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Abstract

A new method for dimethylamine determination in air is reported. The proposed assay is based on the employigpat&ed solid phase
extraction cartridges for sampling. The retained amine is then derivatized inside the cartridges with the reagent 1,2-naphthoquinone-4-sulfonat
By observing the coloured area of the cartridge, a semiquantitative estimation of the amine can be made. It was also possible to distinguish
between primary and secondary amines by visual inspection. Quantitative tests entailed desorption from the cartridges of the derivatives
formed, and measurement of the absorbance of the collected extracts. The selected conditions were applied to quantify dimethylamine up to
1004, the quantification and detection limits being 6.7 and2respectively. Satisfactory linearity and precision were obtained. Possible
interferences by ammonia, primary amines and diethylamine were tested. The applicability of the procedure was demonstrated by estimating
the concentration of dimethylamine in generated and real air samples. The procedure was useful for short-term exposure limit and threshold
limit value estimations.
© 2004 Elsevier B.V. All rights reserved.
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1. Introduction several procedures based on the employment of impinger
flasks containing acidic solutiofi8] or sorbents as silica gel
Some volatile aliphatic amines are of environmental inter- [4], the most usual, have been proposed. To avoid possible
est due to their odorous and toxic characteristics and becaussample instability on silica gel, OSHA developed a method
of their role in nitrogen cycling, nutrient transfer and atmo- (OSHA 34), which employs XAD-7 coated with 7-chloro-4-
spheric acidity. These highly reactive compounds undergo at-nitrobenzo-2-oxa-1,3-diazo[&]. In the last years, different
mospheric reactions to form a variety of prodydfls among methods based on solid phase microextraction (SPME) have
them nitrosamines, which are potentially carcinogenic sub- also been proposdd-8].
stance$2]. Owing to their widespread industrial use and nat- In recent studies, this research group has demonstrated
ural sources, there is an increasing interest in the developmenthe possibility of using conventional solid phase extraction
of reliable, rapid-response and easy-to-operate methods foSPE) cartridges for sampliri@,10]. Air samples are flushed
their determination in air, preferably well-suited for on-site through Gg-based SPE cartridge to retain the analytes. After
analysis. sampling, the cartridges are flushed with an aliquot of reagent,
Sampling and derivatization play a significant role in the so that the analytes are derivatized inside the cartridges (solid
analysis of short-chain aliphatic amines in air. For sampling, support-assisted derivatization procedure developed by the
research group since 199@)1-13] After a given reaction

* Corresponding author. Tel.: +34 96 3543002; fax: +34 96 3544436,  UMe, the excess of reagent is eliminated (if required) by
E-mail addresspilar.campins@uv.es (P. Caimg-Fal®). drawing a volume of the proper solvent. Finally, the deriva-
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tives formed are desorbed from the cartridges and collected  Air sampling was done with a portable Buck-Genie VSS-5
for measurement. In the field of air analysis, this approach pump (A.P. Buck Inc., Orlando, FL, USA). For flow measure-
has been successfully applied in the fluorimetric determina- ments a flow-meter Multicon KS, Rger (Lilbeck, Germany)
tion of some primary aliphatic amines using the reagent  was used. A gas detector pump AccurodBer, Lilbeck, Ger-
phthaldialdehyde (OPA) for derivatizatif®]. More recently, many) was used for air sampling in amine test colorimetric
this methodology has been used in combination with the tubes (Déger, Lilbeck, Germany). A water bath equipped
reagent 9-fluorenylmethyl chloroformate (FMOC) to deter- with a thermostat (Clifton, New Abbot, Devon, UK) was also
mine trimethylamine by liquid chromatography and UV de- used.
tection[10]. In both studies, standards of the gaseous amines
were generated from aqueous standard solutions of the ana2.2. Chemicals
lytes. Aliquots of the aqueous solutions were placed into an
opened tube that acted as a volatilization chamber, and the All the chemicals were of analytical grade. Ammonium
volatilized amines were pulled into the SPE cartridges during chloride, methylamine, ethylamine, propylamine, butyl-
the sampling step. Similar analytical results were obtained for amine, pentylamine, dimethylamine, diethylamine and 1,2-
both, gaseous and agueous amine standards. naphthoquinone-4-sulfonate acid were obtained from Sigma
In the present work, we have evaluated the possibility of (St. Louis, MO, USA). Methanol and diethyl ether were ob-
extending the solid support assisted approach to the analysigained from Scharlau (Barcelona, Spain). Sodium carbon-
of dimethylamine in air. Unbiased UV-vis or fluorimetric ate andn-hexane were purchased from Merck (Darmstadt,
methods could be used as methods of samples screening ilGermany), and sodium hydroxide and acetonitrile were ob-
order to reduce costs and saving time in the environmentaltained from Baker (Deventer, Holland). Sodium hydrogen-
laboratory or for in situ determinations. This is important carbonate (Probus, Badalona, Spain) and hydrochloric acid
when a high number of samples must be processed. This(Panreac, Barcelona, Spain) were also used. Ultrapure wa-
work investigates such a rapid, low-cost and on site screeningter was obtained from a Nanopure Il system (Sybron, MS,
procedure. USA).
The reagent 1,2-naphthoquinone-4-sulfonate (NQS) has Bond Elut Gg200 mg extraction columns were from Var-
been selected for derivatization because it forms colouredian (Habor City, CA).
derivatives[14]. Therefore, information could be obtained
by colorimetry after desorption from the cartridges of the 2.3. Stock aqueous standard solutions
derivatives formed or/and also by visual inspection of the
cartridges. They can be used as detector supports for in  Unless otherwise stated, stock standard solutions of am-
situ estimation. NQS is also a non-hazard reagent (Directive monium and amines (1000 or 10,000 mg!) were prepared
67/548/CEE). Sampling conditions have been optimized for in water; working standard solution of the amines was pre-
Cis-packed SPE cartridges. So far only a few measurementspared by dilution of stock standard solutions with water.
of aliphatic amines have been reporfg&fl we have included
in the present study the most usual primary and secondary2.4. Air standards
amines tested. This work proposes an assay for dimethyl-
amine, which is in the list of prioritary pollutants in Eu- An open volatilization chamber described[8] for pri-
rope and its presence is documented in vulcanization fumesmary amines was tested for generating air standards of
(0.1 mgn?) [2], polymer plants, fish processing plants, fish dimethylamine (se€ig. 1). The vaporization chamber was
stands of city markets (140.1 and 79.2 m§)mnd industrial made with a plastic tube of 11.5 or 6.0 cm length. An aliquot
animal farms atmospher¢$,8]. Short-term exposure limit  of the solution of the amines (L) was placed at the end of
(STEL) and threshold limit value (TLV) are legislated, be- the tube, whereas the other extreme was connected to the inlet
ing 9.4 and 3.8 mg m? of air at 20°C and 1.013< 10° Pa, of the SPE cartridge by means of a polyvinyl chloride (PVC)
respectively15]. tube (40 mmx 6 mm, i.d.). Next, the pump was activated at
30 mL/minand 5Q.L of NaOH was immediately added to the
samples (forming a 100L drop). After a defined sampling
2. Experimental time, the pump was stopped, the cartridges were removed,

2.1. Apparatus

All the spectrophotometric measurements were done —
on a Hewlett—Packard 8453 diode-array spectrophotome-
ter (Avondale, PA, USA) furnished with a 1-cm pathlength
quartz cell. The vacuum station IST VacMaster or a syringe
for manual operation was used for transferring solutions to rig 1. schematic diagram of the volatilization chamber: ;3-Eartridge
the cartridges. and 2-PVC tube. For other details, see text.
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and the retained amines were subjected to derivatization agion were varied from 10 to 100g. Other amines were
established below. Before each assay, the cartridges were contested (methylamine, ethylamine, propylamine, butylamine,
ditioned with 1 mL of methanol and 1 mL of carbonate buffer pentylamine and diethylamine) from 40 to 280. Sev-
1% (see the next section). The residue of the amine standarderal mixtures were also processed (Sebdle 3for com-
drop placed in the volatilization camera was collected in wa- position). Ten blank assays were carried out. The working
ter and measured by the above derivatization procedure inwavelength for measurement of the NQS derivatives formed
order to estimate if the volatilization was quantitative. for primary amines was 444 nm, whereas for secondary

A factorial design 2 was used to evaluate the effect of the amines was 480 nm. All assays were carried out at ambient
length of the air path, concentration of NaOH and switching temperature.
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 15min. 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 af85

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

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
(29cmx 18 cmx 15.5cm) 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 75min at 30 mL mih (20°C and
1.023x 10° 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 (20C and 1.023< 10° Pa) and for one
Conditions for the derivatization of the amines into the day and sample_d _for 1.5 min (2& and 1.023« .105 Pa).

) . : o Chambers containing dimethyl- and methylamine contam-
SPE cartridges (corresponding to either volatilized samples.

. inated also for one day, under the latter conditions, were also
or the agueous samples) were selected according to the re-

sults presented ifl4]; cartridges with the retained amine processed. Each sample was assayed in triplicate in all these
. cases.
were flushed with 0.5mL of carbonate buffer (8%, m/m) In addition, chambers contaminated one day in the condi-
of pH 10.5, and then with 0.5mL of 1.83102M NQS. . U . Y )
; . . . tions above indicated were sampled with amine test colori-
After 15min (reaction time), the cartridges were cleaned metric tubes. When the air samples were sucked through the
with 2 mL of carbonate buffer 1% followed by 3 mL of wa- ' b 9

ter, in order to remove the unreacted NOS. The derivativestUbe’ the colour changed to blue. Five strokes were done for

formed were desorbed by flushing with 2mL of a mixture air sampling (5.00 ML of air approximately). Ca"’“'f"?“o’?s of
o ) . the concentrations were done based on the specifications of
of water-acetonitrile (1:1, v/v) and collected into a quartz

the colorimetric tubes.
cell.

Carbonate buffer (1%, m/m) of pH 10.5 was prepared by
dissolving the adequate amount of sodium hydrogencarbon-2.8. Application to the analysis of real air samples
ate in water, and then, by adjusting the pH with 1 M NaOH.
Carbonate buffer (8%, m/m) of pH 10.5 was prepared by  Three workplace samples were analysed with the proposed
dissolving sodium carbonate and then, by adjusting the pH procedure. They were collected in a closed city market at 1 m
with 1 M HCI. The derivatizing reagent NQS was prepared from three fish stands. Prior to the measurements, the car-
by dissolving the pure compound in water. tridges were conditioned in situ with 1 mL of methanol and
Two millilitres of amine aqueous standards containing the 1 mL of carbonate buffer 1%. Next, the air sampling was car-
same total masgug) as the air standards were processed. The ried out for 15 min at 30 mL mint. Samples were collected
flushed volume was transferred to other cartridge in order to at the height of the breathing zone. The transport and storage
test the amount of amine not retained. All assays were carriedof the cartridges with the amines sorbed was done in hermetic
out at ambient temperature, and each sample was assayed iplastic bags. The samples were transported to the laboratory

2.5. Derivatization

triplicate. near the city market and the analysis was performed accord-
ing to the proposed procedure. Sampling temperature was
2.6. Analytical performance data 24.5°C and relative humidity was 45%. Those values were

similar to laboratory conditions. Each sample was assayed
The total amounts of dimethylamine in the aqueous stan- in duplicate and a standard of 1§ of DMA was used as
dards subjected to volatilization, sampling and derivatiza- reference.
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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) Efficienny-@%0)
Concentration (M) Temperature

Methylamine 1 Ambient 15 9% 3

Ethylamine 1 Ambient 15 84 6

Propylamine 1 Ambient 15 94 1

Butylamine 1 Ambient 15 105 2

Pentylamine 1 Ambient 15 8% 9

Dimethylamine 10 85C 75 97+ 4

Diethylamine 10 85C 75 82+ 5

3. Results and discussion

3.1. Generation of standards with the open volatilization
chamber 100 -

In the present study, we begun by using the conditions 80 -
selected for volatilization of the primary amineqg#j}, sam-
pling for 15 min at ambient temperature. Good results were
obtained as can be seenTiable 1for the primary amines,
but the efficiency was smaller for dimethylamine. These val-

ues were calculated by comparing the absorbances measured

: . 20 - ‘ \
for the gaseous standards with those obtained for aqueous | |
standards containing an equivalent amount of amine and sub- ol I B P P | | .

jected directly to derivatization into the SPE cartridges with water MeOH MeCN hexane water-  sfilic
NQS. The retention was quantitative for aqueous standards MeCN  ether
because the blank signal was obtained in the collected frac- @) solvent

tion of the standard in a second cartridge processed in the
same way.

As regards the volatization by sampling of dimethylamine, a0 |
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 samplesig. 2a), and therefore, water was
always used as the solvent for preparation of the standard.
From the factorial design (see Sect@)mwe observed that the
time sequence used for placing the NaOH solution and for 0 } . ' ‘ .
switching on the air pump in the manifold showrHig. 1had 0 a 4 6 8 10
a significant effect on analyte responses. The more relevant (NaOH) / M
factor was the moment in which the air pump was activated.

Much better results were found when the pump was switched 100 -
on before the addition of NaOH. The best efficiencies were
obtained when using a length for the air path of 11.5cm (see
Fig. 1).

The effect of the concentration of NaOH on the efficiency
of the dimethylamine volatilization are depictedHig. 2b. As
observed, increasing the concentration of the base resulted in
increased efficiency. Compared with the addition of untreated
solutions, heating the NaOH solutions at°&substantially 50 . . . ' . . r |
increased the signals. 0 15 3 45 60 75 90 105 120

Finally, the effect of the volatilization time was evalu- o) time (min)
ated. As observed ifrig. 2c, the time required to achieve
nearly quantitative recovery of dimethylamine was 75min. Fig. 2. Efficiencies obtained for dimethylamine (26) as a function of: (a)
No amine was found in the residue of the volatilization cham- solvent of the standards; (b) concentration of NaOH; and (c) sampling time.
ber. In Table 1are summarized the optimized conditions For other details, see text.
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Fig. 3. Spectra for NQS derivates of the amines. Dimethylaminegiénd
methyl-, ethyl-, propyl-, butyl-, pentyl- and diethylamine 8.

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 dfable 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 maximgig. (3),

444 nm for primary amines-NQS derivates and 480 nm for
secondary-NQS derivates. As shownTiable 2linear cali-
bration graphs were obtained over the tested concentration
intervals. This table also shows the equations obtained for
agueous 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 assp/b wheresy, is the
standard deviation of 10 blank assays #nid the slope of

the corresponding calibration graphs) found in both kinds
of samples. The values obtained were in the 2+@%ange.
Thus, it was demonstrated that aqueous standards could be
used to determine these amines in air samples. This is also
the case where silica gel is the adsorlddit

The limits of quantification (LOQs) for the amines tested
can be estimated as &§)/b, i.e., by multiplying the LODs
given inTable 2by the factor 10/3.

Fig. 4 compares the sensitivities at 480 nm of all the
amines assayed. As can be seen in this figure dimethylamine
presented the highest value, being about fives times higher
than those obtained by the other amines. The interference
of the other amines in dimethylamine determination will be
low if they are present at similar concentration level. Am-
monia was not an interference because no NQS derivate

Table 2

Analytical parameters obtained for the amines tested: (1) aqueous standards directly processed in the SPE cartridges and (2) gaseous sitediarismecessed under optimized conditions3)

LOPY )

Absorbance vs. mol of amine

Absorbance vgug of amine

Analyte

Sxy; N

R

(b+sp)-(x10*mol1)

atsy

Syy; N

R?

(b+)-(x10° pg )

ats,

9
9

0.0400; 4
0.0713; 4

0.9974
0.9936
0.9677
0.9820
0.9889
0.9811
0.9910
0.9903
0.9963
0.9967
0.9987
0.9932
0.9862
0.9832

24.7+ 0.9
26.3+ 0.8
19.0+ 1.5
16.9+ 0.9
24.0+ 0.9
23.0+ 1.2
28.0+ 1.3
30.0+ 1.1
32.0+ 0.9
27.3+ 0.5
115+ 2

0.0 0.03

0.0400; 4
0.0713; 4
0.0723; 4
0.0509; 4
0.0418; 6

0.9974
0.9931
0.9700
0.9820
0.9889
0.9811
0.9910
0.9903
0.9962
0.9967
0.9987
0.9932
0.9862
0.9832

0.80+ 0.03

0.0A 0.03
0.01+ 0.03

1
2

Methylamine

0.0+ 0.03

0.85+ 0.03

17
21

0.0723; 4
0.0509; 4
0.0418; 6

0.08 0.04

0.43+ 0.03

0.08t 0.04
0.09+ 0.02

1
2

Ethylamine

0.02 0.02

0.37+ 0.02

18
19
19
19

0.06 0.02

0.41+ 0.02

0.06t 0.02
0.08+ 0.03

1

Propylamine

0.0562; 6

0.0& 0.03

0.0562; 6

0.40+ 0.02

2

0.0448; 6
0.0394; 6
0.0219; 6

0.05 0.03

0.0448; 6

0.40+ 0.02

0.05+ 0.03
0.04+ 0.02

1
2

Butylamine

0.04 0.02

0.0394; 6
0.0219; 6

0.41+ 0.01

0.02 0.01

0.36+ 0.01

0.0z 0.01
0.030+ 0.009

1

Pentylamine

25
2
2

0.0169; 6

0.08 0.01

0.0169; 6
0.0181;4
0.0416; 4

0.31+ 0.06

2
1
2

0.0181; 4
0.0416; 4
0.0666; 5

0.0% 0.01

2.56+ 0.04

0.05+ 0.01

Dimethylamine

113+ 5

0.0% 0.03

25+ 0.1

0.09+ 0.03

29+ 2

0.02 0.04

0.0666; 5

0.40+ 0.03

0.02+ 0.04
0.00+ 0.05

1

2
1, aqueous standards and 2, air standards.

Diethylamine

10

0.00% 0.05 29+ 20 0.0719; 5

0.0719; 5

0.39+ 0.03

21
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Table 3
Results obtained in the analysis of mixtures of amines inreir3)

Signal of the mixture %)

- - Py N (]

> (signal of the individual solutions)
Methylamine  Ethylamine  Propylamine  Butylamine Pentylamine Dimetylamine  Diethylamine

Sample compositionug/sample)

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- dimethylamine (0.@wmol) was analyzed in duplicate. We
lamine at concentrations higher than dimethylamine concen-selected this sample because papers dealing with the mea-
trations, the method would be biased for the latter amine. If surement of aliphatic amin¢$,2,8]reported that they could
present, the bias error introduced by primary amines at con-be present together. By using the bivariate calibration (em-
centrations higher than that corresponding to dimethylamine ploying measurements at 444 and 480 nm) the concentrations
could be eliminated by considering bivariate or multivari- of dimethylamine and methylamine were estimated, being
ate calibration. In this work, we proposed bivariate calibra- 0.9 and 1.J.mol, respectively. These values indicate that it
tion for simplicity. The measurement wavelengths were 444 is possible to determine both, dimethylamine and primary
and 480 nm. The procedure is outlined in the following; first amines.
the additivity of the signals was demonstrated. The proposed
methodology was applied to different mixtures of the amines 3 3. \jisual assay
tested. The samples and concentrations assayed are listed in
Table 3 As can be seenin this table, the signals measured for  The primary amines formed a red—brown derivative,
the mixtures of the amines were comparable to the values ob-yhereas the secondary amine derivative presented an orange
tained by addition of the signals obtained for the samples of ¢olour (seeFig. 5). Therefore, the employment of NQS in
the indiVidUaI amineS. Then, the amine Signa|S are addltlve combination with SPE Cartridges for Samp“ng and derivati-
On the other hand, the slope values expressed as'mol  zation is advantageous over previously reported methods, as
for all primary amines at 444 nm were similar (Sksble 2, itwas possible to distinguish in situ if primary amines are also
the mean value and standard deviation were 25 and 5, represent together with dimethylamine by visual inspection of
spectively. With these results, it was corroborated that the the cartridges after derivatization. The coloured area in the
primary amine response in the NQS reaction was not de- cartridges could be also used to estimate semi quantitatively
pendent on the primary amine, and that any primary amine the concentration of amine as can be derived by observing
could be used as a representative compound by expressingig. 5 which is a clear advantage of the proposed proce-
the total primary amine concentration as mol oras ML dure over methods based on the employment of colourless
of N. A sample containing methylamine (Ju&10l) and  reagents. Besides, this assay improves markedly the selec-

1400000 -

1200000 - o air

m water

1000000 -
800000 -

600000 -

Slope (moL)

400000 -

M rm -m o (i (R

Fig. 4. Sensitivities (slopes of the linear calibration 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 methylamgifee2®e) and 14Qg (right); (b)
methylamine 14Q.g (left), methylamine 14Q.g plus dimethylamine 14Qg (centre), and dimethylamine 14@ (right); and (c) blank (left), and dimethylamine
209 (centre) and 14Q).g (right). For other details, see text.

tivity achieved with colorimetric tubes based on acid—base dard samples and aqueous solutions directly processed into

reactions, which respond to all the basic amino groups. the cartridgesTable 9. The concentrations measured were
1.05+0.03 and 3.82-0.03mgnt3, after 10 and 20, re-
3.4. Analysis of air samples spectively. The values calculated from the calibration equa-

tions obtained by derivatizing the aqueous standards were

Fig. 6 shows the results obtained after 17 h of chamber 1.08+£0.03 and 3.8%0.01mgnt3. This confirms that
contamination. Similar values for the atmosphere were ob- aqueous standards instead of air standards can be utilised
tained sampling between 15 and 75 min, the mean value wagn the analysis of air sampl¢8].
3.040.5mgn13. The procedure could be used to estimate ~ Acomparative study between the proposed method and the
both STEL and TLV limits. For the first limit the sampling amine test colorimetric tubes (Bger) was carried out from
time recommended is 15 min and for the second one the Eu-the chambers contaminated one day. The results obtained
ropean norm establishes to sample a percentage of 25% ofire shown inTable 4 As can be seen comparable results
the time of exposition (8 h) if the atmosphere is uniform. If were obtained for dimethylamine in presence or absence of
the sampling time is 15 min, eight samples are needed. If themethylamine when the proposed procedure is applied.
sampling time is 1 h, only two samples are required. The limit ~ The colorimetric tubes provide a semiquantitative estima-
of detections expressed as mg$(20°C, 1.023x 10° Pa) tion of dimethylamineTable 4. The mean value obtained for
considering 15 or 60 min as sampling time at 30mLmlin  the chambers with dimethylamine alone was 35% higher than
were 3.2 and 1.1, respectively. Those values indicated that thethat calculated with the proposed procedure. This percentage
procedure is adequate for estimating STEL and TLV limits. is consistent with the specifications of the tube manufacturer.

The atmosphere with 17 h of contamination was generated The values obtained for the chamber contaminated also with
in four different days and a mean value of 3.2 mgiwas methylamine are not comparable with those obtained by the
obtained sampling 15 min with a relative standard deviation proposed method because the colorimetric tubes respond to
of 8%.

For the two atmospheres with 10 and 20 h of contam-
ination, the concentration of amine was calculated from
the calibration equations obtained from both gaseous stan

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

Samples Found concentratigng+ s)
4 NQS Colorimetric tube
3 :K". Chamber one-day contaminated6.8 + 0.6 9.5+ 15
L4 with dimethylamine

Chamber one-day contaminated7.0 + 0.4 (11+1} 12+ 2
with  dimethylamine and

Concentration
n

methylamine
04 : . . , City market, stand 1 b7+ 1¢
0 20 40 80 80 City market, stand 2 g4 2¢
City market, stand 3 P14 2¢

Sampling Time (min)

a Found methylamineu(g).
Fig. 6. Dimethylamine concentration (mg®) in an air synthetic sample P Concentrations expressed as mg’m
generated after 17 h of contamination as function of the sampling time. ¢ Expanded uncertainty.
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all amines. As can be derived from the resultable 4the An additional advantage over methods using colourless
precision obtained with the colorimetric tubes is worse than reagents is that a visual inspection of the coloured area in
that achieved by the NQS procedure. the SPE after derivatizing the analytes allows the differenti-

Table 4also gives the results obtained by the proposed ation between primary and secondary amines, as well as the
method for the real samples processed. Although only the semiguantitative estimation of the total amount of amine. In
cartridge conditioning is carried out in the field due to its terms of selectivity and precision, the visual assay is better
proximity to the laboratory, it could be possible making all than that based on colorimetric tubes.
the assay in the field, even the absorbance measurement if a The proposed solid support assisted procedure permits to
transportable colorimeter is available. estimate STEL and TLV limits established by the legisla-

Expanded uncertainties using a coverage factor of 2 aretion for dimethylamine measuring absorbance of the NQS-
given inTable 4for the city market samples. The estimate is derivates after desorption from the cartridges.
compliant with EURACHEM/CITAC Guid¢§l6] and is a full
estimate based on in-house method validation. The mass con-
centration in the final sample is given by = myes (Ao/Arer), Acknowledgements
wheremetis the mass concentration of the reference standard
in wg and,A, andAef are the absorbances correspondingto  The authors would like to thank the Ministerio de Ciencia
the sample and standard, respectively. The estimate of they Tecnologa of Spain for financial support received for the
level of DMA in the atmosphere (in mgm) is given by Project BQU2003-06138. Y. Moliner Maniez expresses her
Co = mref (Ao/Arer)/Q-t, whereQ is the pump flow rate and grateful to Ministerio de Educan, Cultura y Deporte of
is the sampling time. The overall run to run variation (preci- Spain for her pre-doctoral grant.
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.References
8%), chamber samples (sdable 4 and real city market
samples. For these real samples the precision was estimated?] |.-H. Chang, C.-G. Lee, D.S. Lee, Anal. Chem. 75 (2003) 6141.
by considering the standard deviation of the normalised dif- [2] P- Simon, C. Lemacon, Anal. Chem. 59 (1987) 480.

. . [3] L. Groenberg, P. Loevkvist, J.A. Joensson, Chemosphere 24 (1992)
ference data (the difference of the two replicates for each 1533,

sample divided by the mean) and divided {2, which also [4] NIOSH Manual of Analytical Methods (NMAM), fourth ed.,
provides a measure of the overall run to run variability. The 8/15/94, USA.

contributions to the uncertainty introduced by the purity of [5] OSHA Manual of Analytical Methods, 1991, USA.

the reference standard and the sampling time are so small [6] J- Koziel. M. Jia, A. Khaled, J. Noah, J. Pawliszyn, Anal. Chim.

. : o Acta. 400 (1999) 153.
(compared to the precision estimate) that it is clearly safe to [7] 3. Koziel, M. Jia, J. Pawliszyn, Anal. Chem. 72 (2000) 5178.

neglect this contribution. The precision of the pump is 3% [8] J. Namiesnik, A. Jastrzebska, B. Zygmunt, J. Chromatogr. A 1016
considering manufacturer’s specification. The relative com- (2003) 1.
bined standard uncertainty was 0.1. [9] Y. Martinez-Moliner, P. Camips-Fal®, R. Herhez-Herandez, J.
Verd(-Andrés, Anal. Chim. Acta 502 (2004) 235.
[10] C. Chafer-Periés, R. Heraez-Herandez, P. Canmips-Fal®, J. Chro-
. matogr. A 1042 (2004) 291.
4. Conclusions [11] R. Heriéaez-Herandez, P. Canips-Fal®, A. Sevillano-Cabeza,
Anal. Chem. 68 (1996) 734.
This works shows a simple, low-cost and rapid method [12] J. Verdi-Andrés, P. Camms-Fal®, R. Herhez-Herandez, Analyst
for the determination of dimethylamine in air, based on the ___ 126 (2001) 1683.

employment of Gg-based SPE cartridges for sampling and [13] ﬁq.atl\geseguer-uoret, C. Molins-Legua, P. CampFal®, J. Chro-
A ) > gr. A 978 (2002) 59.

derivatization with NQS. It has also been confirmed that the [14] p. camjins-Fal®, C. Molins-Legua, A. Sevillano-Cabeza, R. Porras-
employment of an opened volatilization chamber is a good Serrano, Analyst 122 (1997) 673.

option for the generation of gaseous standards of amines. Thél5] European Directive 2000/39/CE, Brussels, 6/8/2000.

assay combines SFE and colorimetric or visual measurement$18] EURACHEM/CITAC (1995), Guide Quantifying Uncertainty in An-

. . alytical Measurement, second ed. 2000.
and could be made in the field. n



	A method for the determination of dimethylamine in air by collection on solid support sorbent with subsequent derivatization 
	Introduction
	Experimental
	Apparatus
	Chemicals
	Stock aqueous standard solutions
	Airstandards
	Derivatization
	Analytical performance data
	Application to the analysis of contaminated air samples
	Application to the analysis of real air samples

	Results and discussion
	Generation of standards with the open volatilization chamber
	Analysis of the gaseous standards of amines
	Visual assay
	Analysis of air samples

	Conclusions
	Acknowledgements
	References


