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Arda Atakol a,b,*, Damla Zeydanli c, Tuğçe Göver d , Melike Atakol e, Hakan Serbest f,  
Kübra Karakebap g , Muhammed Ali Büyük g, Orhan Atakol h, Sezgin Bakirdere g,i,**
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A B S T R A C T

In this study, an analytical method that involves dispersive liquid–liquid microextraction for extraction and 
enrichment of Co was developed for its determination in heather leaf tea infusions. N,N’-bis(2-hydrox
yacetophenylidene)-1,3-propanediamine was utilized to form the complex extracted in chloroform with meth
anol as a dispersive solvent. The experimental parameters were optimized to allow for an enhancement of 
detection power by 35.6-folds compared to direct FAAS measurements while lowering the limit of detection to 
0.0154 mg/L and the limit of quantification to 0.0513 mg/L and providing a linear range of 0.050–0.75 mg/L. 
Spiked recovery experiments were conducted on two brands of heather leaf tea where a matrix matching strategy 
was employed for further reduction of interferences. The recovery results obtained in the range of 78.7–128.4 % 
supported the accuracy of the proposed method that promises an economical and easy-to-apply process for the 
trace determination of cobalt in herbal tea matrices.

1. Introduction

The determination of trace metals in food products has been a 
globally recognized research topic [1,2,3]. While certain metals such as 
copper, zinc, iron, and cobalt are essential for maintaining a healthy 
human metabolism, elevated concentrations usually lead to toxic effects 
[4,5]. The vital importance of cobalt stems from the fact that it is inte
gral to the structure of vitamin B12. On the other hand, because it is an 
element that is frequently utilized in various industrial applications, 
undesired amounts of Co are very likely to contaminate food and water 
resources [6]. While obtaining cobalt through vitamin B12 intake is 
crucial for health, mitigating harmful dietary exposure to this trace 
element is also necessary to avoid serious toxic effects [7]. For this 

reason, the significance of increasing the detection power for Co in 
commonly consumed food products comes forward.

Over the last decades, as consuming herbal teas for therapeutic and 
recreational purposes has become widespread without the prominent 
oversight that is common for drugs, determining their elemental content 
has become a crucial field of study to reveal the potential risks involved 
in using them [8,9]. In this manner, herbal teas can be considered as 
examples of food items that carry a heightened risk of containing 
harmful levels of heavy metals [10]. Heather, belonging to the Erica L. 
genus (Ericaceae), is commonly found in the Mediterranean and West
ern European regions [11]. It is known that the leaves and flowers of the 
plant are brewed as tea and used as a diuretic, laxative, and dietary 
supplement [11,12].
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Determination of trace metals in food samples is done by employing 
instrumental methods such as inductively coupled plasma optical 
emission spectrometry (ICP OES), inductively coupled plasma-mass 
spectrometry (ICP-MS), flame atomic absorption spectrometry (FAAS), 
and graphite furnace atomic absorption spectrometry (GFAAS) [13]. 
Arguably the most basic one of these, FAAS is a well-known quantitative 
elemental analysis method that is easy to use, low-cost, suitable for a 
wide variety of samples, and it provides rapid analysis. In addition, 
FAAS is considered to show less interference compared to many other 
methods. Despite the apparent advantages, using FAAS for heavy metal 
determinations at trace levels often makes it necessary to involve pre
concentration procedures before analyses to lower the detection limits 
and increase the sensitivity and accuracy of the results [14].

Various extraction and enrichment techniques have been used in the 
determination of both organic and inorganic analytes in food samples. 
Analytical methods that involve preconcentration strategies such as 
solid phase extraction [15], liquid–liquid extraction, dispersive liquid
–liquid microextraction (DLLME) [16,17], and cloud point extraction 
[18,19] are commonly studied for the determination of cobalt in food 
samples. Among these, DLLME stands out due to its quick, sensitive, and 
straightforward approach, typically offering high extraction efficiency. 
Because of the ease of application and high sensitivity, DLLME has 
become a preferred method, especially in analytical applications 
involving food and environmental samples with complex matrices 
[20,21].

In this study, a new analytical method was proposed, involving the 
application of DLLME utilizing the easily synthesized Schiff base N,N’- 
bis(2-hydroxyacetophenylidene)-1,3-propanediamine (LACH2) as the 
complexing agent for enhancement of the limits of detection and 
sensitivity of determination of cobalt in heather leaf tea infusion sam
ples. The experimental parameters were systematically optimized to 
obtain the highest extraction efficiency. As far as the authors are aware, 
the DLLME-FAAS combination has not been proposed before for the 
determination of heavy metals in heather leaf tea infusions and the use 
of LACH2 ligand in any preconcentration application has not been re
ported. Heather leaf tea samples were collected from local stores and 
were brewed as in the conventional use to account for the applicability 
and accuracy of the analytical method in real herbal tea infusions.

2. Materials and methods

2.1. Instrumentation

An ATI Unicam SOLAAR 929 AA atomic absorption spectrometer 
was used for the detection and quantification of cobalt. A Varian 
(Australia) single-element hollow cathode lamp operating at a wave
length of 240.8 nm and a working current of 7 mA was utilized. Back
ground corrections were done by using a deuterium (D2) lamp. 
Atomization of analytes was achieved by a stoichiometric acetylene-air 
mixture with a moderate fuel flow rate. An Isolab vortex mixer (Ger
many) and an MRC Clean-01 ultrasonic bath (China) were used for 
mixing operations. A Biobased BKC-TL5II centrifuge apparatus (China) 
was employed for simple phase separation. Eppendorf Research plus 
pipettes (Germany) were utilized for precise and safe liquid transfer in 
the experiments. The pH values of the solutions were determined by 
employing a Mettler Toledo S220-SevenCompact pH meter (China).

A Shimadzu IRAffinity-1 Fourier transform infrared spectrometer 
was utilized to acquire the IR spectrum of LACH2. The spectrum was 
acquired at a resolution of 4 cm− 1. The ligand’s mass spectrum was 
acquired by employing the direct inlet (DI) unit of a Shimadzu 2010 Plus 
Gas Chromatograph Mass Spectrometer equiped with an electron impact 
(EI) ionizer. The DI temperature range was established at 40 to 140 ◦C, 
and ionization was achieved using 70 eV electrons. The differential 
scanning calorimetry thermogram of the ligand was obtained in nitrogen 
atmosphere at a heating rate of 10 ◦C/min, utilizing platinum pans and a 
Shimadzu DSC 60 Differential Scanning Calorimeter. Metallic indium 

standard was utilized for temperature adjustment and heating calibra
tion of the DSC 60, as outlined in the instruction manuals. Accuracy 
assessments were conducted using a metallic Pb standard, with a 
calculated relative error of less than 2 %.

2.2. Chemicals and reagents

All chemicals and reagents that were utilized throughout the ex
periments are of high purity and analytical grade. A standard solution of 
cobalt (1000 mg/L) in 0.50 M nitric acid (HNO3), supplied from Merck 
Germany, was used for the preparation of Co working standards. An Elga 
Pure Flex 3 Ultrapure Water System was used to obtain ultrapure water 
for the preparation of the sample and working solutions. The buffer 
solutions in the pH range 4.0 – 6.0 were prepared from potassium 
hydrogen phthalate (Merck), pH 7.0 – 8.0 from tris (Merck), and pH 9.0 
from sodium tetraborate decahydrate (Sigma Aldrich). The chloroform, 
dichloroethane, and sodium hydroxide (NaOH) were purchased from 
Merck Germany. Methanol, concentrated hydrochloric acid (37 %), and 
concentrated nitric acid (65 %) were purchased from Isolab Germany. 
HCl and NaOH were used for the adjustment of the pH of the solutions.

2.3. Preparation of the Schiff base (LACH2)

The condensation reaction between 1,3-propanediamine and 2- 
hydroxyacetophenone was utilized for the preparation of N,N’-bis(2- 
hydroxyacetophenylidene)-1,3-propanediamine in hydrothermal con
ditions [22]. In the solution of 0.100 mol 2-hydroxyacetophenone in 
100 mL warm ethanol at around 50 ◦C, 0.050 mol 1,3-propanediamine 
was dissolved. In a 250 mL round bottom flask, the solution was heated 
to boiling and kept at this temperature for about one minute. The flask 
was allowed to stay overnight, and the precipitate was filtered by using a 
black band filter paper. The product was rinsed with water and ethanol 
and was allowed to dry in a ventilated oven operating at 50 ◦C. The yield 
was calculated as approximately 90 %.

2.4. Dispersive liquid–liquid microextraction procedure

In a centrifuge tube, 0.75 mL of pH 9.0 buffer solution was added to 
8.0 mL of standard/sample solution. Then, 1.0 mL of the solution of the 
ligand (0.1 % m/V) in methanol was added. The resulting solution was 
vortex-mixed for 15 s. Then, a mixture of 2.0 mL methanol and 400 µL 
chloroform was introduced and dispersed into the solution by using a 
disposable syringe with a needle. The obtained cloudy mixture was 
further mixed for another 15 s by using the vortex mixer. The mixture 
was centrifuged at 3000 rpm for 2.0 min. The aqueous phase was dis
carded, and the remaining chloroform phase was left at room conditions 
in a fume hood for 24 h to completely evaporate the extraction solvent. 
After this period, 100 µL of nitric acid (65 %, w/w) was added to dissolve 
the extract before directly sending it to the nebulizer of the FAAS system 
(Fig. 1).

2.5. Preparation of the heather leaf tea samples

Two heather leaf samples for tea preparation were purchased from 
different local herbalists in İstanbul. The leaves (1.0 g) were brewed in 
200 mL water for 20 min. The resulting hot beverage was cooled down to 
room temperature. The leaves were filtered out and the liquid portion 
was diluted 10 times with water before determination.

3. Results and discussion

Details of the characterization study for the synthesized ligand can 
be found in Section 3.1. To improve the preconcentration efficiency 
acquired with the DLLME procedure, the univariate optimization strat
egy was embraced in the conducted studies. An isolated experimental 
parameter was put to test while the other parameters were kept 
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constant. Three replicate measurements were made in each step of the 
study. The average absorbance values and standard deviations were 
calculated from these results.

The procedural parameters that were implemented in the steps of the 
optimization are summarized in Table 1 and the optimum parameters 
selected for the proposed method are summarized in Table 2. The details 
regarding the optimization studies are given in the following sections.

3.1. Characterization of the synthesized ligand

The synthesized ligand, LACH2, was characterized by using IR 
Spectroscopy, Mass Spectrometry, and its melting behavior was recor
ded by using Differential Scanning Calorimetry.. The IR absorption 
bands corresponding to the major characteristic vibrations were 
observed as imine bond C=N stretching at 1613 cm− 1, phenol group C-O 
strechings between 1233 and 1159 cm− 1, aromatic C=C stretching at 
1568 cm− 1, aromatic C–H stretchings between 3059 and 3017 cm− 1, 
aromatic C–H bending at 754 cm− 1, aliphatic C–H stretchings between 
2945 and 2845 cm− 1. In the mass spectrum of LACH2 (molecular mass: 
310.4 u) obtained by EI, the molecular peak was observed at m/z = 310 
and the base peak at m/z = 148. The m/z values corresponding to the 
major characteristic fragment ions are evaluated as 
[O − C6H4 − CCH3 = NH − CH2 − CH2]

+ at m/z = 174, 
[HO − C6H4 − CCH3 = NH2 − CH2]

+ at m/z = 162, 
[HO − C6H4 − CCH3 = NH2]

+ at m/z = 148, 

[HO − C6H4 − CCH3 = NH2]
+ at m/z = 136, [HO − C6H4 − CH2]

+ at m/ 
z = 107, [C6H4 − CH2]

+ at m/z = 91. A sharp endotherm peaking at 
123.7 ◦C clearly showing the melting of the product was observed in the 
DSC thermogram. Both the synthetic procedure and the results of the 
characterization study are in perfect agreement with the previously re
ported literature, directly supporting the successful synthesis and 
isolation of the ligand, LACH2 [22,23].

3.2. The effect of pH buffer type and volume on the analytical signal

It is widely known that the pH of the reaction medium dominantly 
affects the interaction of a ligand with metal ions. To determine the pH 
value providing the highest complexation efficiency, buffer solutions 
with pH values of 4.0, 5.0, 6.0, 7.0, 8.0, and 9.0 were tried. In cases 

Fig. 1. Schematic representation of the preconcentration procedure.

Table 1 
Respective experimental conditions in each step of the optimization study. The tested parameters are highlighted in bold.

Optimized Parameters

Experimental conditions pH buffer solution Buffer sol. volume Ligand sol. volume CHCl3 volume Mixing period HNO3 volume

Co2þ standard solution 1.0 mg/L 
8.0 mL

1.0 mg/L 
8.0 mL

1.0 mg/L 
8.0 mL

1.0 mg/L 
8.0 mL

0.5 mg/L 
8.0 mL

0.3 mg/L 
8.0 mL

pH buffer solution pH ¼ 4.0–9.0 
0.75 mL

pH = 9.0 
0.5–1.5 mL

pH = 9.0 
0.75 mL

pH = 9.0 
0.75 mL

pH = 9.0 
0.75 mL

pH = 9.0 
0.75 mL

Ligand solution volume 1.00 mL 1.00 mL 0.5–1.5 mL 1.00 mL 1.00 mL 1.00 mL
Dispersive solvent 2.0 mL meOH 2.0 mL meOH 2.0 mL meOH 2.0 mL meOH 2.0 mL meOH 2.0 mL meOH
Extraction solvent 300 μL CHCl3 300 μL CHCl3 300 μL CHCl3 200–400 μL CHCl3 300 μL CHCl3 300 μL CHCl3
Mixing type and period Vortex 

15 s
Vortex 
15 s

Vortex 
15 s

Vortex 
15 s

Vortex 
10–30 s

Vortex 
15 s

Elution solvent 150 μL HNO3 150 μL HNO3 150 μL HNO3 150 μL HNO3 150 μL HNO3 75–250 μL HNO3

Table 2 
Optimum conditions for the proposed DLLME-FAAS system.

Parameter Optimum condition

Sample volume 8.0 mL
pH buffer 0.75 mL, pH 9.0 buffer
Ligand solution 1.00 mL, 0.10 % (w/v) LACH2 in MeOH
Dispersive solvent 2.0 mL methanol
Extraction solvent 400 µL chloroform
Mixing type and period Vortex, 15 s
Elution solvent 100 µL, HNO3
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where buffer solutions with pH values ranging between 4.0 and 7.0 were 
used, no signal was detected. The absorbance values obtained with pH 
8.0 buffer were dramatically lower than those obtained with pH 9.0. 
Therefore, pH = 9.0 was determined as the optimum buffer type because 
it gave the highest absorbances with a remarkably lower standard de
viation. The complex formation was expected to be favored with the 
increasing pH, fundamentally due to the fact that the effective coordi
nation of the metal ions by the LACH2 ligand is strongly dependent on 
the Lewis basic nature of the imine group as is the case with other Schiff 
bases [24,25,26]. In other words, it is plausible to deduce that below the 
neutral pH, the hydronium ion concentration remains sufficient to 
protonate the C=N bond, leaving the lone pair of nitrogen unable to be 
involved in coordinative covalent bonds. Furthermore, the likelihood for 
protonation of the phenolic − O–H groups at lower pH levels would 
render the formation of the Co(II) LACH2 complex unlikely. In contrast, 
at higher pH levels, the donor sites of the LACH2 ligand can be easily 
deprotonated increasing the electron density around the donor atoms 
and facilitating the complex formation [27]. While definitive evidence 
of the imine bond’s basicity and the phenolic hydrogens’ acidity ne
cessitates additional comprehensive research, the observed experi
mental variation in extraction effectiveness across different pH levels 
corroborates this proposed explanation. On the other hand, as the pH of 
the medium increases, there is a greater chance of complex formation 
starting to compete with the loss of cobalt ions from the solution due to 
precipitation in the form of hydroxides, which are insoluble at the 
higher pH levels [28]. To investigate the magnitude of such an effect, a 
control test without the addition of the ligand solution was performed to 
determine if the signals were resulting from the extracted complex and 
not from other sources such as the hydroxide precipitates at the selected 
pH. The readings of the control group show negligibly small signals 
compared to the complex formation case, proving that the recorded 
absorbances were, very dominantly, due to the preconcentration pro
cedure. Buffer solutions of higher pH were not taken into consideration 
because of the rising favorability of precipitation of cobalt hydroxide 
species.

The volume of the added buffer solution is a significant factor in 
extraction studies due to the changes in buffer capacity and the overall 
dilution effects of the extraction procedure. The effect of buffer solution 
volume was evaluated by conducting experiments with 0.50, 0.75, 1.00, 
and 1.50 mL additions of pH 9.0 buffer. The optimum volume of 0.75 mL 
was selected with the highest absorbance value and the lowest standard 
deviation.

3.3. The effect of ligand solution volume on the analytical signal

The amount of the complexing agent needs to be evaluated to pro
mote the quick and complete interaction between the ligand and analyte 
without causing any undesirable oversaturation that could become a 
problem in the form of interferences in detection. In this study, the 
concentration of the ligand was controlled by the volume of the solution 
of N,N’-bis(2-hydroxyacetophenylidene)-1,3-propanediamine in meth
anol added into the mixture. To determine the optimal volume, 0.50, 

0.75, 1.00, and 1.50-mL additions of 0.10 % (m/V) LACH2 (Fig. 2) so
lution were tested. The readings revealed that the difference between 
the average absorbance values was not very significant while the stan
dard deviation within the sets showed remarkable differences (Fig. 3). 
Therefore, the volume of 1.00 mL, which yielded comparable repeat
ability without compromising the signal magnitude in the results, was 
selected.

3.4. The effect of the type and volume of the extraction solvent on the 
analytical signal

The type and volume of the extraction solvent are among the most 
impactful parameters to obtain high extraction efficiencies and reduced 
dilution effects. Three solvents were put to the test, namely, chloroform, 
dichloroethane, and dichloromethane. A good phase separation could 
not be achieved with dichloromethane, apparently because of its ten
dency to partially dissolve in water. Chloroform was selected as the 
optimum extraction solvent due to the notably higher absorbance values 
observed than those obtained for dichloroethane. The average absor
bances recorded were 0.275 ± 0.002 with chloroform and 0.150 ±
0.048 with dichloroethane.

To investigate the effect of the solvent volume, 200, 250, 300, 400 
Âµl of chloroform were used. With 400 μL, increased absorbances along 
with noteworthily higher repeatability in the readings were obtained, 
hence it was selected as the optimum point (Fig. 4). Fig. 4 illustrates that 
augmenting the extraction solvent volume from 200 µL to 300 µL led to a 
nearly 50 % enhancement in the analytical signal. Conversely, the 
identical 100 µL increase in solvent volume yielded a diminished return, 
approximately increasing the signal magnitude by about 20 %. It is 
apparent that the decline in signal amplitude from sample dilution be
gins to outweigh the increased extraction efficiency from larger vol
umes, resulting in the analytical signals between 300 and 400 µL 
plateauing. Therefore, no larger extraction solvent volumes were tested 
as they would increase the solvent consumption and decrease the 
environmental friendliness of the method only for a marginal increase in 
the enrichment factor.

3.5. The effect of mixing time for the complexation reaction on the 
analytical signal

Vortex mixing was adopted to provide increased interaction of the 
ligand with the analyte particles in a short amount of time, which 
directly influenced the practicality and quickness of the method. The 
most efficient and shortest mixing time possible to achieve optimized 
results was investigated by experimenting with 10, 15, 20, and 30 s 
mixing times (Fig. 5). It was seen that 15 s yielded the highest average 
absorbance value and the lowest standard deviation.

Fig. 2. Structural formula of the ligand LACH2. Fig. 3. The effect of ligand solution volume on absorbance.
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3.6. The effect of eluent volume on the analytical signal

After the extraction solvent was completely evaporated, nitric acid 
(65 %, w/w) was used to dissolve the non-volatile extract and make it 
suitable for nebulization. The final volume of the analytical phase 
introduced into the AAS system is a very important parameter in 
obtaining a high absorbance. An excess of the eluent would result in low 
absorbance values due to the decreased concentration of the analyte 
while too little eluent could render the volume of the final solution 
insufficient for the nebulizer or it could result in partially undissolved 
solid residue. To find out the optimum eluent volume for the proposed 
method, 75, 100, 125, 150, 200, 250 Âµl of HNO3 were put to test 
(Fig. 6). The highest readings were observed with 75 µL nitric acid. 
However, 100 µL was determined as the optimum working volume due 

to the lower standard deviation and the remarkably easier operation 
with the nebulizer system.

3.7. Assessment of the analytical performance

The analytical performance parameters for the developed method 
were determined by constructing an analytical curve by utilizing the 
whole procedure under the optimum conditions for cobalt standard 
solutions of various concentrations between 0.050 and 5.0 mg/L. The 
linearity was provided by a linear working range between 0.050 – 0.75 
mg/L with a regression coefficient (R2 value) of 0.9926. The equation of 
the linear calibration curve was “y = 0.4134x + 0.0007” (Fig. 7). Limit 
of detection (LOD) and quantitation (LOQ) values were calculated using 
the formula 3.SD/m and 10.SD/m, respectively. Here, SD defines the 
standard deviation of the lowest concentration and m describes the slope 
of the calibration curve. LOD and LOQ values were found to be 0.0154 
and 0.0513 mg/L, respectively and %RSD was calculated as 8.8 %.

An additional linear calibration run was conducted with the direct 
determination by FAAS without the preconcentration procedure for 
comparison of analytical performance. The linear calibration equation 
obtained for the FAAS system was “y = 0.0116x + 0.0211” within the 
cobalt concentration range of 0.50 – 20 mg/L. It was deduced that an 
enhancement of 35.6-fold in detection sensitivity was achieved. The 
preconcentration factor was obtained by calculating the ratio of the 
slope of the DLLME-FAAS calibration line to the slope of the FAAS 
calibration line.

The analytical figures of merit of this study along with previously 
reported analytical performance parameters from studies regarding the 
preconcentration of cobalt are given in Table 3. Ojeda et al. reported an 
analytical method for the preconcentration of cobalt in food, environ
mental, and water samples. They obtained an 8-fold sensitivity 
enhancement with the DLLME-FAAS method using 1,5-bis(di-2-pyridyl) 
methylene thiocarbohydrazide (DPTH) as the chelating agent [17]. 
Sivrikaya et al. presented preconcentration of cobalt 7.3 times in water 
and food samples after a modified silica gel-based flow injection solid 
phase extraction method [15]. In 2021, de Almeida et al. reported a 
preconcentration factor of 38 with a method for the determination of 
cobalt at trace levels in water, black tea, and chocolate powder samples 
utilizing a synthetic polymer as the solid phase extraction agent and a 
hyphenated flow system for sample introduction. In their study 
involving a method for the separation of Co from water samples and 
serum, Shokrollahi and Ebrahimi observed a 22.4-fold enhancement in 
sensitivity [29]. In light of these outputs, the DLLME-FAAS method that 
is proposed by this study was considered a good alternative for the 
extraction and preconcentration of cobalt from complex matrices.

3.8. Recovery studies

The applicability and accuracy of the developed method to real 
samples were evaluated by performing recovery studies on heather-leaf 
tea using the optimum conditions. Recovery studies were carried out by 
calculating the ratio of cobalt that was determined by utilizing the 
procedure to the known concentration of cobalt in two different heather 
leaf tea samples following a matrix-matching calibration strategy. 
Firstly, the brewed tea samples were filtered, diluted, and studied under 
the optimum conditions to determine whether there was an amount of 
cobalt in them detectable by the developed DLLME-FAAS method. These 
readings showed no detectable absorbance. Then, proper volumes of 
concentrated Co2+ standard solutions were spiked into the samples 
producing different concentrations of cobalt in the range of 0.075–0.50 
mg/L followed by the application of the proposed method for determi
nation. 4 repetitions were performed for each data point. Due to the 
matrix effects, using the external calibration line, obtained from the 
standard solutions, resulted in very poor recovery values. To help 
overcome these by improving the accuracy and suitability of the 
developed method matrix matching calibration was embraced.

Fig. 4. The effect of the volume of the extraction solvent on absorbance.

Fig. 5. The effect of mixing time on absorbance.

Fig. 6. The effect of HNO3 volume on absorbance.
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For this purpose, 2 calibration curves were drawn using the absor
bance values obtained with the 2 sets of spiked samples, one set in the 
Brand A matrix and the other in the Brand B matrix. The equations of the 
calibration lines obtained from the 1st (Brand A) and the 2nd (Brand B) 
set of samples were found as “y = 0.2075x + 0.0070” and “y = 0.1604x 
+ 0.0088”, respectively. Then, the concentrations and percent re
coveries for the spiked samples in the Brand A matrix were calculated by 
using the calibration equation acquired with the spiked sample set 
prepared in the Brand B matrix. Likewise, the percent recoveries of the 
spiked samples in the Brand B matrix were calculated by using the 
calibration equation obtained with the Brand A matrix. The results from 
the recovery studies are given in Table 4 along with the standard devi
ation values. It is apparent in the results that the recovery values ob
tained for Brand A tea samples are within the range of 105.7–128.4 %, 
while those in Brand B tea samples are considerably lower, lying within 
the range of 78.7–86.7 %. This discrepancy between the brands is due to 
the slight difference in matrix components of tea extracts. Meanwhile, 
the overall range of 78.7–128.4 % is indicative of the accuracy and 
applicability of the developed method.

4. Conclusion

In this study, a simple and environmentally friendly extraction 
method was developed for the trace level determination of cobalt in 
heather leaf tea samples. The extraction and preconcentration of cobalt 
were achieved by an optimized DLLME procedure before FAAS mea
surements. In the procedure, N,N’-bis(2-hydroxyacetophenylidene)-1,3- 
propanediamine was utilized as the complexing agent, and chloroform 
and methanol were employed as the extraction and dispersive solvents, 
respectively. Spike and recovery experiments were performed to deter
mine the accuracy and applicability of the proposed method. A con
ventional, external calibration approach led to unpractically low 
recovery results due to negative interferences by the matrices. Mean
while, acceptable percent recovery values spanning in the range of 
78.7–128.4 % were obtained via matrix matching calibration strategy. 
The analytical outputs along with the results from the recovery studies 
revealed that the developed method can be used to determine cobalt 
with comparable accuracy and precision in heather leaf tea samples 
using a matrix matrix-matching calibration strategy.

5. Code availability

Not applicable.

Fig. 7. The calibration line acquired with the proposed DLLME-FAAS method.

Table 3 
System analytical performance parameters for the proposed method and com
parable methods previously reported in the literature.

Method LOD, 
mg/L

R2 Linear 
Range, 
mg/L

PF1 Related 
study

DLLME-FAAS2 0.0142 0.9990 0.050 – 
0.50

8 [17]

FI-SPE-FAAS3 0.0014 − 0.050 – 
0.50

7.3 [15]

SPE by Poly 
(vinylpyridine-co- 
protoporphyrin)-FAAS4

0.00138 0.9991 0.0046 – 
0.20

38 [30]

UA-DSLLME-FAAS5 0.0035 0.9981 0.005 – 
0.5

22.4 [29]

DLLME-FAAS2 0.0154 0.9926 0.050 – 
0.75

35.6 Present 
study

1 Preconcentration factor.
2 Dispersive liquid–liquid microextraction-flame atomic absorption 

spectrometry.
3 Flow injection-solid phase extraction-flame atomic absorption spectrometry.
4 Solid phase extraction by Poly(vinylpyridine-co-protoporphyrin)-flame 

atomic absorption spectrometry.
5 Ultrasonic-assisted dispersion solidification liquid–liquid microextraction- 

flame atomic absorption spectrometry.

Table 4 
Results of the recovery studies in the spiked heather leaf tea samples.

Sample 
set

Spiked Concentration, 
mg/L

External 
Calibration

Matrix Matching 
Calibration

% 
Recovery

SD % 
Recovery

SD

Brand A 0.075 80.4 8.2 124.3 19.6
0.1 65.5 4.5 105.7 10.6
0.2 64.4 5.9 128.4 14.2
0.4 57.2 7.0 124.0 16.7
0.5 57.9 3.5 128.3 8.3

Brand B 0.075 66.4 5.9 81.9 11.0
0.1 63.5 5.6 86.7 10.4
0.2 54.3 2.7 84.9 5.0
0.4 46.8 1.4 78.7 2.5
0.5 46.1 5.0 79.0 9.3
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