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Ternary solvent based homogeneous liquid-liquid
microextraction for the preconcentration of
organochlorine pesticides from water and apple
juice samples¥
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In the present study, the optimal experimental conditions were determined by optimizing the effect of
extraction solvent types and volume, salt types and concentration, centrifugation speed and time using
one variable at a time. Under optimal experimental conditions, calibration curves were constructed
separately using water and apple juice samples as representative matrices, and good linearities were
achieved over a wide concentration range of 0.2-1600 ng L™ with a coefficient of determination (r%) =
0.998. The limits of detection (LOD) and limits of quantification (LOQ), determined to be 3 and 10 times
the signal-to-noise ratios (S/N), were between 0.07-3.9 and 0.2-12.0 ng L™! for water samples and 2.6—
10.0 and 8.0-30.0 ng L™ for the apple juice sample respectively. The precisions study showed %RSD
values of =6% for both matrices, indicating satisfactory precisions. The enrichment factors and
recoveries of the proposed method ranged from 41.4-74.5 and 86-109% respectively. The proposed
method could be used as a simple and environmentally friendly alternative for the analysis of OCPs from
environmental and food matrices. This method potentially offers a more sustainable and effective
approach to monitoring OCPs in environmental and food products. Its use in the analysis of apple juice
samples is particularly novel and can provide valuable insights into pesticide contamination in fruit juices.

1. Introduction

Organochlorine pesticides (OCPs) and other persistent organic
pollutants (POPs) are of increasing public health concern due to
their potential bioaccumulation and adverse effects on the
environment. Even though the use of OCPs is banned world-
wide, several developing countries still use these chemicals.
Monitoring their residues in environmental and food matrices
is crucial due to their persistence, bioaccumulation, and a range
of negative effects on human and other animal health.* There-
fore, there is an increasing call for the development of highly
sensitive and selective methods for the determination of OCP
residues, which are usually present in trace amounts.

Various chromatographic methodologies, including gas
chromatography (GC) and high-performance liquid chroma-
tography (HPLC), have been employed for the analysis of
pesticide residues in food.> Among these, HPLC is a type of
separation technique used to separate compounds based on
their interactions with the stationary phase. It separates
compounds based on their differences in polarities, molecular
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weights, and thermal instabilities or tendency to ionize in
solution. In other words, a GC equipped with diverse detectors
is extensively utilized for the separation and detection of non-
polar and thermally stable compounds like OCPs in environ-
mental and/or food sample matrices. This is due to its appro-
priateness, sensitivity, and capability to separate compounds
based on their volatility and amplified sensitivity to non-polar
substances.>*

Nevertheless, due to the complexity of food and environ-
mental matrices and the trace concentration of OCPs, sample
preparation and enrichment methods are required prior to their
determination by gas chromatography-mass spectrometry (GC-
MS). For the study of OCPs from such complex matrices, well-
known sample preparation techniques have long been devel-
oped including liquid-liquid extraction (LLE) and solid-phase
extraction (SPE).*®* However, these methods have several
inherent disadvantages, such as being time-consuming,
requiring the use of hazardous chemical solvents, and being
labour-intensive.” Several microextraction techniques have been
developed to alleviate these limitations, including hollow fibre
liquid-liquid microextraction,® dispersive liquid-liquid micro-
extraction,” and headspace solid-phase microextraction.’

At present, homogeneous liquid-liquid extraction (HLLE) is
an alternative extraction method that utilizes phase separation
in a homogeneous solution to produce a very small collected

This journal is © The Royal Society of Chemistry 2024


http://crossmark.crossref.org/dialog/?doi=10.1039/d3ay01751f&domain=pdf&date_stamp=2023-12-20
http://orcid.org/0000-0002-6267-7346
http://orcid.org/0000-0002-2777-3500
https://doi.org/10.1039/d3ay01751f
http://creativecommons.org/licenses/by-nc/3.0/
http://creativecommons.org/licenses/by-nc/3.0/
https://doi.org/10.1039/d3ay01751f
https://pubs.rsc.org/en/journals/journal/AY
https://pubs.rsc.org/en/journals/journal/AY?issueid=AY016001

Open Access Article. Published on 21 November 2023. Downloaded on 12/4/2025 6:58:14 PM.

Thisarticleislicensed under a Creative Commons Attribution-NonCommercial 3.0 Unported Licence.

(cc)

Paper

phase. In this method, a homogeneous phase could be formed
by using pure or a mixture of water-miscible organic solvents.*
It is based on the use of water-miscible organic solvents with
low dielectric constant, including acetone, acetonitrile, 2-
propanol, ethanol and ethyl acetate, as extractants."* When
these solvents are added to the aqueous sample, a homoge-
neous solution is produced. Due to the infinite number of
interfaces between the aqueous solvent and the extraction
solvent, there is a rapid mass transfer of the target analytes into
the organic phase. In the HLLE process, phase separation could
be achieved by adding water-soluble salts or other phase sepa-
ration phenomena.'®*>*

To improve the environmental sustainability of analysis,
sample preparation should use lower amounts of safe organic
solvents, minimize analysis time, reduce waste production,
safeguard the operators' health, and maintain the greenness of
the environment.* In contrast to the traditional HLLE method,
HLLME enables simpler and more environmentally friendly
extraction techniques that use the lowest amount of organic
solvents. Using microliters of organic solvents in HLLE to
develop HLLME has many advantages, including simplicity,
affordability, reduced extraction time and solvent volume, use
of safer organic solvents, and lower operator exposure to
chemicals than traditional HLLE.">*¢

In most cases, acetonitrile is used in the HLLME process as
an extraction solvent for preconcentration of various pesticides
and other contaminants from different matrices. For example,
triazole pesticides in water samples,"” sulfonylurea herbicides
from environmental water and banana juice samples,*® and
benzimidazole fungicides from high salinity samples™ were
analysed using this method. The mentioned analytes are highly
polar and can be easily extracted from the matrices by a binary
solvent system. However, when a mixture of analytes with
different volatilities exist in the sample, the use of mixed
organic solvents (i.e., a mixture of cosolvent with a small
amount of less polar extraction solvent) could improve the
extraction efficiency of the method. This three solvent (ternary)
system could facilitate phase separation more easily than
traditional homogeneous binary phase liquid-liquid micro-
extraction (HLLME).”® Solvents such as n-hexane and chloro-
form have been used as extractants in HLLME with cosolvents
acetone or methanol.?** However, the stated methods require
large amounts of cosolvents and chlorinated organic solvents as
extractants, which requires the search for other alternative
HLLME methods that use fewer cosolvents and less toxic
extractants than chlorinated toxic organic solvents such as
chloroform. The main disadvantage of traditional HLLE is that
the extraction solvent is generally limited to solvents with
higher density than water to be sedimented by centrifugation.
These solvents are typically chlorinated solvents such as chlo-
robenzene, chloroform and carbon tetrachloride, all of which
are potentially toxic to humans and the environment. Further-
more, the use of these solvents as extractants limits the broader
applicability of HLLE. This is because the choice of low-density
solvent is more limited compared to high-density solvents.”® To
the best of researchers’ knowledge, ternary solvent based
HLLME (TS-HLLME) using low-density solvents as extraction
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and cosolvents in the preconcentration of OCPs from targeted
sample matrices has not been reported.

Therefore, in this study, we developed ternary solvents
(acetonitrile, ethyl acetate & sample) based HLLME (TS-HLLME)
using a non-chlorinated extraction solvents for the extraction
and preconcentration of 13 OCP residues from various water
and apple juice samples. The use of microliter volume of
solvents can reduce the amount of solvent required for extrac-
tion, resulting in less waste production and reduced environ-
mental impact, overcoming the limitations caused by the use of
high-density solvents. Furthermore, using a mixture of low-
density solvents as cosolvents and extractants in TS-HLLME
can improve the sensitivity, compatibility and selectivity of the
method, resulting in more accurate measurement of OCPs in
water and apple juice samples. This mixture can effectively
extract both moderately polar and highly non-polar OCP
compounds. Overall, TS-HLLME potentially offers a more
sustainable and effective approach to monitoring OCPs in
environmental and food matrices.

Various experimental variables that affect the extraction
efficiency of the method, including the type and volume of the
extraction solvent, the type and amount of salt, centrifugation
speed and time, were examined and the optimal conditions
were established. The analytical performances of the proposed
method were validated according to the International Confer-
ence for Harmonization (ICH) guidelines.> The performance of
the proposed TS-HLLME method was compared with other re-
ported methods for analysing OCPs from water and juice
matrices. Moreover, its use in the analysis of apple juice
samples is particularly novel and can provide valuable insights
into pesticide contamination in fruit juices.

2. Experimental

2.1. Chemicals and reagents

All reagents and solvents used were of analytical grade. Organic
solvents such as acetone were obtained from Sisco Research
Laboratories Pvt. Ltd (Mumbai, India), acetonitrile (ACN) was
purchased from Unichem® chemical reagent (Merck, KGaA,
Darmstadt, Germany), and hexane, diethyl ether (DEE), and
ethyl acetate (EA) were purchased from Loba Chemie Pvt. Ltd
(Mumbeai, India). Sodium chloride (NaCl), and magnesium
sulfate (MgSO,, anhydrous) were supplied by Fisher Scientific
(UK) and Finkem Research Chemicals Ltd (Toronto, Canada),
respectively. Deionized water processed using a Millipore SAS
direct-Q®-5UV water purification system (Molsheim, France)
was used. Whatman Grade 1 filter paper and 3 um nylon filters
obtained from Whatman International Ltd (Maidstone,
England) were used for the filtration of the water samples.
Analytical standards of OCPs including benzene hexachlorides
(BHC) including «-BHC (99.5%), B-BHC (99.5%), and 3-BHC
(99.5%); dichlorodiphenyltrichloroethane, DDT (98.9%);
dichlorodiphenyldichloroethylene, DDE (99.9%); chlorinated
cyclodienes including endosulphan sulfates (ESS) (98.8%),
endrin (99.3%), y-chlordane (98.8%), heptachlor epoxide(HCE)
(98.8%), aldrin (=98.8%), dieldrin (97.9%), and methoxychlor
(MC) (97.7%); and dibutylchlorindate (DBC) (99.5%) were
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obtained from Sigma Aldrich (St. Louis, MO, USA). The chem-
ical structures, physical and chemical properties including
boiling and melting points, solubility and other related prop-
erties of these analytes are presented in the cited ref. 25. Indi-
vidual standard stock solutions (1000 mg L") of a-BHC, B-BHC,
3-BHC, and DBC; 400 mg L™ DDT, DDE, dieldrin, ESS, HCE, y-
chlordane, MC, and endrin as well as 800 mg L™" aldrin were
prepared in hexane. A mixed standard solution (20 mg L") was
prepared by diluting the stock solutions in hexane. The
prepared solutions were stored below 4 °C when not used for
analysis. Working standard solutions were daily prepared by
diluting the mixed standard solution in n-hexane.?

2.2. Instrumentation

A GC (Agilent 8890) coupled with a single quadruple MS, Agilent
5977B, and an autosampler, Agilent G4513A (Agilent Technol-
ogies, USA), was used for the analysis of OCPs. An HP-5MS
capillary column (30 m, 0.25 mm i. d, 0.25 pm film thickness)
coated with 5% diphenyl-95% dimethylsiloxane as a stationary
phase (Agilent Technologies) was used for chromatographic
separations. The 15 mL falcon centrifuge tubes and medical
syringes with B. Braun Sterican needle 21 G x 43 (0.80 x
122 mm BL/LB) obtained from B. Braun Melsungen AG (Mel-
sungen, Germany) were used during sample preparation. High-
purity (99.999%) helium was used as carrier gas at a flow rate of
1 mL min~". The sample (1 uL) was injected in the splitless
mode. The GC temperature program was: initial temperature
100 °C without holding time; and then elevated to 200 °C at
a rate of 15 °C min~ ', held for 5 min; ramp at 4 °C min~ " to
250 °C, held for 4 min; and finally increased to 270 °C at a rate of
10 °C min~ ", held for 10 min. The injector port temperature was
set at 280 °C.

Mass spectrometry (MS) was operated in electron ionization (EI)
mode with ionization energy of 70 eV, GC-MS transfer line
temperature of 250 °C; ion source temperature of 230 °C; and
quadruple temperature of 150 °C; scanning from m/z 45 to 500 at
150 s per scan; and solvent delay time of 3 min. Analysis was per-
formed in the selected ion monitoring (SIM) mode using one
quantitative and two qualifier ions as shown in ESI Table S1.f
Abundances of the quantitative and qualifier ions were determined
by injecting the pesticide standards in full-scan mode with the
mass/charge ratio ranging from m/z 45 to 500. Quantification was
done using the peak area of the quantitative ion of each analyte.

2.3. Extraction procedure

5 mL of water or apple juice sample was transferred into a 15 mL
falcon tube and spiked with 5 ng mL ™' OCP mixed standard.
Then, from the pre-mixed acetonitrile (ACN) and ethyl acetate (EA)
solvents in a ratio of 3:1, 600 uL was added. The solution was
manually shaken for 30 s. Then, 1.5 g NaCl was added and
manually shaken until the salt was completely dissolved. After the
dissolution of the salt, the cloudy solution formed was centrifuged
at 4000 rpm for 2 min and this resulted in a distinct separation of
the organic and aqueous phases with the organic phase floating
over the aqueous layer. Then, the bottom phase was carefully
discarded and about 100 pL of the organic phase was carefully
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transferred into a 200 pL insert vial, which was inserted in
a 1.5 mL amber autosampler vial for subsequent GC-MS analysis.

3. Results and discussion

3.1. Optimization of extraction parameters

To obtain optimal conditions for HLLME to extract OCPs from
the sample matrices, the effects of various parameters such as
type, total volume and volume ratio of the solvents, type and
amount of salts, and centrifugation rate and time on the
extraction efficiency were evaluated. The effects of the param-
eters were examined separately rather than simultaneously in
this study. This was done to better understand how each factor
affects the extraction efficiency and selectivity of the method. By
varying only one factor at a time, it is possible to isolate its effect
and determine the optimal conditions for that particular factor.
Once the optimal conditions for each factor have been identi-
fied, these can be combined to develop an optimized method
that takes into account the effects of both factors simulta-
neously. Additionally, examining the effects of each factor
separately can help identify possible interactions or trade-offs
between them that may not be apparent when varying
simultaneously.

Parameters were optimized using a 5 mL sample with mixed
standards. In this study, peak area-based numbers are used in
the optimization of analytical methods to evaluate the linearity
and sensitivity of the proposed method. Analysis of the linearity
and slope of the line could provide valuable information about
the sensitivity and reliability of the method. It is also possible to
sketch numbers based on the recovery percentage that could
provide a visual representation of the performance of the
method at different analyte concentrations. This can help us
identify any concentration-dependent biases or limitations of
the method and enable a more comprehensive assessment of its
accuracy and reliability.

3.1.1. Selection of extraction solvent type. The extraction
efficiency of a method can be greatly influenced by the type of
solvent used.”® In order to achieve sufficient sensitivity, accuracy
and selectivity for OCP extraction and determination, a suitable
solvent for the TS-HLLME method must be selected. Therefore,
in this study, the application of low density solvents including
pure acetone, pure acetonitrile (ACN) and their mixtures with
diethyl ether (DEE) and ethyl acetate (EA) was investigated. The
choice of these solvents for extraction is based on their
compatibility with the analytical technique, in this case the GC
instrument, their versatility and lower environmental and
health risks compared to other high density chlorinated organic
solvents. In addition, they are more readily available and often
less expensive than other chlorinated solvents such as chloro-
form. This makes them more accessible options for laboratories
and research.

In this study, 650 pL of an extraction solvent composed of
pure (acetonitrile or acetone) and acetone mixed with diethyl
ether or ethyl acetate and acetonitrile mixed with diethyl ether
or ethyl acetate were initially investigated for the extraction of
target analytes. For the mixed solvents, a ratio of miscible to
immiscible organic solvents of 2 : 1 was used when selecting the

This journal is © The Royal Society of Chemistry 2024
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extraction solvent. The results showed that the highest extrac-
tion efficiencies for all target OCPs were achieved when
a mixture of acetonitrile (ACN) and ethyl acetate (EA) was used
as the extraction solvent (Fig. 1). However, when using acetone,
the phase separation produced was not sufficient to be sampled
for subsequent analysis. The reason for this could be the
different solubility of the OCPs in acetone and acetonitrile.
Acetone may not be effective in extracting these analytes from
the sample matrices, resulting in a lower concentration of the
analytes in the extract. This can result in phase separation that
is not sufficient for later analysis. On the other hand, pure
acetonitrile or its mixture with ethyl acetate could have better
solubility for the OCPs, resulting in a higher concentration of
the analytes in the extract and more effective phase separation
than acetone or its mixtures with other solvents. Furthermore,
the polarity of the solvents could also play a role in their
effectiveness in extracting OCPs. Therefore, a mixture of ACN
and EA was selected for further studies.

3.1.2. Effect of total volume of mixed extraction solvents.
Afterwards, the influence of mixed solvent volume was exam-
ined in mixtures of 400 pL, 500 uL, 600 pL, 700 uL, 800 puL and
900 pL. Poor separation and difficulty collecting the upper
phase was noted for a total volume of 400 pL and thus it was
excluded from further studies. Therefore, the effects of the total
volume of the extraction solvent: ACN: EA of 500-900 pL were
evaluated. The results showed that the peak areas of the target
analytes increased up to 600 pL and then decreased when
higher volumes were used. The decline in peak areas at higher
volumes could be due to dilution effects. However, it could be
possible to minimize the dilution effect by evaporating the
solvent with N, gas. However, due to unavailability of N, gas in
our laboratory, we performed the experiment without drying the
solvent. Even without drying the solvent, the result depicted in
ESI Fig. S1f shows that the dilution effect is very low and
satisfactory results were achieved for all analytes.

3.1.3. Effect of mixed solvents ratio. After optimizing the
total volume of the mixed extraction solvent, it is important to

3 ACN

Peak area

ACN/DEE mm ACN/EA
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determine the volume ratios between ACN and EA to increase
the extraction efficiency of the proposed method. This is
because the ratio between ACN and EA has a great influence on
the extraction efficiency of the process.>® On this basis, the ratio
of ACN to EA was examined at a constant total volume of 600 pL
in the following ratios: 2:1,3:1,4:1,5:1 and 6: 1. The result
shown in Fig. 2 indicated that a larger peak area was obtained at
a ratio of 3:1 for ACN: EA. This could be due to the specific
properties and interaction of both solvents with the analytes
present in the sample matrices. This ratio provided the best
extraction efficiency or separation ability for the target analytes
in the matrices of the analyzed samples. That means, it enables
more accurate and sensitive analysis of the studied
contaminants.

3.1.4. Study of the salt type. Phase separation in TS-HLLME
systems depends on the type of salt. For the salting out process,
the selected salt (i) must be slightly soluble in the water-
miscible organic solvent; (ii) should be readily soluble in
water to allow maximum interaction with water molecules; and
(iii) that the salting capacity should follow the Hofmeister
series.””

In this study, NaCl, anhydrous MgSO,, and a mixture of NaCl
and MgSO, in a ratio of 1: 4 (w/w) were evaluated. First, 1.5 g of
each salt was added to the sample and shaken manually until
the salt was completely dissolved. The resulting cloudy solution
was then initially centrifuged at 4000 rpm for 4 min before
optimization. As can be seen from Fig. 3, both pure NaCl and
MgSO, induced comparable phase separation to their mixture.
During the salting-out process in TS-HLLME, the anion of the
salt is more important than the cation to achieve phase sepa-
ration,”® and according to the Hofmeister series: Na* > Mg>"*
while SO,>~ > Cl™ salting-out effects.?** NaCl was selected for
further studies due to its high solubility in aqueous samples,
low cost, availability in the laboratory, and better efficiency of
the method.

3.1.5. Effect of salt concentration. Another important
factor that influences phase separation is the amount of NaCl

Acetone/DEE E=R Acetone/EA

o-BHCB-BHC$-BHC Aldrin HCE y-Chlor DDE Endrin ESS DDT Dieldrin MC DBC

Organochlorine pesticides

Fig.1 Selection of extraction solvent. Extraction conditions: sample volume 5 mL, mixed standard 5 ng mL™?, extraction solvent volume ratio 2 :

1, the mass of NaCl: 1.5 g, centrifugation at 4000 rpm for 2 min.
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Fig.2 Effect of volume ratio of extraction solvents on the extraction efficiency of the proposed method. Extraction conditions: sample volume 5
mL, mixed standard 5 ng mL™%, extraction solvent (volume) ACN : EA (600 pL), the mass of NaCl: 1.5 g, centrifugation at 4000 rpm for 2 min.
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0-BHCB-BHC6-BHC Aldrin HCE y-Chlor DDE Endrin ESS DDT Dieldrin MC DBC

Organochlorine pesticides

Fig. 3 Effect of type of salt on the extraction efficiency of the proposed method. Extraction conditions: sample volume 5 mL, mixed standard 5
ng mL™%, extraction solvent (volume) ACN : EA (600 pL), extraction solvent volume ratio 3 : 1, the mass of salts 1.5 g, centrifugation at 4000 rpm

for 2 min.

used. In the HLLME procedure, the volume of the organic phase
recovered after extraction depends on the amount of salting
agent added.*® Therefore, the influence of the amount of salt
was investigated by adding 0.75-2.0 g (15-40%, w/v) NaCl to the
sample solution. Phase separation was not observed and the
range remained unaffected when the smallest amount, 0.75 g,
was added. Other smaller amounts of salt, such as 1.0 and
1.25 g, were also investigated, but there was great uncertainty
because phase separation was difficult to resolve and it was
hard to recover the organic layer. As shown in Fig. 4, the peak
areas of all target OCPs increase with the added NaCl mass
starting at 1.0-1.5 g and then decrease with the addition of
a higher mass. When adding a mass greater than 1.5 g, the salt
did not dissolve completely. This can lead to the adsorption of

132 | Anal. Methods, 2024, 16, 128-139

the analytes on the undissolved salt, resulting in a reduction in
the extraction efficiency of the method.** Therefore, 1.5 g was
selected for further experiments.

3.1.6. Effect of centrifugation rate. The influence of
centrifugation speed was examined from 3000 to 7000 rpm at
intervals of 1000 rpm. The average peak areas of the target
analytes increased with increasing centrifugation speed up to
4000 rpm and then slightly decreased at 5000 rpm, while
remaining constant with further increase in speed, as shown in
the ESI (Fig. S2t). The reduced peak area could be due to the
increased solubility of the target analytes in the aqueous phase
at a higher centrifugation speed, in agreement with the litera-
ture.*” Therefore, a speed of 4 000 rpm was selected for the
subsequent studies.

This journal is © The Royal Society of Chemistry 2024
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Organochlorine pesticides

Fig. 4 Effect of salt concentration on the extraction of OCPs: experimental conditions: sample volume: 5 mL, mixed standard 5 ng mL™?,
extraction solvents and volume (ACN : EA; 600 pl in a 3:1 ratio), centrifugation at 4000 rpm for 2 min.

3.1.7. Effect of centrifugation time. The centrifugation
time could also influence the extraction efficiency of the
method.* Therefore, in this study, the centrifugation time was
studied from 2 to 10 min with other parameters kept constant.
The outcomes given in the ESI (Fig. S31) demonstrated that the
peak areas of target analytes were not significantly affected by
the centrifugation time after 2 min. Therefore, 2 min was
selected for the subsequent experiments.

3.1.8. Effect of matrix pH. It should be noted that OCPs are
persistent organic pollutants that exist in a neutral state
throughout the pH range of an aqueous solution. Therefore, it
was not expected that the pH of the sample solution would have
a significant impact on the extraction efficiency. However,
depending on the type of sample matrix, the pH may have been
controlled or adjusted during sample preparation or the anal-
ysis process. When analysing the OCPs in the analyzed samples
(water and apple juice), optimization of the pH of the samples is
not necessary. This is because these compounds (OCPs) are
relatively stable over a wide pH range. OCPs are inherently
hydrophobic and do not readily ionize in water or juice
matrices. Therefore, changes in sample pH would not signifi-
cantly affect the accuracy, stability, or detectability of OCPs
during analysis. In this case, HLLME efficiently recovered OCPs
from different pH matrices without the need for pH optimiza-
tion or adjustment. Therefore, the work in this study was
carried out without pH adjustment.

3.2. Analytical performance of the proposed method

3.2.1. Calibration curves, selectivity and precision of the
proposed method. Using optimal experimental conditions, the
proposed HLLME was validated in terms of linear ranges (LR),
limit of detection (LOD), limit of quantification (LOQ), repeat-
ability and interday precision, and recovery. Matrix-matched
calibration curves were generated for six concentration levels
of 50-1600 ng L™'. Each concentration level was extracted in
triplicate and each extract was analyzed in duplicate. The

This journal is © The Royal Society of Chemistry 2024

calibration curves were obtained by plotting the peak areas as
instrumental responses against each OCP concentration. The
values of the coefficient of determination, 7%, were =0.9984 for
all OCPs, indicating acceptable linearity of the proposed
method.

3.2.2. Sensitivity of the method. The sensitivity of the
method ensured the detection of analytes in the sample
matrices at a trace level which is below or above the detection
limit. The LOD and LOQ which were determined from 3 and 10
times the signal-to-noise ratio ranged from 0.3 to 5.2 and 1.1 to
16.0 ng L™, respectively for the water sample. Meanwhile, the
LOD and LOQ for apple juice samples ranged from 0.6 to 10 and
1.8 to 30 ng L™, respectively. The analytical figures of merit of
the proposed method are displayed in Table 1. For all water
samples used in this study, the LODs obtained were lower than
the maximum level recommended by the EU for water samples
and comparable to or even better than previously reported
methods for the same analytes. Likewise, the LODs obtained for
apple juice were below the MRLs set by the EU for fruit juices
(0.01 mg kg™ ") (EU pesticides database: https://ec.europa.eu/
food/plant/pesticides/eu-pesticides-database/start/screen/
MRLs) (Table 1).

3.2.3. Precision study. The precision of the method was
evaluated in terms of repeatability (within a day) and interday
precision by extracting the spiked water and juice samples at
three concentration levels: level 1: 50 ng L™, level 2: 200 ng L™
and level 3: 800 ng L™ ".

The intraday precision of the proposed method was exam-
ined by extracting each added concentration level in triplicate
and then injecting each extract in duplicate on the same day
under the same experimental conditions. The repeatability
results, expressed as relative standard deviation (RSD), ranged
from 0.21 to 4.41 for water, and 0.46 to 4.58 for the apple juice
samples as shown in Table 2.

The interday precision of the method was examined by
extracting one sample per day for each concentration level for
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Table 1 Analytical figures of merit of the proposed method in matrix-matched calibration solution for all samples
Water sample Apple juice sample EU, MRL

This study result

Analytes LR* R? LOD* LOQ“ LR* R LOD* LOQ* (ng L™ Apple mg kg™*
3-BHC 0.2-1600 0.9999  0.07 0.2 9.0-1600 0.9998 3.0 9.0 <LOQ 0.01
B-BHC 12.0-1600  0.9999 3.9 12.0 30.0-1600 0.9990 10.0 30.0 <LOQ 0.01
3-BHC 5.3-1600 0.9999 1.6 5.3 9.3-1600 0.9996 2.8 9.3 <LOQ 0.01
Aldrin 11.0-1600  0.9989 3.6 11.0 24.0-1600 0.9986 8.0 24.0 <LOQ 0.01
HCE 6.0-1600 0.9999 1.9 6.0 10.0-1600 0.9994 3.2 10.0 <LOQ 0.01
y-Chlor 2.1-1600 0.9982 0.7 2.1 29.5-1600 0.9980 9.2 29.5 <LOQ 0.01
DDE 3-1600 0.9996 1.0 3.0 13.0-1600 0.9995 4.2 13.0 <LOQ 0.05
Endrin 5.3-1600 0.9997 1.6 5.3 11.0-1600 0.9997 3.6 11.0 <LOQ 0.01
DDT 3.0-1600 0.9996 1.0 3.0 13.0-1600 0.9994 4.2 13.0 <LOQ 0.05
ESS 2.0-1600 0.9995 2.0 6.0 14.0-1600 0.9992 4.6 14.0 <LOQ 0.05
Dieldrin  3.0-1600 0.9999 1.0 3.0 8.0-1600 0.9990 2.6 8.0 <LOQ 0.01
MC 1.8-1600 0.9994 0.6 1.8 16.0-1600 0.9991 5.2 16.0 <LOQ 0.01
DBC 2.1-1600 0.9984 0.7 2.1 16.0-1600 0.9994 5.2 16.0 <LOQ 0.01

“ Unit of LR, LOD and LOQ; ng L™, EU MRL source: https://ec.ecuropa.eu/food/plant/pesticides/eu-pesticides-database/start/screen/MRLS).

three consecutive days. Each extract was then injected in
duplicate. The interday precision results, expressed as relative
standard deviation (RSD), ranged from 0.68 to 5.78 and 0.88 to
5.88 for water and apple juice samples respectively (Table 2).

3.3. Application of the proposed method to real water and
apple juice samples

In this study, two types of samples were analyzed: water and
apple juice samples. Water samples, including groundwater and
spring water, were collected from various locations around
Jimma city in Ethiopia, while tap water was collected from the
Analytical Chemistry Laboratory of Jimma University after flow-
ing freely for about 10 minutes and the bottled water (Aqua
Jimma) also sourced from the local market (wholesaler) in
Jimma, Ethiopia. All water samples except tap water were then

transported to the Analytical Chemistry Laboratory of the
Department of Chemistry, Jimma University, where the first two
water samples were filtered through 0.45 pym Whatman filter
paper (quality 1 and size 8.5 cm) to remove various suspended
solids before use, while others were carried out without filtration.

An apple juice sample was purchased from a supermarket
in Jimma town, Jimma, Ethiopia. In this study, processed
apple juice was preferred over apple fruit samples. This is
because processed apple juice involves various steps such as
washing, peeling and pressing (juicing), which can remove or
reduce the concentration of OCPs present on the surface or in
the fruit. Therefore, analysis of processed apple juice provides
a more accurate representation of the OCPs that consumers
may be exposed to when consuming apple juice. This analysis
can help ensure that the processed juice is within legal limits
for OCP residues and is safe for consumption. Additionally,

Table 2 Intra- and inter-day precisions of the proposed method

Water sample Apple juice sample

Intra-day (n = 6) Inter-day (n = 12) Intra-day (n = 6) Inter-day (n = 12)
Analytes 50° 200° 800" 507 200° 800" 507 200° 800" 50° 200° 800°
3-BHC 4.41 1.18 0.39 5.21 2.07 0.68 1.54 1.40 0.59 4.09 1.71 0.99
B-BHC 3.22 1.64 1.84 3.50 1.29 1.05 0.50 1.64 0.68 2.52 1.16 0.88
3-BHC 2.77 2.24 0.21 2.35 3.76 2.88 2.8 2.74 1.35 2.36 3.96 3.16
Aldrin 3.93 2.05 0.75 4.72 1.69 2.46 1.90 1.83 1.94 5.26 1.45 2.18
HCE 2.87 0.66 1.04 2.99 1.54 1.22 2.64 1.33 0.94 2.42 3.25 1.23
v-Chlor 3.37 0.84 2.48 4.92 2.64 5.66 3.17 1.44 3.38 4.46 2.78 1.06
DDE 2.99 0.60 1.00 2.33 2.21 4.78 1.82 1.86 2.96 2.02 2.50 3.34
Endrin 2.39 1.32 0.95 3.19 1.19 1.69 1.83 0.65 1.44 2.60 1.01 5.95
DDT 3.04 1.44 1.76 2.10 2.69 3.90 1.17 1.05 2.98 4.58 4.20 2.78
ESS 3.02 1.24 0.37 5.91 3.09 4.92 1.24 1.77 1.96 3.82 2.96 3.28
Dieldrin 1.94 0.46 0.43 4.29 2.31 2.89 1.29 0.69 0.46 4.15 1.01 5.79
MC 2.72 1.13 1.29 5.78 2.29 1.03 1.20 0.74 4.38 4.14 0.97 5.88
DBC 2.24 0.73 1.44 4.8 2.37 2.75 4.58 0.47 1.37 3.42 1.41 1.11

“ Unit of each concentration level (ng L™1).
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OCPs are fat-soluble compounds that can be concentrated in
juice rather than fruit through processing, making them
a better sample for analysis. Finally, it can also help evaluate
the effectiveness of pesticide use and monitor apple industry
compliance with pesticide use regulations. The choice of
apple juice in this experiment was due to its relevance as it is
a commonly consumed beverage and the presence of OCPs
can be a potential concern due to their potentially harmful
effects on human health. Due to its similarity to other fruit
juices, apple juice is also often used as a representative
sample for the analysis of pesticide residues in fruit juices.
Since the processing and cultivation practices of apple juice
are similar to those of other fruit juices, the results of apple
juice analysis can be examined to make general conclusions
about pesticide contamination in various fruit juices. By
analyzing apple juice samples, it is possible to determine the
level of OCP contamination in a drink that many people,
including children, regularly consume.

View Article Online
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To verify the applicability of the proposed method to juice
samples, an apple juice sample was prepared based on the
previously described method with some modifications.*® For
instance, 5 mL of juice sample was diluted 10 times with
deionized water purified using the Direct-Q 5UV water purifi-
cation system to make the sample solution dilute and reduce
matrix effects. Then, 5 mL of the diluted solution was added to
a 15 mL conical bottom Falcon centrifuge tube. Afterwards, an
appropriate concentration of OCPs was added to the solution,
then sonicated for a few minutes and left for 30 minutes to
equilibrate. The procedure used for water samples was then
repeated in the same way. All samples were stored refrigerated
at 4 °C until use.

The effectiveness of the proposed method was evaluated by
determining the relative recovery (%RR) of OCPs in the water and
extraction recovery (% RE)* for apple juice samples as shown in
equations eqn (1) and (2) respectively. None of the target OCPs
were detected in the collected water and juice samples.

Table 3 Percent (%) RR £+ RSD of spiked samples and EF of the proposed method

Pesticides Spiked level® Tap water Bottled water Ground water Spring water Apple juice EF

3-BHC 50 96.8 + 0.8 101.6 £ 0.3 103.4 £ 2.4 96.7 + 1.8 971 +£2.1 44.2
200 99.7 £ 0.5 103.1 £ 2.3 109.1 £ 2.2 101.2 £ 2.5 93.8 £ 4.0
800 98.1 £0.5 108.9 £ 0.6 111.2 £ 1.4 102.6 £ 1.3 87.7 £ 9.2

B-BHC 50 98.9 £ 0.9 102.7 £ 0.8 98.4 £ 2.9 97.1+1.2 99.2 £ 0.5 41.4
200 99.8 £ 3.5 105.6 £ 1.7 100.1 £ 1.2 103.0 £ 0.6 94.9 £ 3.6
800 97.8 £ 1.5 109.7 £ 1.6 101.0 £ 0.4 101.1 £ 1.4 99.8 + 0.09

3-BHC 50 94.2 = 4.5 99.8 + 0.6 96.4 £+ 0.9 93.2 £ 0.7 96.6 £ 2.4 42.8
200 96.3 £ 0.9 100.6 £ 0.3 96.7 £ 0.1 98.2 £ 1.7 99.9 £ 0.05
800 884+ 0.4 100.2 £ 0.6 95.6 £ 0.5 105.4 £ 0.7 96.8 £ 2.3

Aldrin 50 95.1 + 1.0 106.5 £ 0.2 98.9 £ 0.3 99.8 £ 0.6 899+ 7.5 42.4
200 100.6 £ 1.2 108.0 £ 0.2 102.1 £ 1.6 914 +1.4 100.0 £ 0.1
800 88.1 £ 0.1 109.8 £ 2.1 104.2 £ 0.3 102.1 £ 2.0 94.2 £ 4.1

HCE 50 101.7 £ 4.2 95.6 £ 0.4 101.0 £ 0.4 98.4 £ 1.2 87.0 £ 9.8 46.7
200 102.9 £ 3.9 96.2 + 1.4 99.2 £ 0.4 103.3 £2.2 93.7 £ 4.5
800 105.0 £ 1.9 101.3 £ 2.6 90.4 £ 2.0 104.1 £ 0.2 93.8 £4.4

y-chlordane 50 101.2 £ 0.7 101.1 £ 0.1 99.4 £ 0.9 99.0 + 4.1 96.4 £ 2.5 74.5
200 104.1 £ 0.8 95.4 + 2.9 99.1+14 103.4 £ 1.4 95.9 £ 2.9
800 105.0 £ 0.4 109.4 £ 0.9 108.3 £ 1.3 105 £ 0.9 98.4 £ 1.09

DDE 50 96.4 + 2.8 106.4 £ 0.1 103.1 £ 0.3 98.5 £ 0.6 87.9 +£9.03 51.4
200 105.6 £ 0.5 102.1 £ 1.8 103.3 £ 0.8 105.1 £ 2.5 98.7 £ 0.9
800 99.0 £ 1.6 102.4 £ 1.2 95.5 £ 0.8 103.0 £ 0.5 97.5 £ 1.8

Endrin 50 104.0 £ 1.4 99.1 £ 0.5 98.0 £ 0.8 103.1 £ 0.3 93.6 £ 4.6 63.9
200 94.2 £ 0.4 106.4 £+ 3.8 104.5 £ 0.2 96.4 + 2.9 95.0 £ 3.6
800 86.1 £+ 6.68 94.2 £ 0.1 96.0 £+ 2.2 97.1£2.8 96.8 £2.3

DDT 50 97.0 &= 0.53 101.1 £ 0.1 914 £ 1.5 96.7 £ 0.3 91.7 £ 6.0 58.9
200 96.4 + 1.60 100.0 £ 0.5 107.8 £ 2.2 107.8 £ 1.6 99.9 £ 0.5
800 91.4 + 5.84 100.1 £ 0.1 102.0 £ 1.1 95.6 £ 0.2 96.5 £ 2.4

ESS 50 98.0 £ 0.64 101.4 £ 0.2 101.1 £ 1.5 92.2 £ 0.5 92.8 £ 1.2 49.6
200 91.2 + 3.07 91.4 £ 0.9 102.4 £ 1.9 103.5 £ 3.7 97.3 £ 1.9
800 103.7 £ 2.1 99.8 + 0.7 102.3 £ 1.2 104.4 £ 1.3 92.3 £5.6

Dieldrin 50 98.9 + 4.6 107.8 £ 2.8 101.2 £ 0.3 97.4 £ 0.2 97.7 £ 1.6 65.4
200 97.5 + 4.7 94.5 + 4.8 103.1 £ 2.2 103.2 £ 1.2 90.9 £ 6.7
800 104.1 £ 2.0 97.8 £ 0.2 109.1 £ 0.6 106.7 £ 0.7 96.7 £ 2.3

MC 50 96.4 £ 0.4 98.9 £ 2.6 101.1 £ 0.8 102.1 £ 0.4 95.3 £3.3 45.2
200 97.4 + 1.6 99.1 + 0.6 102.0 £ 1.4 105.6 £ 1.5 95.9 + 2.9
800 96.7 + 0.9 104.5 £ 4.6 107.1 £ 1.0 104.5 £ 1.7 98.3 £ 1.1

DBC 50 99.4 + 1.0 98.3 £ 1.0 97.4 £ 2.7 98.9 £ 0.2 91.8 £ 6.0 50.7
200 96.5 £+ 4.0 98.9 £ 0.1 99.1 £ 0.09 99.8 £ 0.5 95.1 £ 3.5
800 99.8 + 3.8 99.1 £ 0.2 974+ 1.1 102.1 £ 3.4 984 £ 1.1

“ Unit of spiked concentration levels (ng L ™).
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Average peak areas of real water samples

%RR = — 100
& Average peak area of deionized water samples
(1)
%RE — pre-extract peak area 100 @)

post-extract peak area

The percent recovery and corresponding RSD of all samples
are listed in Table 3. In all samples, the percent recoveries were in
the range of 86.4109.9% with RSD < 6%, showing that the
proposed method has satisfactory recoveries for the analysis of
OCP residues from the samples studied and other related
matrices. In many references, the enrichment factor (EF) has
been defined as the ratio of the final concentration of the analyte
in the acceptor phase (collection phase) to the initial concentra-
tion of the analyte in the sample solution.***® To determine EF,
a 5 mL juice sample spiked with the target analytes at an amount
of 2.4 ng L™" was extracted under the optimized conditions as
described in the methods section. The extraction was performed
in triplicate and the peak area of the extract was recorded and the
average peak area is used for calculation. The peak area after
extraction was measured at the same concentration as extraction
and measured in triplicate. Finally, the average peak area was
used for the EF calculation, as shown in eqn (3).

Peak area of extracted OCP

EF =
Peak area of non extracted OCP

(3)

Accordingly, the EF of the method ranged from 41 to 75
(Table 3).
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3.4. Selectivity of the proposed method

The selectivity of the method describes the ability of the GC
process to correctly separate analytes from each other. The
selectivity of the proposed method was evaluated by
comparing the chromatograms of the unspiked water and
apple juice samples with the corresponding spiked samples.
The apple juice sample was prepared based on the previously
described method with some modifications.?® Accordingly,
10-fold diluted apple juice with ultrapure water was used for
sample extraction. Fig. 5a-d show representative chromato-
grams of the unspiked and spiked apple juice and river water
samples with 50 ng L™" of the target pesticides. As shown
from the chromatograms, no interfering peaks were observed
in the retention time windows of the target analytes, indi-
cating that the proposed method has good selectivity for trace
analysis of the selected pesticides in water, juice and other
related matrices. Through the whole procedure, the matrix
effect was minimized, because water and apple juice samples
were properly prepared to remove any particulate matter or
other interfering substances. This was done by filtration and
centrifugation. The extraction conditions, such as the volume
ratio of the solvents, the pH, and the salt concentration, were
optimized to minimize the matrix effect. For instance, the
addition of salts helps to reduce the solubility of some matrix
components and improve the extraction efficiency. Therefore,
proper sample preparation, optimization of extraction
conditions, and use of matrix matched calibration was per-
formed to control the matrix effect and to improve the
performance of the method as shown in Fig. 5.
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Fig.5 Sample chromatograms of (a) blank, and (b) spiked apple juice samples with the respective standard and (c) blank and (d) spiked river water

samples with the respective OCP standard.
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Table 4 Comparison of different methods for the determination of OCPs

Matrices Method R* Recovery, % LOD* LOQ* EF Ref.
Water GC-DLLME =0.995 81.9-109.7 0.16-2.17 0.53-7.16 63-116 38

Water HF-SPME-UHPLC-UV =0.996 64-113 0.33-0.38 1.00-1.25 — 39

Water MSPE-GC/MS/MS =0.997 79.4-98.3 0.39-0.70 1.45-2.0 — 40

Water MSPE-HPLC-UV =0.998 90.6-103.5 0.012-0.029 0.04-0.097 — 41
Strawberry GC-ECD-QUEChERS =0.999 75.6-88.4 0.6-0.9 — 42

Water and apple juice TS-SAHLLME-GC-MSD =0.998 87.0-111.0 0.07-10.0 0.2-30 41-75 This work

¢ Unit of LOD and LOQ; ng L™

3.5. Comparison of the proposed method with other
methods

The proposed TS-HLLME combined with GC-MS analysis tech-
niques has been compared with previously reported methods
for the determination of OCPs from different matrices. On the
basis of the parameters indicated in Table 4, it was noted that
the technique optimized exhibited comparable analytical
performance characteristics with previously reported methods.
Moreover, the proposed method utilizes less toxic organic
solvents (acetonitrile & ethyl acetate) which can be found in
common research laboratories in developing countries. It also
offered similar or better LODs and comparable linearities and
recoveries with others cited for comparison. Based on the
experimental findings the proposed method can be considered
as one of the preferred, simple, fast, effective, and environ-
mentally safe alternative green methods for the extraction and
preconcentration of OCPs from different food, environmental,
and other related matrices.

The greenness of the proposed method was checked
following the AGREE prep metric software. The input criteria
for this metric refer to the 12 principles of green chemistry
and was assigned different weights that allow for a certain
flexibility. Each of the 12 input variables were transformed
into a common scale in the 0-1 range, as designated in the
literature.*” The final assessment result is the product of the
assessment results for each principle. The output is a clock-
like graph, with the overall score and color representation
in the middle as depicted in ESI Fig. S4.F The performance of
the procedure in each principle is reflected with the intuitive
red-yellow-green color scale, while the weight of each prin-
ciple is reflected with the width of its corresponding segment.
The assessment was easily performed using user-friendly
software available at https://agree-index.anvil.app/, with
automatically generated graph and an assessment report.’”
As shown in the ESI (Fig. S47), the scores corresponding to
GAC principles 1, 2, 3, 5 and 10 are low, while other
principles including 4, 6, 7, 8, 9, 11 and 12 offered excellent
greenness performance.

4. Conclusions

An HLLME technique in conjunction with GC-MS was devel-
oped and successfully applied for the extraction and enrich-
ment of 13 OCPs in water and apple juice samples. The method
offers a variety of advantages, including high recovery, wide

This journal is © The Royal Society of Chemistry 2024

linearity range, short analysis times, ease of use, and environ-
mental friendliness. Based on the current findings, the method
can be considered a promising extraction and enrichment
method for trace analysis of OCPs from various environmental
water samples in combination with a mixture of water-miscible
solvent, ACN, and lower water-immiscible ethyl acetate as well
as NaCl as a salting-out agent. In addition, it showed compa-
rable and/or much better performances in terms of LOD and
LOQ values compared to certain other reported techniques.
However, the proposed method is slightly time and labour
intensive since it was a manual process and uses time
consuming centrifugation, which may not be feasible for large-
scale applications. Therefore, for the future development,
automating the entire process could significantly reduce the
manual efforts required for sample preparation, extraction, and
analysis.
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