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ABSTRACT ARTICLE HISTORY

A dispersive micro-solid phase extraction procedure using cobalamin Received 15 January 2024
as a green sorbent has been developed for the extraction of Cd(ll) Accepted 25 March 2024
and Pb(ll) ions from oil samples. At first, a desired amount of oil

: . . KEYWORDS
sample was dissolved in chloroform. Then, the specified amount of

Dispersive micro-solid phase

cobalamin was added and vortexed. After centrifuging, the sepa- extraction; cobalamin; heavy
rated solid particles were dissolved in nitric acid solution. Finally, the metal ions; oil; flame atomic
analytes were analysed by flame atomic absorption spectrometry. absorption spectrometry

Effects of different analytical parameters such as amounts of sample
and cobalamin, vortex time, complexing agent amount, type and
volume of dissolving solvent, and temperature on the extraction
efficiency of Pb(ll) and Cd(ll) ions were investigated and optimised.
Under optimised conditions, calibration curves were established with
the linear ranges of 1.5-150 ug Kg~' for Cd(ll) and 1-150 pg Kg™' for
Pb(ll). The detection limits were found to be 0.48 and 0.34 ug Kg’1
along with extraction recoveries of 89.1% and 94.8% for Cd(ll) and
Pb(ll) ions, respectively. The proposed method demonstrated good
repeatability, with the relative standard deviation ranging from 3.8%
t04.1% (n = 6,C= 10 ug Kg™' of each cation). Finally, the method was
successfully applied to determine the concentrations of Cd(ll) and
Pb(ll) ions in various oil samples.

1. Introduction

Heavy metals can enter the environment and living organisms through both natural
processes and human activities [1]. These metals are harmful to the environment and
can lead to health problems due to their ability to accumulate in living tissues [2]. Edible
oils are necessary for human consumption, as they are used for three purposes: providing
energy, acting as a structural component, and producing biological controllers [3,4]. The
quality of these oils is dependent on the level of trace metals, as their high levels can
accelerate oxidation [5]. These metals may come from the soil in which the plants are
grown or may be introduced during the manufacturing process of food samples [6-10].
Also, trace elements can be entered in oils due to contaminations from fertilisers, soil,
extraction and refining processes, packaging materials or metal processing equipment
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[11]. Some of these elements such as Ca, Co, Fe, Mg, Mn, and Ni may promote oxidative
degradation of the oils. Some other ions, because of their concentrations in oil samples,
may have negative impacts on human health [12]. Cadmium and lead are particularly
concerning due to their toxicity and potential health risks. They can affect the quality of
oils by altering their nutritional value, freshness, preservation properties, storability, and
toxicity [13]. As a result, detecting the presence of such elements in edible oils has
become increasingly crucial in recent years. Various analytical methods such as graphite
furnace atomic absorption spectrometry [14,15], inductively coupled plasma-mass spec-
trometry [16,17], inductively coupled plasma-optical emission spectrometry [18], flame
atomic absorption spectrometry (FAAS) [19,20], and electrochemical methods [21,22]
have been used to quantify heavy metals in various oil samples. In this regard, FAAS is
widely used for detecting trace levels of metals, but its main drawback is high instru-
mental detection limits. Also, direct determination of metals in oil is challenging due to
their low concentration, high viscosity of the samples, and interferences from organic
compounds [23]. Consequently, performing a sample preparation procedure is essential
for trace analysis of heavy metals in oil. Several procedures like extraction methods and
microwave, wet, and dry digestion were reported [24,25] for this purpose. However, they
are time-consuming and prone to contamination and analytes loss [26]. To overcome
these issues, analytical chemists use extraction/preconcentration techniques to improve
the sensitivity of FAAS in metal determination.

Therefore, to accurately determine trace levels of heavy metals in samples, it is
necessary to use extraction procedures effectively before analysing with analytical instru-
ments. Various techniques have been developed for this purpose, including solid-phase
extraction (SPE) [1,27,28], cloud point extraction [29,30], dispersive SPE (DSPE) [31,32],
solid-phase microextraction [33,34], single-drop microextraction [35,36], homogeneous
liquid-liquid extraction [37,38], dispersive liquid-liquid microextraction [39,40], and hol-
low-fibre liquid-phase microextraction [41,42]. These methods are used to separate and
preconcentrate heavy metal ions by accounting for the presence of matrix effect in the
samples. In the last decades, microextraction techniques were very popular for separating
and concentrating trace amounts of inorganic and organic substances. These methods
offer benefits such as short extraction time, minimum consumption of organic solvents,
and high concentration factor [43-46].

Several studies were conducted to assess the effectiveness of various adsorbent
materials in eliminating, extracting, and preconcentrating different heavy metals from
diverse sources [47-52]. The most commonly used extraction techniques involving the
use of adsorbents are SPE, DSPE, and dispersive micro-solid phase extraction (D-uSPE)
[53-56]. These methods typically involve mixing the sample solution with the adsorbent
and then using small amounts of organic solvents to break up the interactions between
the solid particles and analytes, causing the analytes to detach from the particles. DSPE
and D-uSPE have been widely used for separation and preconcentration of trace analytes
due to their high extraction efficiency, short extraction time and low use of organic
solvents [57-59]. However, these methods are often associated with the issues such as
inadequate adsorption and incomplete desorption.

Cobalamins, also known as vitamin B12, is the compound that contains cobalt and is
essential for human health [60]. Vitamin B12 is crucial for the human body, as it plays an
essential role in the nervous system, red blood cell formation, DNA synthesis, and myelin
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sheath growth [61]. The deficiency of this vitamin can lead to severe health issues such as
megaloblastic anaemia and nervous system disorders. The human body cannot store
vitamin B12, and any excess amount is quickly excreted due to its water-soluble nature.
Therefore, it needs to be recieved daily, and the recommended daily intake for adults is
2.4 ug per day.

In this study, a simple D-uSPE method was developed for the extraction of Cd(ll)
and Pb(ll) ions from oil samples by using cobalamin as an adsorbent. In the
proposed method, to solve the problem of incomplete desorption of the analytes,
which can lead to decreasing extraction efficiency, the evolution of the analytes
from the sorbent surface was replaced by dissolution of the sorbent in nitric acid
solution. After extraction, the cobalamin particles were collected at the bottom of
the tube after centrifuging. The supernatant was discarded, and the collected
particles were dissolved in nitric acid solution. Therefore, the proposed method
requires no desorption step, which is time-consuming and requires sonication or
vortexing. In this study, for the first time, cobalamin was used to extract heavy
metal ions from oil samples. Easy operation, short extraction time, high extraction
efficiency, and inexpensiveness can be the major advantages of the proposed
procedure

2. Materials and methods
2.1. Reagents and solutions

Ethyl acetate, acetonitrile (ACN), nitric acid, methanol, chloroform, Pb(NOs),.6 H,0,
Cd(NOs3),.6 H,0, and 8-hydroxyquinoline (8-HQ) with the highest purity were pro-
vided from Merck (Darmstadt, Germany). Cobalamin was gift from Daana
Pharmaceutical Company (Tabriz, Iran). The preliminary experiments indicated that
the analyte contents of a sunflower oil were lower than the limits of detection
(LODs) of the method. Therefore, 100 g of this oil was leached with 100 mL HNO;
(5%, v/v) solution for two times and used as a Pb- and Cd-free oil sample (blank oil)
in optimisation of the proposed method. A stock solution containing Pb(ll) and
Cd(ll) ions was prepared by dissolving Pb(NO3),.6 H,O and Cd(NOs),.6 H,O in acet-
one at a concentration of 100mg L' for each cation and used to spike the
samples. Moreover, a mixed standard solution of the analytes was prepared at
a concentration of 3mg L' for each cation, and injected into FAAS three times
daily for quality control of the detection system. The obtained signals were used to
calculate the extraction recoveries (ERs) of Pb(ll) and Cd(ll) ions.

2.2. Real samples

Oil samples including omega 3, olive, almond, hazelnut, and sunflower oils were
bought from local sellers in Tabriz, Iran. Also, fish oil capsules were provided from
local pharmacies (Tabriz, Iran). The contents of the capsules were removed with the aid
of a syringe. The samples were subjected to the microextraction methods without
treatment.
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2.3. Instruments

A Shimadzu AA-6300 flame atomic absorption spectrometer (Kyoto, Japan) was used to
determine heavy metal ions. An air-acetylene flame was used in the determination of the
analytes concentration. Radiation sources for lead and cadmium were hollow-cathode
lamps from Hamamatsu Photonics (Shizuoka, Japan). They were operated at the wave-
lengths of 217.0 and 228.8 nm (resonance line) with the currents of 15 and 10 mA,
respectively. An L46 vortex mixer (Netherland) and a D-7200 (Hettich) centrifuge were
used to assist the extraction process.

2.4. Extraction procedure

A 0.25 g analytes-free oil sample was spiked with 10 ug Kg~' of each cation in an 8-mL
glass test tube. Then, 3 mL of chloroform and 200 pL of 5 mmol L™' 8-HQ were added. To
the obtained homogeneous solution, 6 mg cobalamin was added. It was vortexed for 4
min and then centrifuged at a rate of 8000 rpm for 5 min. The particles of cobalamin were
separated. To dissolve the adsorbent particles and transform the analytes into solution,
220 pL nitric acid solution (5%, v/v) was added, and vortexed for 30 s. Two portions of
100 pL aliquots were removed and injected into the FAAS.

3. Results and discussion

Various practical factors including the amount of oil, the amount of cobalamin, vortex
time, volume of ACN, complexing agent concentration, and temperature were assessed
using a ‘one-factor-at-a-time’ approach to study their impact on the extraction efficiency
to determine the optimal conditions of the proposed method. The detailed discussion of
these parameters can be found in the following sections. It should be noted that in the
optimisation process, 0.25 g of analytes-free sunflower oil (spiked with 10 ug kg™' of each
cation) diluted by 3 mL chloroform was used as the working solution.

3.1. Optimization of oil amount

To study the effect of the sample weight on the ERs of the analytes, various amounts
(100-400 mg) of the analytes-free oil spiked with 10 pg kg™ of each cation were mixed
with 3 mL chloroform and subjected to the proposed extraction procedure. The findings
in Figure 1(a) demonstrate that ERs of the analytes are noticeably impacted within the
range of 100-250 mg, then remain relatively consistent till 350 mg, and thereafter
decrease. It can be concluded that the larger amount of oil leads to the higher viscosity
of sample and decreasing ERs of the analytes. Consequently, 250 mg was selected as the
optimum amount of oil for the subsequent experiments.

3.2. Optimization of adsorbent amount

In this study, at first, the specified amount of cobalamin was added into the diluted oil
(250 mg oil in 3 mL chloroform). The selected heavy metal ions can be extracted via
possible interactions such as van der Waals, surface adsorption, and polar-polar
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Figure 1. (a) Effect of amount of oil on the ERs of the analytes. Extraction conditions: sample, blank oil
spiked with 10 pg kg*1 of each Cd(ll) and Pb(ll); chloroform volume, 3 mL; cobalamin amount, 8 mg,
vortexing (extraction time), 2 min; 8-HQ (100 pL, 0.1 mol L™"); and desorption solvent (volume), ACN
(220 uL). The error bars represent standard deviations for three replicates (n=3). (b) Effect of
cobalamin amount on the ERs of the analytes. Extraction conditions: 250 mg of the analytes-free oil
containing 10 ug kg™ of each Cd(ll) and Pb(ll) ions was dissolved in 3 mL chloroform; and the other
conditions were the same as those used in Figure 1(a). (c) Study the effect of vortexing time on the ERs
of Cd(ll) and Pb(ll) ions. Extraction conditions: cobalamin, 6 mg; and the other conditions were the
same as those used in Figure 1(b). (d) Study the effect of concentration of 8-HQ on the ERs of Cd(ll) and
Pb(ll) ions. Extraction conditions: vortexing time, 4 min; and the other conditions were the same as
those used in Figure1(c).

interactions. Therefore, the amount of the adsorbent is an important parameter that
determines the adsorption capability of the method. To obtain maximum ERs for the
analytes, various amounts of cobalamin ranging from 2 to 10 mg were utilised in the
method. As illustrated in Figure 1(b), the ERs increase as the amount of cobalamin
increase till 6 mg, remain approximately constant in the range of 6-8 mg and then
decrease. Therefore, using 6 mg of cobalamin results in maximum ERs. Decreasing ERs
at the amounts more than 6 mg is occurred because of the aggregation of the adsorbent
particles. As a result, 6 mg cobalamin was used in the other optimisation steps.

3.3. Optimization of vortexing time

Optimization of extraction time is important since a suitable extraction method should
have high ER along with short extraction time. In this work, agitation of solution with the
aid of vortex plays an important role in dispersing the fine particles of cobalamin into
solution. In this study, the impact of vortexing time was investigated within the range of
1-5 min, with the same rate of agitation. Based on the results in Figure 1(c), ERs are
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increased with time increasing the time till 4 min. The ERs for vortexing time of 5 min are
comparable with those of vortexing time of 4 min. As a result, the vortexing time of 4 min
is enough for extraction of the analytes, and it was used in the further experiments.

3.4. Effect of complexing agent concentration

The extraction process can be facilitated when the selected analytes are complexed with
a suitable chelating agent, because the formed complexes are adsorbed onto the surface
of adsorbent more than the heavy metal ions. 8-HQ, is one of the most popular, low toxic,
antibacterial and versatile organic compound. In addition, it has been known as one of the
most sensitive ligands used as a preconcentration agent in analytical chemistry [62]. To
investigate this issue, 8-HQ was selected to induce complexation of Pb(ll) and Cd(ll) ions.
So, 8-HQ should be added to the solution in sufficient concentration to quantitatively
complex the metal ions in the medium. Therefore, optimisation of the concentration of
8-HQ is very important. The effect of the concentration of 8-HQ on the ERs of Pb(ll) and
Cd(ll) ions was investigated by changing the volume of 8-HQ solution (5 mmol L") from 0
to 400 L. The results in Figure 1(d) indicate that ERs increase up to 200 pL and then
decrease gradually. Based on this consideration 200 pL of 8-HQ solution (5 mmol L") was
selected as the sufficient volume to achieve high ERs of the selected ions, and it was used
in the next experiments.

3.5. Study the nature and volume of desorption/dissolving solvent

Desorption of the analytes from the surface of cobalamin after the extraction is also an
important process in the proposed DUSPE. Therefore, in the following, to achieve optimal
extraction efficiency, it is necessary to desorb the adsorbed complexes from the surfaces
of cobalamin particles totally. For this purpose, various solvents were investigated,
including methanol, nitric acid 5% (v/v), and ACN, and the results are shown in
Figure 2(a). Nitric acid 5% (v/v) was selected as the best solvent for this step. In the
following, the different concentrations (1-10%, v/v) of nitric acid was investigated, and the
amounts of the desorbed analytes were determined. According to the results shown in
Figure 2(b), 5% (v/v) is the suitable concentration. The volume of nitric acid solution is
another crucial factor that can impact the efficiency of the method. It is noticeable that to
analysis the extracted amounts of the analytes by home-made injection system, at least
100 pL solution is needed for each cation. Therefore, to explore the effect of nitric acid
solution volume, its volume was altered between 220 and 370 pL. The experiments
indicated that the ERs remained approximately constant, but the analytical signals
decreased by increasing the acid volume due to dilution effect. Therefore, 220 uL was
selected as the optimum volume.

3.6. Effect of temperature

The effectiveness of the proposed method can be influenced by temperature as it can
enhance mass transfer of the analytes and extraction rate by increasing the kinetic energy
of molecules and changing the analyte diffusion coefficients. To investigate its impact on
the ERs, different temperatures ranging from 25°C to 45°C were examined. The findings
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Figure 2. (a) Effect of desorption/dissolving solvent kind on the ERs of Cd(ll) and Pb(ll) ions.
Extraction conditions: 8-HQ, 200 uL (5 mmol L™"); and the other conditions were the same as
those used in Figure 1(d). (b) Effect of concentration of nitric acid solution on the ERs of the
analytes. Extraction conditions: are the same as those used in Figure 2(a), except 200 L 8-HQ
solution and 220 pL nitric acid solutions were used as the complexing agent and dissolving
solvent volumes, respectively. (c) Effect of temperature on the ERs of the analytes. Extraction
conditions: are the same as those used in Figure 2(b), except nitric acid solution (5%, v/v) was
used as the dissolving solvent.

(Figure 2(c)) reveal that altering the temperature does not have a positive effect on the
extraction efficiency. Thus, the optimum extraction temperature was determined to be
25°C (ambient temperature).

3.7. Study of interferences

In order to investigate possible coexistence of ions interfering effect in the extraction and
detection of Pb(ll) and Cd(ll) ions in the studied samples, the working solution was
supplemented with various concentrations of different cations and anions. The imple-
mented method was done and any ion that caused a +5% variation in the analytical
signals of the analyte, it was considered as an interfering agent. Table 1 summarises the
results, indicating that high concentrations of the chosen ions do not significantly affect
the ERs of the analytes. As a result, this method can be considered as a selective analytical
approach for detecting the studied cations.

3.8. Adsorption capacity of sorbent

To determine the adsorption capacity of the used sorbent for the selected heavy metal
ions, 0.25 g analytes-free oil sample was spiked with 10 mg Kg™' of each cation, and 3 mL
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Table 1. Tolerance limits of interferent/analyte ratios of coexist-
ing ions in determination of Pb(ll) and Cd(ll) ions using the
proposed method.

Tolerance limit of interferent/analyte ratio

Species Pb(ll) cd(n
Fe3* 1500 1750
Pt 1250 1500
Co** 500 500
Ni# 750 1000
Mg** 2000 1500
Cu?t 750 750
n** 500 1000
Ca®* 2000 2000
APT 2500 2000
K* 1250 1250
S0,* 1750 2000
NO;~ 2000 2000
- 300 1500

of chloroform and 2 mL of 5 mmol L™' 8-HQ were added. A 6 mg cobalamin was added to
the solution and shaken for 40 min and then centrifuged at a rate of 8000 rpm for 5 min.
The obtained supernatant was diluted five folds, and concentrations of the analytes in the
supernatant were determined. The calculated adsorption capacities (n=3) were
1248 +2.2and 116.2+ 1.8 mg g_1 for Pb(ll) and Cd(ll), respectively.

3.9. Analytical performance of the method

The developed method was assessed for its analytical performance, and the results
are presented in Table 2. The process of constructing calibration graphs involved
analysing analytes-free oil spiked with the analytes at 10 different concentration
levels within the range of 0.5-200 ug kg™'. The linearity of the graphs was main-
tained in the concentration ranges of 1-150 and 1.5-150 ug kg~ for Pb(ll) and
Cd(ll) ions, respectively. The LODs for Pb(ll) and Cd(ll) ions, calculated as 3 times of
standard deviation of blank (Sg) divided into the slope of calibration graph (m),
were 0.34 and 0.48 ug kg_1, respectively. The limits of quantification (LOQs) were
also obtained as 10 Sg/m, which were found to be 1.0 and 1.5ug kg™ for Pb(Il)
and Cd(ll), respectively. The relative standard deviations were calculated and
obtained in the range of 3.8-4.9% for intra- (n=6) and inter-day (n=6) precisions.

Table 2. Quantitative characteristics of the method for the studied heavy metal ions.

RSD%®
LR? LoD® LoQ? Inter-day
Analyte (ug Kg™") ~° (ug Kg™") (ug Kg™) Intra-day (n =6) (n=6) ER + SDf
ZPb(ll) 1-150 0.9931 0.34 1.0 3.8 45 948 +3.6
CCd(ln 1.5-150 0.9988 0.48 15 4.1 4.9 89.1+3.7

?Linear range.

PCoefficient of determination.

“Limit of detection.

dLimit of quantification.

®Relative standard deviation at a concentration of 10 ug Kg~' of each cation.
fExtraction recovery + standard deviation (n = 3).
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Table 3. Analysis of certified reference material (Enviro MAT HU-1 oil) for the determination of the
Cd(ll) and Pb(ll) ions with the proposed method.

Analyte Certified concentration (g g~') +SD* (1=3)  Found concentration (ug g~") £ SD (n=3)  t-value®
cd(ln 15+1 153+0.7 0.52
Pb(11) 20+ 1 18.8+0.8 2.1

Standard deviation.
Pt itical = 4.30 at a confidence level of 95%, n = 3.

These findings suggest that the proposed method is highly sensitive and repea-
table and has low LODs and LOQs, which make it suitable for determining the
selected cations in different oil samples. To test the accuracy of the proposed
method, three repeated determinations were carried out on EnviroMAT HU-1 oil,
a certified reference material. The results obtained (Table 3) are in a good agree-
ment with the certified values for Cd(ll) and Pb(ll) ions, indicating that the pro-
posed method is reliable. The findings were validated by t-test which displayed
a good agreement between the confirmed and determined values.

3.10. Analysis of real samples

The applicability of the developed procedure was studied in determination of the
studied ions in different oil samples including omega 3, fish oil, almond oil,
hazelnut oil, olive oil, and two sunflower oils (I and IlI). The concentration of
Pb(ll) in fish oil, almond oil, olive oil, and sunflower oil Il were found 4.1 +0.2,
21.2+0.9, 3.1+0.1 and 3.9+0.2 ug Kg_1 (n=3), respectively. The concentration of
Cd(Il) in fish oil, almond oil, hazelnut oil, olive oil, and sunflower oil Il were found
7.8+0.3, 28.1+2.0, 11.7+3.0, 125+ 0.5 and 8.4+0.3 ug Kg_1 (n=3), respectively.
Concentration of Pb(ll) was lower than LOD of the method in omega 3, hazelnut
oil, and sunflower oil (I). Also, the concentration of Cd(ll) was lower than LOD of
the method in omega 3.To assess the effect of matrix effect on the performance of
the method, the selected samples were spiked at 10 and 50 ug Kg ~' concentra-
tions of each analyte. The results are presented in Table 4 along with their
respective standard deviations. The results indicate that the suggested approach
performance is not significantly influenced by the sample matrices. As it can be
observed in Table 5, both Cd(Il) and Pb(ll) ions are successfully recovered from all
samples at the range of 86.3-101.5%. Therefore, this method is deemed reliable for
analysing these ions in various types of oil samples.

Table 4. Matrix effect study for the selected ions in different oil samples. Analyte contents of the
samples were subtracted.

Mean relative recovery + standard deviation (n = 3)

Analyte Omega 3 Fish oil Almond oil  Hazelnut oil  Olive 0il  Sunflower oil (I)  Sunflower oil (Il)
All samples were spiked with each analyte at a concentration of 10 ug Kg™'
Pb(ll) 86.3+36 92.0x4.1 90.7 £3.7 94.7 £4.1 91.7+£39 101.5+4.0 939+38
Cd(In 91.7+40 93.1+41 90.2+37 90.7+39 905+3.7 945+3.9 95.1+3.8
All samples were spiked with each analyte at a concentration of 50 ug Kg™'
Pb(ll) 89.7+36 956+39 91.6+38 95.5+4.0 91.8+3.7 98.4+3.7 94.7 £3.6

Cd(ln) 935+40 932+39 923+38 90.5+38 942+39 95.1£3.8 94.4+3.7
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Table 5. Evaluation of greenness of the pro-
posed method using AES.

DSPE-FAAS
PPs
Reagents
Chloroform (3 mL) 2
8-HQ 1
Cobalamin 0
HNO; (5%, v/v), 220 pL 2
25
Instruments
FAAS 1
Vortex 1
Centrifuge 1
Waste 3
26
Total PPs 1
AES score 89

3.11. The compatibility of the developed method with the principles of green
chemistry

The evaluation of analytical methods in the context of green chemistry is difficult because
of the diversity of analytes and analytical methods, the complexity of sample matrices,
and the special analytical criteria that need to be studied like LOD and precision.
Therefore, the presence of procedures and instruments to calculate and provide an
answer to whether an analytical method can be regarded as green or not is necessary.
Tools such as Analytical Eco-Scale (AES) [63], Green Analytical Procedure Index (GAPI) [64],
and National Environmental Methods Index (NEMI) [65] are used to assess the greenness
of analytical methods. In this study, AES tool, based on assigning penalty points (PPs) to
parameters of the analytical protocol, was used for the estimation and assessment of the
environmental impact or ‘greenness’ of the proposed method. The PPs concern the
amounts of the used reagents, hazards related to the use of reagents and solvents,
generated waste, and consumed energy. The sum of these PPs should be calculated
and was subtracted from 100. According to AES guidelines, an ideal green method should
have a score of 100. The values higher than 75 are considered the method as a green
procedure. All of the involved

parameters in the proposed method listed in Table 5 and PPs were considered for each
factor. Considering the score equal to 89, it can be concluded that the method presented
in this study represents an excellent greenness and can be used for the routine analysis of
the studied heavy metal ions with a minimal detrimental impact on human health and
environment.

3.12. Comparison of the developed method with the published methods

A comparison of the proposed procedure for determination of Cd(ll) and Pb(ll) ions
in oil samples with the other published methods for the mentioned ions from
different samples is demonstrated in Table 6. In comparison with other methods,
the LRs of the proposed method are wider. The repeatability of the proposed



INTERNATIONAL JOURNAL OF ENVIRONMENTAL ANALYTICAL CHEMISTRY 1

Table 6. Comparison of the proposed method with the other methods used in preconcentration and
determination of Cd(ll) and Pb(ll) ions.

Metal Sample preparation LR? LoD® Detection
ions method Sample (g Kg™) (g Kg™")  RSD (%) system Ref.
cd(n Ultrasound-assisted  Edible oils - 0.013 8 ICP-Ms¢ [66]
emulsification
cd(n Edible oils - 0.3 06-1.6 FAASf [67]
Pb(1l) RP-UALLME® 1.5 1-1.6
cd(ln Fish oil/current - 0.12 <3.6 ICP-OES" [68]
article
Pb(Il) RP-DLLME? 0.58
cd(n Microwave Digestion Vegan Milk and - 0.73 <3.6 ICP-OES [69]
QOils
Pb(1l) ) 17
Cd(in SPE' Water samples ~ 100-5000 54 3.01 ICP-OES
cd(n RP-DLLME Fish and olive oil  3.77-162 0.75 SQT-FAAS
samples
cd(n ultrasound-assisted Edible oils 0.013 8 ICP-MS
emulsification
Pb(ll) DpSPEk Qils 1-150 0.34 3.8 FAAS This study
cd(n 1.5-150 0.48 4.1

“Linear range.

PLimit of detection.

“Relative standard deviation.

“Inductively coupled plasma mass spectrometry.
°Reversed-phase ultrasonic assisted liquid-liquid microextraction.
fFlame atomic absorption spectrometry.

9Reversed-phase dispersive liquid-liquid microextraction.
_hlnductively coupled plasma optical emission spectroscopy.
'Solid phase extraction.

’Slotted quartz tube.

“Dispersive micro-solid phase extraction.

method is good, and the RSDs are comparable with those of the reported meth-
ods. These results show that the presented procedure has several advantages over
the other reported methods like being simple, sensitive, efficient, reliable, low cost,
and less hazardous for the environment. The LODs of the developed procedure are
comparable with those of the mentioned methods. It is noted that in some
reported methods in Table 5, high sensitive instruments such as ICP-MS which is
inherently more sensitive than FAAS were used. Hence, this method can be
recommended for extracting and preconcentrating of the heavy metal ions in oil
samples.

4. Conclusions

This study developed an extraction procedure based on cobalamin as a green adsor-
bent in the analysis of Cd(ll) and Pb(ll) ions in various oil samples by FAAS. The
proposed D-uSPE method needs no desorption step, which requires vortexing or
sonication and is time-consuming. Short extraction time, easy operation, inexpensive-
ness, and high extraction efficiency can be the outstanding advantages of the pro-
posed procedure. Furthermore, after examining numerous oil samples and one
certified reference material, it was found that the proposed method provided accurate
and reliable outcomes.



12 (&) S.M.SOROURADDIN ET AL.

Disclosure statement

No potential conflict of interest was reported by the author(s).

ORCID

Mir Ali Farajzadeh (1) http://orcid.org/0000-0003-3746-0011

References

[11]

[12]

[13]

[14]

[15]

[16

—_

(171
18]
(9l
[20]

[21

—

[22]

J. Sun, Q. Liang, Q. Han, X. Zhang and M. Ding, Talanta 132, 557 (2015). doi:10.1016/j.talanta.
2014.09.043.

A. Zwolak, M. Sarzynska, E. Szpyrka and K. Stawarczyk, Water Air Soil Poll. 230 (1) (2019).
doi:10.1007/511270-019-4221-y.

S. Naz, H. Sheikh, R. Siddigi and S.A. Sayeed, Food Chem. 88, 253 (2004). doi:10.1016/j.
foodchem.2004.01.042.

D. Mendil, ©.D. Uluézlli, M. Tuezen and M. Soylak, J. Hazard. Mater. 165, 724 (2009). doi:10.
1016/j.jhazmat.2008.10.046.

R.M. de Souza, B.M. Mathias, C.L.P. da Silveira and R.Q. Aucélio, Spectrochim. Acta. 60, 711
(2005). doi:10.1016/j.sab.2005.02.025.

C. Benincasa, J. Lewis, E. Perri, G. Sindona and A. Tagarelli, Anal. Chim. Acta. 585, 366 (2007).
doi:10.1016/j.aca.2006.12.040.

M.M. Ozcan, J. Med. Food 11, 596 (2008). doi:10.1089/jmf.2007.0500.

K. Tanilgan, M.M. Ozcanb and A. Unverb, Grasas Aceites 58, 142 (2007).

M. Zeiner, |. Steffan and 1.J. Cindric, J. Microchem. 81, 171 (2005). doi:10.1016/j.microc.2004.
12.002.

A.N. Anthemidis, V. Arvanitidis and J.A. Stratis, Anal. Chim. Acta. 537, 271 (2005). doi:10.1016/
j.aca.2005.01.035.

B. Zhao, J. Zhang, T. Ma, H. Qiu and S. Ma, Asian J. Chem. 29, 937 (2017). doi:10.14233/ajchem.
2017.18675.

F.G. Lepri, E.S. Chaves, M.A. Vieira, A.S. Ribeiro, A.J. Curtius, L.C. DeOliveira and R.C. DeCampos,
Appl. Spectrosc. Rev. 46, 175 (2011). doi:10.1080/05704928.2010.529628.

M. Karimi, S. Dadfarnia, A.M.H. Shabani, F. Tamaddon and D. Azadi, Talanta 144, 648 (2015).
doi:10.1016/j.talanta.2015.07.021.

G.C. Leal, F. Rovasi, M. Maziero, P.C. Nascimento, L.M. Carvalho and C. Viana, J. Food Compos.
Anal. 112, 104651 (2022). doi:10.1016/j.jfca.2022.104651.

M. Behbahani, A. Veisi, F. Omidi, A. Noghrehabadi, A. Esrafili and M.H. Ebrahimi, Appl.
Organomet. Chem. 32, e4134 (2018). doi:10.1002/aoc.4134.

K. Bakkali, N.R. Martos, B. Souhail and E. Ballesteros, Anal. Lett. 45, 907 (2012). doi:10.1080/
00032719.2012.655658.

E.J. Llorent-Martinez, P. Ortega-Barrales, M.L. Fernandez-de Cérdova, A. Dominguez-Vidal and
A. Ruiz-Medina, Food Chem. 127, 1257 (2011). doi:10.1016/j.foodchem.2011.01.064.

D.L. Kalschne, C. Canan, J.S. Barin, R.S. Picoloto, O.D. Leite and E.L.M. Flores, Food Anal.
Methods 13, 230 (2020). doi:10.1007/512161-019-01606-4.

H. Elif Pelvan and C. Arpa, Int. J. Environ. Anal. Chem. 103 (9), 1955 (2023). doi:10.1080/
03067319.2021.1884859.

S.M. Sorouraddin, M.A. Farajzadeh and T. Okhravi, J. Iran. Chem. Soc. 16, 1537 (2019). doi:10.
1007/s13738-019-01631-4.

S. Kucukkolbasi, O. Temur, H. Kara and A.R. Khaskheli, Methods 7 (4), 872 (2014). doi:10.1007/
s12161-013-9694-5.

J.C. Cypriano, M.A.C. Matos and R.C. Matos, J. Microchem. 90, 26 (2008). doi:10.1016/j.microc.
2008.03.001.


https://doi.org/10.1016/j.talanta.2014.09.043
https://doi.org/10.1016/j.talanta.2014.09.043
https://doi.org/10.1007/s11270-019-4221-y
https://doi.org/10.1016/j.foodchem.2004.01.042
https://doi.org/10.1016/j.foodchem.2004.01.042
https://doi.org/10.1016/j.jhazmat.2008.10.046
https://doi.org/10.1016/j.jhazmat.2008.10.046
https://doi.org/10.1016/j.sab.2005.02.025
https://doi.org/10.1016/j.aca.2006.12.040
https://doi.org/10.1089/jmf.2007.0500
https://doi.org/10.1016/j.microc.2004.12.002
https://doi.org/10.1016/j.microc.2004.12.002
https://doi.org/10.1016/j.aca.2005.01.035
https://doi.org/10.1016/j.aca.2005.01.035
https://doi.org/10.14233/ajchem.2017.18675
https://doi.org/10.14233/ajchem.2017.18675
https://doi.org/10.1080/05704928.2010.529628
https://doi.org/10.1016/j.talanta.2015.07.021
https://doi.org/10.1016/j.jfca.2022.104651
https://doi.org/10.1002/aoc.4134
https://doi.org/10.1080/00032719.2012.655658
https://doi.org/10.1080/00032719.2012.655658
https://doi.org/10.1016/j.foodchem.2011.01.064
https://doi.org/10.1007/s12161-019-01606-4
https://doi.org/10.1080/03067319.2021.1884859
https://doi.org/10.1080/03067319.2021.1884859
https://doi.org/10.1007/s13738-019-01631-4
https://doi.org/10.1007/s13738-019-01631-4
https://doi.org/10.1007/s12161-013-9694-5
https://doi.org/10.1007/s12161-013-9694-5
https://doi.org/10.1016/j.microc.2008.03.001
https://doi.org/10.1016/j.microc.2008.03.001

[23]

[24]

[25]
[26]
[27]
[28]
[29]
[30]
[31]
[32]
[33]
[34]

[35]
[36]

[37]
[38]
[39]
[40]
[41]
[42]

[43]
[44]

[45]
[46]
[47]
[48]
[49]

[50]

[51]
[52]

INTERNATIONAL JOURNAL OF ENVIRONMENTAL ANALYTICAL CHEMISTRY 13

D. Bakircioglu, Y.B. Kurtulus and S. Yurtsever, Food Chem. 138, 770 (2013). doi:10.1016/j.
foodchem.2012.10.089.

J.S.F. Pereira, D.P. Moraes, F.G. Antes, L.O. Diehl, M.F.P. Santos, R.C.L. Guimaraes, T.C.
0. Fonseca, V.L. Dressler and E.M.M. Flores, J. Microchem. 96, 4-11 (2010). doi:10.1016/j.
microc.2009.12.016.

Y. Sahan, I.0. Akinyele and O.S. Shokunbi, Food Chem. 173, 682 (2015). doi:10.1016/j.food
chem.2014.10.097.

M.P. Godoy-Caballero, M.I. Acedo-Valenzuela and T. Galeano-Diaz, J. Chromatogr. 1313, 291
(2013). doi:10.1016/j.chroma.2013.06.020.

L. Suo, X. Dong, X. Gao, J. Xu, Z. Huang, J. Ye, X. Lu and L. Zhao, J. Microchem. 149, 104039
(2019). doi:10.1016/j.microc.2019.104039.

K. Molaei, H. Bagheri, A.A. Asgharinezhad, H. Ebrahimzadeh and M. Shamsipur, Talanta 167,
607 (2017). doi:10.1016/j.talanta.2017.02.066.

T.G. Kazi, H.Il. Afridi, F.A. Korejo, A. Akhtar and J.A. Baig, Environ. Sci. Pollut. Res. 27, 14543
(2020). doi:10.1007/s11356-020-07897-z.

R. Giirkan, N. Altunay and E. Yildirnm, Methods 9 (11), 3218 (2016). doi:10.1007/512161-016-
0505-7.

M. Rajabi, Z. Mollakazemi, M. Hemmati and S. Arghavani-Beydokhti, Anal. Methods 12 (40),
4867 (2020). doi:10.1039/DOAY01043J.

N.E. Karlidag, M. Toprak, Z. Tekin and S. Bakirdere, J. Food Compos. Anal. 92, 103583 (2020).
doi:10.1016/j.jfca.2020.103583.

A. Rohanifar, L.B. Rodriguez, A.M. Devasurendra, N. Alipourasiabi, J.L.. Anderson and J.
R. Kirchhoff, Talanta 188, 570 (2018). doi:10.1016/j.talanta.2018.05.100.

X. Song, J. Pang, Y. Wu and X. Huang, J. Microchem. 159, 105370 (2020). doi:10.1016/j.microc.
2020.105370.

P. Liang, R. Liu and J. Cao, Microchim. Acta. 160, 135 (2008). doi:10.1007/500604-007-0807-y .
.H. Srdmkova, B. Horstkotte, K. Fikarova, H. Sklenafové and P. Solich, Talanta 184, 162 (2018).
doi:10.1016/j.talanta.2018.02.101.

S.M. Sorouraddin, M.A. Farajzadeh and H. Nasiri, Anal. Methods 11 (10), 1379 (2019). doi:10.
1039/C8AY02767F.

S.M. Sorouraddin, M.A. Farajzadeh and T. Okhravi, Talanta 175, 359 (2017). doi:10.1016/j.
talanta.2017.07.065.

Y. Ji, M. Zhao, A. Li and L. Zhao, J. Microchem. 164, 105974 (2021). doi:10.1016/j.microc.2021.
105974.

G. Ozzeybek, i. Sahin, S. Erarpat and S. Bakirdere, J. Food Compos. Anal. 90, 103486 (2020).
doi:10.1016/j.jfca.2020.103486.

S. Salari, A. Bahrami, F. Ghamari and F.G. Shahna, Chem. Papers 72, 1945 (2018). doi:10.1007/
$11696-018-0435-5.

W.A. Khan, M.B. Arain, Y. Yamini, N. Shah, T.G. Kazi, S. Pedersen-Bjergaard and M. Tajik,
J. Pharm. Anal. 10, 109 (2020). doi:10.1016/j.jpha.2019.12.003.

M. Soylak and M. Koksal, J. Microchem. 147, 832 (2019). doi:10.1016/j.microc.2019.04.006.
S.Chen, J. Yan, J. Li, Y. Zhang and D.B. Lu, Atom. Spectro. 38, 12 (2017). doi:10.46770/AS.2017.
01.003.

E. Yilmaz and M. Soylak, Talanta 116, 882 (2013). doi:10.1016/j.talanta.2013.08.002.

G.L. Scheel and C.R.T. Tarley, J. Microchem. 133, 650 (2017). doi:10.1016/j.microc.2017.03.007.
M. Liu, L. Yang and L. Zhang, Talanta 161, 288 (2016). doi:10.1016/j.talanta.2016.08.065.

H. Ahmad, C. Cai and C. Liu, J. Microchem. 145, 833 (2019). doi:10.1016/j.microc.2018.11.032.
U. Haripriyan, K.P. Gopinath and J. Arun, Mater. Lett. 312, 131670 (2022). doi:10.1016/j.matlet.
2022.131670.

X. Zhang, M. Yu, Y. Li, F. Cheng, Y. Liu, M. Gao, G. Liu, L. Hu and Y. Liang, J. Microchem. 168,
106474 (2021). doi:10.1016/j.microc.2021.106474.

B. Feist and R. Sitko, J. Microchem. 147, 30 (2019). doi:10.1016/j.microc.2019.03.013.

E. Ghasemi, A. Heydari and M. Sillanpaa, J. Microchem. 147, 133 (2019). doi:10.1016/j.microc.
2019.02.056.


https://doi.org/10.1016/j.foodchem.2012.10.089
https://doi.org/10.1016/j.foodchem.2012.10.089
https://doi.org/10.1016/j.microc.2009.12.016
https://doi.org/10.1016/j.microc.2009.12.016
https://doi.org/10.1016/j.foodchem.2014.10.097
https://doi.org/10.1016/j.foodchem.2014.10.097
https://doi.org/10.1016/j.chroma.2013.06.020
https://doi.org/10.1016/j.microc.2019.104039
https://doi.org/10.1016/j.talanta.2017.02.066
https://doi.org/10.1007/s11356-020-07897-z
https://doi.org/10.1007/s12161-016-0505-7
https://doi.org/10.1007/s12161-016-0505-7
https://doi.org/10.1039/D0AY01043J
https://doi.org/10.1016/j.jfca.2020.103583
https://doi.org/10.1016/j.talanta.2018.05.100
https://doi.org/10.1016/j.microc.2020.105370
https://doi.org/10.1016/j.microc.2020.105370
https://doi.org/10.1007/s00604-007-0807-y
https://doi.org/10.1016/j.talanta.2018.02.101
https://doi.org/10.1039/C8AY02767F
https://doi.org/10.1039/C8AY02767F
https://doi.org/10.1016/j.talanta.2017.07.065
https://doi.org/10.1016/j.talanta.2017.07.065
https://doi.org/10.1016/j.microc.2021.105974
https://doi.org/10.1016/j.microc.2021.105974
https://doi.org/10.1016/j.jfca.2020.103486
https://doi.org/10.1007/s11696-018-0435-5
https://doi.org/10.1007/s11696-018-0435-5
https://doi.org/10.1016/j.jpha.2019.12.003
https://doi.org/10.1016/j.microc.2019.04.006
https://doi.org/10.46770/AS.2017.01.003
https://doi.org/10.46770/AS.2017.01.003
https://doi.org/10.1016/j.talanta.2013.08.002
https://doi.org/10.1016/j.microc.2017.03.007
https://doi.org/10.1016/j.talanta.2016.08.065
https://doi.org/10.1016/j.microc.2018.11.032
https://doi.org/10.1016/j.matlet.2022.131670
https://doi.org/10.1016/j.matlet.2022.131670
https://doi.org/10.1016/j.microc.2021.106474
https://doi.org/10.1016/j.microc.2019.03.013
https://doi.org/10.1016/j.microc.2019.02.056
https://doi.org/10.1016/j.microc.2019.02.056

14 S. M. SOROURADDIN ET AL.

[53]

[54]

[55]

[56]

[57]

[58]

[59]

[60]

[61]

[62
[63

[64
[65
[66
[67

[68
[69

]
]

finar)

]

—_

—

—_

L. Guo, X. Ma, X. Xie, R. Huang, M. Zhang, J. Li, G. Zeng and Y. Fan, J. Chem Eng. 361, 245
(2019). doi:10.1016/j.cej.2018.12.076.

A. Alhmaunde, M. Masrournia and A. Javid, Int. J. Environ. Anal. Chem. 2023. doi:10.1080/
03067319.2023.2276344

X. Xie, X. Ma, L. Guo, Y. Fan, G. Zeng, M. Zhang and J. Li, J. Chem. Eng. 357, 56 (2019). doi:10.
1016/j.cej.2018.09.080.

D. Li, X. Ma, R. Wang and Y. Yu, Anal. Bioanal. Chem. 409, 1165 (2017). doi:10.1007/s00216-
016-0087-7.

F. Omidi, F. Dehghani and S.J. Shahtaheri, J. Chromatogr. 1160, 122353 (2020). doi:10.1016/j.
jchromb.2020.122353.

F. Omidi, M. Khadem, F. Dehghani, M. Seyedsomeah and S.J. Shahtaheri, J. Sep. Sci. 43, 2602
(2020). doi:10.1002/js5¢.202000172.

F. Omidi, M. Behbahani, M. Khadem, F. Golbabaei and S.J. Shahtaheri, J. Iran Chem. Soc. 16,
1131 (2019). doi:10.1007/s13738-018-01588-w.

D. Osman, A. Cooke, T.R. Young, E. Deery, N.J. Robinson and M.J. Warren, Biochim. Biophys.
Acta Mol. Cell. Res 1868, 118896 (2021). doi:10.1016/j.bbamcr.2020.118896.

L.A. Maiorova, S.I. Erokhina, M. Pisani, G. Barucca, M. Marcaccio, O.l. Koifman, D.S. Salnikov, O.
A. Gromova, P. Astolfi, V. Ricci and V. Erokhin, Colloid. Surf. 182, 110366 (2019). doi:10.1016/j.
colsurfb.2019.110366.

S.N. Al-Busafi, F.E.O. Suliman and Z.R. Al-Alawi, Res. Rev. J. Chem. 3 (1), 1-10 (2014).

A. Gatuszka, Z.M. Migaszewski, P. Konieczka and J. Namiesnik, Trends Anal. Chem. 37, 61
(2012). doi:10.1016/j.trac.2012.03.013.

J. Plotka-Wasylka, Talanta 181, 204 (2018). doi:10.1016/j.talanta.2018.01.013.

M. Tobiszewski, Anal. Methods 8, 2993 (2016). doi:10.1039/C6AY00478D.

D. Kara, A. Fisher and S. Hill, Food Chem. 188, 143 (2015). doi:10.1016/j.foodchem.2015.04.057

M. Mohebbi, R. Heydari and M. Ramezani, J. Anal. Chem. 73, 30 (2018). doi:10.1134/
S$1061934818010069.

A. Karasakal, Biol. Trace Elem. Res. 197, 683 (2020). doi:10.1007/s12011-019-02024-7.

A.J. Abdul Rahman, H.N.F. Fiona, M.H. Nasir, S.H. Mohamad, N. Yahaya, M.N. Jajuli and
M. Miskam, Int. J. Environ. Anal. Chem. 101, 2069 (2012). doi:10.1080/03067319.2019.
1692827.


https://doi.org/10.1016/j.cej.2018.12.076
https://doi.org/10.1080/03067319.2023.2276344
https://doi.org/10.1080/03067319.2023.2276344
https://doi.org/10.1016/j.cej.2018.09.080
https://doi.org/10.1016/j.cej.2018.09.080
https://doi.org/10.1007/s00216-016-0087-7
https://doi.org/10.1007/s00216-016-0087-7
https://doi.org/10.1016/j.jchromb.2020.122353
https://doi.org/10.1016/j.jchromb.2020.122353
https://doi.org/10.1002/jssc.202000172
https://doi.org/10.1007/s13738-018-01588-w
https://doi.org/10.1016/j.bbamcr.2020.118896
https://doi.org/10.1016/j.colsurfb.2019.110366
https://doi.org/10.1016/j.colsurfb.2019.110366
https://doi.org/10.1016/j.trac.2012.03.013
https://doi.org/10.1016/j.talanta.2018.01.013
https://doi.org/10.1039/C6AY00478D
https://doi.org/10.1016/j.foodchem.2015.04.057
https://doi.org/10.1134/S1061934818010069
https://doi.org/10.1134/S1061934818010069
https://doi.org/10.1007/s12011-019-02024-7
https://doi.org/10.1080/03067319.2019.1692827
https://doi.org/10.1080/03067319.2019.1692827

	Abstract
	1. Introduction
	2. Materials and methods
	2.1. Reagents and solutions
	2.2. Real samples
	2.3. Instruments
	2.4. Extraction procedure

	3. Results and discussion
	3.1. Optimization of oil amount
	3.2. Optimization of adsorbent amount
	3.3. Optimization of vortexing time
	3.4. Effect of complexing agent concentration
	3.5. Study the nature and volume of desorption/dissolving solvent
	3.6. Effect of temperature
	3.7. Study of interferences
	3.8. Adsorption capacity of sorbent
	3.9. Analytical performance of the method
	3.10. Analysis of real samples
	3.11. The compatibility of the developed method with the principles of green chemistry
	3.12. Comparison of the developed method with the published methods

	4. Conclusions
	Disclosure statement
	ORCID
	References

