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Abstract The determination of carbamate and triazine
pesticides from soil leachates and slurries was investi-
gated using solid phase microextraction (SPME) coupled
to high-performance liquid chromatography-electrospray/
mass spectrometry (HPLC-ESI/MS). SPME was carried out
using fibres with a newly developed 50 um Carbowax/
template coating which are suitable for relatively polar
analytes. These fibers exhibit precisions better than 10%
RSD, and are resistant against high contents of organic sol-
vents during desorption. The technique shows a high sam-
pling frequency resulting in an increasing sample through-
put.

Introduction

The increasing application of polar pesticides in agricul-
ture and household as well as the better known environ-
mentally hazardous risks of these substances lead to a
great variety of methods applied for their determination,
mainly chromatographic ones [1-14]. Despite of highly
sensitive detection methods sample enrichment proce-
dures are often required to measure residues at a target
concentration of 100 ng/L set in the Drinking Water Reg-
ulations of the European Commission [15]. To improve
the sensitivity of pesticide determination in agueous solu-
tion solid phase extraction (SPE) is often applied as a pre-
concentration method that can be used off- and on-line
with HPLC-API/MS (atmospheric pressure ionization
—APl) [16, 17].

New strategies have been developed to reduce the lab-
oratory resources and especially time for sample extraction
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and preparation. Solid phase microextraction (SPME) with
fibre coatings as poly(dimethylsiloxane) (PDMS) and poly-
acrylate (PA) were developed for GC [18-24]. For cou-
pling with HPLC a special SPME-HPL C-interface was
designed [25, 26]. This unigque sample preparation method
can be carried out fully automated [27, 28]. A new gener-
ation of fibres with a high affinity for polar compounds
based on Carbowax coatings exhibit extraction yields and
areversibility of the adsorption/desorption mechanism that
makes this fibre material suitable for L C applications.

Besides a continuous monitoring of ground and drink-
ing water the determination of pesticides in contaminated
soils is applicable. In order to avoid time and solvent con-
suming preparation of soil samples with the usual several
steps of liquid-liquid extraction and liquid chromato-
graphic clean-up, SPME coupled to ESI/M S was examined
as determination method for pesticides. For the analysis of
complex environmental samples the selectivity was further
increased by using hyphenated techniques, i.e., LC-MS.

SPME using new Carbowax based films was applied
for the determination of heavy polluted soils at a former
chemical production plant near Bitterfeld in former East
Germany.

Experimental
Materials and methods

The reference pesticides purchased from Supelco (Deisenhofen,
Germany) and Chem Service (West Chester, PA, USA) are listed
in Table 1. They were of = 98% purity and used as received. All
other chemicals (solvents and salts) were received from Merck
(Darmstadt, Germany) and used without further purification.

90 g air-dried soil from a waste disposal of a former chemical
production plant near Bitterfeld were leached with 900 mL water
adjusted at pH 4 with 1 M HNO,. The mixture was kept in sus-
pension by shaking for 24 h and then 4 mL of the eluate were sam-
pled by SPME. Slurries made from 200 mg air-dried soil and 4 mL
of water (containing 1 g NaCl) were adjusted to pH 4 (1 M HNOy)
and directly sampled by SPME.

For GC-MS screening 900 mL of the leachate were extracted
three times with 100 mL of toluene, then dried and evaporated to a
final volume of 1 mL.



Table 1 Reference pesticides and detection limits

681

Reference substance Trademark Target ion Limits of Applica-
[M+H]* detection tion as
ng/mL

4-Dimethylamino-m-tolylmethylcarbamate Aminocarb 209 8-9 I
4-Amino-benzosulfonyl-methyl carbamate Asulam 228 1-2 H
4-Chlorobut-2-ynyl-3-chlorophenylcarbamate Barban 272 50 H
N-(3-Chlorophenyl)-isopropyl carbamate Chlorpropham 213 0.5 H
2-Methylthio-propional dehyde-O-(methyl carbamoyl)-oxime Methomyl 185 (M + Na) 8 |
Methyl-N,N’-dimethyl-N-] (methylcarbamoyl)oxy]-1-thio-oxamitate Oxamyl 242 5 I
5-1sopropyl-3-methylphenyl-N-methylcarbamate Promecarb 230 (M + Na) 5 I
Isopropyl-N-phenylcarbamate Propham 202(M +Na) 10 H
2,3-Dihydro-2,2-dimethyl-benzofurane-7-yl-N-methylcarbamate Carbofuran 222 0.5 I
2-Chloro-4,6-bis-ethylamino-s-triazine Simazine 202 0.5-1 H
2-Chloro-4-isopropylamino-6-ethylamino-s-triazine Atrazine 216 0.3-0.5 H
2-Chloro-4,6-bis-(isopropylamino)-s-triazine Propazine 230 0.3-0.5 H
2-Methylthio-4,6-bis-propylamino-s-triazine Prometryn 242 0.1-0.5 H

| = Insecticide H = Herbicide

In comparison, 10 g of the original soil were spiked with 10 ng/g
(3-(3,4-dichlorophenyl)-1,1-dimethylurea (Diuron, Promochem, We-
sel, Germany) and extracted for 10 min using a Dionex ASE™ 200
Accelerated Solvent Extractor (ASE) and acetone/CH,CI, (1:1 v/v)
at a pressure of 14.3 Pa and a temperature of 100°C.

Standards and calibration

Stock solutions of 1 mg/mL of the individual pesticides in metha-
nol were prepared. These are the basis for a series of water as well
as leachate standard mixtures were obtained.

The reproducibility (n = 3) of the method was examined for
CW/DVB and two CW/TPR-fibres using 4 mL of leachate solu-
tions spiked with simazine, propazine, atrazine and prometryn. For
quantitation of the pesticide residuesin real soil leachates standard
addition was applied. The determination by GC-M S was achieved
by using external standard calibration curves.

SPME

Carbowax/Divinylbenzene (CW/DVB, 65 pm thickness) and Car-
bowax/Template Resin (CW/TPR, 50 pm thickness) were used for
the most SPME experiments and an 85 pm polyacrylate (PA) coated
fibre (all from Supelco, Deisenhofen, Germany) for comparison
purposes. The fibres were conditioned prior to use in methanol at
room temperature for 1 h. Before SPME sampling 1 g NaCl was
added to each sample solution (4 mL). During the extraction the
solution was stirred at 1000 rpm by magnetic stirring. The ex-
tracted analytes were immediately transferred to the HPL C column
via an SPME interface [25]. The interface uses a regular six-port-
valve, a Rheodyne 7725 Model, where the injection loop is re-
placed by atee piece. The attached PEEK tubing mainly forms the
desorption chamber with a total volume of 9 pL. While the Rheo-
dyne injection valve was in the LOAD position 50 pL of methanol
were injected viathe syringe inlet to guarantee a complete flushing
with the desorption solvent. Immediately, the SPME device was
inserted and sealed. After 5 min the valve was switched to the IN-
JECT position while the fibre remained in the interface for addi-
tional 2 min to complete the desorption. After removing the fibre
from the interface it was flushed five times with 100 uL methanol.
Carryover was examined after analysis.

Instrumentation

The HPLC-MS instrument consists of a solvent delivery system
from Thermo Separation (Egelsbach, Germany) connected via a
Supelcosil LC-18 column (150 x 2.1 mm ID, 5 um, Supelco, Deisen-
hofen, Germany) to a UV-detector and a single quadrupol mass
spectrometer Finnigan SSQ 7000 (San José, USA) equipped with a
standard electrospray ionisation interface (ESl). Gradient elution
at a flow rate of 0.2 mL/min with water (A) and methanol (B) as
solvents was applied: linear from 100% A to 100% B within 2 min;
after 18 min linear to 50% of both A and B to 22 min and return-
ing to 100% A to 30 min. ESI/MS data and UV-signals at 225 nm
were used for detection.

For selected ion monitoring (SIM) the target ions listed in
Table 1 were used (scan rate 3 amu/s, span 0.3 amu). The main ES|
parameters were: spray voltage 4.5 kV, capillary temperature 200°C,
manifold temperature 70°C, N, at a pressure of 380 kPa as sheath
gas and a CID offset of 10 V to reduce abundant cluster ions.

The mass spectrometer was tuned and calibrated with a mixture
of 5 pmol/uL apomyoglobin and 20 pmol/uL of a peptide, MRFA
(Sigma, Deisenhofen, Germany and Finnigan MAT, Bremen, Ger-
many) both dissolved in methanol/water (1:1 v/v, 0.1% of acetic
acid).

Corresponding GC-MS anaysis were performed at an HP-
GC-MSD “Hewlett Packard 5980, series I1” (Wadbronn, Ger-
many) equipped with an HP-5/MS capillary (30 m x 0.25 mm ID,
film thickness 0.25 pum). The following GC-program was used:
50°C at 3 min, then with 7 K/min to 270°C, hold for 15 min.
A transfer-line temperature of 280°C was applied. Electron impact
(70 eV) at an ion source temperature of 180°C and full scan analy-
sis (50 to 500 amu) was used as screening procedure. The triazines
were detected by SIM (target ions = molecular ions).

Results and discussion

A series of experiments was carried out to select the most
suitable fibre coating for the SPME-HPLC-MS determi-
nation of carbamate and triazine pesticides. The perfor-
mance of commercially available PA, CW/DVB, and CW/
TPR fibres, all designated for the extraction of more polar
compounds was studied. The PDMS/DVB was not tested
because first investigations showed poor extraction yields
for some carbamates, like methomyl, oxamyl and carbo-
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furan [29]. All Carbowax coatings tested showed suffi-
cient extraction yields and inter-fibre precision between
1.6 and 12% (n =5, CW/DVB) for the analysis of selected
pesticides (oxamyl, methomyl, carbofuran, aminocarb,
promecarb) at ng/g levels. The CW/TPR coating showed
roughly 60% of the extraction yield obtained by the
CW/DVB coated fibre. However, the CW/TPR fibre could
be used repeatedly achieving consistent results (minimum
of 50 extraction cycles), which reflects the higher rugged-
ness compared to CW/DVB coatings with only 10-15 ex-
traction cycles. The long term stability of the CW/TPR
coating compensated for, in general, slightly lower capac-
ity. PA coated fibres were not suitable for this application
due to their low selectivity against carbamate pesticides.

Unfortunately, compounds with a high affinity to the
Carbowax coating, like the triazines and some carbamates
(carbofuran, aminocarb and promecarb) investigated
showed a high carryover, between 11 and 20%. A wash-
ing step of 10 min using pure methanol overcame carry-
over effects as blanks proved.

Extraction — time profiles

In order to consider the matrix influence the extraction-
time profile was obtained with the original leachate spiked
with selected herbicides. The obtained extraction time
profiles in Fig.1 showed that with exception of prome-
tryne all compounds reach the maximum extraction yield
within 30 min. Since the prometryne graph indicated a
continuous increase in extraction yield, 60 min were used
as the default sampling time being a reasonable compro-
mise between sensitivity and precision within an accept-
able time.

In general, the limit of detection achieved was below
10 pg/L (see Table 1). Using the 50 um CW/TPR fibres
and 1 h exposure time the precision of the method was
< 10% RSD (n = 4) determined for four triazine herbi-
cidesin soil leachates.

An extension of the sampling time to 18 h led in al
cases to a slight decrease of the extraction yield for all in-
vestigated analytes. This observation could be confirmed
by repeated experiments with the leachate as well as with
pure water (plus NaCl), where the optimum extraction
times of all analytes were shortened by about 5 min. These
results were in good agreement with previously published
datafor SPME of phenols[30]. However, the effect of de-
creasing extraction yields at longer extraction times (18 h)
has been maintained and seems to be a general phenome-
non in SPM E because numerous papers reported about the
same effects, too [31-36]. Different proposals have been
discussed to explain the loss of analytes e.g. through a
septum leak or aloss by adsorption of analytes on the sil-
icon via cap or onto the coating supporting silica rod of
the fibre or by degradation and interactions of analytes
during the extraction or non-equilibrium conditions within
the coating and the boundary layer [31-36]. Consequently,
there are many effects potentially affecting the extraction
yield in a complex manner if the exposure time exceeds

the analytical frame. Most frequently, effects not exclu-
sively related to the SPME step affect the overall perfor-
mance.

The matrix influence was examined by comparing the
extraction yields of the triazines from pure water and
from leachate solution containing 77% aromatic, 16%
aliphatic and 7% chloroorganic compounds and pesticides.
The high correlation of the SPME recoveries obtained be-
tween both experiments showed, that the influence of the
accompanying matrix on the SPME results was insignifi-
cant. The extraction yields obtained from pure water and
from the leachate differed only between 3 and 8% and
were within the error of measurement.

Quantitation in soil leachates

The calibration curves created from the original matrix by
standard addition showed a small linear range between
lower ng/mL and 100 ng/mL concentrations. The UV-sig-
nal indicated the same small linear range of the calibration
curve as the ESl-signal, however LODs were in equal
range or sometimes slightly higher. Detection limits of
1.5 ng/mL were obtained for compounds like propham or
chloropham. Most compounds show LODs of 0.5 to
10 ng/mL (Table 1). In the case of strong loaded waste-
water a UV-detection of the pesticides was aggravated due
to chromatographic interference of accompanying matrix
compounds (Fig.2). Thus, in principle, a simultaneous
UV-detection of unpolar compounds like PAHs and API-
MS for polar substances was convenient, but required a
compromise in optimization of appropriate SPME-HPLC
conditions for both substance classes.

Comparison of extraction methods

Previous monitoring of soil extracts from our sampling
site near Bitterfeld revealed several organic pollutants
[37] like phosphorus and chlorine containing pesticides
and herbicides as potential risks for ground water contam-
ination.

Investigations on the mobility of pollutants in soil/
water systems often require a batch-slurry procedure [38]
with subsequent sample preparation and analysis steps
[39]. SPME combines many sample preparation and en-
richment steps in a single procedure and when coupled to
API-MS it can be used as a multiresidue method for sam-
ples with complex matrices. To demonstrate the capability
of SPME-HPLC-ESI-MS, triazines were determined by
different sampling and detection techniques. They were
directly extracted from a soil slurry as well as a leachate
of this soil using SPME(CW/TPR)-HPLC-ESI-MS. In
comparison atoluene extract of the same leachate as well
as an ASE extract [40] of the original soil were analyzed
by GC-MS. The results of these different experiments are
summarized in Fig. 3.

The GC-MS analysis of the leachate extract showed
lower triazine amounts than those obtained by SPME of
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Fig.2 ESI/MS trace chromatograms and UV -trace of 4 mL of the
original soil leachate obtained by SPME-HPLC

the leachate. Even the GC-MS results of the leachate ex-
tract showed only traces of atrazine and propazine. The
leachate procedure seemed to discriminate special ana-
lytes most likely related to different sorption behavior of
the pesticides. However, the yields of simazine and prom-
etryn obtained by SPME-HPLC-MS of the agueous |leachate
fitted well with GC-M S results of the leachate extract.
SPME of 200 mg soil/water slurry resulted in lower
amounts of extracted triazines than the corresponding
SPME sampling from the leachate. Preconditioning of the
same dlurry, i.e, stirring for 110 min, improved the ex-
traction yields by afactor of 1.4. The desorption of the an-
alytes from the soil into the aqueous phase seemed to be
the limiting step for this extraction procedure. A 130 min
precondition time was determined optimum when identi-
cal results were obtained for the SPME of the leachate.

ganic matter, is a magjor factor which determines the
soil/water partition of contaminants and their extractabil-
ity by water. Studies on pesticide behavior in different soil
classes using SPME-GC proved, that strong analyte/soil
interactions drastically reduced the recovery of pesticides
[41-43].

If the total amount of analytesin a soil had to be deter-
mined, a detailed characterization of the soil matrix and
texture is necessary to select an appropriate sample ex-
traction and analysis procedure. In general, organic solvent
extraction (Soxhlet or ASE) is most successful in deter-
mining the total amount of pesticides (Fig. 3) but required
an additional time and substance consuming sample
preparation. The pesticides contained in the soil were de-
termined by GC-M S as well as HPL C with an average re-
covery of 90% (for diuron as an internal standard, n = 2).
Among the triazines, mainly chlorinated pesticides like
y- and B-hexachlorocyclohexane, DDE, DDT and tin-or-
ganic compounds were identified as main contaminants.
The concentration of the triazines detected by GC-M S dif-
fered by factors between 3 and 10 from the SPME-HPL C-
MS results obtained from the leachate (Fig. 3) which was
obviously caused by the higher extraction power of or-
ganic solvents compared to the water used in the leaching
study. The differences observed reflect the different water
solubility of the triazines (simazine 3-6 mg/L, atrazine 33
mg/L, propazine 3-8 mg/L and prometryn 3040 mg/L,
all at 20-25°C) [44].

The HPLC method did not detect any carbamates, nei-
ther in the leachate nor in the soil samples. The absence of
carbamates could be possibly caused by rapid microbial
degradation in the soil matrix which is a well known
process investigated for carbofuran, aldicarb or carbaryl
[45, 46]. On the other hand, the water solubility of the
carbamates results in a high mobility and it was assumed
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Fig.3 Comparison of triazine amounts determined by different
sample preparation methods

that in the last five years the largest amounts were dis-
solved by rain and surface runoff water and removed from
the their original exposure spot.

Conclusions

SPME in combination with HPLC-ESI-M S proved to be a
suitable method for the determination of polar pesticides
from water. Furthermore this method allows the detection
of pesticides leached from soil where the leaching condi-
tions and the soil class are sensitive parameters. Espe-
cidly for risk assessment regarding the environmental
mobility of pesticide contaminants the presented method
seems valuable. Consequently, SPME provides a fast and
easy tool to monitor organic compounds in agueous ma-
trices. Compared to quantitative extraction methods it
shows less interference from matrix compounds, espe-
cially in combination with MS (SIM) detection. Even ma-
trix compounds present at high concentrations with a high
affinity to the SPME fibre are only extracted at their par-
tition concentration which is far less compared to quanti-
tative recoveries. SPME helps to generate fast and precise
data from soil leaching experiments which are necessary
for risk assessment. In addition, the method provides ex-
cellent conditions to run the entire extraction on-sitein the

Propazine Prometryn

field. The fibres can be easily shipped to the lab and labile
compounds are already enriched in thefield. The potential
for an easy to handle field portable method is one of the
major advantages of SPME methods [47].
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