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Abstract

The applicability of supercritical fluid extraction (SFE) in pesticide residue analysis of fenpropimorph, pirimicarb,
parathion-ethyl, triallate and fenvalerate in soil was investigated. Fortification experiments were conducted to optimize the
extraction procedure by varying modifiers, trap adsorbents and eluents. Best efficiency was achieved at 60°C extraction
temperature and CO, pressure of 3.8-107 Pa by the use of 5% methanol as modifer, a diol-modified silica gel trap and ethyl
acetate as eluent. Recoveries of the target compounds ranged from 93-104%. Additionally, real soil samples taken 3 and 31
days after application under field conditions were analyzed for fenpropimorph, pirimicarb and parathion-ethyl residues by
SFE and slurry as well as Soxhlet extraction technique. For all extraction methods investigated comparably high extraction
efficiency was achieved. SFE is the most rapid procedure considering especially that no time-consuming clean-up steps are
necessary. However, the little sample size applicable in the instrument specific extraction thimbles is the limiting factor in
the detection of pesticides at low concentrations. Therefore, SFE extracts of replicates have to be pooled and concentrated in
order to yield detection limits as low as those of conventional extraction procedures. © 1997 Elsevier Science BV.
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1. Introduction

During the last few years the interest in analysis of
pesticides in soils, plants and foodstuff by supercriti-
cal fluid extraction (SFE) has rapidly increased. The
development and the widespread application range of
carbon dioxide (CO,) based SFE was referred to in
several reviews [1-5]. But, the use of pure CO, in
pesticide analysis is limited because CO, is consid-
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ered as a nonpolar solvent with a liquid solubility
equal to that of hexane. Therefore, the use of organic
solvents as modifiers for extraction of, e.g. organo-
chlorine and organophosphorous pesticides, triazines,
polycyclic aromatic hydrocarbons (PAHs) or poly-
chlorinated biphenyls (PCBs) from different sample
matrices is reported by several authors [6-13].
Trapping of extracted analytes is another impor-
tant aspect. With respect to instrumentation, analyte
sampling after the extraction step can be distin-
guished between two principles: solvent trapping and
solid trapping. Using the solvent trapping method,
analytes dissolved in CO, are directly depressurized
in the solvent while in the second case analytes were
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Table 1

SFE parameter ranges tested in preliminary investigations.
Parameter Range

CO, density 0.50-0.88 g/1
CO, pressure 1.5-3.8:10" Pa
CO, flow 1-3 ml/min
Extraction temperature 40-100°C
Static extraction time 0-15 min
Dynamic extraction time 10-90 min

adsorbed on solid materials and subsequently eluted
with low volumes of different solvents.

In the beginning of SFE most experiments were
conducted on fortified samples. The results indicated
that SFE was a sophisticated new technique. When
SFE was performed with real environmental samples
it became clear that SFE conditions developed for
fortified samples often yielded low extraction ef-
ficiency because of stronger interactions between
pesticides and sample matrices [14,15].

In this study, the applicability of SFE (Table 1)
for residue analysis of selected pesticides in soil was
investigated. Applying fenpropimorph (morpholine),
pirimicarb (carbamate), parathion-ethyl (thio-phos-
phoric acid ester), triallate (thiocarbamate) and fen-
valerate (pyrethroide), a wide spectrum of different
physico-chemical properties was considered. First,
different solvents were tested as modifiers by per-
forming fortification experiments with sandy silt soil
samples. Then, procedure efficiency of different trap
adsorbents and trap eluents was determined. In order
to exclude soil matrix interferences in the extraction
procedure fortified sea sand samples were used.
Finally, real soil samples were analyzed for fen-
propimorph, pirimicarb and parathion-ethyl residues
by comparing SFE efficiency with conventional
solvent extraction conducting slurry and Soxhlet
techniques.

2. Experimental
2.1. Standards

All reference substances were purchased from
Riedel-de Haén (Seelze, Germany). Stock standard
solutions (1 pg/pl) of fenpropimorph (FPM), tri-
allate (TRI) and pirimicarb (PIR) were prepared in

methanol while parathion-ethyl (PTE), fenvalerate
(FEN) and dodemorph (DDM) were prepared in
hexane. Hexabromobenzene (HBB) was dissolved in
toluene. These solutions were stored at —20°C in the
dark. Standard mixtures of target compounds were
diluted with ethyl acetate to give concentrations of
50 to 5000 pg/ul and stored at 4°C in the dark. GC
with nitrogen—phosphorous detection (GC-NPD)
calibration of FPM, PIR, PTE was done on con-
centrations of 100, 500, 1000, 2500 and 5000 pg/pl
with 1000 pg dodemorph/pl as internal standard. To
ensure detection of TRI, PTE and FEN in the linear
response range of ECD two four-point calibration
curves with concentration levels of 50, 100, 500,
1000 pg/pl and 500, 1000, 2500, 5000 pg/l, each
time with 1000 pg hexabromobenzene/pl as internal
standard, were recorded.

2.2. Sample material

Field experiments were performed at test sites of
the Federal Agricultural Research Centre (FAL) in
Braunschweig, Germany. Spray application of FPM,
PIR and PTE was done on a 720 m” test plot into a
summer wheat stand. Application rates were accord-
ing to 1.5 kg FPM/ha, 0.6 kg PIR/ha and 0.2 kg
PTE/ha in 600 1 water/ha. At 3 and 31 days after
application, 20 single soil samples were taken in the
superficial layer (0-5 cm) and combined to mixed
samples. Soil texture of the Cambisol was a sandy
silt with: 35.2% sand, 52.0% silt, 12.8% clay, Corg.:
0.8%. pH (0.01 M CaCl,): 6.1 and maximum water
capacity: 23.7%. Subsequently, samples were sieved
to <2 mm and stored at —20°C till analysis. For
fortification experiments untreated soil was sampled
from a corresponding control plot.

2.3. Reagents

All solvents used were of residue analysis grade:
acetone, cyclohexane, ethyl acetate, methanol and
n-hexane (Baker, Griesheim, Germany). Further,
distilled water, analytical-reagent grade anhydrous
sodiurn sulphate, analytical-reagent grade sodium
chloride, sea sand (Riedel-de Haén) and hydromatrix
(Varian, Darmstadt, Germany) were used. Carrier,
make up and detector gases for gas chromatography
were helium 4.6, nitrogen 5.0, synthetic air and
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hydrogen 5.0. CO, in qualities of 4.5 and technical
grade (Linde, Hannover, Germany) was used for
SFE.

2.4. Instrumentation

The following instruments were employed: rotary
evaporator with 30-40°C bath temperature (Biichi,
Goppingen, Germany), gel permeation chromato-
graphic system (GPC) (Gilson/Abimed, Langenfeld,
Germany) with Bio-Beads SX-8 (200-400 mesh)
(BioRad, Munich, Germany), column diameter: 2.5
cm, gel bed length: 39 cm, flow-rate: 5 ml/min;
supercritical fluid extractor HP 7680T with modifier
pump HP 1050 (Hewlett—Packard, Waldbronn, Ger-
many); gas chromatographs: HP 5890 with auto-
sampler HP 7673, split/splitless injector, NPD and
®INi electron-capture detection (ECD) (Hewlett—
Packard). For GC—ECD analysis a DB 5 fused-silica
capillary column (30 mXx0.25 mm LD., 0.25 pm film
thickness (J&W Scientific, Folsom, USA) was used
with helium as carrier gas (1.0 ml/min) and nitrogen
as make up gas (60 ml/min). Temperature settings
were: injector: 280°C, detector: 330°C, oven tem-
perature  program:  60°C (3 min)—20°C/
min—160°C—4°C/min—280°C (15 min), injection
volume: 1 ul splitless, with the splitter closed for 1
min. The GC-NPD determination was carried out
with following parameters: DB 17 fused-silica capil-
lary column (30 mXx0.25 mm LD., 0.25 pm film
thickness (J&W Scientific), carrier gas: helium (1.0
ml/min), synthetic air (100 ml/min), hydrogen (4
ml/min). Temperature settings were: injector: 280°C,
detector: 280°C, oven temperature program: 60°C (1
min)—20°C/min—210°C (10 min)—25°C/
min—280°C (2 min), injection volume: 1 wl split-
less, with the splitter closed for 1 min.

2.5. Extraction procedures

2.5.1. Supercritical fluid extraction

In fortification experiments, 4 g sample material
were spiked in a 50 ml beaker with 4 pg of each
target compound to give concentrations of 1 mg/kg
soil. According to Lopez-Avila et al. [16], Wuchner
et al. [6] and Lehotay and Eller [17], 40 i spiking
standard in ethyl acetate (100 ng/pul) were distribut-
ed on the sample surface. Then, samples were

homogenized by mixing and shaking for 2 min. After
evaporation of solvent (approx. 15 min), spiked
samples were mixed with 0.8 g hydro matrix which
improved homogenous CO, flow through scil sam-
ples with different water contents [18] and filled into
the extraction thimbles (7 ml).

Preliminary, basic extraction conditions were in-
vestigated. Ranges of parameters tested are shown in
Table 1. Consequently, the following extraction
conditions were used for further investigations: CO,
flow, 2 ml/min; pressure, 3.8:107 Pa; extraction
temperature, T, =60°C; modifier amount, 5%; noz-
zle temperature (according to the modifier), 60—
70°C; trap temperature, 7., =40-70°C.

Additionally, extraction was conducted in two
steps in order to control extraction efficiency:

1. 12 min static, 30 min dynamic extraction, eluted
twice with solvent (1 ml, flow-rate: 0.5 ml/min)
2. 2 min static, 10 min dynamic extraction, eluted
twice with solvent (1 ml, flow-rate: 0.5 ml/min),

two rinse substeps with different solvents (5 ml,

flow-rate: 2 ml/min).

Trap sorbents used in these investigations were
octadecyl- (ODS), cyano- (CN) and diol- (DIOL)
modified silica gel, tenax (TNX) and stainless steel
balls (SSB). Modifiers were n-hexane, acetone and
methanol. Eluents used for removal of analytes from
the trap were: n-hexane, ethyl acetate, acetone and
methanol. The extracts were sampled in GC vials,
100 pl internal standard were finally added (10
ng/pl) and, without any clean up step, directly
analyzed by GC-ECD and GC-NPD.

2.5.2. Slurry extraction

According to the principles of the usually applied
DFEG S19 multi method [19] and the on-line ex-
traction method reported by Steinwandter [20], field
moist soil was extracted for 12 h with an acetone-
water mixture (2:1, v/v) on a horizontal shaker. For
analysis, 50 g soil sample, 100 ml acetone and,
according to the water content (x) of soil, 50—x g
water were used. Then, approximately 15 g sodium
chioride and, according to Koinecke et al. [21], 100
ml cyclohexane were added and shaken for another
hour. The upper phase containing the organic solu-
tion was decanted and dried over anhydrous sodium
sulphate. An aliquot of the organic phase (100-150
ml) was rotary evaporated under vacuum at 40°C and
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Table 2

Recoveries of fenpropimorph (FPM), pirimicarb (PIR), parathion-
ethyl (PTE), triallate (TRI) and fenvalerate (FEN) in spiked silty
sand soil samples (1 mg/kg) using CO, with different modifiers
(5%), ODS trap material and n-hexane as eluent

o,

Recoveries (%)

FPM PIR PTE TRI FEN
Without modifier n.d. nd. 71 85 68
+n-Hexane n.d. nd. 94 71 63
+ Acetone nd. 57 107 91 80
+Methanol 87 84 98 81 109

dissolved in 5 ml cyclohexane—ethyl acetate (1:1,
v/v) for GPC clean up. The analyte containing GPC
fraction (80—180 ml) was concentrated and filled up
to 1-5 ml with ethyl acetate including the internal
standard (1000 pg/pl). Subsequently, target com-
pounds were determined by GC-ECD and GC-NPD
analysis.

2.5.3. Soxhlet extraction
According to Alzaga et al. [22], 50 g soil were
extracted with 200 ml methanol in a Soxhlet ap-

Table 3
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paratus for 16 h. The organic phase was dried over
anhydrous sodium sulphate and rotary evaporated
under vacuum at 40°C, followed by resolving in
cyclohexane—ethyl acetate (1:1, v/v) for GPC clean
up. The analyte containing GPC fraction (80—180
ml) was concentrated and filled up to 1--5 ml with
ethyl acetate and internal standard (1000 pg/ul).
Subsequently, the residues were determined by GC—
ECD and GC-NPD analysis.

3. Results and discussion
3.1. Modifier test

As shown in Table 2, solvating power of pure CO,
was too low for exhaustive extraction of the pes-
ticides investigated. While FPM and PIR were not
detectable in the eluates, recoveries of PTE, TRI and
FEN ranged between 68-85%. To enhance SFE
extraction efficiency CO, was modified with n-hex-
ane, acetone and methanol. For this purpose, fortifi-
cation experiments were carried out by using sandy

Recoveries of fenpropimorph (FPM), pirimicarb (PIR), parathion-ethyl (PTE), triallate (TRI) and fenvalerate (FEN) of spiked sea sand
samples (1 mg/kg), using methanol modifed CO, (5%), octadecyl- (ODS), cyanc- (CN) and diol- (DIOL) modified silica gel, tenax (TNX)
and stainless steel balls (SSB) as trap materials and different eluents (n=4)

Trap Eluent Recoveries (%)*R.S5.D. (%)
FPM PIR PTE TRI FEN
ODS n-Hexane 102+9 57+20 105*13 962 94+4
Ethyl acetate 67+6 868 89*13 92=4 99+8
Acetone 2*2 93+0 93+1 1001 97x7
Methanol 926 106+4 116*3 1138 77=x5
CN n-Hexane 5540 90+8 1065 1145 1062
Ethyl acetate 3*6 101+8 115%11 1095 121+4
Acetone 105 90+1 97+2 110*4 108x5
Methanol 55*+4 91%2 1002 1148 101*+24
SSB n-Hexane 93*1] 777 94+7 19%2 98+1
Ethy! acetate 94+7 83x1 98+2 21£8 79+5
Acetone 85*8 69+8 86*6 26*3 92+2
Methanol 966 745 95+6 33+4 33+3
TNX n-Hexane 102+4 86+3 96+2 1065 90*4
Ethyl acetate 973 902 100£6 11213 972
Acetone 99+3 92+3 1012 1018 94+11
Methanol 87*5 85+6 6925 50+3 77
DIOL n-Hexane 102*1 93*+4 95x15 1113 79x2
Ethyl acetate 1023 933 104+3 992 1005
Acetone 1083 98+2 108+4 1057 1115
Methanol 103+4 93+3 100=8 104+7 99+15
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Table 4
Efficiency of n-hexane and ethyl acetate as eluents of DIOL trap

Pesticide Eluent Elution Recovery (%)
step
FPM n-Hexane 1st 102
2nd 0
Ethyl acetate Ist 102
2nd 0
PIR n-Hexane Ist 8
2nd 83
Ethyl acetate Ist 93
2nd 0
PTE n-Hexane Ist 57
2nd 38
Ethyl acetate st 104
2nd 0
TRI n-Hexane Ist 111
2nd 0
Ethyl acetate Ist 99
2nd 0
FEN n-Hexane Ist 30
2nd 49
Ethyl acetate Ist 100
2nd 0

Fenpropimorph (FPM), pirimicarb (PIR), parathion-ethyl (PTE),
triallate (TRI) and fenvalerate (FEN) were extracted from spiked
sea sand samples (1 mg/kg) using methanol modified CO, (5%).

silt soil spiked with target compounds (1 mg/kg),
modifier amount of 5%, ODS as trap material and
n-hexane as eluent. Using hexane as modifier yielded
results similar to those of pure CO,, only the
extracted amount of PTE increased. Using acetone
modified CO,, recovery of PIR increased to 57% but
without any increase in recoveries of FPM. Re-
coveries of 81-109% for all target compounds,
however, were achieved only by the use of methanol.
Based on these results, methanol modified CO, was
applied in further experiments.

Table 5

159
3.2. Variation of trap adsorbents and eluents

Methed optimization was continued by a sys-
tematical examination of the applicability of different
traps and eluents. Trap adsorbents tested were ODS,
CN and DIOL as well as TNX and SSB. Eluents
used for this investigation were n-hexane, ethyl
acetate, acetone and methanol. In order to exclude
interferences between pesticides and soil matrix,
fortifications (1 mg/kg) were performed to less
sorptive sea sand samples (n=4). Recoveries and
relative standard deviation (R.S.D.) values are pre-
sented in Table 3. This general survey clearly shows
that the applicability of several adsorbents and
eluents was limited because of the wide spectrum of
physico-chemical properties of target cornpounds.
FPM was incompletely released when the ODS trap
was eluted with ethyl acetate or acetone. Application
of hexane or methanol was inappropriate because of
decreasing recoveries of PIR and FEN. A universal
application of CN and SSB traps was excluded due
to little recoveries of FPM and TRI. Applying a
TNX trap with methanol as eluent, recoveries of
FEN were only 7% which emphasized low efficiency
of this adsorbent/eluent combination.

The best results for all target compounds were
obtained using a DIOL trap. The recoveries for all
eluents tested were between 79 and 111% with a
maximum R.S.D. of 15%. Particularly, recoveries of
fenvalerate were depending on eluent selected. For
the use of methanol, less repeatibility was revealed
by R.S.D. of 15% while hexane only released 79% of
the amount spiked. Distinguishing between first and
second elution step, differences in elution efficiency
of hexane and ethyl acetate became obvious (Table
4). While using ethyl acetate, all analytes were
exhaustively eluted in the first step. Applying hex-
ane, however, elution of PTE, PIR and FEN re-

Efficiency of slurry extraction (SLU), Soxhlet extraction (SOX) and SFE [methanol modified CO, (5%), DIOL trap and ethylacetate as
eluent} for fenpropimorph (FPM), pirimicarb (PIR) and parathion-ethyl (PTE) in real soil samples (3 and 31 days after application)

Pesticide Concentration (pg/kg)

3 days after application 31 days after application

SLU SOX SFE SLU SOX SFE
FPM 435 381 411 136 138 135
PIR 105 82 85 47 45 42
PTE 62 55 60 18 16 14
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Fig. 1. GC-NPD chromatograms of real soil samples after slurry (A) and Soxhlet extraction (B), both cleaned up by gel permeation
chromatography, and SFE (C) without clean up. [1: fenpropimorph, 2: dodemorph (internal standard), 3: pirimicarb, 4: parathion-ethyl].
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mained incomplete and a second step was necessary.
Therefore, most efficient trapping of these target
compounds was achieved by using a DIOL trap and
ethyl acetate as eluent.

3.3. Analysis of real soil samples

Finally, SFE was compared with conventional
slurry and Soxhlet extraction. Table 5 shows the
results for real soil samples taken at 3 and 31 days
after application under field conditions. SFE gave
comparable results with both other extraction pro-
cedures. The advantage of SFE was that extracts
were immediately ready for GC analysis because no
clean up steps were necessary. This effect is ex-
amplified in chromatograms of slurry and Soxhlet
extracts, both cleaned up by GPC, and of SFE
extracts (Fig. 1). Limits of SFE were pointed out by
sample size applicable depending on the volume of
instrument specific extraction thimbles. According to
a thimble volume of only 7 ml, 4 g soil mixed with
0.8 g hydromatrix can be filled in. Considering a
minimum concentration of 100 pg FPM, PIR or
PTE/pl which was detectable by GC-NPD, a de-
tection limit of only 25 pg/kg soil was calculated for
SFE. In contrast to the slurry and Soxhlet techniques,
which are usually based on a sample size of 50 g dry
soil and which yield detection limits of 4 pg/kg soil,
it was necessary to pool and concentrate SFE eluates
of replicates to get detectable amounts =10 wg
pesticide/kg soil.
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