A5

ELSEVIE

% 2D

Journa of Chromatography A, 826 (1998) 211-216

JOURNAL OF
CHROMATOGRAPHY A

Derivatisation/ solid-phase microextraction followed by gas
chromatography—mass spectrometry for the analysis of phenoxy
acid herbicides in agueous samples

Torben Nilsson®*™*, Daniela Baglio®, Isabel Galdo-Miguez®, Jergen @gaard Madsen®,
Sergio Facchetti®

*Environment Institute, European Commission Joint Research Centre, 1-21020 Ispra (Va), Italy
®Department of Organic Chemistry, Technical University of Denmark, DK-2800 Lyngby, Denmark

Received 3 October 1997; received in revised form 14 September 1998; accepted 14 September 1998

Abstract

Different combinations of derivatisation and solid-phase microextraction followed by gas chromatography—mass
spectrometry were optimised and evaluated for the analysis of phenoxy acid herbicides in water. The most successful
derivatisation approach was agueous-phase derivatisation with benzyl bromide. The benzyl esters were extracted most
efficiently by the solid-phase microextraction fibre coated with polydimethylsiloxane—divinylbenzene. No carry-over
problems were encountered with this fibre upon desorption at 250°C. Detection limits in the ng/| range were obtained, while

the relative standard deviations were between 14 and 42%.
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1. Introduction

Previously, successful applications of solid-phase
microextraction (SPME) coupled with gas chroma-
tography—mass spectrometry (GC—MS) have been
reported for the analysis of a number of organo-
chlorine, organophosphor, and organonitrogen pes-
ticides in agueous samples [1]. These pesticides were
al extracted well by the SPME fibres coated with
polydimethylsiloxane (PDMS) or polyacrylate (PA)
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after appropriate optimisation, and generally detec-
tion limits in the ng/l range were obtainable. The
precision and accuracy of the SPME analysis of such
pesticides proved very satisfactory in two inter-lab-
oratory studies [2,3]. However, many more polar,
thermally unstable and/or less volatile priority pes-
ticides cannot be analysed well by GC without
preceding derivatisation [4]. The combination of
derivatisation and SPME has been reported for the
analysis of phenols [5] and fatty acids [6], but not for
the anaysis of pesticides. In the present study,
different derivatisation/ SPME approaches were ex-
amined for the GC-MS analysis of the phenoxy acid
herbicides 2,4-D, MCPA, dichlorprop and mecoprop.
These herbicides are among the ten most important
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pesticides in Europe [7]. The sensitivity and preci-
sion were determined after optimisation of the most
successful derivatisation/ SPME approach.

2. Experimental
2.1. Analytes and sample preparation

The pure analytes 2,4-D, MCPA, dichlorprop and
mecoprop were purchased from Dr. Ehrenstorfer
(Augsburg, Germany). The purity was above 99%
for al of the herbicides. Individua standard solu-
tions and a standard solution containing al of the
analytes were prepared by dissolving 100 mg of each
herbicide in 40 ml of methanol. The standard solu-
tions were stored at 5°C. A slow methylation of the
phenoxy acid herbicides was observed, so the stan-
dard solutions should not be stored for periods
exceeding one month. For the SPME experiments,
samples at concentrations from 10 ng/l to 1 mg/|
were prepared in distilled Milli-Q water (Millipore)
by spiking with the appropriate amount of the
standard solutions shortly prior to analysis. Inter-
mediate dilutions were performed in order to reach
the lowest concentrations. The methanol content of
the samples for the SPME experiments was kept
below 0.1% in all cases in order to avoid interference
in the SPME process.

2.2, Derivatisation

Pentafluorobenzyl bromide (PFBBr) (Supelco) and
benzyl bromide (Merck) were used for the deri-
vatisation of the phenoxy acid herbicides. All sam-
ples were prepared with Milli-Q water in 4 ml
screw-cap vias equipped with PTFE coated septa
(Supelco) and stirred during the derivatisation and
extraction. The samples were heated in an aluminium
block (*=0.5°C). The following approaches were
examined:

2.2.1. Phase-transfer catalysed adsorption to and
derivatisation in the polymeric coating of the
SPME fibre

The principle of phase-transfer catalysed derivati-
sation has been described previoudly for a system
containing an agueous phase and a liquid organic

phase [8,9]. In the present study, the organic phase
was the SPME fibre coating. The fibre coating was
loaded with benzyl bromide by 10 min equilibration
in the vapour of the pure reagent, and subsequently
immersed into a 4 ml sample containing 10 mg/|
benzoic acid or sodium benzoate as a model com-
pound, 50 mg/| tetrabutylammonium hydrogensul-
phate and 1 ml of a pH=7.4 phosphate buffer
prepared according to Meiring et a. [9]. It was
controlled by GC-MS analysis that an excess of
benzyl bromide was available for the derivatisation.
The reaction was allowed to proceed for up to 5 days
at 20°C.

2.2.2. Agqueous-phase derivatisation followed by
SPME

The derivatisation conditions were optimised with
3 ml samples containing 1 mg/| phenoxyacetic acid
as a model compound. The reaction time was varied
from 1 to 16 h, and the reaction was performed at 22,
50 or 80°C. These experiments were performed with
2 pl benzyl bromide and 1 ml of the phosphate
buffer. Additional experiments were performed with
10 wl benzyl bromide for comparison, and the
influence of pH on the derivatisation was studied
with the following conditions: pH adjusted to 3, 4 or
5 with a0.005 M solution of HCI, natural pH of 6.3,
pH adjusted to 7.4 with the buffer or with a 0.005 M
solution of NaOH, and pH adjusted to 10.3 with 0.5
g K,CO, or 150 pl of 0.005 M NaOH. The
experiments at pH=4, 6.3, 7.4 and 10.3 were carried
out both with and without buffer added prior to the
extraction. For the purpose of determining the de-
tection limits and carry-over, experiments with the
phenoxy acid herbicides at concentrations between
10 ng/l and 1 mg/l were performed with a reaction
time of 3 h at 50°C using 3 ml samples containing 1
ml of the phosphate buffer and 2 pl benzyl bromide
or PFBBr. After the derivatisation, the samples were
cooled to ambient temperature in a water bath and
the extraction was initiated immediately.

2.2.3. Combination of headspace-SPME and
derivatisation in the polymeric coating

The SPME fibre coating was loaded with benzyl
bromide or PFBBr by 10 min equilibration over the
pure reagent, and subsequently exposed for 30 min
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to the headspace over a 2 ml sample containing 1
mg/l of each phenoxy acid herbicide, 0.35 g/ml
NaCl (nearly saturated solution) and a drop of
sulphuric acid (pH=0) at 50°C.

2.3, Yynthesis of phenoxyacetic acid benzyl ester

The benzyl ester of phenoxyacetic acid was syn-
thesised for the preparation of calibration samples at
concentrations corresponding to quantitative derivati-
sation in order to determine the yield under the
different conditions in the experiments with agueous-
phase derivatisation. The synthesis was carried out
with 10.0 g phenoxyacetic acid and 14.2 g benzyl
alcohol (molar ratio 1:2) in boiling toluene in the
presence of 100 mg p-toluenesulfonic acid monohy-
drate until no more water was formed. Subsequently,
the toluene was removed using a rotavapor and the
remaining acid was neutralised with sodium hydro-
gencarbonate. Water and diethyl ether were added,
and the organic phase was isolated and dried with
magnesium sulphate. The diethyl ether was evapo-
rated, and the phenoxyacetic acid benzyl ester was
isolated by vacuum digtillation at 15 mmHg at
approximately 150°C (1 mmHg=133.322 Pa). The
purity of the ester was found to be at least 95% by
GC-MS analysis.

2.4. SPME procedure for the derivatisation
experiments

All SPME fibres (Supelco) were mounted in a
SPME holder for manual use (Supelco). The SPME
fibre coated with 100 wm PDMS was used in the
study of phase-transfer catalysed derivatisation. The
headspace-SPME/derivatisation experiments were
performed with the SPME fibres coated with 65 um
polydimethylsiloxane/ divinylbenzene (PDMS-
DVB) and 65 pm carbowax/divinylbenzene (CW-
DVB). The GC-MS analyses were performed imme-
diately after the combined SPME/derivatisation ex-
periments. For the purpose of optimising the ex-
traction procedure following the aqueous-phase de-
rivatisation, the SPME fibres coated with 100 um
PDMS, 85 wm PA, 65 um PDMS-DVB and 65 um
CW-DVB were tested using 3 ml samples, with or

without 0.3 g/ml NaCl, containing 1 mg/| phenoxy-
acetic acid benzyl ester and 1 ml of the phosphate
buffer. The SPME fibre coated with 65 um PDMS—
DVB and no salt addition were used in the further
experiments. Extraction times between 5 and 120
min were examined with samples containing 200
g/l phenoxyacetic acid benzyl ester, and 1 h
extraction at 22°C was chosen as standard procedure.

2.5. GC-MS analysis

The desorption was performed for 5 min at 250°C
in the injection port of the GC with the split closed,
except with the PA coating where the desorption
temperature was 290°C. The analyses concerning
phase-transfer catalysed derivatisation were per-
formed using a Hewlett—Packard series 5890 GC
instrument coupled to aVG Trio 2 quadrupole MS
system. A 30 mx0.31 mm I.D. DB-5 column (J&W
Scientific) with a film thickness of 1 pm was used
with the following temperature program: 120°C for 5
min, then 8°C/min to 280°C which was held for 2
min. The carrier gas was helium with a flow-rate of 2
ml/min. The MS was operated in the electron impact
mode, scanning from m/z=20 to 350 in 1 s. In the
studies of agueous-phase derivatisation and head-
space-SPME/ derivatisation, a Varian GC 3400 cou-
pled with a Finnigan ITS-40 ion-trap MS controlled
with the Magnum software (Finnigan) was used. A
30 mx0.25 mm |.D. SPB-5 column (Supelco) with a
film thickness of 0.25 um was used with the
following temperature program: 50°C for 5 min, then
20°C/min to 100°C and 10°C/min to 250°C. Helium
was used as carrier gas with a column head pressure
of 150 kPa. The temperature of the transfer line was
260°C, and the MS was operated in the €electron
impact mode. In the analyses of phenoxyacetic acid
benzyl ester, the scan range was from m/z=50 to
350 in 1 s and the quantitation was based on the
molecular ion at m/z=242. Monitoring of multiple
single ions was not possible. However, in order to
increase the sensitivity the scan range was limited to
m/z=285-330 and m/z=375-420, respectively, for
the determination of the benzyl and PFB esters of the
phenoxy acid herbicides, and the characteristic ions
listed in Table 1 were used for the quantitation of the
esters.
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Table 1

Characteristic ions and SPB-5 retention times for the phenoxy acid herbicide benzyl and PFB esters

Phenoxy acid Benzyl ester PFB ester

herbicide m/z Retention time (min) m/z Retention time (min)
24-D 310 23.0 400 213

MCPA 290 221 380 20.5

Dichlorprop 324 223 414 210

Mecoprop 304 215 394 20.2

3. Results and discussion

3.1. Optimisation of the derivatisation/ SPME
procedure

Phenoxy acid herbicides need to be derivatised in
order to be analysed well by GC [10]. Furthermore,
the extraction efficiency with SPME is expected to
be higher for the derivatives. For the combination of
derivatisation and SPME, the derivatisation can be
performed either in the agueous phase or in the
polymeric fibre coating immersed in the water or
exposed to the headspace above it. Thus, inevitably
water or moisture will be present during the de-
rivatisation. Silylation and alkylation are the usual
derivatisation procedures for compounds containing
a carboxyl group [8,11]. Previously, the successful
silylation of phenoxy acid herbicides has been
reported [12], but since the silylation reagents and
derivatives are easily hydrolysed in the presence of
moisture [10,13], the combination of silylation and
SPME would not be feasible. Previous examples of
alkylation of the phenoxy acid herbicides include
methylation with diazomethane or boron trifluoride—
methanol [13,14] and pentafluorobenzylation [9,14]
in organic solvents. However, the use of diazo-
methane is unattractive because it is extremely toxic,
highly irritating and explosive [6,14], and the meth-
ylation with boron trifluoride—methanol cannot be
combined readily with SPME. For these reasons, and
because PFB esters of organic acids are fairly stable
in water [6,15], PFBBr was chosen as derivatisation
reagent. Besides, the PFB esters will have a higher
affinity for the SPME fibre coating than the methyl
esters. The pentafluoro analogue was selected in
order to enhance the response with an electron-
capture detector [8]. However, in MS analyses
ordinary benzyl bromide might perform equally well

as or better than PFBBr as derivatisation reagent.
Therefore, aso benzyl bromide was tested in this
study.

The phase-transfer catalysed derivatisation in the
polymeric coating of the SPME fibre immersed in
the agueous sample was not successful, possibly
because the fibre coating did not extract the ion
pairs. However, a small amount of the ester was
produced, and it was assumed that the derivatisation
took place in the agueous phase after diffusion of the
benzyl bromide from the fibre into the water.

The experiments with aqueous-phase derivatisa-
tion confirmed this assumption, athough it has been
stated previously that carboxylic acids cannot be
derivatised directly in the agueous phase [5]. In the
SPME procedure following the aqueous-phase de-
rivatisation, the extraction efficiency was highest
with the fibre coated with 65 um PDMS-DVB (see
Fig. 1), and salt addition had a dlightly negative
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Fig. 1. Response with different SPME fibres after 1 h extraction
from a stirred water sample containing 1 mg/| phenoxyacetic acid
benzyl ester. No correction for the different volumes of the fibre
coatings was performed.
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effect. After 1 h extraction under rapid stirring, the
response was approximately 70% of the equilibrium
value. The carry-over was less than 0.1% in all cases
with this fibre. The optimum conditions for the
aqueous-phase derivatisation were 3 h reaction at
50°C. Almost identical conditions were used in the
aqueous-phase derivatisation of fatty acids by PFBBr
[6]. At shorter or longer reaction times and at lower
temperature, the yield was lower. At 80°C, the yield
was very low after 1 h and no ester was found after 3
h. The maximum is determined as a compromise
between two reactions, namely the formation of the
ester by benzylation of the acid and degradation of
the ester by hydrolysis. Furthermore, the esterifica-
tion of the acid proceeds in competition with the
hydrolysis of benzyl bromide. Increasing the amount
of benzyl bromide from 2 to 10 wl had no effect on
the yield after 1 and 3 h, while the decrease of the
yield at longer reaction times was less rapid. How-
ever, more by-products were formed. At pH=10.3, a
lower yield was observed than under neutral con-
ditions. This was expected, because at akaline
conditions the hydrolysis of benzyl bromide and the
ester is faster. However, the effect was less pro-
nounced than previously observed for fatty acids [6],
possibly due to the larger excess of derivatising
reagent used in the present study. At pH values down
to 3, no major differences in the yields were ob-
served. At strongly acidic conditions, a lower yield
of the derivatisation would be expected because the
acid is present mainly on the neutral form. However,
considering that the pK, value of phenoxyacetic acid
is 3.17 [16], the effect should be of importance only
at lower pH values which were not examined due to
the risk of damaging the fibre. In the study of fatty
acids having pK, vaues of approximately 4.8 [16],
the effect became clear at pH=4 [6]. The further
experiments with aqueous-phase derivatisation were
performed at pH=7.4 in order to minimise the
hydrolysis. A dightly lower extraction efficiency was
observed with the buffer than without.

In the headspace-SPME/derivatisation of the
phenoxy acid herbicides, the responses were approxi-
mately twice as high with the CW-DVB coating as
with the PDMS-DVB coating. However, roughly the
response was two orders of magnitude below the that
of the agueous-phase derivatisation. Thus, even at
the extreme conditions, i.e. pH=0 and 100% salt

Table 2

Relative standard deviations and detection limits obtained with
agueous-phase derivatisation using benzyl bromide followed by
SPME-GC-MS

Phenoxy acid herbicide R.S.D. (%) * Detection limit (ng/l)
2,4-D 32 1

MCPA 42 0.5

Dichlorprop 18 0.2

Mecoprop 14 0.1

“Four replicates at 1 mg/I.

saturation, the phenoxy acid herbicides were still too
water soluble and not enough volatile to be extracted
well from the headspace.

3.2 Precision and detection limits

The relative standard deviations (R.S.D.s) of four
replicates at 1 mg/| and the detection limits observed
with agueous-phase derivatisation using benzyl bro-
mide are given in Table 2. The responses with
PFBBr were approximately five times lower. The
precision was comparable to previous results with
pentafluorobenzylation [14,17]. The R.S.D. of the
SPME procedure was only 2% for the benzyl ester of
phenoxyacetic acid, while the relatively unstable
yield of the derivatisation was the main source of
variation. This may also be influenced by matrix
effects. The detection limits for the benzyl esters
were near 1 ng/l. The reason for the considerably
higher detection limits for the phenoxy acid her-
bicides was the low yield of the derivatisation
(~1%).

4. Conclusions

The combination of SPME and derivatisation was
complicated by the presence of water. Nonetheless,
aqueous-phase derivatisation of the phenoxy acid
herbicides with benzyl bromide followed by SPME—
GC-MS analysis proved feasible. The SPME-GC—-
MS analysis of the benzyl esters was very precise
and sensitive, whereas the yield of the derivatisation
was low and relatively unstable.
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