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Abstract

The possibility of applying headspace microextraction into a single drop for the determination of amines in aqueous solutions is demonstrated.
A 1 pl drop of benzyl alcohol containing 2-butanone as an internal standard was suspended from the tip of a micro syringe needle over the
headspace of stirred sample solutions for extraction. The drop was then injected directly into a GC. The total chromatographic determination
was less than 10 min. Optimization of experimental conditions (sampling time, sampling temperature, stirring rate, ionic strength of the
solution, concentration of reagents, time of extraction and organic drop volume) with respect to the extraction efficiency were investigated and
the linear range and the precision were also examined. Calibration curves yielded good linearity and concentrations down td 2v6reg ml
detectable with R.S.D. values ranging from 6.0 to 12.0%. Finally, the method was successfully applied to the extraction and determination of
amines in tap and river water samples. This system represents an inexpensive, fast, simple and precise sample cleanup and preconcentratio
method for the determination of volatile organic compounds at trace levels.
© 2004 Elsevier B.V. All rights reserved.
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1. Introduction are potentially carcinogenic substances. Consequently, there
is increasing interest in the detection of aliphatic amines in
Short-chain aliphatic amines are presented widely in the various matrice§3].
aguatic environment due to their wide spread use in several Chromatographictechniques are generally used for the de-
industrial, chemical and manufacturing applications. These termination of aliphatic amines in aqueous media and a hum-
compounds are generated in the production process of plasber of methods, using either gas chromatography (GC) or Lig-
tics, dyes, drugs, anti oxidants and explosiyEsand by uid chromatography (LC) are available. Acommon feature of
the petrochemical industrf2]. Aliphatic amines are also  suchmethodsis the requirement for analyte preconcentration,
common components of biological systems as degradationas these compounds are usually present at trace levels. Ana-
products of organic materials such as amino acids and pro-lyte enrichment is usually accomplished by using extraction
teins. In addition to hygienic problems due to stinging smell, techniques. However, unlike many other compounds of en-
these compounds may be hazardous to human health as theyironmental relevance, preconcentration of aliphatic amines
are sensitizers and irritants to skin, eyes, mucus membranedby extraction methods is a difficult task, owing to their high-
and respiratory tract. In addition, they can react with certain polarity and water solubilitj4-7]. In addition in LC methods,
nitrogen-containing compounds to form nitrosamines, which chemical derivitization should be used to enhancing the sen-
sitivity, because aliphatic amines have no UV or fluorescent
* Corresponding author. Tel.: +98 541 2446413; fax: +98 541 2446888. Properties. However, in most of these methods, major draw-
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introduces a possible source of errors and the long analysiscontaining Teflon-lined septa using an electronic magnetic
times. In most of these procedures, the reaction times arestirrer (VWR Scientific, West Chester, PA, USA). In order
typically 20—60 min, but reaction times up to 180 min have to eliminate air, micro syringe was washed many times with
also been reportef@]. Moreover, multiple liquid-liquid ex- the solvent solution used for microextractifi8]. The sy-
traction of the derivitized analytes is required to achieve ac- ringe was clamped in a fixed position relative to the vial to
ceptable recoveries and then large volume of the organic sol-consistently place the needle tip in the headspace of the vial.
vents must be evaporated before the chromatographic stepsThe vial was thermoastated at the desired temperature with a
In addition, in some instances, the excess of reagent must baevater bath.

re-extracted or eliminatef@,7]. As a result, the analysis is

very tedious and time-consuming. Because of the above men2 2. Chemicals

tioned disadvantages, solvent-free sample preparation meth-

ods, or those employing less organic solvents are becoming Al the target analytes, benzyl alcohol and 2-butanone
more and more important. were of analytical-reagent grade, obtained from Merck KGa
In the last few years, efforts have been directed to- (Darmstadt, FRG)and were used without further purification.
ward miniaturizing the liquid—liquid extraction procedure by A stock aqueous standard solution (1.08)lof ethylamine,
greatly reducing the solventto aqueous phase ratio, leading to-propanamine, 1-propanaminésethyl-ethanamine and 1-
the development of solvent microextraction methodologies. hytanamine was prepared. The stock standard solution was
This teChnique is not exhaustive and Only a small fraction refrigerated at 4C. Working standard solutions were pre-
of the analytes is extracted/preconcentrated for anal9bis  pared daily at various concentrations ranging from 2 ppb to
Solvent microextraction can be performed with the simplest 1 5 ppm by diluting the stock standard solution with doubly
devices, i.e. a conventional micro syrir{de]. Moreover, be-  (distilled water. The organic extractant was benzyl alcohol

cause of awide choice of polar extraction solvents, headspace:ontaining a fixed amount of 2-butanone as internal standard
liquid phase microextraction seems to be even a more attrac-(0.100 %, v/v).

tive technique. The solvents need not even be water immis-
cible as in direct liquid phase microextraction from aqueous 2.3. Extraction procedure
solutions.
The use of a single liquid drop has been reported only The experimental set-up is illustrated Fig. 1. A 2 ml
very recently for headspace analysis into a single drop for 5,0t of the standard mixture was placed in the 5ml vial

determin.ation Of, organic compouniisl, 12]. ) . with a 6 mm stir bar (VWR Scientific). The Hamilton 7105
The aim of this work was to develop a simple and sensi- syringe was rinsed and primed at least 20 times with the

tive method using a very small volume of solvent to achieve g\ ent/internal standard. After the uptake of thel funless
preconcentration in headspace analysis of aliphatic amines

in aqueous matrices.
The technique is very inexpensive and good precision and T
sensitivity is obtained with short analysis time. Thermometer

Planger

Syringe

2. Experimental

2.1. Instrumentation

Separation, identification and quantification were carried 3 =
out on a Chrompack CP-9002 (Chrompack, Middleburg, The
Netherlands) gas chromatograph system equipped with a L—
flame ionization detector. A CP-Cil™8 capillary column
(cat. no. 7700) of 10 nx 0.25 mm i.d.x 0.12pm film thick- |
ness from Chrompack was employed. |

|

Sample Vial

— OGrganic Solventf

Agqucous Sample
— +———— Water Bath
. —t———+——— Stirriag Bar

The inlet was operated in split mode with a split ratio
of 10:1 and an on-column flow rate of carrier gas (Nitro-
gen) 1.2mIminl. The temperature of the injector and of
the detector was 190 and 180, respectively. The column
temperature programme was initial temperaturé@%hen
increased to 50C at 3°C min~1 to 125°C at 50°C min~—1.

A 10 pl Hamilton 7105 syringe (Hamilton, Reno, NY, USA)

was used to suspend the drop of benzyl alcohol and inject it rig. 1. schematic representation of the headspace solvent microextraction
into the GC. Samples were stirred in 5.0 ml flat-bottom vials system for preconcentration into a single microdrop (not to scale).

——Magnetic Sticrrer
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otherwise stated) of solvent, the needle was used to pierce the 7
vial septum, and the syringe was clamped into place so that
the tip of the needle was located in a consistent position in
the headspace. The syringe plunger was depressed, exposir
the drop, and stirring commenced for various times at various
stirring rates during extraction. After stirring, the drop was 2
retracted and injected into the GC for analysis. The analytical
signal was the peak area ratio of the analyte to the internal &g
standard. 3 4

4 ML

The extracting solvent had to conform to two ¢
requirements—to extract analytes properly and to be sepa-
rated from analytes peaks in the chromatogfafj. In ad- Fig. 2. Chromatogram of a standard solution of aliphatic amines. 1: ethy-
dition, solvent should have a low vapor pressure so as to lamine, 2: 2-‘pr0panamine, 3: 1—propanamin_eN4ethyI- ethanamine, 5:
preclude the evaporation of the drop during the extraction. 2-butanone (internal standard), 6: 1-butanamine, 7: benzyl alcohol (solvent).

Few solvents differing in polarity, boiling point and water
solubility were tested. Preliminary trials showed that benzyl
alcohol gave the best extraction efficiency, so it was chosen
as the extraction solvent for further works. Since aliphatic

3. Results and discussion

3.1. Basic principle

1
10 min

aliphatic amines from water samples. For solvent microex-
traction, there are several parameters to control the optimum
performance of the method, such as extraction solvent, rate
; . ) ; of sample agitation, organic drop volume, ionic strength of
amines are volatile and also some fluctuations in volumes solution, sampling time, temperature and concentration

injection may occur, 2-butanone was added as an internalyt reagents. The effect of each parameter on extraction was
standard to correct such difficulties and the analytical sig- o, 2mined. The results are as follows.

nal was taken as the peak area ratio of the analytes to it.
A typical chromatogram of the standard solution of aliphatic 3 5 1 Extraction solvent

amines after headspace extraction with a drop of benzyl alco-  thee different solvents were tested. Solvent selectivity

hol containing 2-butanone as aninternal standard is presented, < evaluated for the extraction of a 5 mi sample containing

inFig. 2. 100u.g1~1 of each analyte in deionized water. The stirred
solution (400 rpm) was sampled for 10 min usinglbf the
3.2. Optimization of solvent microextraction appropriate organic solvent. The solvents examined here, var-
ied in terms of water solubility. Longer sampling times and
The initial object was to develop and optimize solvent faster stirring rates were avoided. The results are given in
microextraction sampling conditions for the extraction of Fig. 3.
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Fig. 3. Relative extraction efficiencies of target analytes using different types of extracting solvent (for experimental conditions, see text).
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The extraction efficiency was based on the average peakto increase, hence a stirring rate of 600 rpm was chosen for
area counts of each analyte for three replicate analyses. How{urther works.
ever, the results show that the semi-polar tetrachloroethylene
micro drop extracted relatively well, because of its high-vapor
pressure, the use of the other polar solvent, i.e. benzyl alcohol,
is preferred. Moreover, benzyl alcohol was found to provide
better extraction efficiency.

3.2.3. Sampling temperature

The effect of stirring temperature was studied by exposing
an extracting drop for 15 min in the headspace at 10630
Measurements were performed on aqueous solution contain-
ing 100ng 11 of each analyte. The extraction curve showed
3.2.2. Stirring rate that amount of analyte absorbed, increases with increase in

Sampling agitation enhances extraction and reduces ex-temperatures up to 50—8CQ (Fig. 5). This can be explained
traction time because the equilibrium between the aqueousby the fact that at higher temperatures, the vapor pressure
and vapor phases can be achieved more rajp@diyit is es- of the analytes and hence their concentrations in headspace
sential to obtain a linear relationship between the concentra-increase. Above the temperature mentioned, the amounts of
tions of analytes in the water and in the vapor phase. Massanalytes extracted decreases, probably because the partition
transfer in the headspace is assumed to be a fast processoefficients to the extraction phase decreases. Therefore, the
because diffusion coefficients in the gas phase are typically optimum sampling temperature for a fixed extraction time of
10* times greater than corresponding diffusion coefficients 15 min was 50C.
in condensed pha$#4]. Furthermore, convection is induced
in the headspace by the stirring of the aqueous phase. Forthe 5 4 Sampling time
purpose of the present study, three replicate analyses were p geries of spiked-water samples (40§1~1) were pre-
taken at five different stirring rates—aO (static case), 200, 400, pared and the variation of the analytical signal for each ana-
600 and 800 rpm. Faster stirring rates were avoided as they|yte was studied as a function of exposure time (Fig. 6).
resulted in dislodgement of the organic drop from the needle. = Ag can be seen iRig. 6, relative peak areas increase with
The results show clearly that stirring produces a dramatic in- jncrease in exposure time without reaching equilibrium. On
crease in the analytical signal when compared to the stagnant,e other hand, we noticed that with increase in the expo-

case (Fig. 4). _ _ sure time, the drop volume increases significantly and after
This is consistent with the expected behavior of the sol- 5 45 min exposure time, it grew from an initial of 1-f0
vent microextraction based on the film theory of convective- 5.4 consequently, lost touch with the needle. This is because

diffusion mass transf¢i 3]. As can be seen #fig. 4, the peak  penzy| alcohol is potentially hydrophobic and absorbs water
areas of all analytes increase with increase in the stirring ratestogether with the analytes.

up to 600 rpm. At 600 rpm the peak areas of some analytes 1t \yas not also possible to increase the initial drop volume
remain constant and those of the rest of the analytes continug,sing a 24l drop in the tip of the needle, after a 15 min expo-

sure time, the volume of the drop become too large to remain

1.60 — fixed to the needle tip and the drop become detached.
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Fig. 4. Relative extraction efficiencies of target analytes with different stir-
ring rates: concentration 1Q@y I~ 1; sampling time 10 min, and;il organic Fig. 5. Effect of sampling temperature on the relative peak areas of each
drop. analyte (for more details, see text).
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times: concentration 1Q0g1~%; stirring rate 600 rpm, and; il organic 100ug1™*; stirring rate 600 rpm; sampling time 15 min, andyllorganic
drop. drop.

For quantitative analysis, however, it is not necessary for
the analytes to reach equilibrium, only to allow sufficient
mass transfer into the drop and extract reproducible extrac- L o
tion time [15,16]. Therefore, in further work, a compromise Calibration curves were calgulatgd ba_sed on examination
expose time of 15 min allowing incidents of drop detachment ©f2 Ml ofagueous solution of aliphatic amines. NaCl, 0.6 mg,

to be avoided was chosen, even though the analytes had noyvas added to the extraction vials before analysis and sampling
reached equilibrium at this’time point. with 1 wl of benzyl alcohol at 50C and 600 rpm stirring rate

for 15 min was carried out. Using five spiked levels, the linear
_ _ range for all the aliphatic amines investigated were within
3.2.5. lonic strength of solution 1.2mg L. For each spiking level, three replicate analyses
Addition of salt to the solution may have several effects \ygre performed. All procedures were carried out in tripli-
on extraction. More commonly, the presence of saltincreasescates to evaluate inter-day reproducibility. The correlation
the ionic strength of the solution and affects the solubility of qefficient () ranged from 0.9123 to 0.9418, as shown in
organic analyte§17]. Extraction is usually enhanced with  T5pje 1.
increasing salt concentration and increased polarity of the  The ACS Committee report on environmental analysis
compound (salting-out effecf) 8]. [20] was used to calculate the limit of detection (LOD)
For solvent microextraction, the effect of salt was pre- of the method. LOD was determined as the signal of ex-
viously studied[1,19]. These reports concerned dynamic tracted low concentration of the analyte corresponding to
liquid phase microextraction, where a conventional micro three times the standard deviation of 50 successive injections

syringe was used as a separatory funnel. The results re-fne plank noise distribution. The results are summarized in
vealed that the presence of salt decreased the extraction effigpe 1.

ciency.
The effect of NaCl concentration (ranging from 0 to
0.5 g mi1) was investigated and the extraction efficiency was Table 1
momtor_ed_' The results, based _On triplicate analysis, were pre'Figures of merit for solvent microextraction of 2 ml spiked-water samples
sented irFig. 7as a plot of relative peak areas versus amount after exposing 1! benzyl alcohol drop for 15 min (s 3)

3.3. Evaluation of method performance

of NaCl. Analyte R.S.D. (%) LOD Correlation

It is evident that the addition of NaCl promotes transport (n=3) (ngl™h coefficient (?)
of the analytes to the headspace and hence to the extracting, 1amine 12 25 0.9130
drop. However, the extraction efficiency did not change any 2.propanamine 11.2 613 0.9192
further at NaCl concentrations higher than 0.3 gtalThere- 1-Propanamine 6.0 25 0.9418
fore, in further works, saturated salt conditions with a NaCl N-ethyl-ethanamine 88 7.25 0.9225

1-Butanamine 8.25 5.3 0.9351

concentration of 0.3 g mtt were chosen.
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Table 2

Accuracy for each aliphatic amine after exposingl benzyl alcohol drop for 15 min in stirred 2 ml tap water and river water samples spiked with different

M. Kaykhaii et al. / Talanta 65 (2005) 223-228

amounts of each target analytes<3)

Analyte Concentration added (ngl) Concentration determined
Standard sample Tap water River water
Ethylamine 0.06 0.056+ 0.005 0.059+ 0.008 0.064+0.008
0.5 0.49+0.04 0.52+0.04 0.51+0.05
0.9 0.91+0.07 0.92+0.06 0.92+0.07
2-Propanamine 0.06 0.062+0.004 0.064+ 0.006 0.06+0.006
0.5 0.5+ 0.06 0.5+0.04 0.49+0.05
0.9 0.92+0.07 0.94+0.04 0.9+0.05
1-Propanamine 0.06 0.061+0.003 0.061+ 0.004 0.062+ 0.006
0.5 0.5+0.04 0.53+£0.03 0.54+0.05
0.9 0.89+0.05 0.87+0.07 0.9+0.05
N-ethyl-Ethanamine 0.06 0.059+0.003 0.058+ 0.004 0.061+0.003
0.5 0.59+0.03 0.47+0.05 0.5+0.06
0.9 0.89+0.04 0.88+0.06 0.89+0.05
1-Butanamine 0.06 0.058+ 0.002 0.059+0.003 0.062+ 0.002
0.5 0.49+0.04 0.5+0.04 0.5+0.05
0.9 0.89+0.03 0.88+0.05 0.89+0.06
3.4. Application to real water samples Acknowledgement
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The chromatograms obtained for the spiked samples are o _
very similar to those obtained for standard solutions and noin- [l E- Psillakis, N. Kalogerakis, J. Chromatogr. A 904 (2001) 211.

. [2] R. Belloli, B. Barlcatta, E. Bolzacchini, S. Mcinaranlli, M. Orlan-

terferences were observed from other compounds potentially ™" i "5 "Rindone, J. Chromatogr. A 846 (1999) 277.
present in the sample (e.g. ammonia). None of the amines [3] J. Namiesnik, A. Jastrzebska, B. Zygmust, J. Chromatogr. A 22
investigated were detected in the tested samples. The con-  (2003) 565.
centrations for the spiked samples calculated and are sum- [4] (Al-gg%f)agzg Y. Hanada, A. Kido, R. Shinohara, J. Chromatogr. 503
marized inTable 2. As can be observed, the re_sults are com- [5] J. Pietsch H. Hampel, W. Schmidt, H.I. Brauch. E. Worch,
parable to those observed for standard solutions containing Fresinius’ J. Anal. Chem. 355 (1996) 164.
the same concentrations of the analytes. This reveals that the [g] m.I. Saleh, FW. Pork, J. Chromatogr. A 763 (1997) 173.
performance of the proposed preconcentration procedure was [7] F. Sachers, S. Lenz, H.l. Brauch, J. Chromatogr. A 764 (1997)

similar for all types of samples tested. 85. _ o _
[8] H. Kouwatli, J. Chalom, M. Tod, R. Farrinotti, G. Mahuzier, Anal.

Chim. Acta 266 (1992) 243.
[9] E. Psillakis, N. Kalogerakis, Trends Anal. Chem. 22 (2003) 565.
[10] V. Colombini, C. Bancon-Montigny, L. Yang, P. Maxwell, R.E. Stur-

. geon, Z. Mester, Talanta 63 (2004) 555.
The results of this work show that the use of solvent [11] A. Tankeviciute, R. Kazlauskas, V. Vickaskaite, Analyst 126 (2001)

microextraction to enrich and quantifying trace levels of 1674.
aliphatic amines in water samples is a valid alternative for [12] A.L. Theis, A.J. Waldach, S.M. Hansen, M.A. Jeannot, Anal. Chem.
their determination. The proposed procedure is very simple 73 (2001) 5651.

and rapid. The overall analysis time (sample pre-treatment [3] M-A. Jeannot, R.F. Cantwell, Anal. Chem. 69 (1997) 235.
pid. y ple p [14] E.L. Cussler, Diffusion and Mass Transfer in Fluid Systems, Cam-

plus chromatography) is about 25 min. In addition, consump- bridge University Press, Cambridge, 1984 (chapters 4 and 5).
tion of toxic organic solvents typically involved in many other  [15] Y. Hee, H.H. Lee, Anal. Chem. 69 (1997) 4634.

methods are not necessary. For solvent microextraction there[16] S.A. Barshick, W.H. Griesy, Anal. Chem. 70 (1998) 3015.

is no need of dedicated and expensive apparatus. The pro_[17] D.C. Leggett, T.F. Jenkins, P.H. Miyares, Anal. Chem. 62 (1990)
posed procedy_rg can be applieq WiFh satisfgctory accuracy ;g \lfiimm’ M. Hojjati,
and reproducibility to the determination of aliphatic amines (2004) 265.

at low- to sub ppm concentrations. No significant differences [19] Y. Wang, Y.C. Kwok, Y. He, K.H. Lee, Anal. Chem. 70 (1998)
were observed in the quantification of the analytes between 4610.

the different types of samples tested. [20] D. Macdougall, Anal. Chem. 52 (1058).
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