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ABSTRACT

A rapid nanoconfined liquid phase filtration system (NLPF) based on solvent-confined
carbon nanofibers/carbon fibers materials (CNFs/CFs) was proposed to effectively
remove chlorinated pesticides from ginsenosides-containing ginseng extracts. A series
of major parameters that may affect the separation performance of CNFs-NLPF method
were extensively investigated, including the water solubility of nanoconfined solvents,
filtration rate, ethanol content of the ginseng extracts and reusability of the material for
repeated adsorption. The developed method showed high removal efficiency of
pesticides (85.5 - 97.5%), high retainment rate of ginsenosides (95.4 - 98.9%) and
consistent reproducibility (RSD < 11.8%). Furthermore, the feasibility of the CNFs-
NLPF technique to be scaled-up for industrial application was systematically explored
by analyzing large-volume ginseng extract (1 L), which also verified its excellent
modifiable characteristic. This filtration method exhibits promising potential as a
practical tool for removing pesticide residues and other organic pollutants in food

samples to assure food quality and safeguard human health.
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1. INTRODUCTION

Panax ginseng C. A. Meyer (ginseng) is a kind of perennial herb that contains
substantial amount of bioactive ingredients.! Ginsenosides are the major
pharmacological components that constitute 2-3% of ginseng,? in which various
pharmacological activities of ginsenosides have been revealed, including anti-
inflammatory, anticancer, antidiabetic, and antioxidative effects.® Throughout the six-
year growth period of ginseng crops, pesticide residues in soil are passively absorbed
and accumulate in ginseng, especially the organochlorine pesticides with high
persistence property.*® During the extraction of ginsenosides, a fraction of these
pesticide residues are simultaneously being extracted,” which are difficult to be
removed as to minimize ginsenosides losses from ginseng extracts. Numerous studies
have reported that a long-term exposure to residual chlorinated pesticides is linked to
adverse human health effects, such as immune suppression, hormone disruption,
reproductive abnormalities and cancer.® Therefore, the targeted elimination of pesticide
residues is an inevitable step in ginseng processing.

There have been many attempts to develop effective methods for removing
pesticide residues, including moving bed biofilm reactor (MBBR),*!° advanced
oxidation processes (AOPs),*12 and adsorption. Despite the fact that these technologies
can achieve industrial elimination of pesticide residues, cost-intensive, time-consuming
and complicated operations are the common shortcomings. In the current ginseng
industry, size exclusion technology with the utilization of macroporous resin has risen
to be a more commonly employed method to remove pesticide residues, which is based
on the distinct size difference between pesticides and ginsenosides to achieve effective

separation. Nevertheless, sophisticated design that relies heavily on the
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physicochemical properties of analytes is often required for this technique to
accomplish highly selective adsorption. It is, therefore, difficult to simultaneously
remove pesticide residues with considerably different properties by using only single-
sized macroporous resins, while composite-sized macroporous resins pose a risk of
causing the loss of ginsenosides.*!* Thus, an adsorbent with high selectivity and large
load capacity is urgent needed.

Organic solvents have proved its unique selective extraction capacity across
different polarities, which also exhibits extremely fast mass transfer speed and high
load capacity.’® Conventional liquid-liquid extraction (LLE) is infeasible for industrial
application because of the laborious operation and large solvent consumption. At
present, holder-assisted micro-liter liquid extraction has been widely demonstrated as a
solvent-saving, time-saving, and simple technique. Various kinds of substrate-based
solvent support phase extraction methods that employed materials like knitting wool,*8
stainless steel wire!” and melamine foam?*@ have been explored, which can extract trace
target compounds via loaded solvent. These studies highlighted the potential of flexible
material with porous surface which acts as an adsorbent filler or column packing for
confining a minimal amount of solvent, and employ it to accurately separate
ginsenosides and pesticides based on the distinguishable polarity difference. However,
the structural limitations of some substrate materials may lead to some intricate
problems, including solvent shedding under vigorous stirring, residues of the analytes,
unmodifiable shape and limited modifiability, which make these materials unsuited to
be applied in formulating a filter-type separation device to eliminate pesticide residues
from ginseng extract.

In recent years, research on carbon material with outstanding properties has been

extensively studied.’® Among which, carbon nanofibers (CNFs) are one of the hotly
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considered materials for its bending and entanglement morphologies.?’® Carbon
nanofibers that grow on carbon fibers (CNFs/CFs) were previously synthesized by
using chemical vapor deposition method (CVD),?* which demonstrated a state of
bending and entanglement to form numerous three-dimensional nanopores between
CNFs. A nanoconfined liquid phase nanoextraction technique (NLPNE) based on CNFs
had been systematically studied in our previous work.?> When a certain amount of
solvent was added on the CNFs/CFs surface, it was firmly confined within the
nanoporous structure of the material. Different solvents were successfully confined on
the CNFs/CFs materials, and such an approach favors the selective adsorption of
various target compounds according to the liquid phase extraction principle.

In this study, a simple, rapid and efficient carbon nanofibers-based nanoconfined
liquid phase filtration (CNFs-NLPF) technique was established for the effective
elimination of pesticides from ginseng extract based on the difference in polarities
between ginsenosides and pesticides. The non-polar chlorinated pesticides can be
effectively removed, while the polar ginsenosides were successfully retained in ginseng
extract after treated by this technique. By stacking the CNFs/CFs into a membrane-like
filtration material to remove pesticide residues, different types of confined solvents,
filtration rate and desorption parameters were systematically optimized in this study. In
view of the addition of ethanol in ginseng industry during ginsenosides extraction, the
influence of ethanol content on the removal efficiency of pesticide residues in ginseng
extract was evaluated. The reusability of the material was also assessed. A laboratorial
scale-up version of the filtration device was subsequently fabricated to examine the

feasibility of the proposed filtration technique for potential industrial applications.
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2. MATERIALS AND METHODS

2.1 Chemicals and reagents

All HPLC grade organic solvents including acetone (ACE), dichloromethane
(DCM), hexane (HEX), acetonitrile (ACN), methanol (MeOH) and ethanol (EtOH)
were purchased from Thermo Fisher Scientific (Waltham, MA, USA). Reference
standards for alpha-hexachlorocyclohexane (a-HCH), gamma-hexachlorocyclohexane
(lindane), delta-hexachlorocyclohexane (6-HCH), pentachloronitrobenzene (PCNB),
heptachlor, aldrin, heptachlor epoxide, procymidone, endosulfan (both isomers A and
B), dichlorodiphenyldichloroethylene (DDE), dichlorodiphenyldichloroethane (DDD),
dichlorodiphenyltrichloroethane (DDT), dieldrin, endrin and methoxychlor with
purities of 99.9% were bought from AccuStandard (New Haven, CT, USA). Triphenyl
phosphine (TPP) as internal standard was bought from Chem Service (West Chester,
PA, USA). The mixed ginsenosides standard comprising Rb1, Rb2, Rc, Re, Rd, Rg1,
Rf, which represents the major constituents of ginseng saponins in ginseng,?>2® was
purchased from National Institute for the Control of Pharmaceutical and Biological
Products (Beijing, China). Ultrapure water was obtained using a Milli-Q water
purification system (Millipore Corporation, Bedford, MA, USA). Polyether sulfone
(PES) membrane with a pore size of 0.22 um was purchased from Jinteng Co. Ltd.
(Tianjin, China). A syringe pump (Model XFP01-B, Suzhou Xunfei Co. Ltd., Suzhou,

China) was used for regulating the flow rate of filtration.

2.2 Synthesis of CNFs/CFs

The details of CNFs/CFs synthesis have been reported in previous work.?! In brief,
CFs were subjected to thermal debinding before being Soxhlet extracted to burn up the

organic binder. The desized CFs were immersed in a solution of HNO3/H2SO4 for 12 h
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and then washed with water to obtain a pH level of 7.2” The acid-treated CFs were
impregnated and dispersed in Ni-doped mesoporous silica precursor solution for 12 h
and then the CFs were air-dried.?® The CFs were placed in the middle of a tube furnace
and calcined at 1023 K under 150 cm? of flowing N2; they were then subjected to a
reduced flow of 10% Hz/N2 (150 cm®) for 30 min to obtain the reductive Ni
nanoparticles. Acetylene (30 cm?®) was then introduced into the furnace for 30 min to
facilitate the growth of CNFs on the surface of the CFs. The morphologies of CFs and
CNFs were characterized by scanning electronic microcopy, SEM (Hitachi Regulus

8100, Japan).

2.3 Sample preparation

Ginseng extracts were prepared according to a previous study.?® In brief, 30 g
ginseng sample was mixed with 1 L of water, and then ultrasonicated for 1 h. The
mixture was kept overnight at 4 <T and filtered through a filter paper before being
employed for evaluating the repeatability of the CNFs/CFs, validation of the
developed method and in scaled-up filtration experiments. Different commercially-
available ginseng products intended for TCM prescriptions comprising ginseng,
American ginseng (Panax quinquefolius) and Notoginseng (Panax notoginseng) were
purchased from a local Chinese medicine store in Yanji city, Northeast China, for the
verification of application prospect of this method. To evaluate the separation
performance of the CNFs-NLPF technique, a series of optimization experiments were
carried out by using pesticides and ginsenoside standards solutions. A mixed standard
solution with four representative pesticides including DDT, PCNB, lindane and
procymidone was prepared at 10 mg kg by diluting the standard stock solution for
each pesticide with acetone. The standard working solutions for spiked standard

comprising 0.5 pug g? chlorinated pesticides and 5 ug g ginsenosides were freshly
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prepared by diluting the mixed standards solutions with ultrapure water before
optimization experiments. A mixed standard solution with all nineteen chlorinated
pesticides was prepared at 10 mg kg™ by diluting the standard stock solution for each
pesticide with acetone, which was further diluted to prepare the standard working
solution at 0.5 pg g™ for assessing the method performance of CNFs/CFs materials in
ginseng extract, scale-up experimentations and application in real ginseng products.

A filter-type treatment method was proposed, which is in parallel with the
requirements of industrial applications. Approximately 10 (£0.5) mg of CNFs/CFs
were accurately weighed. The weighed CNFs/CFs were evenly filled into the PES
membrane, and 50 uL HEX was added onto CNFs/CFs to confine solvent on the
material surface. The PES membrane was attached to a syringe, and the filtration
system was connected to a syringe pump to evaluate the separation performance.

As for the scale-up version of this filtration technique, the fabrication procedures
of this simple device were as follows: the bottom of an open-ended glass cylinder was
enclosed with a stopper fitted with a tube for collecting filtered samples, while the
other end was similarly enclosed with a stopper with a tube for drawing in sample.
The filtration device was connected to a peristaltic pump to control the constant flow
rate of filtration. Upon the completion of filtration process, the collected sample in a
flask was subsequently used for analyses of pesticide residues and ginsenosides.

The treatment process began with inserting the pre-weighed CNFs/CFs material
into the bottom of filtration cylinder. An appropriate volume of HEX was added into
the filtration system so that it was fully confined on the material surface. When
excessive HEX slowly flowed out from the system, ginseng extract containing tested
pesticides was pumped into the column for pesticide removal. When the filtration was

completed, an appropriate volume of HEX was added into the system to desorb
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organic solvent that contain pesticides from the CNFs/CFs under a constant flow rate.
The fully desorbed organic solvent was filtered through a column with anhydrous
sodium sulfate to eliminate excessive water content, and the volume of the extract was
adjusted to 80 uL. Internal standard was added and 2 puL from the final extract was
subjected to GC-MS analysis. The collected ginseng solution containing ginsenosides
was detected by LC-MS/MS.

2.4 Instrumental analysis
2.4.1 GC-MS

Pesticide residues were analyzed using a GC2010 gas chromatograph (Shimadzu,
Kyoto, Japan) equipped with an Agilent DB-5MS quartz capillary column (30 m x<0.25
mm %0.25 pm) and coupled to a QP2010 mass spectrometer (Shimadzu, Kyoto, Japan).
Helium (purity, 99.999%) was used as the carrier gas at a constant flow rate of 1.0 mL
min. The injector temperature, ion source temperature and interface temperature of
GC-MS were set at 280, 230 and 280<C, respectively. Operating conditions were as
follows: the initial temperature 40 <C was directly increased to 150 <C at 50 <C min* and
then increased to 260<C at 5T min. Injections were carried out in splitless mode with
an injection volume of 2 L. Selected ion monitoring (SIM) mode with a sampling rate
of 1.0 s was used. The retention times and three characteristics ions including one target
and two qualifier ions selected for qualitative and quantitative determination of
pesticides are listed in Table 1. Each pesticide compound was confirmed using the
retention time match and the intensity ratio of characteristic ions.

2.4.2 LC-MS/MS

For ginsenoside analysis, a HPLC-ESI-MS/MS detection system consisted of an

Agilent 1260 HPLC system and an Agilent 6420 triple quadrupole mass spectrometer

(Agilent Technologies, Santa Clara, USA) was used. The chromatographic separations
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were carried out with a ZORBAX Eclipse XDB-C18 column (4.6 x 150 mm, 5 um
particle size) purchased from Agilent (Wilmington, DE, USA) with a flow rate of 0.5
mL min~%. Solvents used for the HPLC analysis were 0.1% formic acid in H20 (A) and
ACN (B). The column was kept at 25 (£2) <C and the sample injection volume was 2
L. Before chromatographic analyses, all the samples were filtered through 0.22 pm
polytetrafluoroethylene membranes. A gradient program for the change of mobile
phase was as follows: 20 min linear gradient from 63% A and 27% B to 54% A and 46%
B; 1 min from 54% A and 46% B to 63% A and 27% B, then the system was re-
equilibrated to initial conditions for 5 min. The total run-time was 26 min. The data
were acquired in multiple reaction monitoring (MRM) mode, and the precursor ions,
product ions, fragment energies and collision energies used for quantification of
ginsenosides are indicated in Table 1.
2.5 Evaluation of analytical performance

In order to verify the method performance and to guarantee the quality of the
analytical procedure in this study, a standard mixture comprised a total of nineteen
chlorinated pesticides were used to evaluate the reproducibility, linearity and method
limit of detection (MLOD) of this method. The recovery and precision (RSD%) of this
method were investigated by spiking 500 ng g* in different ginseng samples (n = 3).
The concentrations of pesticides ranged from 5 to 1000 ng g ! in spiked ginseng
samples were used for linearity evaluation. The MLODs for all pesticides were
calculated as three times the signal-to-noise ratio in spiked ginseng samples after CNFs-
NLPF filtration.
2.6 Data analysis

The plot of data and significant analysis were performed using Microsoft Excel

2019 (Redmond, WA, USA). The extraction efficiency of chlorinated pesticides
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influenced by type of confined solvent, filtration rate, desorption rate and desorption
solvent volume were assessed using one-way analysis of variance (ANOVA) with post-
hoc comparisons using Tukey HSD test. All the statistically significant differences

between groups have been indicated using asterisks in the figures.

3. RESULTS AND DISCUSSION

3.1 CNFs/CFs characterization

The characterization results were shown in Figure 1 (a) and (b), which contain
desized CF and modified CNFs/CF, respectively. It can be seen from Figure 1 (b) that
the dense, uniform and curvy CNFs grew on the CF surface, resulting in an approximate
five-fold increase in diameter. The subfigure in Figure 1 (b) showed that the diameter
of the voids formed by grown CNFs ranged between 200 to 500 nm, which provided
suitable pore sizes on the material surface for solvent confinement. The difference in
specific surface area between CFs and CNFs was previously proven to be thirty-fold
increment for CNFs than CFs. The significant increase in specific surface area denoted
a large number of porous structures were exposed on the surface of the material. A rich
profusion of pores can immobilize a considerable volume of confined solvent, which is
beneficial to improve the adsorption performance of the material. Additionally, the
confined solvent existed in the form of vastly dispersed nano-droplets on the material
surface greatly increases the contact area between two liquid phases, hence expediting

the rate of mass transfer.

3.2 Optimization on the influential factors of CNFs-NLPF

The conventional LLE system mainly relies on the distribution equilibrium of the

target between aqueous phase and organic phase, which eventually facilitates the
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transfer of analytes from aqueous solution into organic solvent to achieve extraction.
During the CNFs-NLPF filtration process, the extraction solvents were dispersed into
countless nano-droplets on the surface of the material, which greatly increases the
contact area between both liquid phases, thus significantly improves extraction
efficiency.®® The property of the confined solvent is the decisive parameter of this
method, which directly affects the selective removal of the targets. The velocity of
CNFs-NLPF process determines the highest rate of achieving dynamic equilibrium.
The desorption process was also explored as it affects the ease of operation,
repeatability and stability of material. These influential factors affecting the removal
performance of CNFs-NLPF were systematically optimized. The experiments in this
section were carried out in triplicate by spiking the mixed standard of four
representative pesticides that cover a wide range of polarities, hence they were selected

as the analytes for optimization experiments.
3.2.1 Selection of confined solvent

In the case of CNFs-NLPF technique, confined solvent plays a key role in
selectively extracting analytes with specific properties. The selection of confined
solvents also follows the principle of extraction solvents in LLE, which is based on the
different distribution coefficient of targets between two liquid phases. The maximum
extraction of the targets can be achieved when the solubility of the targets in the
extraction solvent is much greater than that of the original system. In order to realize
an effective removal of pesticide residues without losing the content of ginsenosides,
the distinguishable properties between these two groups of compounds were firstly
examined. Ginsenosides belong to the steroid group with lots of hydrophilic hydroxyl
group, hence making them strongly polar compounds that can exist stably in aqueous

solutions. In contrast, chlorinated pesticides are a class of lipophilic compounds with
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excellent solubility in weakly polar solvents such as DCM and HEX. Therefore, a
suitable extraction solvent can achieve the selective adsorption of pesticide residues
and effectively allow the retainment of ginsenosides in the ginseng extract. In this study,
HEX, DCM and EtOH were sequentially evaluated based on the difference in polarity.
To validate the significance of solvent confinement that plays a pivotal role on the
extraction performance of this filtration method, the extraction capability of CNFs/CFs
material without confining solvents were also assessed. Based on the results in Figure
2(a), it was obvious that the adsorption performance of CNFs/CFs material without
solvent confinement was extremely poor if compared to those with organic solvent
confined on the material surface. These results justified the importance of solvent
confinement on material surface for pesticide adsorption, especially for adsorbing
pesticide with comparatively higher polarity like procymidone. By assessing the
adsorptive performance between different types of nanoconfined solvents, the removal
efficiencies of pesticide residues were over 70.8% in all solvents, but as high as 98.8%
ginsenosides were simultaneously eliminated when EtOH was chosen as the confined
solvent. It is due to the “like dissolves like” principle in which ginsenosides are inclined
to partition to EtOH compared to HEX and DCM. Both HEX and DCM achieved
desired results with pesticides removal efficiencies of greater than 85.2% and RSDs of
less than 9.3%, while the retention rates of ginsenosides were higher than 92.4% with
RSDs of less than 8.0%. HEX was eventually chosen as the most ideal confined solvent
as it is commonly used as an extractant for biologically active constituents in medicinal

plants or food, hence proving its suitability for CNFs-NLPF method development.3-34
3.2.2 Effects of filtration rate

Throughout the dynamic adsorption process for fixed-bed filtration systems, initial

concentration and filtration rate are two consequential factors that need to be
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considered.®® In this study, the chosen initial concentration of 500 ng mL™* is much
greater than MRLs, which show representativeness that aimed to demonstrate the
effectiveness of this filtration technique. The influence of filtration rate, on the other
hand, is far more deciding in the CNFs-NLPF system. Under the same initial
concentration in the CNFs-NLPF system, the influence of filtration rate on the removal
efficiency of pesticides was systematically evaluated. In this section, PCNB was
selected as the model analyte to optimize the flow rate for CNFs-NLPF system at 30,
45 and 60 mL min, and the adsorption equilibrium curves under different flow rates
were demonstrated in Figure 2(b). It can be observed that the breakthrough curve for
higher flow rate was comparatively steeper than lower flow rates throughout the
filtration. This phenomenon can be explained by the shorter contact time available
between pesticide and organic solvent molecules, hence diminishing the efficacy of
mass transfer for complete adsorption. Such an explanation has been verified in
previous research,®% and it was consistent with the results in this study which recorded
a reduction in the rate of pesticide removal from 88.8% to 61.8% when the flow rate
was adjusted from 30 to 60 mL min™, as shown in Figure 2(c). It is important to stress
that there were no significant losses of ginsenosides under these three flow rates. After
taking the overall effectiveness and efficiency factors into consideration, 45 mL min
was eventually selected as the optimum flow rate for dynamic adsorption, which
achieved removal rate of > 83.3% with the RSDs < 9.5% for all target pesticides in this

study.
3.2.3 CNFs-NLPF desorption process

A suitable desorption method is essential for assuring method performance and the
reusability of materials. There have been a large number of researches confirming the

high degree of flexibility for carbon nanomaterials with non-destructive recovery to its
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original state.3”*® Hypothetically, the solvent-confined CNFs can be symbolized as a
"sponge™ that filled with liquid for extraction, in which analytes successfully transferred
from the mobile aqueous phase under constant flow rate into organic phase to achieve
filtration-based adsorption; similarly, the utilization of fresh organic solvent under a
slightly higher flow rate came into contact with the confined solvent and transferred the
analytes into the mobile organic phase, thus accomplishing desorption. In order to
verify this hypothesis of desorption, the optimal flow rates and desorption volume of
organic solvent were sequentially examined. As the ideal type of confined solvent for
adsorption, HEX was also selected as the organic solvent for desorption, and the
optimization results were indicated in Figure 3. Figure 3(a) showed the optimum flow
rate for desorption was 50 mL min, which achieved the desorption efficiency of 95.4%
with RSD values of less than 5.8%. The desorption efficiencies decreased with the
increase in desorption flow rates, which might be attributed to the lack of sufficient
contact time for effective mass transfer. As for selecting an ideal desorption solvent
volume, at least 100 pL is adequate to desorb 50 puL confined solvent from the material,
as displayed in Figure 3(b). It was proven that this non-invasive desorption method
greatly maintains the stability and integrity of the composite material, therefore the

repeatability of the material can be greatly increased.

3.3 Influence of ethanol content in ginseng extracts

It is essential to explore the influence of ethanol content in ginseng extracts as it
was used to extract the intrinsic bioactive ingredients, unfortunately most chlorinated
pesticides are also partially soluble in ethanol. Thus, these pesticide residues are co-
extracted into the ginseng extract and become an interference that must be removed.
Such circumstance signifies the significance of separation method to maintain

effectiveness in ginseng extract with ethanol content. In accordance to this demand,
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three different ratios of mixed alcohol-water extracts with 15, 25 and 35% ethanol
content at different polarities were systematically assessed.” Their polarity indices 3%
were showed in Figure 4(a). It can be seen from Figure 4(a) that the elimination rate of
pesticide residues was significantly reduced in the ginseng solution with 35% ethanol
content. The maximum anti-alcohol ability of this method is recorded at 25% ethanol
content in ginseng extract, with over 80.4% removal rate of pesticide residues and RSDs
of less than 12.9%. The anti-alcohol mechanism is probably due to the competitive
adsorption of different targets by the solvent. It can be explained by referring to the
polarity index, in which the increment of ethanol content is inversely proportionate to
the overall polarity of the mixed solution. Compared with the aqueous solution, the
retention (adsorption) ability of organic solvent towards pesticide residues was
significantly improved. It was proven that changing the type of confined solvent from
water to organic solvent can substantially improve the anti-alcohol ability for adsorbing
the non-polar pesticides in industrial ethanol-containing ginseng extract. As far as we
are concerned, it is also the first study that attempts to remove pesticide residues in
ginseng extracts with ethanol content, which provides valuable scientific information

for facilitating industrial application.

3.4 Validation of the developed method

The repeatability of the CNFs/CFs material was one of the important parameters
for evaluating the performance of the method. Under the optimized desorption
conditions for analyzing ginseng extract, the results of desorption rate were no less than
95%, indicating that the CNFs/CFs could be recycled. The adsorption efficiency of the
CNFs/CFs towards selected pesticides was still over 82.5% after 10 cycles, as shown

in Figure 4(b).
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In order to further prove the application of this method for eliminating pesticides
in ginseng extract, the number of chlorinated pesticides was increased from four to
nineteen. Under optimized condition, the analytical method proposed in this study was
validated through evaluating the linearity, accuracy, precision and sensitivity. As
shown in Table 2, good linearity with the square of the correlation coefficient (R? >
0.99) was obtained for all the analyzed compounds. The intra- and inter-day recoveries
were in the range of 85.5 - 97.5% with RSDs < 11.8%, proving the excellent stability
and reproducibility of this filtration system. The method limit of detections (MLODs)
for selected chlorinated pesticides ranged from 2.22 to 61.55 ng g, indicating the
satisfactory detection limit and sensitivity of the CNFs-NLPF technique.

The analytical performance of the CNFs-NLPF method for eliminating organic
pollutants was compared with similar filtration-based techniques (Table 3), which
highlighted the significant advantages of this filtration system, especially from the flow
rate and reusability perspectives.

3.5 Analysis of chlorinated pesticides in ginseng samples and future prospects

In order to justify the feasibility of applying this removal method at industrial level,
scaled-up filtration experiments were proposed through analyzing larger volume (1 L)
of ginseng extract under the optimal parameters. It can be seen from Figure 4(c) that
similar results were obtained for removing pesticide residues from large-volume
ginseng samples, which achieved 88.3 - 95.4% removal rate of pesticide residues and
RSDs of less than 11.8%. Such performance fully demonstrated the feasibility of the
CNFs-NLPF method to be further modified as a simple and effective industrial-grade

device to remove pesticide residues in ginseng extract.

The applicability of the proposed method was verified through employing it to

investigate the occurrence of chlorinated pesticides in different ginseng products
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available for purchase in the traditional Chinese medicine store. Results showed that

none of the tested chlorinated pesticides were observed in all the ginseng samples.

The CNFs-NLPF technique validated its effectiveness to selectively eliminate
nineteen chlorinated pesticides from ginseng extracts, while retaining ginsenosides with
minimal losses through confined non-polar solvent that facilitated liquid phase
nanoextraction on the CNFs/CFs surface. Most importantly, this method was proved
successful in removing pesticide residues in industrial ginseng extract with ethanol
content. In addition to the rapid and simple characteristics of the CNFs-NLPF method,
the reusability of the material is also a vital strength. This method had proved feasible
to be scaled-up or modified for filtering a large volume of ginseng extract, which also
achieved excellent removal of pesticide residues within a short period of time. The
feasibility for up-scaling this method provides a promising method for removing
pesticide residues in the ginseng industry, which aids in offering technical basis that

coupled with application prospects to advance the food safety sector.
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Figure Captions:

Figure 1 SEM images of the surface of (a) bare CF and (b) CNFs/CF.

Figure 2 Influential factors that affect the separation performance of CNFs-NLPF,
including (a) types of confined solvent, (b) breakthrough curves and (c) filtration rate.

Asterisk signifies the statistically significant difference (p < 0.01 **, p <0.001 ***),

Figure 3 Influential factors that affect the desorption efficiency of CNFs-NLPF,
including (a) desorption rate and (b) desorption solvent volume. Asterisk signifies the

statistically significant difference (p <0.05*, p <0.01 **, p < 0.001 ***).

Figure 4 (a) Effects of ethanol content on the separation efficiency of pesticides and
ginsenosides, (b) Adsorption efficiency of selected pesticides by reused CNFs/CFs after
ten filtration cycles, (c) Comparison of removal rate for pesticide residues by using

small-scale and scale-up versions of the CNFs-NLPF.



591  Table 1: Retention time, quantification ion and qualitative ions of nineteen chlorinated

592  pesticides analyzed by GC-MS, and MRM parameters for seven ginsenosides analyzed

593 by LC-MS/MS.

GC-MS Pesticides Rete?rt]i?:)time Qua?;[)i;c]ative Qu?;ir"taitive Qu?;ir"taztive
1 a-HCH 9.14 219 183 181
2 PCNB 9.99 295 237 249
3 Lindane 10.19 219 183 181
4 6-HCH 11.18 219 183 181
5 Heptachlor 12.57 272 274 270
6 Aldrin 13.80 263 265 293
7 Heptachlor epoxide 15.19 353 355 351
8 Procymidone 15.64 283 285 255
9 Endosulfan-A 16.50 241 277 339
10 DDE 17.38 318 316 246
11 Dieldrin 17.48 263 277 380
12 Endrin 18.22 263 317 345
13 Endosulfan-B 18.65 241 277 339
14 DDD 18.92 235 237 165
15 Endrin aldehyde 19.18 345 250 281
16 Endosulfan sulfate 20.05 272 274 229
17 DDT 20.27 235 237 165
18 Endrin ketone 21.72 317 250 319
19 Methoxychlor 22.34 227 228 212
LC-MS/MS Ginsenosides Precursor lon Product lon Fra(g\r/r;ent Cgf!gfé?/n

1 Rb1 1131.3 789.3 250 60
2 Rb2 1101.7 789.6 250 60
3 Rc 1101.7 789.6 250 60
4 Re 969.5 789.2 135 50
5 Rd 969.5 789.2 135 50
6 Rgl 823.4 643.6 250 40
7 Rf 823.3 365.0 250 60

594

595

596



597  Table 2: Analytical performance of the CNFs-NLPF method based on square of
s98  correlation coefficient (R?), intra- and inter-day recoveries, relative standard deviation

599  (RSD), detection limit (LOD) and method limit of detection (MLOD).

. Intra-day RSD Inter-day RSD LOD MLOD
recovery gy fecovery o R B
o (= (%) = (nggy  (ngg?)
a-HCH 0.9997 85.9 26 90.6 113 3.88 7.66
PCNB 0.9992 86.7 3.9 93.4 35 3.32 11.90
Lindane  0.9991 94.6 27 01.4 42 5.87 8.08
5-HCH 0.9993 94.7 14 87.6 22 8.42 13.73
Heptachlor  0.9992 88.5 8.2 90.6 58 1.37 2.28
Aldrin 0.9993 92.6 76 96.4 111 1.74 2.22
Heptachlor
cpoxide 0.9988 90.3 27 91.4 8.9 8.57 9.96
Procymidone  0.9994 85.5 36 87.6 7.4 1.80 5.32
Endosulfan-A  0.9991 885 47 90.6 118 18.02 30.93
DDE 0.9989 88.1 8.6 96.4 56 3.84 5.33
Dieldrin  0.9989 975 47 91.4 8.2 7.09 15.85
Endrin 0.9992 94.1 73 87.6 6.6 28.44 37.27
Endosulfan-B  0.9992 885 85 90.6 95 18.13 32.73
DDD 0.9997 93.8 43 96.4 6.8 8.42 11.90
Endrin 0.9993 90.7 41 91.4 8.2 25.00 41.95
aldehyde
Endosulfan 9995 946 2.7 87.6 3.9 1453 2481
sulfate
DDT 0.9995 905 35 90.6 85 6.05 5.88
Endrin ketone  0.9994 85.7 29 96.4 73 27.52 61.55
Methoxychlor ~ 0.9995 89.3 53 91.4 8.6 3.99 5.97
600
601
602
603
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607  Table 3: Comparison of the performances between different adsorbents in the filtration-

608  based systems for pollutant removal.

609
Adsorbent Flow rate Reusability References
CNFs/CFs 45 mL min? 10 this study
Spiral wound chitosan nanofiber 15 mL min*! 3 36
PP-g-SA HEA 10 mL min-t 5 42
Polyamide composite flat-sheet membrane 4ms? - 13
Ceramic foam 0.45ms? - 4

610  PP-g-SA HEA: polypropylene-grafting-stearyl acrylate hydroxyethyl acrylate

611
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