, above double that amount (586 ng mL−1), there was
a signicant decrease in the derivatization efficiency (Fig. 2B).
These results are of interest in optimizing the nal concentra-
tion of Fmoc-Cl for ensuring and producing the derivatization
148 | Anal. Methods, 2025, 17, 145–154
of dimethylamine concentrations in aerosol extracts, which are
expected to be less than 180 ng mL−1.

In order to provide an estimate of the intra-day variability of
these measurements, intermediate precision was estimated for
each of the studied dimethylamine concentration levels, which
were inuenced by the Fmoc-Cl concentrations added in the
derivatization. In more detail, the following equation was
applied:

RSDpooled ¼

ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiPn
i¼1

ðn� 1Þ$rsdðiÞ
2

Pn
i¼1

ðn� 1Þ

vuuuuut (1)

The term RSDpooled represents the pooled variance of the
chromatographic measurements for each concentration of
dimethylamine. The value “rsd(i)” was derived as the ratio “sd(i)
to average(i)”, where (i) represents each measurement batch for
a specic Fmoc-Cl concentration.

Based on the initial ndings and considering the results
from tests examining the impact of Fmoc-Cl concentration on
chromatographic response across various dimethylamine
concentrations, intermediate precision values were calculated
for both measured blanks and each level of dimethylamine
concentration. The results indicated a signicant decrease in
the measurement variability as the dimethylamine
This journal is © The Royal Society of Chemistry 2025
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Fig. 2 Variation in the analytical response of dimethylamine when analyzing blanks and solutions of amine at different concentrations (ng mL−1),
relative to the Fmoc-Cl concentration (mg mL−1) (A and B). Furthermore, (C) presents the pooled relative standard deviation (RSDpooled) derived
from measurements at each dimethylamine concentration investigated in the trials conducted on the same day.

Paper Analytical Methods

O
pe

n 
A

cc
es

s 
A

rt
ic

le
. P

ub
lis

he
d 

on
 2

2 
N

ov
em

be
r 

20
24

. D
ow

nl
oa

de
d 

on
 4

/4
/2

02
6 

4:
23

:4
4 

A
M

. 
 T

hi
s 

ar
tic

le
 is

 li
ce

ns
ed

 u
nd

er
 a

 C
re

at
iv

e 
C

om
m

on
s 

A
ttr

ib
ut

io
n-

N
on

C
om

m
er

ci
al

 3
.0

 U
np

or
te

d 
L

ic
en

ce
.

View Article Online
concentration increased, with the highest variability observed
in the blank analyses (Fig. 2C). These preliminary ndings
highlight the considerable impact of analytical background
variability on measurements at lower concentrations. Conse-
quently, variations in background analyses have a signicant
effect on measurements at low concentrations.

Given the expected low levels of dimethylamine in PM
samples, a concentration range of 3–7 mg mL−1 for the Fmoc-Cl
reagent was chosen.
Analysis of standards: estimating basic quality parameters

Methodological variability signicantly contributes to
measurement uncertainty in the analysis of organic
compounds.31 To assess result dispersion, an accuracy evalua-
tion was conducted using tests on blanks, standard solutions,
and particulate matter (PM) sample extracts. The outcomes
from these blank and standard measurements are essential for
evaluating fundamental quality parameters.
This journal is © The Royal Society of Chemistry 2025
To anticipate the most unfavourable outcome, we calculated
the pooled relative standard deviation (RSDpooled) by measuring
blanks and standard solutions across various sample batches
and days.

The Fmoc-Cl derivatives of standards were prepared from
hydrochloride salts and a commercial pure alkylamine solution
(in a concentration of 2 M in methanol) for comparison. To
prepare standard solutions, the rst assays were done with 0.1 g
of alkylamine primary standard as a hydrochloride salt, which
was diluted with water to a nal volume of 10mL (concentration
10 mg mL−1). Alternatively, if methanol solution (2 M) was used
as the stock solution, it was diluted accordingly. Then succes-
sive dilutions in acetonitrile were prepared to obtain solutions
with concentrations of 100 and 200 ngmL−1. See Table 1S of the
ESI for a detailed calculation example.†

Tables 2S and 3S (ESI)† present the results of experiments
conducted on different days. Therefore, the intermediate
precision derived can be used to assess insights into the day-to-
day variation, which can impact analytical precision. Rigorous
Anal. Methods, 2025, 17, 145–154 | 149
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Fig. 3 Intermediate precision deduced from the measurements of
blank, standards at low concentration and extracts of PM samples.
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control over laboratory materials is crucial due to the necessity
for high dilutions from concentrated stock solutions and the
risk of cross-contamination.

To calculate the pooled standard deviation, the mean values
and associated deviations of the areas measured at each of the
concentration levels under investigation were obtained.
Furthermore, the area values were corrected according to the
blank measurements obtained in the same batch. The resulting
pooled relative standard deviation reached values as high as
30%.

The results showed that methylamine solutions, especially
those prepared by diluting the stock solution in methanol, were
unstable within a few hours. On the other hand, for dimethyl-
amine, a decrease in analytical variability was observed when
the pure product was used in salt form. Therefore, the use of the
pure product in salt form was preferred. By weighing approxi-
mately 0.01 and 0.02 g and dissolving it in 25 mL of water, the
concentration of the stock solution in salt form should be
between 400 and 800 mg mL−1. Aer the successive dilutions
and application of a correction factor (Table 1S, ESI†), the Fmoc-
Fig. 4 Concentration profiles for methylamine, dimethylamine, BTEX an

150 | Anal. Methods, 2025, 17, 145–154
amine derivative was prepared at a concentration of 200 ng
mL−1. To minimize bias introduced by the preparation of
derivatized standards at low concentration levels, the Fmoc-
amine derivative (200 ng mL−1) was diluted to prepare lower
calibration points. Analogously, intermediate precision values,
derived from blankmeasurements performed in a standard-free
work area, exhibited dispersions below 20% (Table 4S, ESI†).
This approach involves assessing the consistency and reliability
of chromatographic measurements specically from blank
samples, ensuring that potential interference from standards is
minimized.

Subsequently, the limits of detection (LOD) and quantica-
tion (LOQ) were determined based on these results, as detailed
in the ESI.† The LODs and LOQs estimated corresponded to 10
and 20 ng mL−1, respectively, based on the response factors
derived from standard solutions around 30 ng mL−1. A
summary of the variability of the results is presented in Fig. 3.
As can be seen, the results indicated higher variability associ-
ated with methylamine, which could be attributed to its lower
molecular weight and high volatility.

Certainly, for every sample batch analyzed, a minimum of
two blanks and four sample extracts were prepared, along with
two low-concentration standards (25–40 ng mL−1), with an
additional blank included during standard preparation for
quantication and contamination control purposes. Standards
and extracts were meticulously prepared in separate rooms, as
previously highlighted.
Aerosol sample analysis

The suitability of the method for determining methylamine and
dimethylamine was evaluated by analyzing eight PM2.5 samples.
In terms of analytical considerations, as mentioned in the
section “PM aerosol: sampling and extraction”, the analyses
were carried out in duplicate. Additionally, the area values were
corrected to the blank measured in the same batch.

Methylamine concentrations ranged from 0.8 to 3.0 ng m−3,
while dimethylamine concentrations ranged from 1.4 to 7.1 ng
m−3 (Table 5S, ESI†). The intermediate precision, assessed
d aldehydes were obtained during one week in July 2022.

This journal is © The Royal Society of Chemistry 2025
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using the relative standard deviation (RSD), was found to be
0.13 for methylamine and 0.18 for dimethylamine, based on the
analysis of the eight batches of extract measurements. As can be
seen in Fig. 3, these RSD values were in general lower than those
calculated from the standard tests, highlighting the importance
of monitoring and mitigating the risk of cross-contamination.

Concerning the comparison among the concentrations of
the studied amines, carbonyl, and BTEX, the concentration
proles of some of them (Table 5S, ESI†) were very similar,
providing statistically signicant correlation coefficients above
0.73 (Table 6S, ESI†). The highest correlations were observed
between dimethylamine and aldehydes, especially long-chain
aldehydes such as nonanal and decanal, and between methyl-
amine and BTEX compounds. Fig. 4 shows the pattern for
methylamine/BTEX and dimethylamine/aldehydes, reecting
the concordance between the measured organic families.
Considering the diverse sampling and analysis methods used
(varying sampling times, ow rates, derivatization techniques,
and chromatographic methods), these correlation values ob-
tained support the analytical validation of the developed
methods.

From an interpretive standpoint, these ndings may suggest
a shared origin for these compounds. However, unfortunately,
no studies have been found in the literature, apart from the
work by Pustasari et al.,32 who noted a correlation between
these nitrogen containing compounds with ethylbenzene and p-
xylene. To gain deeper insights, a more comprehensive char-
acterization study is required in the area, which would include
seasonal variations, as well as other gaseous pollutants. This is
especially of interest in simulating their atmospheric
distribution.6

The amines in the particulate phase can react with carbonyl
compounds, forming more oxidized compounds,5,6 such as
imines. These imines are included as brown carbon species.33

According to the literature on the carbonyl-alkylamine reaction,
organic matter in the particle phase produces small a-dicar-
bonyls, such as glyoxal and methylglyoxal. These compounds
react irreversibly with ammonium salts and primary amines,
resulting in the formation of imidazole and other nitrogen-
containing and light-absorbing products.7,34 Furthermore,
some studies suggest that reactions involving specic long-
chain carbonyl compounds, particularly those facilitated by
acids, also contribute to particle growth processes in urban
areas.35 It is worth mentioning the possibility of a reaction
between dimethylamine and nitrogen oxides leading to the
formation of formaldehyde and acetaldehyde, as indicated by
Saeki et al.,36 which would support the correlation results found
in this work. To the best of our knowledge, this type of rela-
tionship has not been well documented in the eld before.

Ultimately, to advance our understanding of precursors and
the processes of aerosol growth, more eld campaigns are
needed to study the role of precursors and related compounds,
as well as their interactions.37 This is one of the principal
objectives of the ongoing OASIS project.

To conclude, Table 1 compiles recent literature data on
dimethylamine concentration values measured in PM from
various areas. No bibliographic references were found for
152 | Anal. Methods, 2025, 17, 145–154
measurements conducted in Spanish regions. As can be seen,
the values measured in this study are consistent with those
reported in the literature.

Conclusions

A simple and sensitive method using LC-FD with prior Fmoc-Cl
derivatization is proposed to measure low ambient levels of
dimethylamine and methylamine in atmospheric aerosol
samples. Our approach emphasizes minimizing the quantities
of derivatization reagent and solvent, which offers several
advantages. The results provide valuable insights into under-
standing measurement variability and comparability among
different concentration values. Moreover, this study contributes
to the development of sustainable analytical methods for
determining amine compounds by decreasing the generation of
hazardous waste during sample treatment, resulting in time
and cost savings.

The effectiveness of the proposed method was evaluated by
analyzing eight PM2.5 samples collected in a clean area of
Madrid. Concentration results were consistent with the litera-
ture, being below ten ng m−3. The application study of the
methodology demonstrated consistent results with two families
of organic compounds, corresponding to different sampling
and analysis methods. A correlation between dimethylamine
and aldehydes, especially longer chain ones like nonanal and
decanal, was observed. Similarly, methylamine was found to be
correlated with ethylbenzene and o-xylene. These results can be
used as a foundation for future environmental characterization
of the compound families in question over extended periods.
These efforts aim to advance our understanding of the
dynamics of organic compounds in the atmosphere.
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S. Garćıa-Alonso: formal analysis, resources, investigation,
validation and writing – original dra. F. J. Gómez-Moreno:
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22 A. Jámbor and I. Molnár-Perl, J. Chromatogr. A, 2009, 1216,
3064–3077, DOI: 10.1016/j.chroma.2009.01.068.
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