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ABSTRACT

A study employing dispersive solid phase extraction in the form of the quick, easy, cheap, effective, rugged and safe (QuEChERS)
method and solid phase microextraction (SPME) for the cleanup of pesticides in plant samples from the Okavango
Delta (Botswana) is presented. Concentration levels of aldrin, 1,1-dichloro-2,4-bis[chlorophenyl]ethane (DDD), 1,1-dichloro-
2,2-bis[p-chlorophenyl]ethylene(DDE), 1,1,1-trichloro-2,2-bis[p-chlorophenyl]ethane (DDT), dieldrin, endosulfan and endrin
were investigated using gas chromatography with electron capture detection (GC-ECD) and confirmed with gas chromatography
with high resolution time of flight mass spectrometry (GC-TOFMS). Parameters affecting the extraction efficiencies of both tech-
niques were optimized. In the absence of CRMs for the plants under investigation, method validation and evaluation of the ex-
traction efficiencies were achieved through spiking of Nymphaea nouchali (Tswii) leaves at two concentration levels with
trichlorobenzene as an internal standard. Recoveries for both SPME and QuEChERS were in the range 61-95 %. The calibration
plots were reproducible and linear (R* > 0.995) with limits of detection ranging from 0.102 to 1.693 ug L™ for all the pesticides. The
optimal conditions for QuEChERS and SPME were applied to the extraction of pesticides residues from the edible parts (leaves,
roots and/ or stems) of Asparagus africanus, Cleome hirta and Nymphaea nouchali plants. No pesticides were detected in the leaves
and stems of all the plants studied. Aldrin and endosulfan were detected in the Nymphaea nouchali roots at concentrations
of 3-21 ug kg™ and 5-3 ug kg™, respectively. Pentachlorobenzene (PCB) and hexachlorobenzene (HCB) were also detected but

were not quantified.
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1. Introduction

Persistent organic pollutants (POPs) have been observed to
persist in the environment' and have been shown to travel vast
distances from their original source due to their semi-volatility.
Their modes of transport include attachment to particulate
matter, and through the food chain.* Some of these POPs have
been used as pesticides® whilst others are used in industrial
processes as well as in the production of a range of goods such as
solvents, and pharmaceuticals.”” POPs are of particular concern
as they are toxic and can bioaccumulate in human and animal
tissue> and can negatively affect plants, animal species, humans
and natural ecosystems.”

In Botswana, the application of POPs for the eradication and
control of Tsetse fly and mosquito has varied since 1964.° Studies
show that these pesticides are still present in the environment
due to their persistence."™" POPs residues in fruits, vegetables,
and other foodstuffs need to be determined to ensure that they do
not exceed maximum recommended levels (MRLs). In particu-
lar, there have not been any studies that have profiled plants in
the Okavango Delta as possible indicators of contaminant levels.
Plant and environmental samples present complex matrices
that may render trace analysis of pesticide residues almost
impossible. Thus good extraction and highly sensitive detection
techniques are required to isolate and quantify pesticides in
these matrices.

* To whom correspondence should be addressed. E-mail: obusengv @ mopipi.ub.bw

The most common techniques used for sample cleanup in the
determination of pesticides residues from solid samples are
homogenization with solvents, sonication extraction and Soxhlet
extraction." Frequently, these traditional sample preparation
methods for pesticide residue analysis are complicated, tedious
and may require large quantities of solvents some of which are
carcinogenic and present waste disposal challenges.”” Simple
procedures are being developed for the multiclass, multiresidue
analysis of pesticides in various matrices, including fruits and
vegetables. These techniques include solid phase extraction
(SPE),"” solid phase microextraction (SPME)" and the so-called
quick, easy, cheap, effective, rugged and safe (QuUEChERS)
dispersive solid phase extraction method."

SPME is a solvent-free extraction technique that enables simul-
taneous extraction and pre-concentration of analytes from
gaseous, liquid and solid samples.'® SPME-gas chromatography
is increasingly being used for analysis of volatile, semi volatile
and non polar compounds in various matrices, particularly in
the area of food quality and environment."”™ It is an attractive
technique for the pretreatment of complex sample matrices prior
to chromatographic processes because they enable rapid analy-
sis atlow operating costs and with no environmental pollution.

QuEChERS is a sample preparation approach entailing solvent
extraction of high-moisture content samples with water-
miscible solvents and partitioning with high amounts of salts
followed by cleanup using dispersive SPE. This technique was
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developed by Anastassides et al.,"” primarily for the simulta-
neous extraction of pesticides of varying chemical properties.
The QuEChERS extraction technique is gaining popularity due
to its simplicity, use of minimal volumes of non-chlorinated
organic solvents and its applicability to a wide range of pesti-
cides of differing polarities, volatilities and matrices.”* In addi-
tion, the technique has shown good extraction recoveries in the
range of 70-120 %.”

The main objective of this work was to develop simple and
rapid extraction procedures employing SPME and QuEChERS
for the determination of pesticides in edible plant samples. The
two techniques were compared in terms of their extraction effi-
ciencies and simplicity. It should be noted that side-by-side com-
parisons were not possible due to the differences in extraction
mechanisms and matrix effects. The applicability of the techniques
was established by extracting pesticides from plant samples
from the Okavango Delta, Botswana.

2. Experimental

2.1. Standards, Reagents and Instrumentation

Dieldrin (98.5 %), aldrin (98.8 %), 1,1-dichloro-2,2-bis[p-
chlorophenyl]ethylene (BP'DDE) (99.5 %) and 1,1,1-trichloro-
2,2-bis[p-chlorophenyl]ethane (p.p’-DDT) (98.5 %) were
obtained from ChemService (West Chester, PA, USA).
1,1-Dichloro-2,4-bis[chlorophenyl]ethane (2,4 DDD) (99.7 %),
endrin (99.1 %), trichloro benzene (99.1 %; internal standard)
and endosulfan (98 %) were obtained from Riedel-de-Haen
(Seelze, Germany). Analytical reagent grade acetone and
GC/HPLC grade acetonitrile were purchased from Ultrafine
Limited (London, England).

A Salton Elite blender from Amalgamated Appliances Limited
(Cape Town, South Africa) was used for homogenizing the
sample. An ALC centrifugette from ALC International Srl
(Milan, Italy) was used for centrifuging the samples. Buffered
QuEChERS extraction tubes (containing 50 mg primary and sec-
ondary amines (PSA) and 150 mg magnesium sulphate (MgSO,)
were purchased from Agilent Technologies (USA). 15 mL SPME
sampling vials, the sampling stand, SPME fibres (70 um
divinylbenzene/polydimethylsiloxane (DVB/PDMS)100 um
polydimethylsiloxane (PDMS), and 85 um polyacrylate (PA) and
fibre holders were bought from Supelco (Bellefonte, PA, USA).

Gas Chromatography was performed on a 6290 Autosystem
XL gas Chromatograph manufactured by Perkin Elmer
(Norwalk, Connecticut, USA) equipped with a split/splitless
injector and a ®Ni electron capture detector (ECD). A DB-5 ms
(5 % phenyl, 95 % methylpolysiloxane) fused silica capillary
column 25 m X 0.25 mm X 0.25 um (film thickness) manufac-
tured by J&W Scientific (Torrence, CA, USA) was employed in
the separation of analytes. Ultra-high-purity nitrogen gas was
used as a carrier gas at a column head pressure of 96.5 Kpa
producing a flow rate of 1 mL min™. The injector and detector
temperatures were set at 250 and 300 °C, respectively. The oven
temperature was programmed from an initial value of 50 °C
(held for 1 min), ramped to 200 °C at a rate of 40 °C min™ (held for
2min), ramped to 240 °C atarate of 4 °C min™ (held for 2 min)and
finally ramped to 300 °C at a rate of 4 °C min™ (held for 5 min).
The injection volume was 2 uL in the splitless mode.

The analytes were confirmed on a 6890N gas chromatography
equipped with 7683 autosampler (Agilent Technologies, Shanghai,
China) connected to a GCT Premier time of flight (TOF) mass
spectrometer (Waters, Manchester, England). The GC column
and conditions were the same as for GC-ECD analyses. Full scan
(m/z 50-650) GC/MS acquisition was performed at 1 scan sec™.

Electron ionization (70 eV) was used with a filament emission
current of 400 uA. The injector and transfer temperatures were
maintained at 250 °C and the ion source was maintained at
300 °C. Helium was used as a carrier gas at a flow rate of 1 mL
min™. The electron ionization (EI) source was set in the positive
mode. The mass spectra received were compared to the NIST/
EPA/NIH Mass spectral library, Version 2005 (Newfield NT,
USA) through the Automated Mass Spectral Deconvolution and
Identification System (AMDIS) developed by the National Insti-
tute for Standards and Technology (NIST). The identities of
compounds were also confirmed by comparing their mass spec-
tra and retention times with those obtained for the respective
standards.

2.2. Optimization of the SPME Parameters

During the SPME experiments, samples were continuously
stirred at a constant speed of 500 rpm. Fibre type, extraction
temperature, extraction time and phase ratios were optimized as
described below:

Three fibres, 100 umPDMS, 70 um DVB/PDMS) and 85 um PA
were preconditioned in the injection port of the gas chromato-
graph (Agilent Technologies, Shanghai, China) at 250 °C for
30 min (according to the instructions provided by the supplier).
Each fibre was then exposed in the headspace above 10 mL of
100 ug L™ standard and internal standard mixture for 20 min at
60 °C to adsorb the volatiles of interest. The adsorbed analytes
were thermally desorbed in the injector port of the GC. The
results were used to evaluate the best fibre to use for subsequent
experiments.

In order to study the effect of temperature on the extraction
process, the study was carried out by varying the temperature in
the range from 25.3 °C (room temperature) to 90 °C for 30 min
which was the optimal extraction time. 10 mL standard and the
internal standard mixture (100 pug L) was added to the
headspace sampling vial, then the PDMS fibre was exposed
in the headspace above the mixture and the analytes were
adsorbed on to the fibre. The above procedure was repeated for
extracting at 10 °C interval from 40 to 90 °C.

Ten millilitres of the standard and the internal standard
mixture (100 ug L™) was added to the headspace sampling vial,
and then the PDMS fibre was exposed in headspace above the
mixture for 10 min at 60 °C to adsorb the analytes. The above
procedure was repeated for extracting at 10-min intervals
from 20 to 60 min in order to determine the optimum extraction
time.

2.5 mL of the standard and the internal standard mixture
(100 ug L™) was added to the headspace sampling vial, and then
the analytes were adsorbed on to the PDMS fibre for 30 min at
60 °C and then desorbed into the GC column. The above proce-
dure was repeated for extraction at 2.5 mL intervals from 2.5
to 12.5 mL of the standard mixture to evaluate the optimum
phase ratio.

2.3. Optimization of the QuEChERS Parameters

QuEChERS extraction method was optimized in terms of
extraction time, phase ratio and the best extracting solvent.

7.5 g of the homogenized plant sample was added to a 20-mL
centrifuge tube. Then 5 mL acetonitrile, 100 uL internal standard
and 100 uL of 100 ug L™ pesticide mixture was added to the
centrifuge tube. The tube was capped and shaken thoroughly by
hand. Then the extraction salts were added to the tube, and were
centrifuged for 2 min. An aliquot of the acetonitrile phase was
added to the cleanup salts, centrifuged further and the super-
natant was then taken for analysis with GC-ECD. This proce-
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dure was repeated at different times; 5, 8, 11 and 15 min. The
results were used to evaluate the optimum time after extraction.

To a 20 mL centrifuge tube, 2.5 g of the homogenized plant
sample was added. This was followed by addition of 5 mL of
acetonitrile, 10 ng internal standard and 100 uL of 100 ug L™
pesticide mixture. The tube was capped and shaken thoroughly
by hand. The salts were added accordingly for extraction and
cleanup and then centrifuged. The final extract was taken
for GC-ECD analysis. This procedure was repeated for phase
ratios (sample mass: solvent volume ratio) 0.5 to 2.5 to obtain the
optimum phase ratio.

5mL of acetone and 10 ng internal standard were added to5 g
of the sample homogenate in the centrifuge tube. Then 100 uL of
100 ug L™ pesticide mixture was added to the centrifuge. The
tube was capped and shaken thoroughly by hand. Then the
extraction and cleanup salts were added to the tube, and then
the tube was centrifuged for 5 min. The final extract was taken
for GC-ECD analysis. The above procedure was repeated using
acetonitrile and ethyl acetate, and the best extracting solvent
selected for subsequent analysis.

2.4. Analytical Parameters

100 ug L-'stock solutions of each pesticide standard and the
internal standard were prepared in acetonitrile.

Five point calibration curves using the internal standard cali-
bration modes were prepared using concentration ranges of 2.0
to 20.0 ug L™ prepared by diluting the stock solution to the
desired concentrations and vortexing to ensure complete
mixing. 100 uL of the internal standard stock solution was added
to each mixture. The detection limits were calculated as the
concentration of the analyte giving a signal equal to the blank
signal plus three standard deviations of the blank. In the absence
of certified reference material (CRM) for Tswii and other plant
matrices, percentage recoveries were obtained by comparing the
responses from spiked blank Tswii root samples with those of the
standard solutions. Recovery studies of pesticides were investi-
gated in triplicates at two different concentrations; 2.0 ug L™ and
20 pug L™ for SPME and 2.5 ug L™ and 20 ug L™ for QUEChERS
using a mixture of pesticides standards.

2.5. Application of the Optimized Conditions to Extract
Pesticides from Plant Samples

The leaves, roots and stem samples of Nymphaea nouchali (Tswii),
leaves and stems of Cleome hirta (Cyprus), and fruits and leaves of
Asparagus africanus (Mochaba) were collected in February, 2010
along the Thamalakane and Boro Rivers. The samples were
wrapped in aluminium foil, which had previously been rinsed
with acetone and dried. The samples were stored in ice until
arrival in the laboratory, where they were preserved in a cold
room at 4 °C. Prior to analysis, samples were cut into small pieces
and placed in the freezer overnight to facilitate subsequent
processing. Approximately 50 g of the sample was homogenized
employing cryogenic milling.

2.5.1.Extraction of Pesticides from Plant Samples by HS-SPME
Pesticide residues were extracted from plant homogenates
using the optimized SPME parameters. Briefly, slurry was pre-
pared by adding 2 mL of water to 8 g of the homogenized plant
samplesin a vial. The vial was capped and shaken for 5 min. The
vial was heated to 70 °C and the PDMS fibre was exposed in the
headspace above the sample with phase ratio of 2.0 for 30 min.
The analytes were desorbed into the inlet of the gas chromato-

graph.

2.5.2. Extraction of Pesticides from Plant Samples by QuEChERS

Pesticide residues were extracted from plant homogenates
according to the modified AOAC QuUEChERS Method (2007.01).%
Briefly, 7.5 g of the homogenized plant sample was added to the
centrifuge tube followed by 5 mL acetonitrile and10 ng of inter-
nal standard. The tube was capped and shaken vigorously for
1 min by hand. A buffer salt mixture containing magnesium
sulphate and disodium acetate was added to the suspension
derived from the first extraction. The tube was then closed,
shaken by hand for 1 min and centrifuged for 8 min at 3000 rpm.
The cleanup was carried out by transferring an aliquot of
the acetonitrile phase to a centrifuge tube containing PSA and
magnesium sulphate. The tube was closed, shaken by hand for
1 min and then centrifuged for 8 min at 3000 rpm. The
supernatant was then ready for injection into the GC chromato-
graphic system.

3. Results and Discussion

3.1. Optimization of Experimental Conditions

Various parameters for the extraction of pesticides using SPME
and QuEChERS were optimized and employed for combination
of GC-MS or GC-ECD for the qualitative and quantitative deter-
mination of pesticides in selected plant samples.

3.2. Analytical Parameters

The correlation coefficients were above 0.995 for all the analytes,
indicating good linearity. All pesticides were easily detected at
low concentrations; 0.546 to 1.809 ug L™'. The methods developed
demonstrated adequate sensitivity for trace analysis. A small
range of % RSD observed, 2.032 to 3.212, indicated good repeat-
ability. The recoveries of all the pesticides ranged from 61 to 89 %
for SPME and 75 to 95 % for QuEChERS. These recoveries
are consistent with those reported by other researchers.*”
Generally, the less polar pesticides gave the highest recoveries.
DDT and endosulfan gave the highest recoveries; 85 to 89 %
for SPME and 91 to 95 % for QUEChERS. The recoveries obtained
for SPME were lower and this could be a result of sample losses
incurred during sampling and transfer into the GC. For the two
spiking concentrations levels, higher recoveries were obtained
for the higher spiking concentration.

3.3. Optimization of Experimental Conditions

3.3.1. Fibre Selection

Of the three fibres, the results showed that the fibres could be
ranked in order of exhibiting high to low extraction efficiencies
as follows: PDMS-100 um > DVB/PDMS-70 um > PA-85 um for
dieldrin, endrin, endosulfan and aldrin. Compounds with lower
partition ratio such as dieldrin, endosulfan and endrin were
more extensively adsorbed on the PDMS fibre and gave higher
recoveries. Since PDMS gave better extraction efficiencies, it was
preferred for the rest of the study.

3.1.2. Extraction Temperature

Effect of temperature on adsorptivity of analytes was studied
in therange of 25.3 °C (room temp) to 90 °C (Fig. 1). Generally, the
extraction efficiency markedly improved with the increase in
temperature up to 70 °C. For all of the analytes under study, max-
imum adsorptivity was observed at 70 °C. At temperatures above
70 °C the ability of the SPME fibre to adsorb the pesticides was
observed to drop. This can also be explained thermodynamically
because high temperatures decrease the partition coefficient
between the analytes and the fibre. Also adsorption is an exo-
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Figure 1 Effect of temperature on SPME extraction of pesticides

thermic process and therefore is not favourable at high tempera-
tures. All of the pesticides under study showed appreciable
recoveries when the extraction temperature was 70 °C. This
temperature was selected as the optimal temperature and used
for the rest of the study.

3.1.3.Extraction Time

SPME: The extraction time was studied in the range of 10 to
50 min and the results are shown in Fig. 2A.

Endosulfan, endrin and dieldrin reached equilibrium faster
(20 min) than aldrin, DDE, DDD and DDT. This phenomenon
has also been observed by Chen and co workers.” DDD, aldrin
and DDE showed a decrease in response after 30 min. The de-
crease may be attributed to reverse diffusion to maintain parti-
tion equilibrium. 30 min was chosen to perform the rest of the
analysis as it gave maximum adsorption capacity for all analytes.

QuECHKERS: The effect of extraction time on the extraction effi-
ciency of QUEChERS was examined over the range of 2 to 15 min
and the results are shown in Fig. 2B.

For all the pesticides under study, increasing the extraction
time from 2 to 8 min showed an increase in the recovery. Beyond
8min, a slight decline in response was observed, probably due to
the evaporation or dissolution of the organic solvent, which
caused a decrease in the extraction efficiency of analyte. An
extraction time of 8 min was selected for further experimental
work.

3.1.4 Phase Ratio

SPME: The effect of phase ratio (Equation 1) on adsorptivity
response was studied in the phase ratio range of 0.5 to 5 and the
results are shown in Fig. 3A.

Phase ratio () = V(liquid or solid phase)/ V(vapour phase) / @

where V is the volume of the respective phase.

When the phase ratio was increased from 0.2 to 2, extraction
efficiency for the analytes improved. At lower phase ratios,
lower extraction efficiencies were obtained since a significant
portion of the analytes has to be transported to the fibre from the
sample and also mass transfer of analytes into the bulk of the
fibre represents a slow step in the overall process.”” For DDD,
endrin and endosulfan, a slight decrease in response was ob-
served at phase ratios above 2. This could be due to reverse diffu-
sion of analytes from the fibre to sample as a result of overload.
Since phase ratio of 2 gave the highest recoveries of all the pesti-
cides, it was used in the rest of the study.

QuECHERS: Phase ratio for QUEChERS is defined as the mass
of sample to extraction solvent volume (m/v). The effect of the
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Figure 2 A, Effect of extraction time on adsorptivity of pesticides in
SPME; B, effect of extraction time on QUEChERS extraction of pesticides.

mass of the sample on extraction efficiency of QUEChERS extrac-
tion was performed by varying mass from 2.5 to 12.5 g while the
volume of the organic phase, acetonitrile, remained constant
(5mL).

Figure 3B shows that the most polar pesticides (DDD, DDE and
DDT) required a phase ratio of 1 to completely partition into the
acetonitrile phase. The less polar pesticides needed a slightly
higher phase ratio of 1.5 to completely partition into the organic
phase. These results indicate that the use of a minimum quantity
of the organic solvent for increased sensitivity will still yield
good recovery values. So the sample phase ratio that gave the
highest recoveries for all of the pesticides, 1.5, was selected and
used for subsequent analyses.

3.1.5. Effect of Solvent

Even though acetonitrile is the most used solventin QUEChERS
extraction, other solvents such as acetone® and ethyl acetate®
have been used for pesticide extraction using QUEChERS extrac-
tion. Acetonitrile, acetone and ethyl acetate were selected and
used to extract the pesticides from spiked samples. It was observed
that extraction of pesticides with acetonitrile gave the highest
recoveries when compared to acetone and ethyl acetate (see
Fig. 4). Upon the addition of salts, acetonitrile is separated more
easily from water than acetone.” It also allows the better removal
of residual water with magnesium sulphate.® As acetonitrile
gave the highest recoveries of analytes studied compared to
the other two solvents, it was chosen as the optimal extraction
solvent for this study.

3.2. Applications of the Extraction Techniques to Plant
Samples

The optimized QuUEChERS conditions were applied to the
different parts of the three plant samples Nymphaea nouchali
(Tswii), Asparagus africanus (Mochaba) and Cleome hirta (Cyprus)
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Figure 3 A: Effect of phase ratio on SPME extraction of pesticides; B: Ef-
fect of phase ratio on QUEChERS extraction efficiency of pesticides.

obtained from the Okavango Delta. Clean chromatograms were
obtained by both methods. Pesticides were not detected in both
Asparagus africanus and Cleome hirta samples but were detected
only in the roots of Nymphaea nouchali. Trichlorobenzene (IS),
aldrin and endosulfan were identified based on comparison of
their retention times with those of the standards and confirmed
with GC-MS. The amount of pesticides in Nymphaea nouchali root
samples collected from Thamalakane River and Boro River are
shown in the Table 1. The maximum recommended levels
of aldrin and endosulfan are 100 to 500 ug kg™ and 500 to
1000 pg kg™ in fruits and vegetables, nuts and other foodstuffs,
so the detected concentrations are below their MRLs.” These
pesticides are used in agricultural activities on farms, vegetable
gardens and plantations in the vicinity of the sampling sites.”
Both the Boro and Thamalakane rivers are at the receiving ends
of the delta and are rich in organic matter, hence accumulating
considerable amounts of pesticides by adsorption.”

0.9 -
0.8 - I
- 07 4 E Aldrin
2 061 I ; :g = DDE
§ 05 - g B Dieldrin
504 ;‘j £ EDDD
E 03- E ?j B Endrin
0.2 = =§i ﬂ i % Endosulfan
0.1- ?, E g BDDT
0

Acetone Ethyl acetate  Acetonitrile

Extracting solvent

Figure 4 Effect of extraction solvent on QuEChERS extraction of pesti-
cides

Table 1. Concentration of pesticides (ug kg™) + standard deviation (S.D.)
in the Nymphaea nouchali (tswii) root samples

SPME QuEChERS
Pesticide Thamalakane Boro Thamalakane Boro
Aldrin 9.2 +1.1 3.0+ 1.0 21.0+14 18.0 + 1.1
Endosulfan 53+07 71+ 04 271 +1.0 323 +1.2

It was observed that SPME extracted less than 50 % of what
QuEChERS was able to extract. The difference in recoveries
could be due to matrix effects. SPME fibre adsorbs volatile
compounds in the headspace whose polarity is favoured by the
fibre leaving analytes which might be trapped in the matrix. The
efficiency will then be decreased and hence lower concentra-
tions are observed.

4. Conclusions

In this study, SPME and QuEChERS methods were modified
and optimized for the extraction of pesticides in plant samples.
GC-ECD and GC-MS were used to analyse selected pesticides in
different parts of the three plant samples: Nymphaea nouchali
(Tswii), Asparagus africanus (Mochaba) and Cleome hirta (Cyprus).
Aldrin (3-21 pg kg™), endosulfan (5-32 ug kg™'), penta-
chlorobenzene and hexachlorobenzene were detected in the
roots of Nymphaea nouchali.

The developed methods described are sensitive, reproducible,
simple, rapid, and offer a cheap means of screening plants for
trace amounts of pesticides. They could be used for quick screen-
ing for pesticides in plant samples suspected to be contaminated.
Overall, the two methods use minimal or no solvents, and are
therefore friendly to the environment (green techniques).
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