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Abstract: Deep eutectic solvents (DES), which have low toxicity and are low cost, biodegradable, and
easily synthesized, were used for the extraction of neutral red (NR) dye before its spectrophotometric
analysis. DES, containing choline chloride as a hydrogen bond acceptor and phenol as a hydrogen
bond donor with a molar ratio of 1:2, was used for the extraction of NR dye from aqueous media.
The possible interaction of different DESs with NR was studied using density functional theory (DFT)
calculations. Experimentally, a UV-visible spectrophotometer was used for the quantitative analysis.
The most important parameters affecting method performance, such as pH, extraction temperature,
DES type, its volume, THF volume, sonication time, and centrifugation time, were optimized. The
developed method provides exceptional sensitivity in terms of LOD and LOQ, which were 2.2 and
7.3 µg/L respectively. The relative standard deviation was 1.35–1.5% (n = 10), and the pre-concentration
factor was 40. The method was found to be linear in the range of 2–300 µg/L (R2 = 0.9967). The
method was successfully used for the determination of NR in wastewater samples. Finally, the
DES-based method presents operational simplicity, high sensitivity, and rapid determination (<5 min)
compared with other analytical procedures.

Keywords: neutral red dye; deep eutectic solvents (DES); sample preparation; extraction;
spectrophotometric analysis

1. Introduction

According to the literature, approximately 0.7 million tons of 10,000 various dyes and
pigments are annually synthesized. It is estimated that 2–5% of them have been found as
pollutants in the wastewater discharged from various industries, such as leather, textile,
cosmetics, glass, food, etc.; hence, this is alarming to the low quality of the environment.
Furthermore, less than 1 ppm of them is observable and objectionable in water [1–4]. Dyes
are one of the most poisonous and hazardous substances which affect photosynthesis in
aquatic plants and also enhance the biological oxygen demand. Furthermore, some health
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issues in humans, such as skin irritation, abnormal liver function, and kidney failure, have
been attributed to such substances [5,6].

For instance, neutral red (NR) (according to IUPAC-hydrochloride 3-amino-6-dimethylamino-
2 methyl phenazine) is a cationic dye in the form of an azine derivative [7]. NR dye also
has many other applications, such as colorants for cotton, wool, silk, etc. [8]. In biological
research, NR is used as a coloring reagent for embryonic tissues and other living materials.
Besides the above-mentioned toxic effects, NR has a unique toxic effect, as it can enter the
56 body cells and become accumulated in the cytoplasm [9,10].

The industrial wastes containing these dyes, which are discharged into the water
bodies without any pretreatment, can adversely affect the aquatic ecosystem and human
health [11,12]. Due to their above-mentioned harmful effects on the environment and
humans, it is necessary to remove them from water; however, due to their high resis-
tance to oxidation and light, it is difficult to remove them from aqueous streams [13].
Various analytical techniques used for the determination of dyes in water include liquid
chromatography-mass spectrometry (LC-MS/MS) [14], gas chromatography-mass spec-
trometry (GC-MS) [15], high-performance liquid chromatography [16], and thin-layer
chromatography [17]. As for dye analysis, UV-Vis spectrophotometry is among the most
commonly used analytical techniques, as it is relatively robust, rapid, cheap, accurate, and
precise compared to the other mentioned techniques [18,19]. The main issue associated
with UV-Vis spectrophotometry is its relatively low selectivity for direct determination
when the sample contains traces of the analyte. It is known that the interfering species in
the matrix interact with the analyte and thus affect its signal [20].

Liquid-liquid extraction is considered one of the effective techniques for the prepara-
tion of aqueous dye samples for analysis [21]. Unfortunately, its use has been dispirited due
to its longer extraction time, toxic nature, and the large volumes of organic solvent which
are required [22,23]. In this method, deep eutectic solvents (DESs) have been used for NR
pre-concentration. DESs are solutions of Lewis or Brønsted acids and bases which form
eutectic mixtures. DESs are considered tunable solvents through varying the structure or
molar ratio of components and thus have a wide variety of potential applications [24]. The
components of DES can interact with each other in a complex hydrogen-bonding network,
resulting in a significant decrease in the melting point [25]. Generally, DESs are charac-
terized by a significantly large reduction in their melting point compared to their pure
components [26,27]. DESs are also recognized for their green properties (non-toxicity, com-
plete biodegradability, and biocompatibility), extraction properties, and low cost [28–32].
The latter characteristics have attracted the attention of the research community.

Due to the disadvantages of the above-mentioned methods, we developed a new assay
for the simultaneous extraction of NR from water by using a DES system. This method
aims to be highly effective, requiring less time as well as lowering the consumption and
costs of chemicals.

2. Results and Discussions
2.1. Optimization of pH during Extraction

NR is used as a pH indicator. In acidic media, it has a red color, while in basic media
above pH 7, it has a yellow color. The NR dye extraction is sensitive to pH conditions. In
the DES-based extraction method, the pH of the solution can affect the interaction of the
analyte with the DES [33]. In addition, pH affects the extraction efficiency of DESs [29,32].
To study the effect of pH, six different buffer solutions were prepared with a pH range of
2–12. Figure 1 shows the results for pH optimization. The maximum extraction efficiency
was observed at pH 6. A moderate optimum pH makes this method more favorable
because it does not require large amounts of strong acid or a base to adjust the pH. A turbid
cloudy solution was observed at pH 12 with no clear separation of the DES layer. All the
experiments were performed at room temperature (25 ◦C).
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shown in Figure 2. The DES based on choline chloride and ethylene glycol (1:1) gave 86% 
recovery, while maximum recovery (101%) was obtained from a DES based on choline 
chloride (ChCl) and phenol (Ph) (1:2). Even if both DESs can be used for NR extraction, 
the ChCl + ethylene, glycol-based DES is more eco-friendly; however, its % recovery is 
comparatively lower. On the other hand, DESs based on choline chloride + phenol offered 
maximum % recovery. Some researchers have raised objections over the use of ChCl-Ph-
based DESs for extraction. Shishov et al. reported changes in the composition of ChCl-Ph 
in the aqueous medium in the presence of THF [34]. This is an important aspect for further 
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obtain reproducible results and linearity from the calibration curve using ChCl-Ph. Even 
if the composition of the DES phase was changed during the extraction, it was still proved 
that the developed method fully fitted the purpose. 

Figure 1. Optimization of pH. Buffer volume-2 mL; sample volume-20 mL; analyte concentration-
20 µg/L; DES volume-500 µL; THF volume-300 µL; temperature-25 ◦C; sonication time-2 min;
centrifugation time-1 min.

2.2. Solvent Selection and Optimization of Extraction Conditions

The selection of a suitable solvent is of prime importance in an analytical method.
The selection criteria for a suitable solvent are based on its cost-effectiveness, availability,
high selectivity, and percentage of recovery during analyte extraction. In this method, a
new class of organic solvents, “deep eutectic solvents”, was selected for this method. Six
different types of DESs were tested for NR extraction with their optimum molar ratio at
different pHs. The percentages of recovery for different DESs at their optimum pH are
shown in Figure 2. The DES based on choline chloride and ethylene glycol (1:1) gave 86%
recovery, while maximum recovery (101%) was obtained from a DES based on choline
chloride (ChCl) and phenol (Ph) (1:2). Even if both DESs can be used for NR extraction,
the ChCl + ethylene, glycol-based DES is more eco-friendly; however, its % recovery is
comparatively lower. On the other hand, DESs based on choline chloride + phenol offered
maximum % recovery. Some researchers have raised objections over the use of ChCl-Ph-
based DESs for extraction. Shishov et al. reported changes in the composition of ChCl-Ph
in the aqueous medium in the presence of THF [34]. This is an important aspect for further
studies of DES fundamentals. In the current paper, we confirmed that it is possible to obtain
reproducible results and linearity from the calibration curve using ChCl-Ph. Even if the
composition of the DES phase was changed during the extraction, it was still proved that
the developed method fully fitted the purpose.

The volume of DES has been optimized in the range of 0.1 mL to 0.6 mL. By increasing
the volume of DES from 0.1 mL to 0.5 mL, a gradual increase was observed in the %
recovery of NR. Further increases in the DES volume resulted in the dilution of the analyte,
and a slight decrease in % recovery was observed. Therefore, 0.5 mL was selected as the
optimum volume for 25 µg/L NR in a 20 mL sample. Figure S1 shows the results of the
DES volume optimization. The optimum volume of THF was determined for a 20 mL
sample with an NR concentration of 400 µg/L. The results for THF optimization are shown
in Figure S2 (See Supplementary Materials).

The time for sonication and centrifugation was also optimized. As for the time of soni-
cation, it varied from 0.25 to 4 min, and it was found that 2 min is sufficient for sonication.
The optimum time for centrifugation was determined by changing the centrifugation time
from 0.25 to 4 min, and a maximum recovery was obtained for 1 min; therefore, this time
was selected as the optimum time for centrifugation. The results for sonication time and
centrifugation time are described in Figure S3 (See Supplementary Materials).
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Figure 2. Selection of the DES for maximum % recovery. Analyte concentration-20 µg/L; buffer
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2.3. Analytical Performance of the Developed Method

All analytical parameters were determined according to the standard procedures
reported in the literature [35–37]. Under optimal conditions, the % recovery was found
to be as high as 101.95–102.9%. The pre-concentration factor was found at 40, while
the limit of detection and limit of quantification were about 2.20 µg/L and 7.34 µg/L,
respectively, confirming that the developed assay fits the purpose, as well as providing
satisfactory sensitivity for the analysis of environmental samples. This method is robust
and allows precise results to be obtained. The linearity of the method was confirmed
for a range of concentrations of 2–300 µg/L. The method was found to be linear from a
low to high concentration following Beer-Lambert law. The linear curve equation for the
calibration curve was y = 0.0029x + 0.0092, with a coefficient determination (R2) of 0.9967.
For absorbance (y), concentration (x) was calculated in the real sample. Figure 3 shows the
results for the standard curve.
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2.4. Method Application

Since typical sources of NR are the wastewaters from various industries, such as
leather, textile, cosmetics, glass, and food, this method was used for the analysis of
NR in wastewater samples. The standard addition method was used to decrease the
effect of interfering species. Triplicate composite samples were analyzed using a UV-
visible spectrophotometer. The samples were spiked with standard analyte concentrations
(5 µg/L, 10 µg/L and 20 µg/L). NR concentration in the real sample was less than LOD
(2.2 µg/L). The % recovery of analyte in the real samples was 101.95–102.9%, with RSD at
1.0–1.8%. The results of this study are presented in Table 1.

Table 1. Application of the method for NR in wastewater (industrial effluents).

Sample Analyte Added
(µg/L)

Analyte Found
(µg/L) % Recovery % RSD (n = 3)

Wastewater
(Industrial
effluents)

0.00 <LOD
5 5.11 102.2 ±1.0

10 10.29 102.9 ±1.5
20 20.39 101.95 ±1.8

2.5. Comparative Study

The newly developed method was compared with the reported method in the literature.
To the best of our knowledge, few analytical methods are available for the analysis of

NR. A comparative study of the developed method with already reported methods in the
literature is presented in Table 2.

Table 2. Comparison of analytical methods and parameters for NR.

Analytical Method LOD (µg/L) RSD (%) Linearity
Range (µg/L) % Recovery EF Estimated

Time (min)
Samples

Application Reference

a HFLPME/b HPLC 0.3 4.3 1.0–10.0 95.0–112.0 00 ≥28 Standard only [38]

c FMWCNT/d UV-SP 1.0 12.3 12–40 88.6–98.4 — ≥40 Wastewater [39]

e FMCN/f AP-MALDI/MS 4.47 0.14 20–32 ≥50 River water [40]

g IL-HFLPME/d UV-SP 100 1.5 96.4 15 ≥33 Soft drinks [41]

h DES-LPME/d UV-SP 2.2 1.5 2–400 102 40 ≤5.5 Wastewater This work

a HFLPME-hollow fiber liquid phase microextraction; b HPLC-high performance liquid chromtography;
c FMWCNT-functionalized–multiwalled carbon nanotubes; d UV-SP-ultraviolet visible spectrophotometric;
e FMCN-functionalized–multiwalled carbon nanotubes; f AP-MALDI/MS-atmospheric pressure matrix assisted
laser desorption/ionization mass spectroetry; g IL-HFLPME-ionic liquids hollow-fiber liquid phase microextrac-
tion; h DES-LPME-deep eutectic solvent based liquid phase microextraction.

Wang Shi-Ru et al. reported a method for the extraction and analysis of NR based on
ionic liquids [41]. However, the use of ionic liquids could have an extremely negative impact
on the environment due to their relatively high toxicity and poor biodegradability [42].
Furthermore, the extraction time for this method is more than 28 min, while the extraction
time estimated for the developed method is 5.5 min. Another HPLC-based method was
developed for NR analysis using ionic liquids as eluent additives; however, this method is
less sensitive than our reported method, although it requires advanced instrumentation.
Furthermore, the use of ionic liquids makes this method non-eco-friendly.

Another approach is based on the pre-concentration method for NR dye, in which
functionalized–multiwalled carbon nanotubes using atmospheric-pressure matrix-assisted
laser desorption/ionization mass spectrometry (AP-MALDI/MS) has been reported [40].
This latter method involves the use of expensive chemicals, complicated preparation, and
complicated instrumentation. Additionally, this method requires a longer extraction time
(≥50 min) and lower % recovery.

Moawed et al. reported a spectrophotometric method for NR analysis [39], which
was only applicable at the mg/L level and required more toxic chemicals. So far, it is
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clear that only a few methods are available for the pre-concentration and extraction of NR
dye (see Table 2). There is no single solvent available to directly extract NR dye. In gen-
eral, these methods involve the application of sophisticated items for sample preparation,
such as hollow fibers and functionalized–multiwalled carbon nanotubes, as shown in the
comparative table. Interestingly, our developed method is much faster compared to other
methods reported in the literature. For instance, the time required for sample preparation
in this method is less than 5.5 min, while for other methods; the estimated time was at
least 28 min. Furthermore, our method has the highest value for the enrichment factor (40),
which makes this method applicable for NR determination at very low concentrations. It is
worth mentioning that the developed method is also much more robust compared to other
methods based on hollow fibers or carbon nanotubes, as it is based on a simple extraction
system, opening up the possibility to be implemented in any laboratory for water and
wastewater analysis.

In contrast to the above-mentioned methods, this new method is highly sensitive, faster,
easier, uses greener solvents, and is simple because it does not require any complicated
instrumentation. This new method does not require any heat and gives 100% efficiency
at room temperature. The only disadvantage of this method is the use of phenol in DES,
which causes the method to not fulfill all the principles of green chemistry.

2.6. Computational Study of DES and NR Interaction

The density-functional theory (DFT) calculations were carried out with the Gaussian
g09 package. All the structures were fully optimized with hybrid functional B3LYP [43]
with a 6-311++G (d,p) basis set [44]. The vibrational analysis confirms the true minima with
no imaginary frequency at the same level as the density functional theory method. In the
case of intermolecular forces, Grimme’s D3 method was included in the B3LYP/6-311++G
(d,p) calculation [45].

The possible hydrogen bonding between DESs and NR is calculated, as shown in
Figure 4a–e. Computational studies show that the Cl- of DES interacts with NR molecules.
The results in Figure 4a–e clearly show a stronger interaction of DES4 (Choline chloride +
Phenol (1:2)) with NR molecules with a shorter bond length of 2.1 Å. Cl- has a longer bond
length in glucose (2.4 Å), malonic acid (2.7 Å), urea (2.6 Å), and ethylene glycol (2.4 Å) than
in other DESs. Furthermore, the results show that the interaction between OH groups is
stronger and is estimated as 1.6 Å. By contrast, the interaction between NH-Cl- and OH-Cl-
is found in a range of 2.0 Å, as shown in Figure 4. In the case of NR, choline chloride, and
phenol species, a network of hydrogen bonding is found between -OH-OH-, OH-Cl-, and
NH-Cl-, as shown in Figure 4a. The Cl- anions are surrounded by the NH group of NR, the
OH group of choline, and phenol molecules. On this basis, it can be concluded that more
hydrogen bonding is advantageous for DES-assisted extraction.
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Figure 4. Representation of interaction between different DESs and NR molecules using density-
functional theory (DFT) calculations. (a) DES (choline chloride + phenol) interaction with NR. (b) DES
(choline chloride + glucose) interaction with NR. (c) DES (choline chloride + malonic acid) interaction
with NR. (d) DES (choline chloride + urea) interaction with NR. (e) DES (choline chloride + ethylene
glycol) interaction with NR. The gray, red, blue, green, and white colors represent the carbon, oxygen,
nitrogen, chloride and hydrogen species, respectively.

3. Materials and Methods
3.1. Chemicals and Reagents

The used chemicals were: ethanol, NR dye, choline chloride, phenol, tetrahydrofuran,
acetic acid, ammonium chloride, ammonium hydroxide, ammonium acetate, ammonia,
phosphoric acid, hydrated sodium dihydrogen phosphate, and deionized water. All the
chemicals were purchased from Sigma Aldrich (Hamburg, Germany) and were used
without further purification. The stock solution of 500 ppm of NR standard was prepared
in water. A 25 ppm NR standard solution was prepared from the stock solution by dilution
using deionized water. The buffer solutions, which maintained the pH as 2 and 4, were
prepared using phosphoric acid and hydrated sodium dihydrogen phosphate, respectively.
A pH 6 buffer was prepared from acetic acid and ammonium acetate. A pH of 8–12 was
obtained using ammonium chloride and ammonium hydroxide. Finally, the pH of the
buffer solutions was adjusted using a pH meter. For experimental analysis, the wastewater
sample was taken from Mardan Sugar Mill (Mardan, Pakistan).
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3.2. Instrumentation

The UV-visible spectrophotometer model Shimadzu UV-120-02 (Burladingen, Ger-
many) was used to measure the absorbance of the samples. For mixing and centrifugation
processes, the HAPA ultrasonic bath (Shenzhen, China) and Hettich EBA 20 (Darmstadt,
Germany) centrifuge was used. Furthermore, the pH was measured by using the HI
2211 pH/ORP meter (Darmstadt, Germany). For water deionization, a deionizer model
LP-15/30/45 (FINETECH water treatment technologies, Karachi, Pakistan) was used.

3.3. DES Preparation

Five different types of choline-chloride-based DESs were selected for NR extraction.
Herein, five different HBDs were selected based on their functional group. Choline chloride
is hygroscopic; thus, it was heated at 80 ◦C for 120 min to remove the possible water
contents. DES1 was prepared by mixing choline chloride and malonic acid with a molar
ratio of 1:2, while DES2 was prepared by mixing choline chloride and urea with a molar
ratio of 1:2. DES3 was prepared by mixing choline chloride and ethylene glycol with a
molar ratio of 1:1. DES4 was prepared by mixing choline chloride and phenol with a molar
ratio of 1:2. DES5 was prepared by mixing choline chloride and glucose with a molar ratio
of 1:2. All DESs were treated under similar conditions and mixed under magnetic stirring
at 60 ◦C for 10 min. Finally, homogenous mixtures were obtained in the form of DESs,
which were further used for optimization studies.

3.4. Sample Preparation and Extraction Experiments

The wastewater samples were collected in black plastic bottles from the stream of a
small industrial state in Mardan. The samples were collected from 5 different locations, each
with an intermediate distance of approximately 200 m. Triplicate samples were collected for
each sampling point. All the samples were filtered with a GV syringe filter (0.22 µm Sterile
Hydrophilic PVDF, 13 mm). The typical sample used in the experiments had a volume of
20 mL. A 2 mL buffer of pH 6 was added to each sample. Furthermore, 0.5 mL of selected
DES was added to the mixture and sonicated for 2 min. An amount of 0.4 mL of demulsi-
fying agent was added to enhance the analyte recovery. The sample was centrifuged for
1 min at a speed of 4000 rpm for layer separation. The upper DES layer was easily separable.
The DES layer containing NR was extracted through a syringe filter and added to a clean
Falcon tube. After this, it was diluted up to 3 mL with ethanol, and then the absorbance
was determined through a UV-visible spectrophotometer. Ethanol was used as a blank
solution in a UV-visible spectrophotometer.

3.5. Determination of Absorption Peak (λmax)

NR dye has a maximal absorption of light (λmax) at 530 nm already reported in the
literature. However, this value could be influenced by several operating conditions, such
as the pH of the solution [46] and the type and composition of DES [47]. To determine
the λmax for the extracted layer, the absorbance was scanned from 370 nm to 800 nm. A
spectral shift was observed in the presence of the buffer solution as well as DES. Maximal
absorbance at pH 6 with a DES made of choline chloride and phenol (1:2) was observed at
460 nm; therefore, this wavelength was selected as λmax. The results for determining the
λmax are shown in Figure S4 (See Supplementary Materials).

3.6. Calculation of Percentage of Recovery and Validation Assays

Percentage of recovery (%R) was evaluated as a reference to determine the appropriate
values of extraction parameters in the optimization studies. %R was calculated according
to the following equation:

%R = Cd/Ce × 100 (1)

where Cd is the concentration determined in the spiked real sample and Ce is the expected
concentration in the spiked real sample. Spiked samples were prepared by adding the differ-
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ent volumes of standard NR solution to the wastewater samples with final concentrations
of 5 µg/L, 10 µg/L and 20 µg/L.

The residual standard deviation was calculated for the regression line using excel.
According to the AOAC-Association of Analytical Communities-LOD can be defined as
the “Lowest content that can be measured with reasonable statistical certainty”, while LOQ
is the lowest amount of analyte in a sample, which can be quantitatively determined with
suitable precision and accuracy [48]. Based on the standard deviation of the slope, LOD
and LOQ can be estimated using the following equations:

LOD = (3 × SD)/m (2)

LOQ = (10 × SD)/m (3)

where LOD is the limit of detection; SD is the residual standard deviation of regression
lines; m is the slope of the calibration curve; and LOQ is the limit of quantification [49]. The
relative standard deviation was calculated using the following equation:

RSD (%) = SD/Cm × 100 (4)

In the above equation, SD represents the residual standard deviation, while Cm is the
mean concentration of the analyte.

The pre-concentration factor (PF) can be calculated as “The concentration ratio of
the analyte in the final extract (DES phase) ready for its determination and in the ini-
tial solution” [50]. The pre-concentration factor was evaluated by using the following
equation [51]:

PF = Cf/Ci (5)

where Cf and Ci are the final concentrations and initial concentrations of analytes in the
DES phase (receiving phase) and donor phase, respectively.

4. Conclusions

In this work, a new analytical method has been developed for the analysis of NR
dyes in wastewater. Deep eutectic solvents based on ChCl and phenol with a 1:2 molar
ratio demonstrated a maximum recovery for NR extraction. In conclusion, NR dyes can be
successfully extracted from aqueous mediums by using deep eutectic solvents, which are
considered a new class of green organic solvents due to their low cost, biodegradability,
easy preparation, limited toxicity, and the wide availability of needed chemicals. The
percentage of recovery (101–102%) for the spiked samples demonstrated the suitability
of the optimized method. The LOD and LOQ were 2.2 µg/L and 7.3 µg/L, respectively,
with an RSD value of 1.35–1.5% and an enrichment factor of 40. The comparison of the
developed method with already-existing analytical procedures confirmed its advantages,
such as shortening the time of analysis, robustness, sensitivity, simple instrumentation,
and eco-friendly character. To the best of our knowledge, this is a pioneering DES-based
method for the analysis of NR. Finally, it can be concluded that this method can be used for
NR analysis in wastewater samples at µg/L.

Supplementary Materials: The following supporting information can be downloaded at: https:
//www.mdpi.com/article/10.3390/molecules27186112/s1, Figure S1: Optimization of DES volume,
THF volume: 300µL, Sample volume: 20 mL, NR concentration: 400 µg/L; Figure S2: Optimization
of THF volume, DES volume 500 µL, Sample volume: 20 mL, NR concentration: 400 µg/L; Figure
S3: Time optimization for sonication and centrifugation, DES volume 500 µL, THF volume: 300µL,
Sample volume: 20 mL, NR concentration: 400 µg/L; Figure S4: Selection of optimum wavelength
(Lambda max) for NR quantification.
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30. Marchel, M.; Cieśliński, H.; Boczkaj, G. Deep eutectic solvents microbial toxicity: Current state of art and critical evaluation of

testing methods. J. Hazard. Mater. 2022, 425, 127963. [CrossRef]
31. Haq, H.U.; Bibi, R.; Arain, M.B.; Safi, F.; Ullah, S.; Castro-Muñoz, R.; Boczkaj, G. Deep eutectic solvent (DES) with silver

nanoparticles (Ag-NPs) based assay for analysis of lead (II) in edible oils. Food Chem. 2022, 379, 132085. [CrossRef]
32. Faraz, N.; Haq, H.U.; Arain, M.B.; Castro-Muñoz, R.; Boczkaj, G.; Khan, A. Deep eutectic solvent based method for analysis of

Niclosamide in pharmaceutical and wastewater samples–A green analytical chemistry approach. J. Mol. Liq. 2021, 335, 116142.
[CrossRef]

33. Faraji, M.; Mahmoodi-Maymand, M.; Dastmalchi, F. Green, fast and simple dispersive liquid-liquid microextraction method
by using hydrophobic deep eutectic solvent for analysis of folic acid in fortified flour samples before liquid chromatography
determination. Food Chem. 2020, 320, 126486. [CrossRef]

34. Shishov, A.; Gorbunov, A.; Moskvin, L.; Bulatov, A. Decomposition of deep eutectic solvents based on choline chloride and
phenol in aqueous phase. J. Mol. Liq. 2020, 301, 112380. [CrossRef]

35. Shrivastava, A.; Gupta, V.B. Methods for the determination of limit of detection and limit of quantitation of the analytical methods.
Chron. Young Sci. 2011, 2, 21–25. [CrossRef]

36. Allegrini, F.; Olivieri, A.C. IUPAC-consistent approach to the limit of detection in partial least-squares calibration. Anal. Chem.
2014, 86, 7858–7866. [CrossRef] [PubMed]

37. Environmental Protection Agency. Definition and Procedure for the Determination of the Method Detection Limit, Revision 2; Environ-
mental Protection Agency EPA: Washington, DC, USA, 2016.

38. Chen, H.L.; Wei, G.T. The use ionic liquid as the eluent additive for HPLC separation of ionic dyes. J. Chin. Chem. Soc. 2010, 57,
836–843. [CrossRef]

39. Moawed, E.A.; Alqarni, Y. Determination of azine and triphenyl methane dye in wastewater using polyurethane foam functional-
ized with tannic acid. Sample Prep. 2013, 1, 18–27. [CrossRef]

40. Shrivas, K.; Wu, H.F. Functionalized-multiwalled carbon nanotubes as a preconcentrating probe for rapid monitoring of cationic
dyestuffs in environmental water using AP-MALDI/MS. J. Sep. Sci. 2008, 31, 3603–3611. [CrossRef] [PubMed]

41. Wang, S.-R.; Wang, S. Ionic liquid-based hollow fiber-supported liquid-phase microextraction enhanced electrically for the
determination of neutral red. J. Food Drug Anal. 2014, 22, 418–424. [CrossRef]
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