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Abstract

A rapid procedure for the determination of two herbicides in environmental water samples is described. The method
makes use of the potential of coupled-column liquid chromatography for the trace determination of polar compounds by
direct large-volume injection of aqueous samples. With direct injection of 2000-ul samples, detection limits down to 0.1
g/l and an analysis time of about 10 min can be achieved, rendering an overall procedure with a throughput of 50 samples
per day. Drinking and surface water samples spiked at levels between 0.2 and 1 g/l yielded average recoveries between
83-107% (n=>5) with relative standard deviations between 3—8%. The calibration graphs are linear over at least three orders

of magnitude.
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1. Introduction

Reversed-phase column liquid chromatography
(RPLC) can be used to determine small amounts of
polar organic compounds in environmental water
samples. An important advantage of RPLC in con-
juction with aqueous samples is that the low eluot-
ropic strength of water samples allows the injection
of large sample volumes [1].

In recent papers, RPLC column-switching with
ultraviolet or fluorescence detection using two sepa-
ration columns was used for the sensitive and
selective determination of polar analytes in environ-
mental samples [2-5] in less than 15 min, which

>|‘Corresponding author.

makes this technique very attractive for screening
purposes. Relevant aspects of column-switching
optimization for the determination of moderately
polar pesticides have been reviewed [6,7].

Bromacil and diuron, the active ingredients in the
commercial herbicide Krovar, marketed by DuPont,
are widely used in the Castellon area for weed
control in citrus orchards. Residues of the former
have been found recently in surface water samples
from a wet area nearby which is within a pesticide
monitoring program [8]. Both compounds can be
analysed either by gas chromatography (GC) or
liquid chromatography (LC), but the later approach
easily allows the simultaneous determination of the
analytes without additional pre-derivatization steps.
Therefore the development of an LC procedure will
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be very useful for fast screening in monitoring
programs.

RPLC has been used for the determination of
diuron, among other phenylureas [9-17] as well as
for the multiresidual analysis of polar herbicides,
including bromacil and diuron [18-22] in environ-
mental water samples, but herbicides usually applied
in weed control have not been focused on. Bromacil
and diuron have been analysed by RPLC following a
column-switching procedure [23] by performing an
off-line liquid-liquid extraction of a 1 1 water sample
and subsequent concentration by a Kuderna—Danish
evaporator, which makes the overall procedure long
and tedious. Therefore, the availability of a large
volume injection LC—LC procedure makes screening
of these analytes more sensitive, more selective and
faster.

In this paper, the suitability of large-volume
injection coupled-column LC technique was investi-
gated for the rapid determination of residues of
bromacil and diuron in environmental water samples.

2. Experimental
2.1. Chemicals

Bromacil and diuron (content >99%) were ob-
tained from Riedel-de Haén (Seelze, Germany).
Methanol and acetonitrile, both HPLC-grade, were
purchased from Scharlau Science (Barcelona, Spain).
HPLC-grade water was obtained by purifying de-
mineralized water in a Nanopure II system (Barn-
stead, Newton, MA, USA).

Stock standard solutions (ca. 400 ng/ml) of
bromacil and diuron were prepared in methanol.
Meanwhile, mixed diluted standards were prepared
with HPLC-grade water. MeOH-water (30:70) was
used as the first (M-1) mobile phase and MeOH-—
water (65:35) as the second (M-2) mobile phase.

2.2. Equipment

The modular LC system consisted of a Model
1050 sampler (Hewlett-Packard, Waldbronn, Ger-
many), a manual injector which, equipped with a
2.0-ml loop, was used to perform large-volume
injections (LVI), a Model 1050 gradient LC pump,

(Hewlett-Packard), a Model C6W six-port switching
valve driven by a WE-II actuator from Valco (VIGI,
Schenkon, Switzerland) and time controlled by the
sampler, a Model 2150 isocratic I.C pump from LKB
(Bromma, Sweden), a Model 1050 ultraviolet detec-
tor (Hewlett-Packard) set at 277 nm and 250 nm
(time programmed), a 30X4.6 mm LD. first sepa-
ration column (C-1) packed with 5-um Spherisorb
ODS-2 from Scharlau Science and a 100X4.6 mm
LD. second separation column (C-2) packed with
3-pm Microsphere C,; from Chrompack (Mid-
dleburg, Netherlands). C-2 was kept at 30°C in the
column heater of the Model 1050 pump.

Recordings of chromatograms and quantitative
measurements of peak areas were performed with a
Hewlett-Packard HPLC Chem Station (software ver-
sion G1034A). A MicropH 2001 pH meter and
Pipetmans (200-, 1000- and 5000-ul) were obtained
from Crison Instruments (Barcelona, Spain) and
Gilson, respectively.

Recordings of spectra were performed with a
spectrophotometer Model UV-240 from Shimadzu.

2.3. Procedure

The mobile phases were set at a flow-rate of 1
ml/min. 2 ml of the water sample, prefiltered for
surface waters, was injected onto C-1. After clean-up
with a certain volume of M-1 (injection volume
included), C-1 was switched on-line with C-2 for a
short time to transfer the fraction containing
bromacil and diuron to C-2. After transferring, C-1
was rinsed and conditioned with M-1 while the
analytes were separated on C-2 with M-2. Quantifi-
cation of analytes was done by external calibration
with standard solutions in water.

The clean-up and transfer times were matrix-de-
pendent for bromacil, so the clean-up and transfer
times were slightly different, as shown in Table 1.

3. Results and discussion

The UV spectra of both analytes were recorded in
order to evaluate their maxima wavelength and UV
response. In the case of diuron, A, ,, =250 nm and

max

€°=22144 1 mol™' ecm™', and for bromacil, A, =
1

277 nm and €°=7885 1 mol ' cm™".
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Table 1
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LC-LC coupling conditions for bromacil and diuron in different water matrices

Clean-up volume M-1 (ml)

Transfer volume M-2 (ml)

HPLC water
Drinking water
Surface water

5.64
3.74
5.00

1.26
2.86
0.90

As discussed in earlier work [4], the attainable
sensitivity and selectivity of a coupled-column pro-
cedure will depend on how much sample can be
injected on the first column and transferred to the
second column without excessive band broadening of
the analytes. Two processes are important, the
elution of the analytes during injection and the peak
compression prior to transfer. Applying large-volume
injections (LVI), elution on C-1 must be considered
as a step gradient elution in which the same volume
acts as the first mobile phase. An important advan-
tage of working with aqueous samples is that the low
eluotropic strength of water samples allows the
injection of large sample volumes.

Earlier studies [1-3,7] have shown that successful
coupled-column LC analysis of highly polar organic
compounds in aqueous samples can be carried out,
even with low retention on C,, bonded silica, non-
selective UV detection wavelength or low molar
extinction coefficient. Better results are expected for
analytes for which the stated parameters are more
favourable, as for bromacil and diuron (Table 2),
showing selective detection wavelengths, high molar
extinction coefficients and high &’ values in pure
aqueous solutions, allowing large volume injection
without additional band broadening.

Therefore, the volume injection was studied inject-
ing 400 and 200 ng for bromacil and diuron respec-
tively, on C-1 (30 mm long, packed with 5-pm C ;)
with a mobile phase MeOH-water (40:60, v/v). The
volumes studied range from 100 to 4000 ul, showing
the possibility of performing LVI with good peak
shape (width and asymmetry) even up to 4.0-ml
injection.

Selecting a sample volume of 2.0 ml, as a
compromise between required sensitivity and speed
of analysis, the mobile phase compositions were
optimized for both M-1 and M-2, in order to obtain
the best performance in sensitivity and selectivity.
Mobile phase compositions (M-1) ranging between
30-40% MeOH and M-2 between 60—65% MeOH
were assayed. Finally, 30% MeOH and 65% MeOH
were chosen as M-1 and M-2, respectively.

When attempting to apply this procedure to drink-
ing and surface water samples spiked with bromacil
and diuron, the procedure failed in the determination
of the more polar herbicide, bromacil. After disre-
garding degradation or wavelength maxima shift, we
concluded that the problem was a wrong ‘heart-
cutting® due to matrix interferences. Bromacil was
affected by the water matrix, changing slightly its
retention on C-1, but enough for completely loosing

Table 2
Properties of polar compounds analyzed by LVI-LC-LC with UV detection
Compound Formula Su.0 k' A € Sample LOD
(g/1) (nm) (Imol 'em™") Vol. (ul) (ue/h
H
CH, NYO
XX
Br CHCH,CH,
Bromacil o in 0.815 88 277 8000 2000 0.1
¢ cn
NH—C—N
“CH,
ca
Diuron a 0.042 >100 250 22 000 2000 0.1
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Table 3
Recoveries and relative standard deviations (%) for bromacil and
diuron in different water samples spiked at two levels (#=5)

Bromacil Diuron
1 pg/l 0.4 pg/l 0.5 pg/l 0.2 pg/l
Drinking water 107 (8) 88 (8) 86 (3) 96 (8)

Surface water 102 (6) 103 (8) 107 (3) 99 (7)

it with the proposed procedure developed with
standard solutions. Therefore, there are several ap-
proaches to solve this problem, by avoiding sample
handling in order to speed up analysis, different
coupling conditions were established depending on
water sample source, yielding a robust procedure, as
after three months of daily use the clean-up and
transfer volumes remained constant.

The response of bromacil and diuron was linear
for standard solutions as well as for spiked drinking
and surface water samples, with concentrations be-
tween 0.5 and 400 pg/l (+>0.9996, n=6). The
described procedure (see Section 2) was validated by
analysing various types of water samples spiked with
bromacil and diuron. The recoveries at several levels
are given in Table 3. The performance of the
procedure is illustrated in Fig. 1 and Fig. 2, which
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Fig. 1. LC-LC chromatogram of a drinking water sample spiked
with bromacil (0.4 pg/l) and diuron (0.2 pg/1). Clean-up time
3.74 min, transfer time 2.86 min.
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Fig. 2. LC-LC chromatogram of a surface water sample spiked
with bromacil (0.4 pg/1) and diuron (0.2 pg/l). Clean-up time
5.00 min, transfer time 0.90 min.

show the LC-LC analysis of drinking and surface
water samples spiked at 0.2-0.4 ng/l, respectively,
obtaining limits of detection (S/N=3) for both
bromacil and diuron below 0.1 wg/1, which meet the
requirements of the EU Drinking Water Directive
[24].

The developed coupled-column procedure with
direct injection of the sample is capable of assaying
bromacil and diuron down to a level of 0.1 pg/l in
environmental water samples with a total analysis
time of less than 10 min, yielding a high sample
throughput of about 50 samples per day. Therefore,
LVI-LC-LC is a useful technique for the fast trace
analysis of polar herbicides in aqueous environmen-
tal samples. The procedure will be applied to real
water samples; for such samples, additional con-
firmation of positive samples will be sought. The
results will be published.

4. Conclusions
A sensitive and selective, coupled-column RPLC

method was developed for the trace-level determi-
nation of bromacil and diuron in drinking and
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surface water samples. The high molar extinction
coefficients combined with the relatively high in-
jection volume and C  retention, provides sufficient
sensitivity, while the application of small transfer
volumes yields the required selectivity. The method
has a high sample throughput, which makes it useful
for screening purposes in environmental water sam-
ples at a level of 0.1 pg/l.
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