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Rose tea infusion has gained popularity worldwide due to its health benefits. However, it is known that tea plants
can be contaminated with heavy metals including copper. Hence, an accurate and applicable analytical method
namely emulsification liquid-liquid microextraction based deep eutectic solvent — flame atomic absorption
spectrometry (ELLME-DES-FAAS) was proposed to determine copper at trace levels in rose tea samples. Under
the optimum experimental conditions, analytical figures of merit for the developed method were examined, and

dynamic range, limit of detection (LOD) and limit of quantification (LOQ) were found to be 5.07-246.61 pg/kg
(mass-based) with 0.9992 coefficient of determination, 2.50 pg/kg and 8.32 pg/kg, respectively. A matrix
matching calibration strategy was employed to boost recovery results, and the acceptable recovery results were
recorded between 95.9 % and 118.4 %. According to recovery results, the developed analytical method can be
safely employed to determine the concentration of copper in rose tea samples accurately.

1. Introduction

Copper is an essential trace metal for living organisms (De Luca,
Barile, Arciello, & Rossi, 2019), but excess dietary intake of copper is
associated with risks to human health (Krsti¢, Urosevi¢, & Pesovski,
2018; Shabbir, Sardar, Shabbir, Abbas, Shamshad, Khalid, & Shahid,
2020). All around the world, rose tea infusion has become a popular
beverage in terms of a wide variety of health benefits such as analgesic,
inflammatory, antiviral, antifungal, antioxidant, and antibacterial (Bian
et al., 2023). On the other hand, the accumulation of heavy metals such
as copper and lead can occur in tea plants during their growth processes
(Qin & Chen, 2007). For these reasons, an applicable and accurate
analytical method is required to qualitatively and quantitatively deter-
mine copper in tea samples for the evaluation of negative and positive
health effects for humans.

In literature, there are several spectroscopic (Tobiasz & Walas, 2014)
and electroanalytic (Almeida, Richter, & Munoz, 2014; Wang, Dai,
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Wang, Ma, & Lin, 2017) instrumentation methods to determine copper
in various matrices. Although flame atomic absorption spectrometry
(FAAS) systems have relatively low operational costs and are easy to use,
these systems possess low sensitivity because of the pneumatic nebuli-
zation as Achilles’ Heel (Browner & Boorn, 1984). Additionally, elec-
trothermal atomic absorption spectrometry (ETAAS) and inductively
coupled plasma-mass spectrometry (ICP-MS) provide higher sensitivity
than other atomic spectroscopic methods but they have some limitations
arising from the matrices. For these reasons, extraction and pre-
concentration protocols have been used to eliminate these problems
(Pereira & Arruda, 2003). Additionally, FAAS systems have been
generally combined with microextraction methods to reach lower
detection limits (Arpa, Albayati, & Yahya, 2018; Sahin & Tokgoz, 2010;
Seidi & Alavi, 2019; Shrivas & Jaiswal, 2013; Trindade et al., 2021).
In almost every analytical process, sample(s) is treated with a proper
sample preparation method to make a suitable sample form for the
related instrument despite the fact that sophisticated analytical
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instruments have been developed for the determination of inorganic
analyte(s) (Shishov, Bulatov, Locatelli, Carradori, & Andruch, 2017).
New analytical procedures developed should provide the requirements
for green chemistry to reduce the risk of used chemicals for humankind
and the environment (Keith, Gron, & Young, 2007). In analytical
chemistry, deep eutectic solvents (DESs), which are a suitable solvent for
the green chemistry concept, have been utilized as alternative solvents
in liquid phase microextraction instead of toxic organic solvents (San-
tana-Mayor, Rodriguez-Ramos, Herrera-Herrera, Socas-Rodriguez, &
Rodriguez-Delgado, 2021). Nowadays, DESs based liquid phase extrac-
tion/microextraction methods are one of the top topics in analytical
chemistry to attain a proper sample form prior to the related analytical
measurement in addition to the extraction and preconcentration of
target analyte from various matrices. Khezeli and co-workers firstly re-
ported emulsification liquid-liquid microextraction based DES (ELLME-
DES) to extract/preconcentrate organic analytes from water samples
prior to high performance liquid chromatography — UV detection (HPLC-
UV). In the ELLME-DES process, a hydrogen bond donor (phenol) and a
hydrogen bond acceptor (choline chloride) were used to produce a deep
eutectic solvent utilized as a water-miscible extraction solvent. After the
addition of DES produced, an aprotic solvent (tetrahydrofuran (THF)) as
an emulsifier agent was added to the homogenous solution to aggregate
the DES molecule in order to obtain phase separation (Khezeli,
Daneshfar, & Sahraei, 2015; Ramezani, Ahmadi, & Yamini, 2022). In
addition, various DES compositions have been employed in the pre-
concentration and separation of inorganic analyte(s) from various
matrices for the determination of analyte(s) at trace levels (Shishov
et al., 2017).

The main purpose of this study was to develop a green, efficient and
accurate analytical method in order to quantify copper in rose tea
samples by FAAS. A lab-synthesized ligand, DES (choline chloride:
phenol (1:2)) and THF were used as a complexation agent, a water-
miscible extraction solvent and an emulsification agent, respectively.
The developed extraction/preconcentration method was implemented
to rose tea samples in order to make evaluation in terms of the appli-
cability and accuracy. To the best of our knowledge, this is the first study
for the quantitative determination of copper at trace levels in rose tea
samples by ELLME-DES-FAAS method.

2. Materials and methods
2.1. Chemicals and reagents

2-hydroxy-1-naphthaldehyde (purity > 97.5 %) and 2-aminophenol
(purity > 98.5 %) were bought from Alfa Aesar (Haverhill, USA).
Tetrahydrofuran (purity > 99.9 %), choline chloride (purity > 98 %),
phenol (purity > 99.5 %) and p-toluenesulfonic acid (purity > 98.5 %)
were purchased from Sigma-Aldrich (Darmstadt, Germany) while cop-
per standard solution (1000 + 2 mg/L) and ethanol (purity > 98 %)
were supplied from Merck (Darmstadt, Germany). Elga PureLab Flex 3
(High Wycombe, England) system was utilized to produce ultrapure
water (resistivity 18.2 MQ.cm) that was used in all cleaning process and
the preparation of standard solutions.

2.2. Instrumentation

A flame atomic absorption spectrometry (FAAS, ATI UNICAM 929
AA, UNICAM, England), which equipped with a burner head, a copper
hollow cathode lamp (3.3 mA working current, 0.50 nm spectral
bandwidth and 324.8 nm analytical line) and a deuterium lamp, was
used to qualify and quantify the analyte. An acetylene/air mixture was
employed to produce a stoichiometric flame for the atomization process.
The outlet pressure of acetylene and air was set at 1.0 and 5.0 bar with
the help of pressure gauges, respectively.
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2.3. Synthesis of complexation agent

The complexation agent was synthesized according to previous
report published by our research laboratory (Tisli, Gosterisli, Zaman,
Bakirdere, & Bakirdere, 2020). 2-hydroxy-1-naphthaldehyde (10 mmol,
1.72 g) was dissolved in 20 mL of ethanol and this solution was trans-
ferred to the three-necked flask. The temperature of solution was set at
60 °C with the help of magnetic stirrer having temperature control after
the addition of p-toluenesulfonic acid monohydrate (0.01 g) as catalyst.
Then, 20 mL of 2-amino phenol (5 mmol, 0.55 g) prepared in ethanol
was added to the reaction mixture drop by drop. The reaction was
continued at 60 °C by applying reflux for three hours. In the result of this
reaction, an orange precipitate was observed. After the cooling process
to room temperature, the precipitate was filtered and then washed with
ethanol to remove any impurities. The product was held in a drying oven
at 60 °C for one day to remove residual solvent.

2.4. Synthesis of deep eutectic solvent

Phenol and choline chloride were used as hydrogen bond donor and
hydrogen bond acceptor to form a water-miscible extraction solvent,
respectively. DESs with four different molar ratios (choline chloride:
phenol, 1:1, 1:2, 1:3, and 1:4) were synthesized. During the synthesis of
DESs, the proper amounts of choline chloride and phenol were weighed
in the same tube, and vortex mixing was applied for approximately 10
min to complete the synthesis. After the synthesis was completed, the
solutions possessing different viscosities were obtained. In addition, it
was observed that the viscosity of solution decreased when the amount
of phenol increased.

2.5. Emulsification liquid-liquid microextraction based deep eutectic
solvent procedure

In the extraction/preconcentration step, 0.50 mL of pH 4 buffer so-
lution was added to 8.0 mL aqueous solution and then complexation
agent (1.25 mL, 0.01 % (w/v)) was pipetted into the solution. After, 15s
vortex mixing was applied to the solution in order to obtain a homo-
geneous solution. The synthesized DES solution (0.40 mL, choline
chloride:phenol (1:2 M ratio)) was added onto the solution and then the
solution was vortexed for 15 s. After the addition of DES solution, 1.0 mL
of emulsification agent (THF) was added to the solution, and it was
observed that a cloudy solution was formed. The vortex process was
implemented for 30 s to the solution in order to enhance the interaction
between the extraction solvent and the analyte. After the vortex process,
the solution was centrifuged for 2.0 min to obtain phase separation
efficiently. Finally, approximately 150 uL of upper phase was transferred
into a clean centrifuge tube and then the phase was directly introduced
to the FAAS system for its analysis.

2.6. Samples

Rose bud samples (two different brands), which are used to make tea,
were purchased from the local market in istanbul, Tiirkiye. Each rose
bud sample (2.2 g) was weighed in two separate volumetric flasks (200
mL), and then the samples were completed to 200 mL with drinking
water. After, the samples were brewed as made at home, and then 30.0 g
of brewed samples were put into two separate clean polypropylene
bottles after cooling at room temperature. After that, the samples were
filled to 300 g with ultrapure water. For the matrix matching calibration
strategy, the proper amounts of copper aqueous solutions were weighed
into the polypropylene bottles and then completed to 40.0 g with the
prepared sample solutions. After the spiking procedure, 8.0 mL of the
spiked sample solutions for each concentration level was pipetted to
three separate centrifuge tubes to perform the developed extraction/
preconcentration method.
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2.7. The application of statistical test for data analysis

A post hoc comparison-based statistical test with analysis of variance
(ANOVA) evaluates the significant difference between the variables
(King, 2010). For the assessment of difference in pair comparisons,
Tukey’s honestly significant difference (HSD) statistical test has been
employed (Brown, 2005). During the evaluation of optimization pa-
rameters, Tukey’s post hoc test was applied to the mean values of the
tested variables using Jeffry’s Amazing Statistics Program (JASP, 0.18.1
version). While the different lower-case letters (a, b or c) show signifi-
cant statistical differences between the variables, the same lower-case
letters present non-significant statistical differences.

3. Results and discussion
3.1. The effects of buffer solution pH and volume

It is known that the pH of sample solution affects the reaction ki-
netics and the stability of formed complex(s) (Duda, 2002). Therefore,
the effect of buffer solution pH was examined to enhance the signal to
noise ratio belonging to the analyte. For this purpose, eight different pH
buffer solutions (between 3 and 10) were tried. In the result of this
optimization, pH 4 buffer solution was selected as optimum condition
although approximately the same analytical signals were obtained from
pH 4 and pH 10 buffer solutions (Fig. 1A) because copper could pre-
cipitate as its hydroxides at basic pH levels.

After pH optimization, six different volumes of buffer solution were
tested to determine the optimum buffer volume. All buffer volumes
except 1.50 mL provided almost the same analytical signals. Further-
more, 1.50 mL of buffer solution supplied the highest analytical signals
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2
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2 0.040
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025 050 075 100 125 1.0
Volume of Buffer Solution, mL

Fig. 1. The effects of buffer solution pH (A) and volume (B). Lower-case letters
show the significant differences between the variables for n = 3 (p < 0.05 at 95
% confidence interval).
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but it caused to form a low amount of organic phase, and hence it was
difficult to take the organic phase at 1.50 mL of buffer solution. For this
reason, 0.50 mL of buffer solution was determined as the optimum
volume to keep the buffer capacity high in real samples. As can be seen
in Fig. 1(B), no statistically significant differences were observed be-
tween all tested variables according to Tukey’s post hoc test.

3.2. The effects of complexation agent concentration and volume

The concentrations of complexation agent varied in the range of
0.005-0.05 % (w/v) were compared to each other in order to increase
complex output. As can be seen in Figure S1(A), similar analytical sig-
nals were obtained from all tested complexation agent concentrations.
This result shows that the reaction efficiency between the analyte ions
and the complexation agent is high. The concentration of complexation
agent (0.01 % (w/v) was used in further studies. In addition, the volume
of complexation agent was optimized to enhance the signal output. It
was observed that the volume of formed organic phase lowered while
the volume of added complexation agent increased, and also it was
difficult to separate the organic phase at 1.75 mL. Hereby, 1.25 mL of
complexation agent was chosen as the optimum volume. Additionally,
the volume of complexation agent affected the organic phase formation
due to ethanol content in the complexation agent, therefore; a linear
increment (Figure S1B) in the absorbances was observed in this opti-
mization step.

3.3. The effects of molar ratio and volume of deep eutectic solvent

The molar ratios of hydrogen bond donor and acceptor chemicals
affect the physical properties such as conductivity, melting point, den-
sity and viscosity for the formed deep eutectic solvents (Guo, Hou, Ren,
Tian, & Wu, 2013). Therefore, the molar ratio of choline chloride and
phenol was important to increase the extraction efficiency in the
developed procedure. Four different choline chloride:phenol (1:1, 1:2,
1:3 and 1:4) were tested to evaluate the effects on the analyte signal.
While there was no phase separation at choline chloride:phenol (1:1), a
linear decrement was observed on the analytical signals from 1:2 to 1:4
M ratios (Fig. 2A). The increment of phenol amount in the formed deep
eutectic solvent caused high volume phase separation, hence; choline
chloride:phenol (1:2) provided the highest analytical signals due to the
preconcentration factor. Further optimizations were carried out with
1:2 M ratio of choline chloride:phenol.

It is known that there is an inverse relationship between the
extraction solvent volume and the preconcentration/enrichment factor
(Alshana, Hassan, Al-Nidawi, Yilmaz, & Soylak, 2020; Cantwell & Los-
ier, 2002). For this reason, 0.30, 0.40, 0.50, 0.75 and 1.0 mL of DES were
used to extract/preconcentrate the analyte from aqueous solutions.
There was no observable phase separation for 0.30 mL of DES and the
highest analytical signals were recorded for 0.40 mL of DES (Fig. 2, B). In
addition, 0.40 mL of DES volume provided statistically different results
compared to other tested volumes. Hence, this volume was selected as
the optimum one.

3.4. The effect of emulsification agent

THF was employed as an emulsification agent to separate the DES
molecule in the developed extraction protocol- THF volume directly
affected obtaining settled extraction phase volume and the analytical
signals reduced while increasing the volume of THF (Figure S2). In spite
of obtaining the highest absorbances from 0.75 mL, it was difficult to
collect the formed phase. For this reason, 1.0 mL of THF volume was
chosen as the optimum one for further studies.

3.5. The effect of vortex period

A mixing process can augment the extraction efficiency by increasing
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>

Fig. 2. The effects of DES molar ratio (A) and volume (B). Lower-case letters
show the significant differences between the variables for n = 3 (p < 0.05 at 95
% confidence interval).

the interaction between the analyte and extraction solvent. Therefore,
vortex mixing was applied to the standard solutions because vortex is an
easy, simple and effective apparatus. Four different vortex periods were
implemented to the standard solutions and then the solutions applied to
vortex mixing were compared to the standard solutions without any
mixing process. As can be seen in Figure S3, the highest absorbances
were obtained from 30 s which was determined as the optimum value.

3.6. Analytical figures of merit

Under the optimum FAAS conditions, system analytical performance
studies were performed to evaluate the dynamic range, coefficient of
determination (Rz), limit of detection (LOD) and limit of quantification
(LOQ). For this purpose, the copper aqueous standard solutions pre-
pared in the range of 0.26-25.04 mg/kg (seven different concentration)
were directly sent to the FAAS system. Dynamic range was determined
between 0.49 and 9.96 mg/kg with 0.9999 R? while LOD and LOQ
values were calculated as 0.12 mg/kg and 0.41 mg/kg, respectively.

For the evaluation of system analytical performance of the developed
ELLME-DES-FAAS method, nine different mass-based prepared standard
aqueous solutions (5.07 pg/kg-1.02 mg/kg) were introduced to the
FAAS system after applying the developed ELLME-DES method. Dy-
namic range, R? LOD and LOQ for the developed method were recorded
as 5.07-246.61 pg/kg, 0.9992, 2.50 pg/kg and 8.32 ug/kg, respectively.
When the proposed ELLME-DES-FAAS method was compared to the
FAAS method in terms of the enhancement in detection power (EDP) and
calibration sensitivity (ECS), EDP and ECS values were found to be 48.7
and 35.8 folds, respectively. Calibration plots obtained from the FAAS
and the ELLME-DES-FAAS systems are given in Fig. 3. LOD, LOQ, EDP
and ECS values were calculated using the formulas given below.
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% 0.040 b g 0.300
s 0250
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Fig. 3. Calibration plots obtained from the FAAS (A) and the ELLME-DES-FAAS
(B) systems.

LoD — 395D b}
m
LoD = 10652 2
m
Epp— 1ODrws ®
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MEass

S.D.: Standard deviation (n = 6) of the lowest concentration in
calibration plot.

m: Slope of calibration plot.

LODy: LOD value of x (x: FAAS or ELLME-DES-FAAS).

my: Slope of calibration plot belonging to x (x: FAAS or ELLME-DES-
FAAS, the concentration units must be the same in both calibration
plots).

In Table 1, the system analytical performance values are summarized
and also the developed method was compared to literature findings in
terms of the analytical figures of merit.

It is clear that the developed method is superior according to liter-
ature findings in terms of dynamic range and LOD/LOQ values (Table 1).
Some literature findings found in Table 1 have tedious experimental
steps and more sample preparation periods. However, the proposed
method possesses a low sample preparation period and easy treatment
steps. Furthermore, the developed ELLME-DES method can be combined
with more sensitive instrumental methods such as GFAAS and ICP-MS
systems to obtain lower detection limits.
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Table 1

Analytical figures of merit for the developed ELLME-DES-FAAS method and the literature comparison.
Method Dynamic Range LOD* LoQ" Coefficient of Determination (R?) ~ EDP/ECS® Reference
FAAS! 0.49-9.96 mg/kg 121.6 ug/kg  405.3 pg/kg  0.9999 49/36 This study
ELLME-DES-FAAS® 5.07-246.61 yg/kg  2.50 ug/kg  8.32ug/kg  0.9992
EA-DES-DLLME-FAAS' 10.0-100 pg/L 2.9 pg/L 9.7 pg/L - - (Arpa et al., 2018)
DLLME-FAAS® 25-100 pg/L 6.3 ug/L 19 ug/L - - (Seeger et al., 2015)
HF-LPME-FAAS" 10-15000 pg/L 4.0 pg/L - 0.9952 - (Es’haghi & Azmoodeh, 2010)
SA-PT-DSPE-FAAS' 0.025-0.50 mg/L 8.0 ug/L 26.6 ug/L 0.9977 20.6 (EDP) (Demir, Oner, Bodur, Er, & Bakirdere, 2021)
SA-PT-DSPE-SQT- 0.010-0.25 mg/L 3.7 ug/L 12.5 pg/L 0.9993 44.0 (EDP)

FAAS

SFODME-FI-FAAS® 1.0-25.0 pg/L 0.4 ug/L 1.1 pg/L - - (Sahin & Tokgoz, 2010)

@ LOD: Limit of detection.
b LOQ: Limit of quantification.

¢ EDP/ECS: The enhancement in detection power and the enhancement in calibration sensitivity.

4 FAAS: Flame atomic absorption spectrometry.

¢ ELLME-DES-FAAS: Emulsification liquid-liquid microextraction based deep eutectic solvent — flame atomic absorption spectrometry.

f EA-DES-DLLME-FAAS: Effervescence-assisted dispersive liquid-liquid microextraction based deep eutectic solvent — flame atomic absorption spectrometry.
8 DLLME-FAAS: Dispersive liquid-liquid microextraction — flame atomic absorption spectrometry.

" HF-LPME-FAAS: Hollow fiber supported liquid membrane microextraction — flame atomic absorption spectrometry.

! SA-PT-DSPE-FAAS: Syringe assisted pipette tip dispersive solid phase extraction — flame atomic absorption spectrometry.

I SA-PT-DSPE-SQT-FAAS: Syringe assisted pipette tip dispersive solid phase extraction — slotted quartz tube — flame atomic absorption spectrometry.

X SFODME-FI-FAAS: Solidified floating organic drop microextraction — flow injection flame atomic absorption spectrometry.

3.7. Real sample analysis and spiking experiments

Two rose tea samples (preparation steps were detailed in Section 2.6)
were directly sent to the FAAS system after the treatment with the
developed microextraction method. After the analysis of samples, the
analyte was not detected in the samples. Hence, spiking experiments
were performed to test the applicability and accuracy of proposed
method. For this purpose, the proper amounts of copper aqueous solu-
tion were spiked to two tea matrices detailed in Section 2.6. Under the
optimum FAAS and ELLME-DES conditions, the solutions were analyzed
and recovery results for both matrices were recorded between 66.4 and
74.4 % via external calibration strategy. It is clear that there were matrix
effects on the analyte, therefore; matrix matching calibration strategy
was used to enhance recovery results. After the application of matrix
matching calibration strategy, recovery results for Brand A and B rose
tea samples were calculated in the range of 96.0-104.5 % and
95.9-118.4 %, respectively. The spiked experimental concentration of
analyte for Brand A sample was calculated via the constructed calibra-
tion plot obtained from Brand B (4 different concentrations) and vice
versa for Brand B (the calibration plot belonging to Brand A was con-
structed with 5 different concentrations). All recovery results obtained
from external calibration and matrix matching calibration strategies are
summarized in Table 2.

4. Conclusion
An easy and green ELLME-DES method was developed to enhance

Table 2
Recovery results for copper in the spiked rose tea samples.

Brand  Spiked Concentration, ug/  External Calibration = Matrix Matching

kg Calibration

% +SD % +SD
Recovery ) Recovery

A 50.02 66.4 4.2 96.0 8.8
76.31 72.3 4.8 101.0 6.8
99.33 69.0 8.5 96.5 12.0
172.72 74.4 3.7 104.5 5.2
B 26.51 69.5 3.1 118.4 3.5
50.05 73.6 2.8 110.7 5.2
101.37 72.0 1.2 100.2 1.5
117.74 71.0 3.4 95.9 4.4

* Uncertainties (+): Standard deviation for triplicate measurements.

the detection power of FAAS system for the determination of copper at
trace levels in rose tea samples. A Schiff base ligand was synthesized in
our laboratory to form a copper complex for the extraction/pre-
concentration of analyte from rose tea samples. The optimization studies
were completed using univariate optimization approach to increase the
signal to noise ratio belonging to the analyte in addition to preconcen-
tration/enrichment factor. After the optimizations, system analytical
performance studies were performed and LOD/LOQ values for the
ELLME-DES-FAAS method were recorded as 2.50/8.32 pg/kg. Spiking
experiments were carried out for the evaluation of accuracy and appli-
cability of proposed method. The acceptable recovery results
(95.9-118.4 %) were obtained via matrix matching calibration strategy
while external calibration strategy led to low recovery results due to
negative matrix effects. The proposed method can be used to accurately
and precisely determine copper in rose tea samples using matrix
matching calibration strategy.
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