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Abstract This study presents a new method for the
determination of nickel in aqueous samples by slotted
quartz tube-flame atomic absorption spectrometry
(SQT-FAAS) after a dispersive assisted simultaneous
complexation and extraction (DASCE) process. Synthe-
sized ligand was directly dissolved in the extraction
solvent to eliminate the complex formation step prior
to the extraction. All parameters of the SQT-FAAS and
DASCE method were systematically optimized to im-
prove the detection power of nickel for trace determina-
tions. Under the optimum experimental conditions, the
optimized method (DASCE-SQT-FAAS) recorded 137-
fold enhancement in detection power over the conven-
tional FAAS. The limits of detection and quantification
were determined to be 1.6 μg/L and 5.2 μg/L, respec-
tively. The calibration plot was linear over a wide

concentration range and the precision for replicate mea-
surements was appreciably high. Nickel was not detect-
ed in five different water samples but spiked recovery
tests for three samples yielded results that were
close to 100%, confirming the method’s accuracy
and applicability to the matrices tested.
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Introduction

Nickel is known as a transition element which forms
alloys with considerable strength and ductility and
shows resistance to heat and corrosion (Haudet et al.
2015). It is therefore mostly used for computer compo-
nents, dental and surgical prosthesis, electroplating,
magnetic tapes, and Ni-Cd batteries. Ni accumulates in
the environment through processes such as volcano
eruptions, soil and rock dissolution, biological cycles,
atmospheric fallout from industrial plants, and waste
disposal (Hol et al. 2014). The main modes of exposure
to Ni are dermal contact, ingestion, and inhalation,
where cigarettes and foods are the highest exposure
routes to humans with typical concentrations ranging
between 0.64–1.2 μg/g and 0.02–13 μg/g, respectively
(Reclo et al. 2017; Zambelli et al. 2016). Dermatitis
(chronic skin disorder) is the most common health com-
plication associated with Ni but carcinogenesis has also
been reported (Büyükpınar et al. 2017). The World
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Health Organization (WHO) has set an allowable limit
of Ni concentration as 0.07 mg/L in water samples. This
element is usually detected in most soils, animal tissues,
plants, and water at trace levels and, therefore, accurate
and precise analytical methods for its determination are
required (Weldeabzgi et al. 2017).

In literature, there are many determination methods for
the determination of this element. Accuracy and precision
are the main factors for the selection of proper instrument
for variety of matrices. Spectroscopic methods working on
the principles of atomic absorption and atomic emission
are widely used for the determination of this element and
other metals (IUPAC 1998). Inductively coupled plasma
(ICP) is a very useful source for atomization, ionization,
and excitation of elements for mass spectrometry (ICP-
MS) and optical emission spectrometry (ICP-OES) sys-
tems (Dos Anjos et al. 2018; Peeters et al. 2017). These
plasma techniques exhibit high sensitivity for most ele-
ments and are capable of simultaneous determination of
multi elements (Yang et al. 2011). Atomic absorption
spectrometrymethods based on electrothermal atomization
(ETAAS) and photochemical vapor generation (PVG) also
provide sensitive determinations but they are only capable
of determining only one element at a time (Bidabadi et al.
2009; Büyükpınar et al. 2017). Besides spectroscopic
methods, electroanalytical methods such as anodic or ca-
thodic adsorptive stripping voltammetry offer high selec-
tivity and sensitivity for metal determinations (Gonzalez
2002; Mettakoonpitak et al. 2017). For routine laboratory
analysis of metals in high concentrations, flame atomic
absorption spectrometry (FAAS) is a preferred technique
due to its simplicity, robustness, and low operational cost
(Özzeybek et al. 2017). However, due to the low sample
nebulization efficiency and the relatively low residence
time of atoms in the optical path, it suffers from low
sensitivity for trace determination of most elements in
comparison to the techniques mentioned above. In order
to overcome this drawback, preconcentration methods
have been studied. Slotted quartz tubes (SQTs) are basic
components that can be attached to the flame unit of FAAS
to improve the detection power. Under fuel-lean conditions
(low flame temperature), atoms adsorb onto the inner walls
of the quartz tube and the amount of adsorbed atoms
increase until the surface is saturated (Özzeybek et al.
2017). A sudden increase in flame temperature using low
amounts of organic solvents or the use of hydrogen gas to
provide a reducing environment leads to the release of
trapped atoms to obtain a sharp analytical signal (Uslu
et al. 2018). In addition to atom trap studies, SQTs with

both entry and exit slots are used to increase the residence
time of atoms in the flame, thereby increasing their inter-
actionwith analyte radiation coming from source. Depend-
ing on the type of element, the absorbance signal can be
increased by two- to fivefolds using this simple component
(Özzeybek et al. 2017). There are several microextraction
methods developed for separation of analytes from sample
matrix and significantly building up analyte amount for
trace and ultratrace determinations. Some of these include
solid-liquid-solid dispersive extraction ionic liquid-based
dispersive liquid-liquid microextraction (SLSDE-IL-
DLLME), cloud point extraction (CPE), solidified floating
organic drop microextraction (SFODME), solid-phase
microextraction (SPME), and single drop microextraction
(SDME) (Jalbani and Soylak 2015b; Kocot et al. 2016;
Viñas et al. 2015; Wang et al. 2013). Dispersive liquid-
liquid microextraction (DLLME) is a relatively new
microextraction method which is widely used to extract
both organic and inorganic analytes from a variety of
aqueous matrices (Kocot et al. 2016; Rezaee et al. 2006).
In DLLME, an organic solvent miscible with both extract-
ant and aqueous solution is used to increase the surface
area by dispersing the extractant as fine droplets through-
out the sample solution (Chormey et al. 2017). This results
in high extraction efficiencies and the extraction is com-
pleted within a few seconds after injecting the dispersive
and extractant mixture. There are very few ligandless
extraction methods in literature for metal determinations
(Alothman et al. 2012; Reclo et al. 2017). Extraction
procedures are generally preceded by metal complexation
with an appropriate ligand. In this study, a laboratory
synthesized ligand was dissolved in chloroform with the
aim of performing simultaneous complexation and extrac-
tion. The method namely dispersive assisted simultaneous
complexation and extraction (DASCE) was comprehen-
sively optimized and coupled to SQT-FAAS for trace
determination of nickel in aqueous matrices.

Material and methods

Instruments

In the determination of nickel, an Analytik Jena NovAA
300 model atomic absorption spectrometer with a flame
unit was employed. A 13-cm long quartz tube with 18-
mm i.d and 20-mm o.d was attached to the flame burner
head. A rotary cutting tool was used to make an entry
slot of 5.5 cm to fit the flame length of 5.0 cm, and a 3.0-
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cm exit slot was cut at 180° to the entry slot. The 232-
nm wavelength of Ni was selected from a multi-element
hollow cathode lamp (Fe, Co, Ni, Mn, Cu, Cr) operating
at 10 mA and a monochromator spectral bandpass of
0.50 nm. Deuterium hollow cathode lamp (D2) was used
for background correction. A schematic diagram of an
SQT attached flame burner head system is presented in
Fig. 1.

Reagents

Unless stated otherwise, all chemicals and reagents used
in this study were of analytical grade. Working and
calibration standard solutions were prepared from a
1000 mg L−1 stock standard solution of nickel pur-
chased from High Purity Standards. Chloroform, sodi-
um chloride, nitric acid (65%), 2-propanol, ethanol,
methanol, hydrochloric acid (37%), sodium hydroxide,
potassium chloride, 5-bromosalisiladehyde, p-toluidine,
para-toluene sulphonic acid, and potassium nitrate were
purchased from Merck (Darmstadt, Germany). Ultra-
pure water (resistivity 18.2 Ω cm) generated by a
Milli-Q Reference Water Purification System at the
Central Laboratory of Yıldız Technical University was
used for aqueous standard preparations and all cleanup
purposes.

Ligand synthesis

The ligand used in this study, (Z)-3-bromo-5-((p-
tolylimino)methyl)phenol (S8) (Schiff base ligand)
was synthesized by adding p-toluenesulfonic acid as a

catalyzer to 10 mmol of 5-bromosalisiladehyde (dis-
solved in 25 mL ethyl alcohol) in a 200-mL flat bottom
flask. After reaching 60 °C, 20 mmol of p-toluidine
(dissolved in ethanol) was added drop by drop to into
the solution and kept under reflux at 46–47 °C. The
dropwise addition was continued until an orange color
accompanied by sedimentation was observed. The su-
pernatant was filtered through a 125-mm filter paper and
the residue was washed with ethanol. The residue was
left to dry under ambient conditions. FTIR and 1H-NMR
measurements proved the formation of the ligand after
the reaction.

Extraction procedure

A mixture of 2-propanol (2.0 mL) and the ligand ((Z)-3-
bromo-5-((p-tolylimino)methyl)phenol) (350 μL) dis-
solved in chloroform was withdrawn with a syringe
and solvent mixture was rapidly injected into a 15-mL
centrifuge tube containing 8.0 mL of aqueous sample/
standard solution and 2.0 mL buffer solution (pH 10).
This resulting solution was vortexed for 1.0 min and
centrifuged at 3461g for 2.0 min. The supernatant aque-
ous phase was carefully discarded and the extracted
sediment was transferred into clean tube and kept
in a water bath (100 °C). After complete evapora-
tion, 150 μL concentrated nitric acid was added to
dissolve the residue and break the Ni-S8 bonds.
Vortexing was employed to facilitate dissolution
and centrifugation was used to recollect the acidi-
fied extract at the bottom of the tube before sending
to the SQT-FAAS system.

Fig. 1 Schematic diagram of SQT attached flame burner head (Erarpat et al. 2017)
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Samples

Three Aegean seawater samples were collected from the
shores of Bodrum, Patmos, and Kalavrai and one
Marmara seawater sample was taken from the shores
of Beşiktaş. The samples were used to rinse the plastic
bottles several times before filling to the brim without
leaving airspaces. Tap water was sampled from the
laboratory faucet and analyzed at the same day.

Results and discussions

Optimization of experimental parameters was started
with proper concentration of nickel. In the stepwise
optimization process, different variables were tested
for one parameter while other parameters were kept at
constant values. The highest mean value from triplicate
readings was selected as optimum one.

SQT-FAAS optimizations

In order to increase the amount of sample volume
reaching the flame and atomization efficiency for Ni,
sample flow rate and acetylene flow rates were respec-
tively optimized for both FAAS and SQT-FAAS sys-
tems. A rotating knob on the nebulizer unit was adjusted
at different positions while taking absorbance measure-
ments. The flow rate of each knob position was deter-
mined with 2.0 mL of 5.0 mg/L and 2.0 mg/L aqueous
standard solutions for FAAS and SQT-FAAS, respec-
tively. Optimum sample flow rate determined for FAAS
was found to be 5.88mL/minwhile the optimum sample
flow rate for SQT-FAAS increased slightly to 6.06 mL/
min. Optimization of flame temperature is essential to
get efficient atomization. Fuel flow rate was convenient-
ly adjusted at 5.0 L/h intervals with the instruments
software. Optimum fuel flow rate for FAAS was deter-
mined as 40 L/h after testing flow rates between 40 and
70 L/h. The same optimum fuel flow rate was obtained
for SQT-FAAS but up to 60 L/h, there was the occur-
rence of horn-shaped flame at the open ends of SQT.
The closeness of these flames to electrical systems of the
instrument prevented the testing of higher fuel flow
rates. The position of SQT on burner head determines
the entrance and exit rate of aspirated sample and also
the path of hollow cathode lamp radiation through the
flame. At 0.0-mm height, the SQT was directly placed
onto the burner head and triplicate measurements were

performed. The average absorbance value obtained was
compared to the average absorbances obtained at 1.0-
mm and 2.0-mm SQT heights, for which 1.0 mm was
selected as optimum SQT height.

Complex formation optimization

With the exception of a few ligandless extractions, con-
ventional extraction methods for metals are preceded by
forming coordinate covalent complexes with ligands. In
manual procedures, multiple experimental steps are sus-
ceptible to high error margins. Cutting down the number
of steps in effect lowers the errors associated with the
entire method. This study tested for the first time simul-
taneous complexation and extraction of Ni using the
SQT-FAAS determination. Chloroform is a commonly
used solvent for metal complex extractions and with this
knowledge, the solubility of the laboratory synthesized
ligand was tested by dissolving a small amount in chlo-
roform. Upon complete dissolution, a test run was per-
formed using methanol as dispersive solvent and a sig-
nificantly high absorbance signal was obtained. This
simultaneous process signifies a reduction in types and
volume of solvents, a rapid and environmentally friend-
ly method. Optimization of complexing conditions was
then performed, starting with the pH of buffer solution.
Buffer solutions in the pH range of 3.0 and 13 were
tested for this purpose but no absorbance signals were
recorded in the acidic region (below pH 7). A significant
signal was recorded at pH 9 and this increased at pH 10
before decreasingmarginally up to pH 13. Hence, pH 10
was selected and its optimum amount was then deter-
mined by testing 1.0 mL, 2.0 mL, and 3.0 mL and a
fourth standard prepared solely at pH 10. The absor-
bance signal increased sharply from 1.0 to 2.0 mL, after
which it increased slightly as shown in Fig. 2. Two
milliliters of buffer solution was selected for recording
not so different absorbance values and to cut down the
amount of chemical usage.

Degradation of ligand by light or sunlight was
prevented by keeping the ligand solution in a dark, cool,
and dry cabinet. The optimum amount of ligand con-
centration was investigated by testing 0.33, 0.66, 1.0,
and 2.0% (mass/mass) concentrations. Absorbance
values recorded were very close to each other and test-
ing lower concentrations did not result in any significant
change either. 0.33% was therefore selected as the opti-
mum ligand concentration for recording lower standard
deviations for a relatively high average absorbance.
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Determining the optimum amount of ligand solution
was very significant in this study not only because of
its effect on complexation, but also because it deter-
mined the optimum amount of extraction solvent. For
this reason, 0.20-, 0.25-, 0.30-, 0.35-, and 0.40-mL
volumes were tested for their complexation and extrac-
tion efficiencies. The highest absorbance value was
recorded for 0.35 mL, indicating that the volume was
sufficient to form and extract appreciable amounts of
Ni-S8 complex from solution. Mixing by vortex was
performed to facilitate a uniform distribution of both
ligand and chloroform and the mass transfer of analytes
into the extraction solvent. The highest average absor-
bance was recorded for 60 s after testing 15-, 30-, 60-,
120-, and 300-s periods of vortex.

Effect of type and volume of dispersive solvent

The most important feature of dispersive solvents is
their capability to disperse extraction solvents as very
fine droplets throughout aqueous solution leading to
increased surface area for effective extraction. The dis-
persion efficiencies of ethanol, methanol, and 2-
propanol were tested by mixing 2.0 mL of each with
chloroform in separate extractions. Methanol and etha-
nol yielded absorbance values almost half of that record-
ed by 2-propanol. The optimum amount of 2-propanol
was then determined by comparing the 2.0-mL volume
extraction result to 0.50, 1.0, and 3.0-mL volumes. The
absorbance signals increased from 0.50 to 2.0 mL and
declined marginally at 3.0 mL. It could be stated that the
volumes lower than 2.0 mL were insufficient for an
effective dispersion and the 3.0-mL volume could have
resulted in an increase in chloroform solubility in

aqueous solution, leading to reduced extracted phase
volume and low absorbance values. The optimum vol-
ume of 2-propanol was therefore selected as 2.0 mL for
subsequent optimizations.

Effect of ionic strength

Ionic strength is an important factor affecting the extrac-
tion recovery of analyte(s). When the ionic strength of
the aqueous solution is increased by salt addition, the
solubility of the analyte could be reduced. Salting out
effect was therefore examined on the method by testing
1.0 g each of sodium chloride, potassium nitrate, and
potassium iodide. The average absorbance values ob-
tained for these salt added extractions were lower when
compared to a saltless extraction average absorbance.
Hence, no addition of salt was applied for further
studies.

Analytical figures of merit

The results of the entire optimization process (complex-
ation, extraction, and SQT) are presented in Table 1.
Under the optimum conditions, the analytical perfor-
mance of the different systems (Table 2) was determined
by developing calibration plots with aqueous standard
solutions. Linear dynamic ranges were determined from
calibration plots with high regression coefficients
(0.999>), and relative standard deviations were calcu-
lated from six replicate measurements of the lowest
concentration in calibration plot. The %RSD results
obtained were lower than 10% for all the systems stud-
ied and this established high precision (repeatability) for
both extraction process and instrumental measurements.
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Fig. 2 A plot of pH 10 buffer
solution volumes against
absorbance
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The limits of detection and quantification of the FAAS
were significantly increased by the methods employed.
The orders of increase in detection power in comparison
to FAAS were 3.3-, 32-, and 137-folds for SQT-FAAS,
DASCE-FAAS, and DASCE-SQT-FAAS, respectively.

Real samples analysis and recovery

This method was developed with aqueous standards
prepared in ultrapure deionized water and was therefore
subjected to little or no interferences. However, real
samples of environmental and biological origins tend
to have complex matrices that could impede the extrac-
tion and determination of analyte. Four seawater sam-
ples taken from the Aegean and Marmara seas and tap
water from the laboratory faucet were analyzed under
the optimum conditions. There was no significant ab-
sorbance signal recorded for the samples tested to sug-
gest nickel was present within the detection limit of the
method. To determine the method’s accuracy and appli-
cability for these samples, spiked recovery tests were

performed on two seawater samples and the tap water
sample. The samples were spiked to a final concentra-
tion of 14 μg/L and their respective concentrations
determined with the linear calibration plot. The percent
recoveries obtained ranged between 92 and 99% as
given in Table 3. These results suggest that Ni when
present in these matrices can be determined and accu-
rately quantified with appreciable precision.

Conclusions

This study presents a novel analytical method for nickel
determination by SQT-FAAS based on simultaneous
complexation and extraction of Ni-S8 complex. Disper-
sive assisted simultaneous complexation and extraction
process was developed in this study. To the best of our
knowledge, this is the first study in literature where
DASCE-SQT-FAAS is used for the determination of
Ni at trace levels. Stepwise optimization of experimental
parameters led to 137-fold enhancement in the detection
power of the conventional FAAS. This increase corre-
lates to a detection limit of 1.6 μg/L and a wide linear
calibration range. In the recovery studies, Ni was not
determined in the five aqueous samples analyzed but

Table 2 Comparison of analyti-
cal performance of FAAS systems
developed in this study with other
methods reported in literature

Systems LOD (μg/L) LOQ (μg/L) %RSD Ref.

FAAS 219 729 7.1 This study
SQT-FAAS 67 224 4.5

DASCE-FAAS 6.7 23 9.3

DASCE-SQT-FAAS 1.6 5.3 9.2

IL-DLLME-ICP-OES 0.20 – 3.9 (Ranjbar et al. 2012)

SAE-DLLME-FAAS 0.24 – 3.6 (Deng et al. 2013)

UA-IL-DLLME-FAAS 0.49 – 2.3 (Jalbani and Soylak 2015a)

SPE-FAAS 3.8 179 4.4 (Escudero et al. 2014)

CPE-FAAS 5.0 – – (Silva et al. 2009)

PVG-BT-UAGLS-AAS 9.5 32 5.6 (Büyükpınar et al. 2017)

Table 1 Optimum conditions for complex formation, DASCE,
and SQT-FAAS system

Parameters Value

Buffer solution pH/volume 10/2.0 mL

Ligand concentration/amount 0.33% (mass/mass)/0.35 mL

Dispersive solvent type/volume 2-Propanol/2.0 mL

DASCE mixing type/period Vortex/1.0 min

Sample flow rate 6.06 mL/min

Fuel flow rate 40 L/h

Burner height 1.0 mm

Table 3 Percent recoveries for sea and tap water samples

Real samples Recovery (%)

Aegean Sea (Bodrum) 99.1 ± 1.2

Marmara Sea (Besiktas) 94.8 ± 10.2

Tap water (Davutpasa) 92.9 ± 10.6
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spiked recovery tests with close to 100% recovery
established the accuracy and applicability of the devel-
oped method to these sample matrices. The developed
analytical method is simple, rapid, high-yielding, and
eco-friendly.
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