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A method for the determination of dimethylamine in air by collection
on solid support sorbent with subsequent derivatization and

spectrophotometric analysis
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Abstract

A new method for dimethylamine determination in air is reported. The proposed assay is based on the employment of C18-packed solid phase
extraction cartridges for sampling. The retained amine is then derivatized inside the cartridges with the reagent 1,2-naphthoquinone-4-sulfonate.
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By observing the coloured area of the cartridge, a semiquantitative estimation of the amine can be made. It was also possible to
between primary and secondary amines by visual inspection. Quantitative tests entailed desorption from the cartridges of the
formed, and measurement of the absorbance of the collected extracts. The selected conditions were applied to quantify dimethy
100�g, the quantification and detection limits being 6.7 and 2�g, respectively. Satisfactory linearity and precision were obtained. Po
interferences by ammonia, primary amines and diethylamine were tested. The applicability of the procedure was demonstrated b
the concentration of dimethylamine in generated and real air samples. The procedure was useful for short-term exposure limit an
limit value estimations.
© 2004 Elsevier B.V. All rights reserved.
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1. Introduction

Some volatile aliphatic amines are of environmental inter-
est due to their odorous and toxic characteristics and because
of their role in nitrogen cycling, nutrient transfer and atmo-
spheric acidity. These highly reactive compounds undergo at-
mospheric reactions to form a variety of products[1], among
them nitrosamines, which are potentially carcinogenic sub-
stances[2]. Owing to their widespread industrial use and nat-
ural sources, there is an increasing interest in the development
of reliable, rapid-response and easy-to-operate methods for
their determination in air, preferably well-suited for on-site
analysis.

Sampling and derivatization play a significant role in the
analysis of short-chain aliphatic amines in air. For sampling,
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several procedures based on the employment of imp
flasks containing acidic solutions[3] or sorbents as silica g
[4], the most usual, have been proposed. To avoid pos
sample instability on silica gel, OSHA developed a me
(OSHA 34), which employs XAD-7 coated with 7-chloro
nitrobenzo-2-oxa-1,3-diazole[5]. In the last years, differe
methods based on solid phase microextraction (SPME)
also been proposed[6–8].

In recent studies, this research group has demons
the possibility of using conventional solid phase extrac
(SPE) cartridges for sampling[9,10]. Air samples are flushe
through C18-based SPE cartridge to retain the analytes. A
sampling, the cartridges are flushed with an aliquot of rea
so that the analytes are derivatized inside the cartridges
support-assisted derivatization procedure developed b
research group since 1996)[11–13]. After a given reactio
time, the excess of reagent is eliminated (if required
drawing a volume of the proper solvent. Finally, the der
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tives formed are desorbed from the cartridges and collected
for measurement. In the field of air analysis, this approach
has been successfully applied in the fluorimetric determina-
tion of some primary aliphatic amines using the reagento-
phthaldialdehyde (OPA) for derivatization[9]. More recently,
this methodology has been used in combination with the
reagent 9-fluorenylmethyl chloroformate (FMOC) to deter-
mine trimethylamine by liquid chromatography and UV de-
tection[10]. In both studies, standards of the gaseous amines
were generated from aqueous standard solutions of the ana-
lytes. Aliquots of the aqueous solutions were placed into an
opened tube that acted as a volatilization chamber, and the
volatilized amines were pulled into the SPE cartridges during
the sampling step. Similar analytical results were obtained for
both, gaseous and aqueous amine standards.

In the present work, we have evaluated the possibility of
extending the solid support assisted approach to the analysis
of dimethylamine in air. Unbiased UV–vis or fluorimetric
methods could be used as methods of samples screening in
order to reduce costs and saving time in the environmental
laboratory or for in situ determinations. This is important
when a high number of samples must be processed. This
work investigates such a rapid, low-cost and on site screening
procedure.
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Air sampling was done with a portable Buck-Genie VSS-5
pump (A.P. Buck Inc., Orlando, FL, USA). For flow measure-
ments a flow-meter Multicon KS, Dräger (L̈ubeck, Germany)
was used. A gas detector pump Accuro (Dräger, L̈ubeck, Ger-
many) was used for air sampling in amine test colorimetric
tubes (Dr̈ager, L̈ubeck, Germany). A water bath equipped
with a thermostat (Clifton, New Abbot, Devon, UK) was also
used.

2.2. Chemicals

All the chemicals were of analytical grade. Ammonium
chloride, methylamine, ethylamine, propylamine, butyl-
amine, pentylamine, dimethylamine, diethylamine and 1,2-
naphthoquinone-4-sulfonate acid were obtained from Sigma
(St. Louis, MO, USA). Methanol and diethyl ether were ob-
tained from Scharlau (Barcelona, Spain). Sodium carbon-
ate andn-hexane were purchased from Merck (Darmstadt,
Germany), and sodium hydroxide and acetonitrile were ob-
tained from Baker (Deventer, Holland). Sodium hydrogen-
carbonate (Probus, Badalona, Spain) and hydrochloric acid
(Panreac, Barcelona, Spain) were also used. Ultrapure wa-
ter was obtained from a Nanopure II system (Sybron, MS,
USA).

Bond Elut C18200 mg extraction columns were from Var-
i
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een selected for derivatization because it forms colo
erivatives[14]. Therefore, information could be obtain
y colorimetry after desorption from the cartridges of
erivatives formed or/and also by visual inspection of
artridges. They can be used as detector supports
itu estimation. NQS is also a non-hazard reagent (Dire
7/548/CEE). Sampling conditions have been optimize
18-packed SPE cartridges. So far only a few measurem
f aliphatic amines have been reported[1], we have include

n the present study the most usual primary and secon
mines tested. This work proposes an assay for dime
mine, which is in the list of prioritary pollutants in E
ope and its presence is documented in vulcanization f
0.1 mg m3) [2], polymer plants, fish processing plants,
tands of city markets (140.1 and 79.2 mg m3) and industria
nimal farms atmospheres[1,8]. Short-term exposure lim
STEL) and threshold limit value (TLV) are legislated,
ng 9.4 and 3.8 mg m−3 of air at 20◦C and 1.013× 105 Pa,
espectively[15].

. Experimental

.1. Apparatus

All the spectrophotometric measurements were d
n a Hewlett–Packard 8453 diode-array spectrophot

er (Avondale, PA, USA) furnished with a 1-cm pathlen
uartz cell. The vacuum station IST VacMaster or a syr

or manual operation was used for transferring solution
he cartridges.
an (Habor City, CA).

.3. Stock aqueous standard solutions

Unless otherwise stated, stock standard solutions o
onium and amines (1000 or 10,000 mg L−1) were prepare

n water; working standard solution of the amines was
ared by dilution of stock standard solutions with water.

.4. Air standards

An open volatilization chamber described in[9] for pri-
ary amines was tested for generating air standard
imethylamine (seeFig. 1). The vaporization chamber w
ade with a plastic tube of 11.5 or 6.0 cm length. An aliq
f the solution of the amines (50�L) was placed at the end

he tube, whereas the other extreme was connected to th
f the SPE cartridge by means of a polyvinyl chloride (P

ube (40 mm× 6 mm, i.d.). Next, the pump was activated
0 mL/min and 50�L of NaOH was immediately added to t
amples (forming a 100�L drop). After a defined samplin
ime, the pump was stopped, the cartridges were rem

ig. 1. Schematic diagram of the volatilization chamber: 1-C18 cartridge
nd 2-PVC tube. For other details, see text.
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and the retained amines were subjected to derivatization as
established below. Before each assay, the cartridges were con-
ditioned with 1 mL of methanol and 1 mL of carbonate buffer
1% (see the next section). The residue of the amine standard
drop placed in the volatilization camera was collected in wa-
ter and measured by the above derivatization procedure in
order to estimate if the volatilization was quantitative.

A factorial design 23 was used to evaluate the effect of the
length of the air path, concentration of NaOH and switching
on the pump before or after the addition of the NaOH so-
lution to the dimethylamine standards, on the efficiency of
dimethylamine volatilization. Two lengths (11.5 and 6.0 cm)
and two NaOH concentrations (0.5 and 1 M) were assayed.

The influence of the NaOH concentration added to the
standard drop was also studied by the univariate optimization
method between 0.5 and 10 M by using an air path of 11.5 cm
and a sampling time of 15 min. The possibility of heating
the NaOH solution before adding it to the amine was also
evaluated.

The volatilization time was varied between 5 and 120 min
employing an air path of 11.5 cm and NaOH 10 M at 85◦C.

All assays were carried out at ambient temperature, and
each sample was assayed in triplicate.

2.5. Derivatization
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tion were varied from 10 to 100�g. Other amines were
tested (methylamine, ethylamine, propylamine, butylamine,
pentylamine and diethylamine) from 40 to 280�g. Sev-
eral mixtures were also processed (seeTable 3 for com-
position). Ten blank assays were carried out. The working
wavelength for measurement of the NQS derivatives formed
for primary amines was 444 nm, whereas for secondary
amines was 480 nm. All assays were carried out at ambient
temperature.

2.7. Application to the analysis of contaminated air
samples

Synthetic air samples were prepared by contami-
nating the air inside several closed PVC chambers
(29 cm× 18 cm× 15.5 cm) with dimethylamine and with
a mixture of dimethylamine and methylamine. For this
purpose, an opened flask containing the pure amine was
placed inside three chambers for 17 h, next the time sam-
pling were 15, 60 and 75 min at 30 mL min−1 (20◦C and
1.023× 105 Pa). Two replicates were done in the same day.
The atmosphere was also generated in four different days and
sampled for 15 min.

Other chambers were contaminated for 10 and 20 h and
sampled for 15 min (20◦C and 1.023× 105 Pa) and for one
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Conditions for the derivatization of the amines into
PE cartridges (corresponding to either volatilized sam
r the aqueous samples) were selected according to t
ults presented in[14]: cartridges with the retained ami
ere flushed with 0.5 mL of carbonate buffer (8%, m
f pH 10.5, and then with 0.5 mL of 1.83× 10−2 M NQS.
fter 15 min (reaction time), the cartridges were clea
ith 2 mL of carbonate buffer 1% followed by 3 mL of w

er, in order to remove the unreacted NQS. The deriva
ormed were desorbed by flushing with 2 mL of a mixt
f water-acetonitrile (1:1, v/v) and collected into a qu
ell.

Carbonate buffer (1%, m/m) of pH 10.5 was prepare
issolving the adequate amount of sodium hydrogenca
te in water, and then, by adjusting the pH with 1 M NaO
arbonate buffer (8%, m/m) of pH 10.5 was prepared
issolving sodium carbonate and then, by adjusting th
ith 1 M HCl. The derivatizing reagent NQS was prepa
y dissolving the pure compound in water.

Two millilitres of amine aqueous standards containing
ame total mass (�g) as the air standards were processed
ushed volume was transferred to other cartridge in ord
est the amount of amine not retained. All assays were ca
ut at ambient temperature, and each sample was assa

riplicate.

.6. Analytical performance data

The total amounts of dimethylamine in the aqueous s
ards subjected to volatilization, sampling and deriva
n

ay and sampled for 15 min (25◦C and 1.023× 105 Pa).
hambers containing dimethyl- and methylamine con

nated also for one day, under the latter conditions, were
rocessed. Each sample was assayed in triplicate in all
ases.

In addition, chambers contaminated one day in the co
ions above indicated were sampled with amine test co
etric tubes. When the air samples were sucked throug

ube, the colour changed to blue. Five strokes were don
ir sampling (500 mL of air approximately). Calculations

he concentrations were done based on the specificatio
he colorimetric tubes.

.8. Application to the analysis of real air samples

Three workplace samples were analysed with the prop
rocedure. They were collected in a closed city market a

rom three fish stands. Prior to the measurements, the
ridges were conditioned in situ with 1 mL of methanol a
mL of carbonate buffer 1%. Next, the air sampling was

ied out for 15 min at 30 mL min−1. Samples were collecte
t the height of the breathing zone. The transport and st
f the cartridges with the amines sorbed was done in herm
lastic bags. The samples were transported to the labo
ear the city market and the analysis was performed ac

ng to the proposed procedure. Sampling temperature
4.5◦C and relative humidity was 45%. Those values w
imilar to laboratory conditions. Each sample was ass
n duplicate and a standard of 10�g of DMA was used a
eference.
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Table 1
Optima conditions and efficiency of the sampling and volatilization process for primary and secondary amines

Analyte Solution of NaOH added to the aqueous standards Sampling time (min) Efficiency (%)n= 6

Concentration (M) Temperature

Methylamine 1 Ambient 15 97± 3
Ethylamine 1 Ambient 15 84± 6
Propylamine 1 Ambient 15 94± 1
Butylamine 1 Ambient 15 105± 2
Pentylamine 1 Ambient 15 83± 9
Dimethylamine 10 85◦C 75 97± 4
Diethylamine 10 85◦C 75 82± 5

3. Results and discussion

3.1. Generation of standards with the open volatilization
chamber

In the present study, we begun by using the conditions
selected for volatilization of the primary amines in[9], sam-
pling for 15 min at ambient temperature. Good results were
obtained as can be seen inTable 1for the primary amines,
but the efficiency was smaller for dimethylamine. These val-
ues were calculated by comparing the absorbances measured
for the gaseous standards with those obtained for aqueous
standards containing an equivalent amount of amine and sub-
jected directly to derivatization into the SPE cartridges with
NQS. The retention was quantitative for aqueous standards
because the blank signal was obtained in the collected frac-
tion of the standard in a second cartridge processed in the
same way.

As regards the volatization by sampling of dimethylamine,
the first variable studied was the solvent used to prepare the
standard solutions of dimethylamine. No improvements on
the efficiencies were observed compared with those achieved
with aqueous samples (Fig. 2a), and therefore, water was
always used as the solvent for preparation of the standard.
From the factorial design (see Section2) we observed that the
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Fig. 2. Efficiencies obtained for dimethylamine (20�g) as a function of: (a)
solvent of the standards; (b) concentration of NaOH; and (c) sampling time.
For other details, see text.
ime sequence used for placing the NaOH solution an
witching on the air pump in the manifold shown inFig. 1had
significant effect on analyte responses. The more rel

actor was the moment in which the air pump was activa
uch better results were found when the pump was swit
n before the addition of NaOH. The best efficiencies w
btained when using a length for the air path of 11.5 cm
ig. 1).

The effect of the concentration of NaOH on the efficie
f the dimethylamine volatilization are depicted inFig. 2b. As
bserved, increasing the concentration of the base resu

ncreased efficiency. Compared with the addition of untre
olutions, heating the NaOH solutions at 85◦C substantially
ncreased the signals.

Finally, the effect of the volatilization time was eva
ted. As observed inFig. 2c, the time required to achie
early quantitative recovery of dimethylamine was 75 m
o amine was found in the residue of the volatilization ch
er. In Table 1 are summarized the optimized conditio
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Fig. 3. Spectra for NQS derivates of the amines. Dimethylamine 40�g and
methyl-, ethyl-, propyl-, butyl-, pentyl- and diethylamine 80�g.

for this amine, as well as the efficiency achieved. The op-
timal conditions found for dimethylamine were applied to
the volatilization of diethylamine.

3.2. Analysis of the gaseous standards of amines

Gaseous standards of the amines, each one generated ac-
cording to the conditions ofTable 1, were processed in order
to obtain relevant analytical data. For quantification purposes,
the absorbances of the derivatives formed for amines were
measured at their respective adsorption maximum (Fig. 3),
444 nm for primary amines-NQS derivates and 480 nm for
secondary-NQS derivates. As shown inTable 2linear cali-
bration graphs were obtained over the tested concentration
intervals. This table also shows the equations obtained for
aqueous standards containing equivalent amounts of the an-
alytes, and processed directly into the SPE cartridges. It can
be observed that calibration curves for gaseous and aqueous
samples were statistically equivalent (at a confidence level
of 99%). This proves that under the proposed conditions, the
amines are quantitatively volatilized and retained in the SPE
cartridges. The same conclusion can be derived from the lim-
its of detection (LODs, calculated as 3sbl/b wheresbl is the
standard deviation of 10 blank assays andb is the slope of
the corresponding calibration graphs) found in both kinds
o .
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hus, it was demonstrated that aqueous standards co
sed to determine these amines in air samples. This is

he case where silica gel is the adsorbent[4].
The limits of quantification (LOQs) for the amines tes

an be estimated as 10sbl/b, i.e., by multiplying the LOD
iven inTable 2by the factor 10/3.

Fig. 4 compares the sensitivities at 480 nm of all
mines assayed. As can be seen in this figure dimethyla
resented the highest value, being about fives times h

han those obtained by the other amines. The interfer
f the other amines in dimethylamine determination wil

ow if they are present at similar concentration level. A
onia was not an interference because no NQS de
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Table 3
Results obtained in the analysis of mixtures of amines in air (n= 2)

Sample composition (�g/sample)
Signal of the mixture

∑
(signal of the individual solutions)

(%)

Methylamine Ethylamine Propylamine Butylamine Pentylamine Dimetylamine Diethylamine

40 40 67, 73
40 40 125, 135

40 40 96, 98
40 40 115, 117

40 40 108, 114
40 40 40 103, 84

40 40 40 68, 67
40 40 40 71, 76

was obtained. However, in atmospheres containing diethy-
lamine at concentrations higher than dimethylamine concen-
trations, the method would be biased for the latter amine. If
present, the bias error introduced by primary amines at con-
centrations higher than that corresponding to dimethylamine
could be eliminated by considering bivariate or multivari-
ate calibration. In this work, we proposed bivariate calibra-
tion for simplicity. The measurement wavelengths were 444
and 480 nm. The procedure is outlined in the following; first
the additivity of the signals was demonstrated. The proposed
methodology was applied to different mixtures of the amines
tested. The samples and concentrations assayed are listed in
Table 3. As can be seen in this table, the signals measured for
the mixtures of the amines were comparable to the values ob-
tained by addition of the signals obtained for the samples of
the individual amines. Then, the amine signals are additive.

On the other hand, the slope values expressed as mol−1

for all primary amines at 444 nm were similar (seeTable 2),
the mean value and standard deviation were 25 and 5, re-
spectively. With these results, it was corroborated that the
primary amine response in the NQS reaction was not de-
pendent on the primary amine, and that any primary amine
could be used as a representative compound by expressing
the total primary amine concentration as mol or as mg L−1

of N. A sample containing methylamine (1.3�mol) and

dimethylamine (0.9�mol) was analyzed in duplicate. We
selected this sample because papers dealing with the mea-
surement of aliphatic amines[1,2,8] reported that they could
be present together. By using the bivariate calibration (em-
ploying measurements at 444 and 480 nm) the concentrations
of dimethylamine and methylamine were estimated, being
0.9 and 1.1�mol, respectively. These values indicate that it
is possible to determine both, dimethylamine and primary
amines.

3.3. Visual assay

The primary amines formed a red–brown derivative,
whereas the secondary amine derivative presented an orange
colour (seeFig. 5). Therefore, the employment of NQS in
combination with SPE cartridges for sampling and derivati-
zation is advantageous over previously reported methods, as
it was possible to distinguish in situ if primary amines are also
present together with dimethylamine by visual inspection of
the cartridges after derivatization. The coloured area in the
cartridges could be also used to estimate semi quantitatively
the concentration of amine as can be derived by observing
Fig. 5, which is a clear advantage of the proposed proce-
dure over methods based on the employment of colourless
reagents. Besides, this assay improves markedly the selec-

calibra
Fig. 4. Sensitivities (slopes of the linear
 tion graphs) at 480 nm for the amines assayed.
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Fig. 5. Pictures of the SPE cartridges after derivatizing the amines collected from air: (a) blank (left), and methylamine 20�g (centre) and 140�g (right); (b)
methylamine 140�g (left), methylamine 140�g plus dimethylamine 140�g (centre), and dimethylamine 140�g (right); and (c) blank (left), and dimethylamine
20�g (centre) and 140)�g (right). For other details, see text.

tivity achieved with colorimetric tubes based on acid–base
reactions, which respond to all the basic amino groups.

3.4. Analysis of air samples

Fig. 6 shows the results obtained after 17 h of chamber
contamination. Similar values for the atmosphere were ob-
tained sampling between 15 and 75 min, the mean value was
3.0± 0.5 mg m−3. The procedure could be used to estimate
both STEL and TLV limits. For the first limit the sampling
time recommended is 15 min and for the second one the Eu-
ropean norm establishes to sample a percentage of 25% of
the time of exposition (8 h) if the atmosphere is uniform. If
the sampling time is 15 min, eight samples are needed. If the
sampling time is 1 h, only two samples are required. The limit
of detections expressed as mg m−3 (20◦C, 1.023× 105 Pa)
considering 15 or 60 min as sampling time at 30 mL min−1

were 3.2 and 1.1, respectively. Those values indicated that the
procedure is adequate for estimating STEL and TLV limits.

The atmosphere with 17 h of contamination was generated
in four different days and a mean value of 3.2 mg m−3 was
obtained sampling 15 min with a relative standard deviation
of 8%.

For the two atmospheres with 10 and 20 h of contam-
ination, the concentration of amine was calculated from
t stan-

F le
g .

dard samples and aqueous solutions directly processed into
the cartridges (Table 2). The concentrations measured were
1.05± 0.03 and 3.82± 0.03 mg m−3, after 10 and 20 h, re-
spectively. The values calculated from the calibration equa-
tions obtained by derivatizing the aqueous standards were
1.08± 0.03 and 3.81± 0.01 mg m−3. This confirms that
aqueous standards instead of air standards can be utilised
in the analysis of air samples[9].

A comparative study between the proposed method and the
amine test colorimetric tubes (Dräger) was carried out from
the chambers contaminated one day. The results obtained
are shown inTable 4. As can be seen comparable results
were obtained for dimethylamine in presence or absence of
methylamine when the proposed procedure is applied.

The colorimetric tubes provide a semiquantitative estima-
tion of dimethylamine (Table 4). The mean value obtained for
the chambers with dimethylamine alone was 35% higher than
that calculated with the proposed procedure. This percentage
is consistent with the specifications of the tube manufacturer.
The values obtained for the chamber contaminated also with
methylamine are not comparable with those obtained by the
proposed method because the colorimetric tubes respond to

Table 4
Results obtained in the analysis of one day contaminated chambers

S

e

C

C

C
C
C

he calibration equations obtained from both gaseous

ig. 6. Dimethylamine concentration (mg m−3) in an air synthetic samp
enerated after 17 h of contamination as function of the sampling time
amples Found concentration (�g± s)

NQS Colorimetric tub

hamber one-day contaminated
with dimethylamine

6.8 ± 0.6 9.5± 1.5

hamber one-day contaminated
with dimethylamine and
methylamine

7.0 ± 0.4 (11 ± 1)a 12 ± 2

ity market, stand 1 7b ± 1c

ity market, stand 2 9b ± 2c

ity market, stand 3 11b ± 2c

a Found methylamine (�g).
b Concentrations expressed as mg m−3.
c Expanded uncertainty.
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all amines. As can be derived from the results ofTable 4the
precision obtained with the colorimetric tubes is worse than
that achieved by the NQS procedure.

Table 4also gives the results obtained by the proposed
method for the real samples processed. Although only the
cartridge conditioning is carried out in the field due to its
proximity to the laboratory, it could be possible making all
the assay in the field, even the absorbance measurement if a
transportable colorimeter is available.

Expanded uncertainties using a coverage factor of 2 are
given inTable 4for the city market samples. The estimate is
compliant with EURACHEM/CITAC Guide[16] and is a full
estimate based on in-house method validation. The mass con-
centration in the final sample is given bymo =mref (Ao/Aref),
wheremref is the mass concentration of the reference standard
in �g and,Ao andAref are the absorbances corresponding to
the sample and standard, respectively. The estimate of the
level of DMA in the atmosphere (in mg m−3) is given by
Co =mref (Ao/Aref)/Q·t, whereQ is the pump flow rate andt
is the sampling time. The overall run to run variation (preci-
sion) of the analytical procedure was the main contribution to
the uncertainty. Comparable precision values were obtained
by processing aqueous or gaseous standards (around R.S.D.
8%), chamber samples (seeTable 4) and real city market
samples. For these real samples the precision was estimated
b dif-
f each
s
p The
c y of
t small
( fe to
n 3%
c om-
b

4

hod
f the
e and
d t the
e ood
o . The
a ents
a

An additional advantage over methods using colourless
reagents is that a visual inspection of the coloured area in
the SPE after derivatizing the analytes allows the differenti-
ation between primary and secondary amines, as well as the
semiquantitative estimation of the total amount of amine. In
terms of selectivity and precision, the visual assay is better
than that based on colorimetric tubes.

The proposed solid support assisted procedure permits to
estimate STEL and TLV limits established by the legisla-
tion for dimethylamine measuring absorbance of the NQS-
derivates after desorption from the cartridges.
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matogr. A 978 (2002) 59.
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