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Abstract

A method for the selective determination of trimethylamine (TMA) in aqueous matrices by liquid chromatography is reported. The proposed
procedure is based on the derivatization of the analyte with 9-fluorenylmethyl chloroformate (FMOC) in a precolumn (Hyp@Gjk@,
20mmx 2.1 mm i.d.) connected on-line to the analytical column (LiChrosphere 109, BR.m, 125 mmx 4 mm i.d.). Gradient elution
was performed with a mixture of acetonitrile—water—0.05 M borate buffer (pH 9.0). The method has been applied to the direct determination
of TMA in water within the 0.25-10.f.g/ml concentration interval, and can also be adapted to the determination of TMA over the range
0.05-1.Qug/ml by incorporating a preconcentration stage with$blid-phase extraction (SPE) cartridges. Good linearity, reproducibility and
accuracy was achieved within the tested concentration intervals. The limits of detection at 262 nm were 50 and 5 ng/ml for the direct method
and for the method involving preconcentration, respectively. The proposed conditions allowed the selective determination of TMA in the
presence of other primary and secondary short-chain aliphatic amines. The utility of the described procedure has been tested by determining
TMA in different water samples.
© 2003 Elsevier B.V. All rights reserved.
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1. Introduction groups, and they rarely include tertiary aliphatic amines.
In this sense, the most popular approach is probably the
The analysis of short-chain aliphatic amines in water sam- tertiary amine-catalysed condensation of acetic anhydride
ples is often problematic owing to their high polarity and with citric acid or with malonic acid8,9]. However, this
water solubility, and also to the low concentrations present reaction is subjected to interference by water and thus, it
in real samples. Liquid chromatography (LC) is well suited can not be carried out in aqueous phases. Other proposals
for the analysis of these amines in aqueous matrices (waterjnvolve high temperatures and/or very long times of reac-
biofluids). However, since short-chain aliphatic amines are tion [10]. Therefore, the development of methods for the
rather insensitive towards common LC detectors, a chem-derivatization of tertiary aliphatic amines for LC continues
ical derivatization is generally required. Derivatization can to be of great interest.
also be used for more convenient sample preparation and In a previous paper, we demonstrated that FMOC
chromatographic separation. can be used to derivatize the tertiary amphetamine
Several UV and fluorogenic reagents have been proposed\-methylpseudoephedrine under mild conditigh]. The
for the derivatization of short-chain aliphatic amines before same reagent has been successfully used for the determina-
LC, including 9-fluorenylmethyl chloroformate (FMOC) tion of traces of primary and secondary short-chain aliphatic
[1,2], o-phtalaldialdehydd3] or dansylchlorideg3,4], and amines following their derivatization into solid supports
new reagents are constantly being develoffed’]. How- [12]. The aim of the present study was to explore the util-
ever, those reagents are reactive only to primary and sec-ty of FMOC in the determination of tertiary short-chain
ondary amines. In contrast, only a few procedures have aliphatic amines. Derivatizations have been carried out into
been developed for the derivatization of tertiary amino a Cg-packed precolumn connected on-line to the analytical
column. Trimethylamine (TMA) has been used as a model
of compound, as its determination in aqueous matrices is
* Corresponding author. Tel:34-96-3543002; fax#-34-96-3544436,  Of increasing interest. Recent methods for this compound
E-mail address: pilar.campins@uv.es (P. Caing-Fal®). are generally based on gas chromatography (3@}17]
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The limits of detection (LODSs) reported in such methods

are typically in the 4-50 ng/ml range. Assays based on po-

tentiometry have also been reportgd,19] giving LODs

in the 30-170 ng/ml interval. However, to our knowledge,
no LC methods with precolumn derivatization have been
reported.

2. Experimental
2.1. Reagents and solutions

All the reagents were of analytical grade. Trimethy-
lamine (TMA), methylamine, ethylamine, propylamine,
n-butilamine, n-pentilamine, dimethylmine and diethy-
lamine were obtained from Sigma (St. Louis, MO, USA),
and 9-fluorenylmethyl chloroformate was purchased from
Aldrich (Steinheim, Germany). Methanol and acetonitrile
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ary phase (Merck). The precolumn was connected to the
analytical column by means of a high pressure six-port
switching valve (Hewlett-Packard). Before each analysis
the precolumn and the analytical column were equili-
brated with a mobile-phase of acetonitrile—water. At the
beginning of each assay the gradient elution program was
started, and the switching valve was rotated. In such a
way, the percentage of borate buffer in the precolumn was
progressively increased, the eluent being sent to waste.
At 2.5min, 25ul of the samples were injected into the
precolumn. After a delay time of 0.5min, an aliquot of
50pl of 1mM FMOC was injected. The trapped analyte
and the reagent were left to react for 0.5min. Finally, the
switching valve was turned to the original position, so the
TMA-FMOC derivative was transferred to the analytical
column for chromatography. The FMOC solutions were
prepared daily by dissolving the pure compound in acetoni-
trile.

were of HPLC grade (Scharlau, Barcelona, Spain). Sodium Each sample was derivatized in triplicate and all assays

hydroxide, 85%-phosphoric acid and boric acid were ob-
tained from Panreac (Barcelona, Spain).

Stock standard solutions of TMA and the other aliphatic
amines (1.0 g/l) were prepared in water. Working solutions
of the analyte were prepared by dilution of the stock solu-

were carried out at ambient temperature.
2.4. Preconcentration into C1g SPE cartridges

For analyte enrichment, 1 ml Bond Elut£cartridges

tions with water, and then, the pH was adjusted to 10.0 by containing 100 mg of packing (Varian, Harbor City, CA,
adding 0.5M sodium hydroxide. Water was deionized and USA) were used. The cartridges were conditioned with 1 ml

filtered through 0.4%m nylon membranes (Teknokroma,

of methanol followed by 1 ml of 0.05 M borate buffer of pH

Barcelona, Spain). All solutions were stored in the dark at 9.0. Samples (5.0 ml) were drawn through the cartridges, and

2°C.

2.2. Apparatus and chromatographic conditions

then the cartridges were washed with 1 ml of 0.05 M borate
buffer and dried with air. Next, the retained TMA was des-
orbed from the cartridges with 0.5 ml of 0.1 M phosphoric
acid. The extracts were basified by adding 00f 0.5 M

The chromatographic system consisted of a quater- sodium hydroxide. Finally, 2pl of the resulting mixture

nary pump (Hewlett-Packard 1050 Series, Palo Alto, CA,
USA), a 100ul sample loop injector, and a UV detector

(Hewlett-Packard 1046 Series). The detector was linked to

were injected into the chromatographic system for derivati-
zation and chromatography.
Each sample was derivatized in triplicate and all assays

a data system (Hewlett-Packard HPLC Chem Station) for were carried out at ambient temperature.
data acquisition and storage. The signal was monitored at

262 nm.

A LiChrospher 100 RE, 5wum, 125mm x 4mm
i.d. (Merck, Darmstadt, Germany) column was the an-
alytical column. The mobile-phase was a mixture of
acetonitrile—water—0.05 M borate buffer (pH 9.0) in gradi-
ent elution. The mobile phase flow rate was 1.0 ml/min.
The 0.05M borate buffer was prepared by dissolving boric

3. Results and discussion
3.1. Derivatization and elution conditions

According to previous works, an acetonitrile—water mix-
ture was selected as the mobile-phf8. However, since

acid in water; then the pH was adjusted to the appropriate derivatizations with FMOC require a basic medium the pH

value by adding 0.5 M sodium hydroxide.
All solvents were filtered through 0.48n nylon mem-

within the precolumn was increased by increasing the per-
centage of borate buffer (pH 9.0) in the mobile phase before

branes (Teknokroma, Barcelona, Spain) and degassed wittsample injection. Different experiments were carried out un-

helium before use.
2.3. Derivatization procedure
On-line solid support assisted derivatization was ac-

complished into a precolumn 20mm 2.1mm id.,
dry-packed with a Hypersil ODS4g, 30um, station-

der a variety of elution conditions in order to check whether
TMA reacted with FMOC to produce an adequate signal for
monitoring this compound. In this study, the concentration
of FMOC was 25 mM, and the delay time between sample
injection and injection of the reagerijwas 0.5. The time
between the injection of the FMOC and the transfer of the
TMA derivative to the analytical column (time of reaction,
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Table 1
Time schedule and conditions used in the determination of TMA
Cumulative Valve Action Elution conditiond
time (min) position
- 1 Conditioning of the precolumn and 60:40 acetonitrile—water

analytical column
0 2 Start of the gradient elution at Omin 60:40 (v/v) acetonitrile-water

at 1.5min 60:40 (v/v) acetonitrile-0.05M borate

buffer (pH 9.0)

25 2 Sample injection (25l)

2.5-3.0 2 analyte purification

3.0 2 Reagent injection (50, 1 mM)

3-3.5 2 Reaction and elimination of unreacted FMOC at 3.5min 60:40 (v/v) acetonitrile—water

35 1 Transfer of the product of reaction

3.5-15 1 Chromatography and detection at 10min 70:30 (v/v) acetonitrile—water
at 15min 100% acetonitrile

15 1 End

2mobile phase flow rate, 1.0 ml/m.

tp) was also fixed at 0.5 min. The concentration of TMA in  3.2. Selectivity
the samples was 10 m/ml.

In most of the tested conditions, it was observed that the In order to test the selectivity of the proposed method,
reaction between TMA and FMOC resulted in an intense and different short-chain primary and secondary amines were
well-defined chromatographic peak, whereas peaks corre-assayed under the conditions listed ifable 1 The
sponding to the excess of reagent and/or subproducts elutechmines tested were methylamine, ethylamine, propylamine,
at retention times lower than that of the TMA-FMOC deriva- n-butylamine, n-pentylamine, dimethylamine and diethyl-
tive. Best resolution of the peak of interest in the minimum amine. Indeed, all these amines reacted with FMOC, but
time of analysis was obtained under the elution conditions their derivatives showed retention times different to that of
listed inTable 1 the TMA-FMOC. Nevertheless, in order to prevent an exces-

The effect of other experimental variables on the deriva- sive consumption of FMOC in the presence of other poten-
tization yields of TMA was examined. The concentration tially present amines, a purification step was incorporated in
of FMOC was evaluated in the 1-25mM interval. Both the analytical procedure. Purification was effected by flush-
t1 and t; were 0.5min. Although external standards of ingthe precolumn with the mobile phase for a defined period
TMA-FMOC were not available (and therefore, the ab- of time (t1) before injecting the FMOC reagent. Different
solute analyte conversion yield could not be established), values fort; within the 0.5-1.5 min interval were assayed.
the responses obtained for the derivative of TMA were  All the amines tested were flushed from the precolumn al-
approximately constant within the tested concentration in- ready after 0.5 min, with the only exception of diethylamine.
terval. This indicates that maximum TMA conversion was Increasing this time caused a loss of TMA. A flushing time
reached even with 1 mM FMOC. Moreover, best baseline of 0.5min was therefore preferred.
was obtained with 1mM FMOC, and therefore, this was  On the basis of the above results, the conditions finally
the concentration used in further work. It should be noted selected for the derivatization and chromatography of TMA
that for this concentration of FMOC and for TMA 1@/mi are those listed ifable 1 Fig. 1 shows the chromatograms
(the maximum concentration assayed in the present work),obtained for a blank (water) and a sample containing TMA
the reagent to analyte concentration ratio was about 6.under such conditions.

Unlike solution derivatization, this may be enough in the

solid support assisted derivatization approach to reach3.3. Analytical performance data

maximum analyte conversiorj&0]. Lower concentrations

of reagent were not used in order to ensure an adequate The reliability of the described method was evaluated
FMOC-to-amine concentration ratio within the precol- by processing standard samples containing the analytes in
umn, particularly in samples with other amines potentially 0.25-10.Qug/ml concentration range. The linearity was
present. tested by analysing samples at four different concentrations

The effect of the time of reaction was evaluated by chang- within the studied interval. The proposed procedure pro-
ing t. Times in the 0.5-1.5 min range were assayed. It was vided adequate linearity(= (942+ 42)x + (642+ 234),
observed that the signal of the analyte remained constantR?2 = 0.98). The method also provided suitable repro-
or even decreased with increasitigdue to breakthrough. ducibility, with intra-day and inter-day coefficients of vari-
Consequently, a reaction time of 0.5 min was selected as theation of 9% ¢ = 3) and 11% £ = 6), respectively (at a
best option for derivatization of TMA. concentration of 5.Q.g/ml).
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Fig. 1. Chromatograms obtained for (a) a blank (water) and for (b) a
standard solution containing 2u8/ml of TMA. For other experimental
details, see text.

The limit of detection (LOD, established as the concen-

tration required to generate a signal-to-noise ratio of 3),
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present study for derivatization, we obtained unsuccessful
results for TMA. The reason is that, owing to the polarity
of TMA and the small dimensions of the precolumn, losses
of the analyte by breakthrough occurred even for sample
volumes as low as 0.5ml.

As an alternative, enrichment of the analyte was effected
off-line on SPE cartridges according to the procedure pre-
viously described for primary and secondary amiffes.

The sample volume was 5.0ml, and the concentration of
TMA ranged from 0.05 to 1..g/ml. The recovery of TMA
obtained within the tested concentration interval was%96
11)% @ = 12), thus resulting in an enrichment factor of
about 8. The linearity was suitable & (87294 182 x +
(7764291), R = 0.97), and the intra-day and inter-day co-
efficients of variation were 11%:(= 3) and 13% £ = 6),
respectively (for 0.0p.g/ml TMA). The LOD was 5 ng/ml.

It is interesting to note that this value of about one order of
magnitude higher than the LODs typically encountered for
primary and secondary aliphatic amirf@2]. This suggests
that the reaction yield for this tertiary amine is significantly
lower than the conversion yields obtained for primary and
secondary aliphatic amines. Similar results were observed
in the reaction between FMOC and primary, secondary and
tertiary amphetamingd.1].

was estimated by analysing solutions of decreasing concen- The accuracy of the two proposed procedures was eval-

tration of TMA. Before analysing each sample, water was

uated by processing standard solutions containing TMA

processed. In such a way, it was confirmed that there wereat different concentrations within the tested concentration
no contaminants and/or memory effects. The value obtainedinterval. As observed inTable 2 suitable accuracy was

was 50 ng/ml.

In principle, the described conditions may be suitable for
most applications concerning the determination of TMA in
industrial and waste water, or in biological sampjed9].

achieved, with relative errors ranging fro#l0% to —8%.
In order to test possible interference by diethylamine (the
only short-chain aliphatic amine that could be retained in
the precolumn), samples containing f.g/ml of TMA and

However, methods capable of determining concentrations of diethyalmine were also assayed. The diethylamine to TMA

TMA below 1.0p.g/ml may be required, for example in the
analysis of environmental water samp|&§,17] Although

concentration ratios in these samples were 1 and 50. Finally,
a sample containing a mixture of several aliphatic amines

analyte enrichment is possible through the injection of large besides TMA was processed. No significant interference
sample volumes into precolumns, such as that used in thewas observed in any of the samples assayedTabke 2.

Table 2
Accuracy for the determination of TMAu(= 3).

Sample Added concentratiop.g/ml) Determined concentratioqug/ml) Relative error (%)
Standard 5.0 5.03 +0.6
Standard 0.1 0.11 +10
Standard 0.2 0.195 -3
Standard 0.5 0.46 -8
Standard 0.1 0.1pg/ml of diethylamine 0.11 +10
Standard 0.4 5.0pg/ml of diethylamine 0.11 +10
Standard 1.0+ methylamine+ ethylamine+ propylamine 0.84 -16

+ butylamine+ pentylamine+ diethylamine

+ dimethylamine (1.@ug/ml each)
Tap water 0.1 0.11 +10
Tap water 0.5 0.52 +4
Sea water 0.5 0.55 +10
Ground water 0.5 0.45 -10
Waste watet 10.0 9.9 -1

@ Obtained by the direct method.
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15 min. If required, the method can be applied to the deter-
mination of TMA at lower concentrations (0.05-1.8/ml)
by preconcentrating the analyte intqgCSPE cartridges.
The LODs are comparable to those reported by methods for
TMA using GC. Additional advantages over previous meth-
ods involving derivatization are the fact that the reagent is
<§( commercially available, and that the reaction can be carried
- out into aqueous media. Moreover, the presence of other
primary and/or secondary short-chain aliphatic amines did
not interfere, with diethylamine as the only exception.
©) Very large concentrations of this amine would interfere
with the determination of TMA due to the consumption of
FMOC.
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