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TECHNICAL NOTE

Optimization of the Hollow Fiber Microextraction
conditions for the Determination of Pesticides in
Whole Blood by GC-MS
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In forensic toxicology, the sample
] | preparation procedure has been a
e ,ﬂf ; crucial step in the analytical method
. i /., development. The main objectives of
- : e /  the sample preparation include the
extraction and pre-concentration of the
analytes and removal of interfering
species, such as  endogenous
compounds in the biological samples.
In  recent years, microextraction
I techniques have been generating
interest due to their advantages,
especially because the solvent volumes
employed during the extraction are
greatly reduced, contributing to the
principles of green chemistry. In this work, a method based on hollow fiber microextraction (HFuE) and
gas chromatography coupled to mass spectrometry (GC-MS) was evaluated for determination of
pesticides (chlorpyrifos, chlorpyrifos methyl, diazinon, disulfoton, terbufos alachlor, ametryn, and
atrazine) in postmortem whole blood samples. The extraction procedure was performed using
polypropylene fibers as device and 1-octanol as extraction solvent. The fiber was immersed under
magnetic stirring in the donor phase, which consisted of 500 microliters of whole blood and 7.5 milliliters
of buffer solution. After the extraction time, the fiber was transferred to a vial containing an organic
solvent and the analytes were desorbed by stirring. The extraction procedure was optimized. In the
desorption step, desorption solvent, agitation mode, and time were evaluated. Multivariate optimization
of pH, agitation speed, and salt addition were also performed, followed by univariate optimization of
extraction time. After optimization, the extraction conditions that showed the best response were: pH
adjustment to value 6, stirring at 600 rpm for 40 minutes without salt addition. For the desorption step, 1
minute of vortex agitation using ethyl acetate as the desorption solvent was defined as the optimal
desorption condition. Under these conditions, the pesticides were successfully extracted from postmortem
whole blood samples.
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INTRODUCTION

Forensic toxicology is defined as the application of toxicology in a legal context. One of the fields of
forensic toxicology is postmortem toxicology, or death investigation toxicology.” The aim of postmortem
toxicology has been to evaluate if a certain compound was the cause of death, if it somehow contributed
to it, or if it caused some subject incapacitation.?®

Among the groups of substances of forensic interest, pesticides stand out in Brazil as the country is one
of the largest consumers of these substances in the world.*5 A study of the data of deaths by intoxication
that occurred in Brazil in the period between 2010 and 2015 showed that pesticides were the main toxic
agent envolved.®

Several matrices can be used in postmortem toxicological analysis. Between them, blood is the selected
matrix for quantitative analysis and correlating the concentrations found with pharmacological and toxic
effects.”® Postmortem samples are, usually, more complex than samples collected from living subjects
due to processes of autolysis and putrefaction. In postmortem blood, separation of red blood cells from
serum is usually not possible, so whole blood must be used. Whole blood samples present a great variety
of endogenous compounds, such as fatty acids and cholesterol.2®'° In this context, sample preparation
has been a very important step in toxicological analysis to concentrate analytes and eliminate matrix
interferents before injection in the chromatographic system.”!

Liquid-liquid extraction (LLE) is a simple procedure still widely used in forensic toxicology. LLE is based
on the partitioning of the analytes between the sample and several immiscible organic solvents. Although
it is a simple and generally efficient technique, it has disadvantages like the great consumption of toxic
solvents.'>'® Motivated by the green chemistry principles, research in miniaturized techniques of extraction
that use a minimal amount of solvent, or no solvent at all, have been developed.'>'

The miniaturization of classic LLE led to liquid-phase microextraction techniques.’® Several
microextraction techniques have been applied to the extraction of pesticides from biological samples, as
can be seen in Table I.

Table I. Application of microextraction techniques to the extraction of pesticides from biological matrices

2RI Matrix Analytes Instrumental Ref.
method
VA-DLLME Blood/stomach Dichlorvos GC-MS 16
content/liver
Urine Triazol herbicides GC-MS 17
DLLME Plasma/serum Organochlorine pesticides GC-MS/MS 18
Blood Organophosphate pesticides HPLC-UV 19
Urine 20 pesticides of various classes LC-MS/MS 20
Urine Malathion HPLC-UV 21
DLLME-SFO Blood/urine Pyrethroid insecticides GC-MS 22

Organophosphate pesticides /

Pyrethroid inseticticides GC-MS 23

Plasmalurine

(continued on the next page)
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Table I. Application of microextraction techniques to the extraction of pesticides from biological matrices (continued)

Extraction

method Matrix Analytes Instrumental Ref.

DI-SPME Serum Carbamates / organophospate pesticides  TD-ESI/MS/MS 24

HE-SBME Plasma Orggqophosphate / Organochlorine GC-FID o5
pesticides

SDME Urine Tebuconazole, pendimethalin, DDT, DDE HPLC-UV 26

DSPE-DLLME Urine Chlorpyrifos HPLC-UV 27

VA: vortex-assisted; DLLME: dispersive liquid-liquid microextraction; DI-SPME: direct immersion solid phase microextraction;
HF-SBME: hollow-fiber solvent bar microextraction; SFO: solidification of floating organic droplet; SDME: single drop
microextraction; DSPE: dispersive solid phase extraction; GC: gas chromatography; MS: mass spectrometry; TD-ESI: thermal
desorption-electrospray ionization; FID: flame ionization detector; HPLC: high performance liquid chromatography; UV: ultraviolet
detector.

Between microextraction techniques, several methods are based in the use of hollow fibers. The use
of hollow fibers began when Pedersen-Bjergaard and Rasmussen introduced them as a support for the
organic solvent, creating the hollow fiber liquid-phase microextraction (HF-LPME).2® In this technique,
the pores of a hollow hydrophobic membrane are impregnated with the organic solvent, while its interior
(called lumen) is filled with the acceptor phase. This acceptor phase may be the same organic solvent used
for pore impregnation (two-phase HF-LPME) or an aqueous phase (three-phase HF-LPME). The fiber is
then immersed in a vial containing the sample (donor phase) and the analytes are extracted from the
donor phase, through the immobilized solvent in the pores, to the acceptor phase, which is subsequently
collected.?%

Asthefiberacts asaphysical barrier between the sample and acceptor phase, preventing macromolecules
from reaching the lumen, HF-LPME is the most widely used liquid-phase microextraction technique for the
extraction of complex biological fluids. But the technique still has some disadvantages, such as the need
of microsyringes to fill the lumen and recover the extract, which limits the number of samples that can
be processed simultaneously and requires operator skills. Still, the contact area between the extraction
solvent and the sample is limited, since the fiber remains fixed during the process.3'*

In order to simplify the extraction process, eliminating manual operations with the use of microsyringes,
Ide and Nogueira developed the hollow fiber microextraction (HFuUE). In HFUE, a hollow fiber segment is
impregnated with the extraction solvent, and then immersed in the donor phase under agitation. At the
end of extraction time, the fiber is transferred to a vial containing an organic solvent, which is submitted
to agitation to perform analytes desorption.?*34 This technique has been applied to the determination
of polycyclic aromatic hydrocarbons and organochlorine pesticides in matrices such as surface water,
residual water, soil, tea, fish liver and tomato.

Several factors can be adjusted to optimize the extraction procedure, including the membrane
characteristics, extraction solvent, extraction time, pH, temperature, agitation, salt addition.3%3%37 Extraction
time must, ideally, be as short as possible. Extraction recovery increases with time until equilibrium is
reached. During method optimization, equilibrium time can be established through Recovery x Time
curves.3037

Donor phase pH must be adjusted in a way that, according to pKa, acidic or basic compounds remain non-
ionized, increasing their solubility in the organic solvent. 3537:3¢ Temperature and agitation of the system can
both decrease extraction time as they increase diffusion coefficients and decrease the viscosity. Agitation
is commonly performed via magnetic stirring or ultrasonic bath. However, increasing the temperature is
avoided since it can cause bubble formation and solvent loss due to evaporation.33%-3" Salt addition can
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increase extraction efficiency, specially of polar compounds, due to salting out effect, that decreases the
solubility of the compounds in the aqueous phase. On the other hand, interaction of the analytes with the
ions, as well as increase of the matrix viscosity, can reduce analytes diffusion.35-%"

In this work, HF JE technique was evaluated and optimized for extraction of eight pesticides (chlorpyrifos,
chlorpyrifos methyl, diazinon, disulfoton, terbufos, alachlor, ametryn, atrazine) in postmortem whole blood
samples and determination by GC-MS.

MATERIALS AND METHODS
Analytical standards

Analytical standards of diazinon (98,4%), chlorpyrifos (98,4%), ametryn (95,8%), chlorpyrifos methyl
(99,8%), atrazine (98,1%), disulfoton (94%), terbufos (98,6%), alachlor (99,5%), and the internal standard
etrimfos (62%) were provided by the Laboratory of Forensic Toxicology of Scientific Police of Parana.
Stock solutions were prepared by dissolving the compounds in methanol (Dinamica) at 1 mg mL-". Working
solutions of the analytes at 100 ug mL™" were prepared by further dilution of the stock solutions right before
analysis.

Reagents and chemicals

1-octanol (Sigma-Aldrich) was used as extraction solvent and ethyl acetate (Mallinckrodt), acetone
(J.T.Baker) and hexane (Panreac) were tested as desorption solvents. The influence of salt addition in the
extraction was evaluated using sodium sulfate (Synth). Phosphate buffer pH 2 and 6 were prepared with
phosphoric acid, potassium phosphate monobasic (both Sigma-Aldrich) and potassium phosphate dibasic
(Merck). Acetate buffer pH 4 was prepared with acetic acid and sodium hydroxide (both Merck).

Instrumentation and chromatographic conditions

Gas chromatography assays were performed at GCMS2010 Plus coupled to mass spectrometer TQ
8040 (Shimadzu). Data obtained were treated with GCMS Solution software. Separation was carried out
at SH-Rtx-5MS 30.0 m x 0.25 mm x 0.25 ym column (Shimadzu). Helium was used as carrier gas at a
flow of 1.0 mL min-'. Oven temperature was set at 75 °C and maintained for 3 min, followed by an increase
of 20 °C min™" until 205 °C, then 30 °C min™' until 250 °C, which was maintained for 4 min. Injection was
performed at splitless mode (injection volume: 1 pL) and injector temperature was set at 300 °C. Mass
spectra were obtained at SIM mode. Transfer line and ionization source temperatures were set at 275 °C
and 250 °C, respectively.

Whole blood samples

The postmortem whole blood samples used were collected in necropsies performed by the Scientific
Police of Parana. These samples were previously analyzed by the Laboratory of Forensic Toxicology of
the Scientific Police of Parana and proved to be free of the analytes subjects of this study. Samples were
stored at -20 °C and brought at room temperature before being handled.

Extraction procedure

For hollow fiber microextraction, polipropylene fibers with 600 umi.d., 200 ym wall thickness and 0.2 ym
pore diameter were used (Q3/2 Accurel, Membrana). Fibers were cut into 1 cm segments and cleaned in
acetone under ultrasonic agitation (Easy Elmassonic, Elma), followed by air drying. The fibers were used
only for one extraction procedure and then discarded, due to their low cost. For pores impregnation, the
fiber segments were dipped at 1-octanol for 20 seconds, then transferred for a 10 mL vial containing the
donor phase. The donor phase was composed of whole blood (500 pL), containing the internal standard
(etrimfos), and buffer solution (7.5 mL). The system was maintained under magnetic stirring (KMO2
basic, lka-Werke). After extraction time, the fiber was transferred to an insert vial containing 100 L of the
desorption solvent.
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Optimization of the extraction procedure

For the optimization assays, blank whole blood samples spiked with the analytes at 1.0 yg mL-" and
internal standard at 0.5 ug mL" were used. Optimization of the desorption step was performed following
a 22 factorial design (Table Il). Agitation mode (vortex and ultrasound) and time (1 and 5 minutes) were
optimized.

Table Il. Factors and levels of desorption optimization

Factor Level -1 Level +1
Agitation mode Vortex Ultrasound
Time (minutes) 1 5

Multivariate optimization of the parameters pH, agitation speed and salt addition were performed
following a Box-Behnken design. Factors and levels studied are described in Table Ill. For pH adjustment,
phosphate buffer (pH 2 and 6) and acetate buffer (pH 4) were used. Salt addition was performed with
sodium sulfate. At these assays, extraction time was fixed as 30 minutes.

Table lll. Factors and levels of the Box-Behnken design for optimization of extraction

Factor Level -1 Central Point (0) Level +1
pH 2 (phosphate buffer) 4 (phosphate buffer) 6 (acetate buffer)
Agitation speed (rpm) 600 800 1000
Salt addition (% m/v) 0 2.5 5

After optimization of these parameters, time extraction was optimized by univariate mode (10, 20, 30,
40, 50 and 60 minutes).

RESULTS AND DISCUSSION
Gas chromatography analysis

For GC analysis, etrimfos was used as internal standard. Etrimfos was selected since it has similar
properties to the analytes and is banned in Brazil. The chromatogram obtained after the injection of a mix
containing the analytes and IS at 1 uyg mL-" under the defined conditions can be seen in Figure 1. Information
about the retention times obtained for all analytes and internal standard, quantification and confirmation
ions selected, as well as some physicochemical properties of the compounds is demonstrated in Table IV.
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Figure 1. GC-MS chromatogram obtained at SIM mode of a mix containing the analytes and IS at
1 yg mL"'. a: Atrazine; b: Terbufos; c: Diazinon; d: Disulfoton, e: Etrimfos, f: Chlorpyrifos methyl,

g: Alachlor, h: Ametryn, i: Chlorpyrifos.

Table IV. Identification parameters and physicochemical properties of the analytes

Molecular Quantitation Confirmation  Molecular weight

Compound formula RT (min) ion ions (g mol™) pKa LogP®
Atrazine CH,CLNOPS  10.670 200 215173 350.6 ND: 47
Terbufos CHCLNOPS  10.805 231 103-125 3225 ND: 4
Diazinon CH,N,OPS  10.825 179 137-152 304.35 26° 369
Disulfoton C,H,,O,PS, 10.970 88 89-142 274.4 ND* 395
g;'t%r}f’ly”m C,H,,0,PS, 11310 286 288 288.4 ND* 451
Alachlor C,,H,,CINO, 11370 160 188-146 260.77 0620 3.09
Ametryn CH, NS 11.430 212 227-170 227.33 410 263
Chlorpyrifos  C,H,,CIN, 11.750 197 199-314 215.68 160 27
Etrimfos 1S) ~ C,H,N,O,PS  10.980 181 292-168 292.29 ND* 294

References: a%; b*°

As it is possible to see in Table IV, some of the compounds presented very similar retention times,
and co-elution was observed between terbufos and diazinon, and between disulfoton and etrimfos. This
problem was resolved by selection of monitoring ions for these analytes that weren’t present at the mass
spectrum of the co-eluted substance.

Selectivity of the chromatographic method was assessed in terms of matrix interferences and
interferences from other commonly encountered analytes. To the matrix interferences assay, 10 blank
matrix samples from different sources were analyzed by the developed method. A m/z ion 227 was
detected at ametryn retention time. This ion is the most abundant ion in ametryn mass spectrum,
therefore would be chosen as the quantitation ion for this compound. After this study, however, m/z 227
was replaced by 212, the second most abundant ion in ametryn mass spectrum. No interference was
detected when monitoring the ion 212.
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The second selectivity study was performed by injection of a mix containing common medications and
drugs of abuse that could be present in real samples (Table V). GC analysis was performed in full scan
mode and only imipramine and cocaine were detected. Both showed, however, longer retention times
than the last eluted analyte. Besides direct injection, this interferences mix was added to a blank matrix at
0.5 mg mL™" concentration, and submitted to the extraction procedure before GC analysis. In this assay,
it was possible to verify that the two compounds previously detected (imipramine and cocaine) were not
extracted by the developed extraction method.

Table V. Retention time of the analytes and possible interferents studied

Analyte Retention time (min)
Atrazine 10.670
Terbufos 10.805
Diazinon 10.825
Disulfoton 10.970
Etrimfos 10.980
Chlorpyrifos methyl 11.310
Alachlor 11.370
Ametryn 11.430
Chlorpyrifos 11.750
Etrimfos (IS) 10.980
Cocaine 13.356
Imipramine 13.536
Acetylsalicilic acid ND
Bromazepam ND
Caffeine ND
Codeine ND
Diazepam ND
Diclofenac ND
Fluoxetine ND
Ibuprofen ND
MDA ND
MDMA ND
Nortriptyline ND
Paracetamol ND

The bold values represent the retention times of the analytes; ND: not
detected.
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Optimization of HFuUE
Desorption step

Ethyl acetate, acetone and hexane were evaluated as desorption solvents. Duplicate analysis with each
solvent was performed following extraction of blank whole blood samples added with the analytes and
internal standard. The medium peak area obtained for each analyte showed that most of them showed
better response when desorption was performed with ethyl acetate.

Besides the desorption solvent, factors that influence the desorption efficiency include agitation mode
and desorption time. These factors were also evaluated using a 22 factorial design. In this study, time had
more impact on response when ultrasound was applied. Overall, 1 minute vortex desorption was more
efficient than 5 minutes ultrasound desorption for all analytes, except for disulfoton. So, desorption was
set to be carried out in ethyl acetate, through 1 minute vortex agitation, in order to improve analytical
frequency.

Multivariate optimization — pH, agitation speed and salt addition

Optimization of the factors pH, agitation speed and salt addition were performed by multivariate mode.
Multivariate optimization allows to visualize interaction effects between the factors, as opposed to univariate
optimization.*' For this purpose, a Box-Behnken design was performed (Table Il). Box-Behnken designs
are based in 3 levels fractional factorial designs. The study was performed with quintuplicate of central
point, resulting in 17 experiments. The data obtained for all analytes were analyzed using the desirability
function. The use of desirability allows the evaluation of all the analytes together. The response obtained
for each analyte in each assay was converted to a desirability value between 0 and 1, as 0 was defined
as 50% of the lowest area obtained for each analyte, and 1 as the highest area plus 50%. The calculated
desirability values were submitted to a multiple linear regression and the pareto graph of the effects can
be seen at Figure 2.

According to the graph, the only parameter with significant effect, by itself, is pH. As previously mentioned,
pH must be adjusted to a value where analytes remain in non-ionized form, according to pKa.?%37%8 As this
study included both acidic and basic compounds, as well as non-ionic, with different values of pKa (Table
), an optimum pH value for all analytes would be impossible. Thus, a compromise condition should be
found. The pH effect was positive, that is, higher the pH, higher the extraction efficiency. So, pH 6 was
selected as the best pH to perform the extraction.

pH x speed x salt

speed x salt

pH x salt

pH x speed '

1| S —

speed

T

pH .

—rT rrrrr rrrr 1 111
0,00 0,05 0,10 0,15

Figure 2. Pareto graph of the extraction effects — pH, agitation speed and salt addition.
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Agitation speed was expected to show a positive effect since it improves analytes diffusion. However,
no effect was observed, indicating that the lowest speed used was already high enough for this parameter.
Salt addition can both increase or decrease extraction efficiency. In this case, no effect was observed for
this parameter either.30-35-%"

Although agitation speed and salt addition, by themselves, showed no effect in extraction efficiency,
there’s an interaction effect between both, which is also demonstrated by the pareto graph (Figure 2).
To evaluate the best condition of these two factors, the response surface was plotted (Figure 3). The
response surface shows that higher extraction efficiency is obtained at lower agitation (600 rpm) with
no salt addition, or at higher agitation speed (1.000 rpm) and salt addition at 5% m/v concentration. This
behavior occurs probably because the salt addition increases the viscosity of the donor phase, which
difficult the analytes diffusion. Thus, higher agitation speed is needed to compensate for this negative
impact. Between these two conditions of maximum response, the condition with agitation at 600 rpm and
no salt addition was selected to minimize reagent consumption.

D0-006 pO006-012 [—0.12-0.18 0.18-0.24 0.24-03 [03-036 [0.36-0.42 [p0.42-048

Figure 3. Response surface of the factors stirring speed and salt
addition in the extraction.

Extraction time

After multivariate optimization, time univariate optimization was performed. Triplicate assays were
performed at 10, 20, 30, 40, 50 and 60 minutes. The response of all analytes increased until 40 minutes
of extraction. After this time, most of the compounds reach a plateau, indicating that equilibrium was
achieved. Variation in analytes response that occurred after this time were all within the standard deviation.
Therefore, 40 min was seen as the optimum time to perform analytes extraction.

CONCLUSION

Hollow fiber microextraction (HFUE) is a simple extraction technique based on other membrane-based
extractions, like HF-LPME, but making it easier by eliminating the use of microsyringes and reducing
manual steps that requires operator skill. It uses only few microliters of extraction solvent, in alignment
with green chemistry techniques. In this work, the potential use of this technique in postmortem forensic
toxicology was demonstrated by the optimization of an extraction procedure for the detection of selected
pesticides in whole blood samples. Further work includes the validation of the developed method before
application in real samples.
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