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Abstract

In this study, a simple and rapid sample preparation method named liquid-nitrogen-induced homogeneous liquid—liquid
microextraction has been developed for the extraction and pre-concentration of Co(II) and Ni(II) ions before their analysis by
flame atomic absorption spectrometry. For this purpose, first, acetonitrile containing 8-hydroxyquinoline is added into a sample
solution and the mixture is vortexed. As a result, a homogeneous solution is formed. Subsequently, the solution is cooled using
liquid nitrogen for a few seconds. By this process, due to difference in the freezing point of acetonitrile and water, the homo-
geneous state is broken and the analytes (as oxinate complexes) are extracted into liquid acetonitrile phase collected on top of the
frozen aqueous phase. The linear dynamic ranges obtained for Ni(II) and Co(II) were 1.0-30 and 0.50-20 pg L', respectively.
The obtained limits of detection were 0.36 and 0.20 ug L' for Ni(II) and Co(Il), respectively.

Keywords Homogeneous liquid-liquid microextraction - Flame atomic absorption spectrometry - Cobalt - Nickel - Fruit juice -
Water sample

Abbreviations Introduction

EF Enrichment factor

ER Extraction recovery In recent years, environmental contamination resulting from
FAAS Flame atomic absorption spectrometry heavy metal ions has become a food safety concern world-
HLLME Homogeneous liquid-liquid microextraction wide, because of their persistence, carcinogenic effects, high
8-HQ 8-Hydroxyquinoline toxicity even at low concentrations, and global distribution in
LOD Limit of detection soil, water, and air. Also, the ions tend to accumulate in food
LOQ Limit of quantification chains with a low decomposition rate [ 1-3]. The main sources

of these elements in the environment are industrial, pharma-
ceutical, domestic, and agricultural effluents [4]. Heavy
metals can affect central nervous system function and mental
development, change the blood composition, and disturb the
operation of some human body organs like the heart, lungs,
liver, and kidneys [5]. As a result, the investigation and deter-
mination of heavy metals at trace levels in the food chain and
environmental samples is one of the targets of analytical
chemists, due to the important roles of heavy metals in our
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pressure, and bone defects [9, 10]. The toxic effects of nickel
are well known and it is highly irritant to the skin, and is toxic
to the cardiovascular system as well as being carcinogenic [11,
12]. Therefore, accurate and precise determination of these
metallic ions in environmental samples such as water and fruit
juice samples is a major challenge for analytical chemists.

Numerous instrumental techniques such as inductively
coupled plasma-mass spectrometry [13], flame atomic absorp-
tion spectrometry (FAAS) [14, 15], graphite furnace atomic
absorption spectrometry [16, 17], atomic fluorescence spec-
trometry [18, 19], and induced coupled plasma-optical emis-
sion spectrometry [20] have been used for the sensitive and
selective detection of metal ions. Although all of these instru-
mental techniques have been useful in tracing metal ions, di-
rect determination of heavy metal ions in real samples is not
feasible because of their low level of concentration and matrix
complexity of samples [21].

To overcome these limitations, the extraction and pre-
concentration of heavy metal ions are usually required
prior to their measurement by analytical instruments
[22]. During the past few decades, various methods have
been established to extract and pre-concentrate trace
amounts of heavy metals such as liquid-liquid extraction
[23], solid-phase extraction [24, 25], coprecipitation [26],
and cloud point extraction [27-29]. All of these methods
have drawbacks such as time-consuming and tedious pro-
cesses, and the consumption of large amounts of toxic and
expensive organic solvents. Thus, recent trends in analyt-
ical chemistry have been towards the simplification and
miniaturization of sample preparation procedures in order
to reduce the amount of organic solvents and replace chlo-
rinated solvents with those that are more environmentally
friendly [30]. Homogeneous liquid—liquid microextraction
(HLLME) is a powerful method which has attracted a
great deal of attention owing to its simplicity of operation,
rapidity, and low cost for the extraction and pre-
concentration of various analytes. In the present method,
a water-miscible extraction solvent, mostly acetonitrile
(ACN), is mixed with an aqueous sample solution con-
taining the analytes to form a homogeneous solution
which is subsequently broken by adding a phase separa-
tion agent [31]. In the ACN/water-based HLLME, the
homogeneous solution can be separated into two phases
by the addition of phase separation agents such as sugars
[32] and salts [33], or cooling the solution [34]. In the
case of the last mode, at low temperatures (< —20 °C),
the solubility of ACN in the aqueous phase decreases,
and ACN phase containing the analytes is separated from
the aqueous solution as the upper layer. The main advan-
tage of this method is that, unlike the other modes, it does
not require any foreign inducer substance to break the
homogeneous state, which can reduce the cost and avoid
the entrance of new impurities. Up to now, this method
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has been used for the cleanup, extraction, and pre-
concentration of the target analytes in samples such as
milk [35], sticky traditional Chinese patent medicine
[36], meat [37], and tea [38]. The major problem with
the methods mentioned above is the time-consuming
cooling procedure (requires between 1 and 12 h).

The aim of this study is to develop a sample preparation
method based on liquid-nitrogen-induced homogeneous
liquid—liquid microextraction for the extraction and pre-
concentration of Co(II) and Ni(Il) ions prior to their determi-
nation with FAAS. In this work, 8-hydroxyquinoline (8-HQ)
is used as a chelating agent. In the proposed method, there is
no need to dilute samples in order to reduce the matrix effect,
which can enhance detection limits of the method. In addition,
a prompt phase separation occurs in a few seconds due to use
of liquid nitrogen. No toxic organic solvents such as chlori-
nated or aromatic solvents are used in the extraction proce-
dure. Ease of operation, being environmentally friendly, rapid-
ity, and low cost can be considered the main advantages of the
introduced approach.

Materials and methods
Chemicals and solutions

A stock mixture solution of Co(Il) and Ni(II) containing
100 mg L™! of each cation was prepared by dissolving suitable
amounts of Co(NO3),-6H,0 and Ni(NOs),-6H,O (Merck,
Darmstadt, Germany) in deionized water (Ghazi Company,
Tabriz, Iran). A working standard solution (5 pg L ! of each)
was prepared daily by diluting the stock solution with deion-
ized water. Also, a mixture standard solution with a concen-
tration of 1 mg L™ of each analyte in deionized water was
prepared and injected into the FAAS each day (three times) for
quality control, and the obtained signals were used to calculate
enrichment factors (EFs) and extraction recoveries (ERs) of
the analytes. ACN, 8-HQ, sodium chloride, hydrochloric acid
(37%, w/w), nitric acid, and sodium hydroxide with highest
purity were supplied from Merck.

Real samples

Mineral water, fruit juice, and soda samples were supplied
from local supermarkets (Tabriz, Iran). They were used with-
out pretreatment. The accuracy of the presented procedure
was checked by the analysis of a certified reference material
(CRM); SPS-WW?2 waste water, batch no. 108, Spectrapure
Standards AS (Oslo, Norway). Because of high concentra-
tions of Co(II) and Ni(II) in the CRM, it was diluted 100
and 200 times, respectively.
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Instrumentation

A Shimadzu AA-6300 (Kyoto, Japan) FAAS was used for
absorbance measurements. It possessed a 100-mm burner
head and deuterium background correction. The radiation
sources used were cobalt and nickel hollow cathode lamps
which operated at currents of 20 and 25 mA, and wavelengths
0f240.7 and 232.0 nm, respectively. The flame was generated
with a mixture of air and acetylene with flow rates of 15 and
2.3 L min ', respectively. Quantitative analysis of cobalt(I)
and nickel(Il) in some samples was also performed with a
Shimadzu 6300 atomic absorption spectrometer (Kyoto,
Japan) equipped with a heated graphite tube atomizer. A vor-
tex mixer (Labinco L46, Netherlands) was used for shaking
during the extraction process. pH measurements were per-
formed with a Metrohm pH meter model 654 (Herisau,
Switzerland).

Procedure

Five milliliters of the mixed standard solution of the
analytes (5 pg L") or real sample was transferred into a
10-mL glass test tube. Then 1.2 mL ACN containing 8-
HQ (0.1 M) as a complexing agent was added into the
solution. The mixture was vortexed for 30 s, and a homo-
geneous solution was formed. The tube was then placed
into liquid nitrogen for 10 s. Due to the difference be-
tween the freezing point of ACN and water, the homoge-
neous state was broken, and the aqueous phase was frozen
at the bottom of the tube, whereas ACN (2005 pL)
containing the complexed cations was collected as a lig-
uid phase on top of the frozen phase. Subsequently, two
90-uL portions of the collected ACN phase were removed
and injected into the FAAS separately using a homemade
micro-sample introduction system [39].

Graphite furnace atomic absorption spectrometry
(GFAAS) method

To evaluate the accuracy of the developed method, con-
centrations of Co(II) and Ni(I) in some real samples were
determined by another method [41, 41]. For this purpose,
10 mL of each sample was placed into a high-form por-
celain crucible and heated at 90 °C. After evaporation of
the solvents, the remaining residues were heated in a fur-
nace at 450 °C for 8 h. The ashed samples were dissolved
in HNO; (65%, v/v) and filtered through Whatman filter
paper. The filtrate was collected in a 10-mL volumetric
flask and made up to volume with deionized water. This
clear solution was injected into the GFAAS to determine
the concentration of the analytes.

Calculation of EF and ER

EF is defined as the ratio between the analyte concentration in
the collected ACN phase (Ccol) and the initial concentration
of analyte (Cy) in the sample:

ER = Ccol/Cy (1)

where C,,; is obtained from a calibration graph. The percent-
age of the total analyte amount (n) that is transferred into the
collected ACN phase (n.)) is defined as ER.

Ceq X V.
ER = 2l 100 = = % 2l 100
nop C() X Vaq
Vcol
— BF x ~ 100 2
Vg @)

aq

In this formula, V,q and V., represent the volumes of the
aqueous solution and the collected ACN phase, respectively.

Results and discussion
Study of type and volume of extraction solvent

In HLLME procedures, the type and volume of the extraction
solvent are essential factors for an effective extraction. In this
study, the solvent should possess some merits such as capa-
bility for extraction of the formed complexes, miscibility with
aqueous phase to form a homogenous solution, and ability to
form a two-phase system at low temperature. According to
these properties and previous reports [34, 37], three common
solvents used in HLLME, namely acetone, methanol, and
ACN, were evaluated. The experiments showed that only
ACN forms a two-phase system with an aqueous solution
upon lowering the temperature. It is well known that the nitrile
group of ACN exhibits proton acceptor properties. On the
other hand, its methyl group is probably a proton donor [42].
Therefore the molecules of ACN probably form dimers in the
solution with decreasing temperature, and ACN-water hydro-
gen bonds are progressively replaced by dipole-dipole inter-
actions between polar C=N groups. Therefore, in this study,
ACN was used as an extraction solvent. The effect of ACN
volume on the extraction efficiency of the method was inves-
tigated in the range of 0.4-2.0 mL. Based on the obtained
results, at the volume of 0.4 mL. ACN, no phase was separated
by cooling the solution, and the method became useless. On
the other hand, in the case of coupling such microextraction
system with FAAS, it should be taken into account that the
required injected volume into the burner/nebulization system
is 90 pL for each cation for effective atomization and quanti-
fication. The experiments showed that in the amounts lower
than 1.2 mL, the collected ACN phase volume was less than
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180 pL, and a systematic error was generated. Also, the
highest extraction efficiency of the studied ions was observed
for 1.2 mL of ACN (Fig. S1 in Electronic Supplementary
Material, ESM). However, the decrease in the extraction effi-
ciency at higher volumes of ACN can be attributed to the
dilution effect. Hence, 1.2 mL of ACN was used as the opti-
mal extraction solvent volume for pre-concentration of the
ions for further experiments.

Optimization of 8-HQ concentration

In the present work, the type and concentration of the appro-
priate chelating agent is very important, because it should be
able to dissolve in ACN and react with the selected metallic
ions to form stable complexes. For this purpose, 8-HQ was
used as a chelating agent, and its concentration was investi-
gated ranging from 0.01 to 0.50 mol L™'. The results (Fig. 1)
showed that the ERs of the selected ions were enhanced up to
0.10 mol L™', and at higher concentrations, they were approx-
imately constant. Therefore, 0.10 mol L™ of 8-HQ was used
as the optimal concentration of the chelating agent for further
experiments.

Effect of pH

The efficiency of the proposed method in the extraction of
the studied cations can be influenced by varying the pH of
the aqueous phase, due to the effect of pH on the formation
of the cation complexes as well as the chemical forms of
Co(II) and Ni(Il) ions. Therefore, the effect of sample pH
on the ER of the selected heavy metals was investigated in
the pH range of 2—12 by adding appropriate amounts of
1 mol L™" hydrochloric acid or sodium hydroxide solution.
The results in Fig. 2 show that the ERs increased with the
enhancement of pH from 2 to 4, and then nearly remain
constant up to 8. Decreasing ERs at high pH values are
probably due to the hydrolysis of the cations in highly
basic solutions. As a result, the efficiency of the method

Fig. 1 Effect of 8-HQ concentra- 1001
tion on the extraction recovery of 90
the analytes. Extraction condi-
tions: sample, 5 mL deionized
water spiked with 5 ug L' each 70
of Co(Il) and Ni(II); extraction
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Fig. 2 Effect of sample pH on the extraction recovery of the analytes.
Extraction conditions are the same as those used in Fig. 1, except the
concentration of 8-HQ was selected as 0.10 M. The error bars represent
standard deviations (n = 3)

was pH-independent in the pH range of 4-8. It should be
noted that the pH of all samples used in this study was
between 4 and 8; therefore, the original samples were used
without pH adjustment.

Effect of ionic strength

From the theoretical perspective, addition of a salt can
affect the extraction efficiency of the analytes through
two different ways: (1) salting-out effect; addition of a
salt decreases the analyte's solubility in the aqueous phase
through increasing polarity of the aqueous solution and
finally improves the extraction efficiency of various ex-
traction methods; and (2) salting-in effect; addition of a
salt can increase the viscosity of the aqueous solution
which leads to the decreased diffusion coefficients and
ERs of the analytes. Accordingly, the effect of this param-
eter on the extraction efficiency was investigated by using
different concentrations of sodium chloride in the aqueous
phase in the range of 0-15% (w/v). In this work, at con-
centrations higher than 10% (w/v), the freezing point of
the aqueous solution decreased near the freezing point of
ACN. Therefore, the phase separation due to the
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Table 1 Tolerance limit (+ 5% of

Tolerance limit of interfering ions/analyte ratio

Co() 2.0 ug L™ Ni(I) (10.0 pg L™ Ni(l) 2.0 pg L™

the analytical signal) of Species
interfering ions/analyte ratios of -
coexisting ions in determination Co(D) (10.0 pg L)
of Co(II) and Ni(II) using the 5
proposed method Mg™* 2500

Ca** 2000

cr* 1500

AP* 700

Fe** 1000

Fe'* 1000

Zn** 1000

cd* 800

Na* 2500

K* 1500

NO;~ 2000

SO 1800

2500 2000 1800
1800 2000 1900
1400 1000 800
700 1000 850
1000 1500 1500
800 1200 1000
950 700 600
600 400 350
2500 2000 2000
1300 1000 900
1900 2500 2500
1800 1400 1300

difference in freezing temperature was difficult. The re-
sults in Fig. S2 (in ESM) indicate that ERs of the analytes
are constant up to 2% (w/v) NaCl. However, by increasing
the concentration of NaCl from 2 to 10% (w/v), the ana-
lytical signals decreased due to the increase in the volume
of ACN collected and dilution effect. Therefore, the sub-
sequent studies were performed without salt addition.

Optimization of vortexing time

Vortex mixing plays an effective role in shortening the
extraction time and also quantitative pre-concentration of
the selected cations by a complete dispersion of §-HQ into
the aqueous phase. To investigate the effect of vortex
mixing time on the extraction efficiency, it was tested in
the range of 5-50 s. The results (Fig. S3 in ESM) indicate
that the mixing of solution in this step has a positive impact

on the extraction efficiency. Hence, the vortex mixing time
equal to 30 s was chosen for further experiments.

Optimization of cooling time

In this study, for the first time, liquid nitrogen (—196 °C) was
selected as a coolant to shorten the extraction time of the
studied cations. When the homogenous solution of ACN-
water was placed into the liquid nitrogen for a relatively long
time, both the aqueous phase and ACN were frozen. In this
case, it is necessary to hold the tube containing the frozen
phases at room temperature for several minutes to defreeze
the ACN phase while the aqueous phase remains in the frozen
state. Therefore, to shorten the extraction time, the cooling
time (the time of placement of the homogenous solution into
the liquid nitrogen) was studied. It was observed that when the
cooling time was in the range of 10-20 s, phase separation and
freezing the aqueous phase were completed. According to the

Table 2  Quantitative characteristics of the proposed method for the analysis of Co(II) and Ni(II)
Analyte  Regression equation LR*(ugL™") #® LOD (ug L™ LOQY(ugL™") RSD® (%) ER+SD"  EF+SD?
Intraday  Inter-
day
Co(II) Y =0.0179X — 0007" 0.5-20 0.994 0.20 0.5 2.1 33 96.1 £2.0 24.0=+0.5
Ni(II) Y =0.00859X — 0.0005 1.0-30 0.995 0.36 0.8 24 3.8 953 +23 23.8+0.6

* Linear range

® Coefficient of determination

¢ Limit of detection

4 Limit of quantification

¢ Relative standard deviation (C=2.5 ug L! of each cation, n=6)
T Extraction recovery + standard deviation (n = 3)

¢ Enrichment factor + standard deviation (n = 3)

b X = concentration (ng L ') and Y = absorbance

@ Springer
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Table 4 Determination of Co(II)

and Ni(IT) concentrations in Sample Co(II) concentration (g L") £ SD? (n=3) Ni(II) concentration (ug L") £ SD (n=3)
peach, orange, and mango juice
samples by GFAAS and Proposed GFAAS ttest®  Proposed GFAAS t test
comparison with the those method method method method
obtained by the proposed method
Peach juice 1.3+0.04 1.4+0.09 1.76 ~ ND° ND -
Orangejuice  ND ND - 2.1+0.08 23+0.12 2.40
Mango juice  1.1+0.03 1.2+0.08 2.03 ND ND -

 Standard deviation
® 10.054=2.78
¢ Not detected

obtained results, phase separation did not occur at the cooling
times lower than 8 s; additionally, freezing of the ACN phase
did not occur at the cooling times longer than 25 s. So, 10 s
was selected as the cooling time for subsequent studies.

Study of coexisting ions

To assess possible analytical applications of the developed
procedure for determination of Co(IT) and Ni(IT) in the studied
samples, the effect of some foreign ions which could coexist

in the real samples was studied. In these experiments, the
extraction of the analytes was investigated in 5.0 mL of aque-
ous solutions containing 2 pg L™ and 10 ug L' each of
Co(I) and Ni(Il) in the presence of different concentrations
of the other potentially interfering ions. A certain species was
considered to interfere if it resulted in a+ 5% variation in the
ERs of the analytes. The results are listed in Table 1. They
indicate that the presence of most of the foreign ions had
negligible disturbance in the determination of Co(II) and
Ni(Il) under the optimized conditions.

Table 5 Comparison of the proposed method with other methods used in pre-concentration and determination of Co(II) and Ni(IT)

Metal ions Method Sample LR* (ug L™') LOD®(ug L") RSD®(%) ER (%)° Detection Ref.
Co(II) LPME® Edible oil and waste oil samples 5-30 4.6 0943 >95 FAAS® [43]
Ni(Il) 10-50 7.5

Co(II) EA-DLLME?® Water and fruit juice samples 0.002-0.3 0.008 4.6 98 GFAAS" [44]
Ni(II) 0.002-0.2 0.0012 4.5 92

Co(Il) VA-IL-DLLME' Chocolate-based samples 0.7-400 0.2 2.74.1 95.8 FAAS [45]
Ni(Il) 1-350 0.3 2.5-3.6 96.5

Co(II) UA-IP-SEDLLME'  Vegetable and herb samples 10400 24 3.8 94-101 FAAS [15]
Ni(II) 10-300 1.7 3.6

Co(Il) UA-CPE* Vegetable and food samples 2-220 0.6 2.5 97 FAAS [46]
Ni(II) 2-180 0.6 3.1 94

Co(Il) UA-SS-LPME' Water, urine, and tea samples 2.5-250 0.72 2.9 98-100 FAAS [47]
Ni(II) 2.5-250 0.76 3.7 98-99.6

Co(Il) HLLME™ Fruit juice and water samples 0.5-20 0.20 2.1 96.1 FAAS This study
Ni(II) 1.0-30 0.36 24 95.3

# Linear range

® Limit of detection

¢ Relative standard deviation

9 Extraction recovery

¢ Liquid phase microextraction

T Flame atomic absorption spectrometry

& Effervescence-assisted dispersive liquid—liquid microextraction

" Graphite furnace atomic absorption spectrometry

! Vortex-assisted ionic liquid-based dispersive liquid-liquid microextraction

J Ultrasound-assisted ion pair-based surfactant-enhanced dispersive liquid-liquid microextraction

K Ultrasound-assisted cloud point extraction
! Ultrasound-assisted switchable solvent-liquid phase microextraction

™ Homogeneous liquid-liquid microextraction

@ Springer
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Analytical features

Under the optimal experimental conditions, the analytical
characteristics of the proposed method including limit of de-
termination (LOD), limit of quantification (LOQ), coefficient
of determination (), linear range (LR), and relative standard
deviation (RSD) of the analytes were evaluated and are sum-
marized in Table 2. The LODs were calculated as 3Sg/m (Sg is
the standard deviation of the blank, and m is the slope of the
calibration graph), and the obtained amounts for Co(II) and
Ni(IT) were 0.20 and 0.36 pg L™, respectively. The repeat-
ability of the method was assessed by analyzing six separate
standard solutions (2.5 ug L' of each cation), and it was
found that RSD values were less than 4% for intra- (n=6)
and inter-day (n = 6). The EFs and ERs for the analytes were
about 24 and 96%, respectively. The LOQs (calculated from
10Sg/m) were 0.5 and 0.8 pg L ! for Co(Il) and Ni(Il), re-
spectively. Also, the 7% values (> 0.994) verified the good
linearity of the proposed method throughout the studied con-
centrations. The low LODs and LOQs and the good repeat-
ability show that the present method is efficient in determina-
tion of the studied cations.

Analysis of real samples

To assess the efficiency of the developed method in analysis of
the analytes in real samples, it was used under the optimal
conditions for the analysis of several samples including min-
eral water, peach juice, orange juice, mango juice, pomegran-
ate juice, and soda. The samples were spiked with three con-
centrations of the analytes at levels of 2, 5, and 15 ug L! (of
each) in order to evaluate relative recoveries and the matrix
effect. According to the obtained results (Table 3), the matri-
ces of the samples had no significant effect on the perfor-
mance of the suggested approach. The pomegranate juice
was free of the analytes. In other samples, one of the analytes
was determined at a pg L' level. The obtained concentrations
of the analytes in the samples are given in Table 3.

Method validation

To evaluate the accuracy of the developed method, two series
of experiments were carried out: (1) analysis of Co(Il) and
Ni(Il) in a CRM; the obtained concentrations were 309.4 +
7.2 and 49752+ 116.8 ug L! for cobalt(Il) and nickel(Il),
respectively, which were in good agreements with the certified
values, 300+2 and 5000+25 pg L' for cobalt(I) and
nickel(I), respectively, and no significant difference (¢ (g,
obtained = 0.7, t 9,052 =4.30) was observed, and (2) analysis of
the analytes in three real samples including peach juice, or-
ange juice, and mango juice by the other method [see
“Materials and methods” section]. The results are shown in
Table 4. Comparison of the concentrations obtained with the
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two methods shows that there is no significant difference be-
tween the results.

Comparison of the developed method with other
approaches

A comparison between the proposed method and some recent-
ly published works for pre-concentration and determination of
Co(II) and Ni(I) ions in various samples is shown in Table 5.
Most of the analytical methods mentioned in the Table 5 are
time-consuming, while the proposed procedure is fast and
low-cost. As it can be seen, the LR, LOD, and RSD values
of the proposed method are better than or comparable to those
reported for the other methods. All these results illustrate that
the proposed method can be used as a sensitive and simple
extraction method, and is capable of generating accurate and
precise results for analysis of ultra-trace amounts of Co(II) and
Ni(Il) in aqueous samples.

Conclusions

This paper describes the development of an HLLME tech-
nique based on liquid nitrogen-induced phase separation for
the extraction and pre-concentration of Co(Il) and Ni(Il) ions
in fruit juice and water samples, followed by FAAS determi-
nation. In this work, ACN was used as an extraction solvent,
which allowed for minimal use of organic solvents, in turn
reducing the risk of adverse effects on human health and the
environment. In addition, the proposed method was fast be-
cause of the use of liquid nitrogen in phase separation, which
reduced the extraction time. The obtained experimental results
indicated that the developed procedure provided good preci-
sion and accuracy, low LODs, and high ERs. These results
revealed that the suggested approach can be applied as a low-
cost and rapid analytical method in toxicological and risk as-
sessment studies.
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