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Abstract  In order to eliminate the effects of sea-
water matrix on the precise/accurate determina-
tion of elements, new and efficient analytical proce-
dure requires. In this study, co-precipitation method 
based on the triethylamine (TEA)-assisted Mg(OH)2 
was performed to eliminate side-effects of seawa-
ter medium on the determination with flame atomic 
absorption spectrometry (FAAS) prior to the precon-
centration of nickel by an optimized dispersive liq-
uid–liquid microextraction (DLLME) method. Under 
the optimum conditions of the presented method, the 
limit of detection and quantification (LOD, LOQ) 
values obtained for nickel were found as 16.1 and 
53.8  μg  kg−1, respectively. Seawater samples col-
lected from West Antarctic region were used for real 
sample applications to check the accuracy and appli-
cability of developed method, and satisfying recov-
ery results (86–97%) were obtained. In addition to 
this, the digital image-based colorimetric detection 

system and the UV-Vis system were applied to con-
firm the applicability of the developed DLLME-
FAAS method in other analytical systems.

Keywords  DLLME · FAAS · Nickel · Mg(OH)2/
TEA · Seawater

Introduction

Heavy metals with an atomic mass of more than 
20 and a specific gravity of more than 5 g  cm−3 are 
called environmental pollutants that pose a seri-
ous threat to human health, agricultural production, 
plants, and animals (Famurewa et  al., 2022; Rascio 
& Navari-Izzo, 2011). Contamination levels of these 
toxic heavy metals such as cadmium (Cd), lead (Pb), 
cobalt (Co), arsenic (As), mercury (Hg), copper (Cu), 
and nickel (Ni) in agricultural soils have increased in 
the last decade (Elango et al., 2022). Fossil fuels, pes-
ticides, mining, wastewater irrigation, and the usage 
of fertilizer are known as sources of heavy metal con-
tamination (He et al., 2022a; Wu et al., 2021). Heavy 
metals that accumulate in surface/ground waters and 
soil by migrating to the environment through wind 
erosion and flow do not decompose and enter the 
food chain through food consumption and are eas-
ily enriched in the human body by creating health-
threatening effects (He et  al., 2022b; Kumar et  al., 
2019). Nickel is naturally found in the earth’s crust 
and is commonly used in the form of batteries, 
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electroplating coating, paint, electronic products, 
electric automobile, mining, coin, and aerospace 
industries due to its properties such as high durabil-
ity, low price, corrosion resistance, and high activity 
(Alves et  al., 2022; Bodkhe et  al., 2023; Min et  al., 
2021; Padchasri et  al., 2022). Nickel as a hard, sil-
very-white transition metal is an essential micronutri-
ent for humans and has a great importance for organ 
development (Anyachor et  al., 2022; Bodkhe et  al., 
2023; Kumar et  al., 2021). In addition, many foods 
such as broccoli, canned vegetables, green beans, 
peas, nuts, dried fruit, cocoa, and chocolate contain 
nickel as ingredients (Zambelli et  al., 2016). Nickel 
deficiency can reduce growth and decrease hemo-
globin levels, in the opposite side, excessive con-
sumption and exposure to nickel can cause harmful, 
carcinogenic and toxic effects resulting in lung cancer 
and inflammation, dysfunction of the central nervous 
and respiratory systems, acute pneumonitis, cardio-
vascular and kidney diseases, dermatitis, and eczema 
(Bodkhe et  al., 2023; Denkhaus & Salnikow, 2002; 
Miglione et al., 2022; Pieczyńska et al., 2021). Nickel 
is known to have toxic effects on the respiratory sys-
tem in fish and invertebrates (Macoustra et al., 2021). 
The potential of nickel toxicity is concerning in sea-
water due to mining activities in coastal areas, and 
therefore, the determination of trace levels of nickel is 
quite important (Sherman et al., 2021).

The determination of nickel in water samples is 
commonly performed by the usage of electrothermal 
AAS (ETAAS) and inductively coupled plasma-mass 
spectrometry (ICP-MS) (Khorrami et  al., 2004). In 
the literature, flame atomic absorption spectrometry 
(FAAS) (Nakhaei et  al., 2019), ETAAS (Bermejo-
Barrera et al., 1998), ICP-optical emission spectrom-
etry (ICP-OES) (Khorrami et  al., 2006), ICP-MS 
(Biller & Bruland, 2012), adsorptive cathodic strip-
ping voltammetry (AdCSV) (Aouarram et al., 2010), 
and also colorimetry (Yoshimura et  al., 1980) have 
been used for the determination of nickel in seawater 
samples.

High salinity of sea and ocean waters can inter-
fere with low concentration signals of heavy metal 
ions (Gilbert et al., 2023; Karadaş & Kara, 2013). 
Nickel is usually found at trace levels in surface 
waters with a maximum concentration of 100  µg 
L−1 (Ribas et al., 2022). The sample should be pre-
treated to avoid matrix effects and salt deposition/
precipitation. Accordingly, different extraction 

and coprecipitation methods can be applied to 
improve the detection limit and increase sensitiv-
ity (Milne et  al., 2010). Co-precipitation meth-
ods are used to pre-concentrate trace analytes and 
remove salt interference from ocean/sea water. 
For this purpose, various solutions such as gal-
lium hydroxide (Ga(III)) (Sawatari et  al., 1995), 
yttrium hydroxide (Y(III)) (Kagaya et  al., 2007), 
lanthanum hydroxide (La(III)) (Toyota et  al., 
1983), iron hydroxide (Fe(III)) (Zhu et al., 2010), 
and magnesium hydroxide (Mg(II)) (Wu, 2007; 
Wu & Boyle, 1998) have been used in the litera-
ture. In addition, several extraction methods have 
been used in the literature for the pre-concentra-
tion of nickel prior to instrumental analysis such as 
solid-phase extraction (SPE) (Otero-Romaní et al., 
2008), cloud point extraction (CPE) (Mandal & 
Lahiri, 2022; Zeng et al., 2012), solidified floating 
organic drop microextraction (SFODME) (Bidab-
adi et  al., 2009), and deep eutectic solvent-based 
liquid phase microextraction (DES-LPME) (Erbas 
et al., 2019). In recent years, DLLME has become 
very popular because it provides many advantages 
such as cheapness, rapid application, simplicity, 
environmentally friendly, and high enrichment 
factor (Rykowska et  al., 2018). The basis of the 
procedure consists of the formation of clouding 
throughout the aqueous solution with the help of 
injection. A mixture of extraction/dispersive sol-
vent is rapidly injected into the aqueous phase. In 
this system, the disperser solvent should have high 
miscibility in both the aqueous and organic phase 
(Anthemidis & Ioannou, 2009).

The aim of this study was to develop a sim-
ple, cheap, efficient, and environmentally friendly 
analytical method for the accurate and sensitive 
determination of nickel in sea/ocean water sam-
ples. In the study, ocean water samples collected 
from Horseshoe Island in the Antarctic Continent 
throughout IV. National Antarctic Science Expedi-
tion were used. Trace levels of nickel were deter-
mined in the collected ocean water samples by 
FAAS using the Mg(OH)2/TEA co-precipitation 
method prior to dispersive liquid–liquid microex-
traction method (DLLME) method. The analyti-
cal performance results obtained with the digital 
image-based colorimetric detection system and the 
UV-VIS system are compared with the developed 
DLLME-FAAS method.
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Materials and methods

Instrumentation

ATI UNICAM 929 AA model flame atomic absorp-
tion spectrometer was used to perform nickel absorb-
ance measurements. All optimization studies belong-
ing to combination of DLLME and TEA-assisted 
Mg(OH)2 method were carried out with 1.0 mg kg−1 
nickel standard solution. Mass-based sample/stand-
ard preparation was used throughout this study. 
The flame is created using a combination of air and 
acetylene. The flow rate of the nebulizer unit was 
set at 8.56  mL  min−1 to ensure strong sample aspi-
ration. A deuterium (D2) lamp as background cor-
rector was used throughout all absorbance measure-
ments. Absorbance measurements were performed 
using a nickel hollow cathode lamp with a spectral 
bandpass of 0.20 nm and an analytical wavelength of 
232.0 nm. A Hanna Instruments Edge® Multiparam-
eter pH Meter–HI2020 was used for pH adjustment 
and measurements. BioBase (BKC TL5II) centrifuge 
device was used to direct the precipitates formed in 
the precipitation process to the lower part of the cen-
trifuge tube and collect it there. Absorbance meas-
urements of the pink-colored metal-ligand complex 
were performed with a Shimadzu UV120–02 model 

UV-Vis spectrophotometer using 1.0 cm quartz cells. 
Images in colorimetric measurement were taken 
with an Apple smartphone equipped with an 8 meg-
apixel iSight camera with the flash lamp turned off. 
The smartphone is placed in front of the portable 
wooden rectangular box insulated from ambient light, 
and a recess is created in the front of the box where 
the smartphone’s camera is placed to view the inner 
box. A 1.5  m bright LED strip (12  V) is placed to 
the upper inside part of the box and white A4 size 
sheets are used placed to cover the LEDs. Another 
white A4 size paper was placed to the bottom part 
of the box and quartz cuvette including the sample/
standard solution was inserted to this paper. “Color 
Picker” application was used to process the images. 
Schematic representation of the colorimetric system 
is given in Fig. 1.

Chemical and reagents

A total of 1000  mg L−1 nickel standard stock solu-
tion was used throughout the study and diluted with 
distilled water to lower concentrations. TEA (trieth-
ylamine, 99.7%) used as a co-precipitating agent was 
supplied from Acros Organics (Geel—Belgium). 
Magnesium chloride (MgCl2), potassium chloride 
(KCl), calcium chloride (CaCl2), sodium chloride 

Fig. 1   Schematic representation of the colorimetric system
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(NaCl), sodium sulfate (Na2SO4), sodium bicarbonate 
(NaHCO3), boric acid (H3BO3), potassium bromide 
(KBr), and sodium fluoride (NaF) used to prepare 
synthetic seawater were obtained from Sigma-Aldrich 
(St. Louis, MO, USA). Hydrochloric acid (37%) used 
to adjust pH, disodium tetraborate used for buffering, 
ethanol, nitric acid, and diphenylcarbazone (DPC) 
were purchased from Merck. The ligand solution pre-
pared in ethanol was stored in a tube covered with 
aluminum foil in the dark in order to prevent its deg-
radation by exposure to light.

Preparation of synthetic seawater and co‑precipitation 
method

Synthetic seawater used within the scope of analyti-
cal method development studies was prepared with 
reference to ASTM D1141-98 guideline (Singh 
et al., 2020). In this context with small modifications, 
24.53  g NaCl, 5.20  g MgCl2, 0.101  g KBr, 4.09  g 
Na2SO4, 0.201  g NaHCO3, 1.16  g CaCl2, 0.695  g 
KCl, 0.027 g H3BO3, and 0.003 g NaF were weighed 
and dissolved in de-ionized water in a 1.0 L of volu-
metric flask. Desalination of synthetic seawater was 
accomplished using a single settling step. First, the 
pH of 10 g standard/sample solution was adjusted to 
1.60 using 1.0 M hydrochloric acid and then made up 
to 20 g with de-ionized water. A total of 150 µL of 
TEA was added to the sample solutions (pH-adjusted) 
and the samples were left to stand for approximately 
120–180  min to complete the precipitation. The 
resulting solution containing colloids was centrifuged 
at 3000 rpm for 10 min to ensure efficient separation 
of the supernatant from the precipitate containing the 
analyte. A total of 50 µL of conc. HNO3 was applied 
for dissolving the precipitate obtained, and before 
proceeding to the extraction step, 3.0  mL of diso-
dium tetraborate buffer solution (pH 9.0) was added 
to ensure the solution was buffered in order to obtain 
the appropriate pH value (pH 9.0) for extraction. The 
resulting buffered solution was made up to 10 g with 
de-ionized water.

Extraction procedure

A total of 1.0  mL solution of 1,5-diphenylcarba-
zone (0.05%, w/w) prepared in ethanol was added 
to 10  g of standard/sample solution and mixed by 
vortexing for 15  s. A mixture of extraction solvent 

(chloroform/300 µL) and dispersant solvent (isopro-
pyl alcohol/2.5  mL), prepared in a separate 15  mL 
falcon tube, was injected into the complexed solu-
tion with a 5 mL syringe. The cloudy solution formed 
after the injection was vortexed for 15  s to increase 
the interaction between the analytes and the extrac-
tion solvent. After this process, centrifugation was 
carried out at 3000 rpm for 2.0 min in order to sep-
arate the aqueous and organic phases. The organic 
sub-phase (chloroform) containing the analytes with 
a volume of approximately 200 µL was transferred to 
a clean centrifuge tube with the help of a micropipette 
and evaporated at room temperature. After evapora-
tion, 150 µL of concentrated nitric acid (65%, w/w) 
was added to the tubes. In order to ensure that the 
analytes are effectively dissolved in an acidic environ-
ment, the acidic solution containing the analytes was 
kept in an ultrasonic bath for two min and sent to the 
FAAS system.

Results and discussion

The determination of trace nickel in seawater medium 
was carried out using DLLME method combined 
with the co-precipitation method prior to the flame 
atomic absorption spectrometry measurement. Opti-
mization studies of co-precipitation and DLLME 
methods were carried out with synthetic seawater. 
All parameters of the proposed method have been 
optimized to improve extraction efficiency and to 
obtain an efficient spectrophotometric measurement. 
Only one parameter under examination was tested at 
various variables in each optimization step, while the 
other parameters were held constant. Three replicates 
were evaluated and the parameter with the higher 
absorbance and lower standard deviation value was 
selected as optimum value.

FAAS optimization

FAAS systems have some drawbacks such as the low 
atom-light interactions of analyte atoms in the flame 
pathway and low nebulization efficiency (Matusie-
wicz, 1997). The operating parameters of the FAAS 
system were optimized to eliminate these disadvan-
tages and to bring the nickel absorbance value to the 
highest possible value. The flow rate of the oxidizer 
(air) was kept constant, while the acetylene flow 
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rate was optimized to ensure effective atomization. 
Acetylene flow rates were investigated while aspi-
rating 10  mg  kg−1 nickel standard solution into the 
flame and recording absorbance values in continu-
ous measurement mode. Since the flow rate of the 
nebulizer unit could not be adjusted clearly, experi-
ments were carried out by moving the unit providing 
the flow on the device to different positions until the 
highest absorbance value was recorded. As a result of 
the trials, the sample flow rate was calculated by con-
sidering the aspiration time against a certain sample 
amount. The optimum sample flow rate was selected 
as 8.56 mL min−1.

Co‑precipitation system optimization

Co-precipitation methods are effective strategies to 
preconcentrate the trace elements in seawater while 
removing the salt matrix. Co-precipitation with 
Mg(OH)2, which is among these approaches, has 
become popular for ultra-trace analysis as it uses 
Mg(II) found in sea water without the need for any 
additives. The aqueous solution also includes sig-
nificant ions like Na, Ca, and K, which causes in 
interference effects (Arslan et  al., 2018). Hence, 
TEA supported Mg(OH)2 co-precipitation method 
was used for the desalination of seawater samples. 
Two main factors which are the volumes of TEA and 
conc. HNO3 affecting the co-precipitation process 
were optimized. Due to the presence of Mg(II) in 
seawater samples, tests were performed with differ-
ent volumes of TEA (50, 100, 150, and 200 µL) to 
determine their co-precipitation activities. After the 
TEA solution was added, the solution was shaken by 
hand for 3.0 s and allowed to stand for approximately 
2–3 h to complete precipitation. The resulting colloi-
dal solution was centrifuged at 3000 rpm for 10 min 
and the supernatant was carefully decanted. In addi-
tion to this, optimum amount of nitric acid was also 
investigated to dissolve the precipitate. First trying 
was achieved by 10 µL of concentrated nitric acid 
and then increasing volumes of nitric acid were tried 
till the precipitate was dissolved completely. Finally, 
after the precipitate obtained was dissolved with 50 
µL of concentrated nitric acid (optimum volume), 
3.0 mL of buffer solution was added to provide the 
necessary buffering for the extraction step and made 
up to 10 g with distilled water. No precipitation was 

observed at 50 µL of TEA. Although the absorb-
ance values were close to each other for other TEA 
volumes, 150 µL was selected as the optimum one 
owing to high reproducibility and low volume.

Optimization of the metal‑ligand interactions

The pH of the sample has a critical importance on 
the formation and stability of the metal-ligand com-
plex. Therefore, buffer solutions at different pHs 
between 6.0 and 10.0 were tested to monitor the 
effects on the complexation of between nickel and 
ligand. It was observed that the complexation was 
achieved with the best efficiency by using a pH 9.0 
borax buffer solution and the highest absorbance 
value was obtained for nickel at this pH value.

The concentration of the complexing ligand is 
important parameter that needs to be optimized as 
it affects the distribution ratio of the metal-ligand 
complex in the sample/standard solution. Here, the 
relationship between complexation efficiency and 
ligand concentration was checked by 0.010, 0.020, 
0.05, and 0.10% (w/w) diphenylcarbozone (DPC). 
While absorbance values increased sharply at ligand 
concentrations from 0.010 to 0.05%, a decrease was 
observed in absorbance values at higher concentra-
tions. Considering the experimental data, 0.05% 
was chosen as the optimum ligand concentration.

The effect of ligand volume on complexing was 
investigated by testing different volumes, including 
0.75, 1.0, 1.5, and 2.0 mL, while keeping the con-
centration of the ligand solution constant at 0.05% 
(w/w). No ligand addition was also investigated and 
there was no analytical signal observed. This clearly 
showed that determination was not performed with-
out adding ligand and the signals obtained were not 
due to possible precipitation of analyte at the opti-
mum pH. The ligand volume of 1.0 mL was chosen 
as the optimum value because it gives the highest 
average absorbance value and repeatability. Finally, 
vortex times of 0.0, 15.0, 30, 45, and 60  s were 
tested to determine the effect of mixing time period 
on complexation after ligand addition. Consider-
ing the experimental data, it was seen that the mix-
ing time did not affect the complexing efficiency, 
but 15.0 s was chosen as the optimum mixing time 
period to ensure a homogeneous mixture.
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Optimization of the DLLME method

The selection of the appropriate extraction solvent 
and dispersive solvent for the analytes and then the 
determination of the suitable amounts for the extrac-
tion efficiency were carried out by optimization stud-
ies. A good extraction solvent must have some prop-
erties such as not being miscible with the aqueous 
sample, having a different density from the aqueous 
solution, being soluble in the dispersive solvent, and 
providing good solubility for the analyte. The organic 
solvent used in DLLME can be both low-density and 
high-density. Highly volatile, low-density solvents 
collected on the surface of the aqueous sample can 
lead to low sensitivity due to their reproducibility and 
impact on the final volume after extraction (Chormey 
& Bakırdere, 2018). Therefore, organic solvents such 
as chloroform (1.49  g  cm−3), 1–2, dichloroethane 
(1.25  g  cm−3), and dichloromethane (1.33  g  cm−3), 
whose densities are greater than the aqueous solution, 
were studied as extraction solvents. In this optimi-
zation step, extraction efficiency was tested by mix-
ing 400 µL of each extraction solvent with 1.5  mL 
of ethanol as dispersive solvent. No phase formation 
was observed for dichloromethane. Chloroform was 
chosen as the extraction solvent, which provided the 
highest average absorbance value. In the next step, 
200, 250, 300, and 400 µL chloroform amounts were 
tried to determine the amount of extraction solvent 
and 300 µL was chosen as the optimum value in terms 
of extraction efficiency.

The extraction solvent should effectively disperse 
in the aqueous solution and collect the analytes that 
is why the dispersive solvent is very important in the 
way of extraction efficiency. Therefore, some organic 
solvents such as ethanol, methanol, and isopropyl 
alcohol were tried as dispersive solvent. The optimum 
value in terms of repeatability and average absorb-
ance value was recorded from isopropyl alcohol. In 
order to determine the amount of dispersive solvent, 
the amounts of 1.5, 2.0, 2.5, and 3.0  mL of isopro-
pyl alcohol were tried and 2.5 mL was obtained as the 
optimum value.

System analytical performance

All parameters, including the instrumental system and 
extraction parameters that affect the sensitivity of the 
developed method, were determined by optimization 

studies and the optimum values are listed in Table 1. 
In order to determine the analytical performance of 
the DLLME-FAAS system under optimum condi-
tions, a series of nickel-containing standards was 
extracted under optimum conditions and analyses 
were performed in the FAAS system. According to 
the obtained data, the calibration plot was obtained 
by using the absorbance values versus the concen-
trations. The detection limit of the analyte was cal-
culated as 244  µg  kg−1. The analytical performance 
values of the developed method are shown in Table 2.

The proposed method is easy to apply and cheap. 
In addition, the method exhibited rapid response and 
wide linear range with high precision for the detec-
tion of nickel compared to other examples in the lit-
erature (Table 2).

Colorimetry and UV‑VIS applications

Calibration curve for the analyte was developed using 
the mean green (G) color intensity of measurements. 
The relationship between increasing concentration of 
standard solutions and color intensity of the complex 
solution in pink color is shown in Fig.  2 as a loga-
rithmic function. The average color intensities of the 
three selected points were recorded for each image 
obtained with triplicate shots.

The same standards were also analyzed in UV-VIS 
instrument. Working with the wavelength (λmax) at 
which the maximum absorbance value obtained has 
great importance for accurate and reliable results in 
spectrophotometric measurements. Therefore, the 
wavelength range of 900–190 nm was scanned using 

Table 1   Optimum parameters of developed method

Parameter Value

Triethylamine (TEA) volume 150 µL
Centrifuge period 10 min
Conc. HNO3 and borate buffer 

solution volume for pH 9.0
50 µL/3.0 mL

Ligand Conc./volume 0.05% (w/w)/1.0 mL
Vortex period (before extraction) 15 s
Extraction solvent type/volume Chloroform/300 µL
Dispersive solution type/volume Isopropyl alcohol/2.5 mL
Vortex period (after extraction) 15 s
HNO3 (conc.) volume 150 µL
Nebulizer/sample flow rate 8.56 mL min−1
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a pink colored metal-ligand complex solution versus a 
blank solution. The maximum absorbance value was 
obtained at 520 nm. Calibration studies were carried 
out in the range of 0.125–6.0  mg  kg−1. The results 
obtained are shown in Fig. 3.

Comparing the calibration curves obtained with 
the digital image-based colorimetric detection sys-
tem and the UV-Vis system, it was confirmed that the 

developed DLLME-FAAS method can be easily used 
in other analytical systems.

Real sample applications

Within the scope of recovery studies, real ocean water 
samples brought from the Antarctic region were used 
to check the applicability of the DLLME-FAAS 

Table 2   Analytical performances for the systems validated in this study and comparison to other methods in the literature

a LOD, limit of detection. bLOQ, limit of quantification. cRSD%, the percentage of relative standard deviation. dLR, linear range

Method LODa, µg kg−1 LOQb, µg kg−1 RSD%c LRd, µg kg−1 R2

FAAS 244 813 6.1 300–15,000 0.9985
DLLME-FAAS 16.1 53.8 7.1 50–400 0.9995
DLLME-FAAS (Saçmacı & Saçmacı, 2017) 1.0 (µg L−1) – 1.2 0.24–10 (mg L−1) 0.9998
FAAS/Adsorption and pre-concentration on 

2-aminothiazole-modified silica gel (Roldan et al., 
2004)

1.73 (mg L−1) – – – –

Fig. 2   Logarithmic func-
tion of green color intensity 
of the complex solution
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method combined with the selected co-precipitation 
method to real samples. Complex matrix, seawater, 
was selected as real sample for checking the applica-
bility of the developed method. Four seawater sam-
ples taken from different places were analyzed in 
recovery studies. Initially, the samples were analyzed 
to confirm the presence or absence of the nickel in the 
seawater samples. No detectable nickel absorbance 
signal was observed in the unspiked sample according 
to the method’s detection limit. Then, nickel standard 
was added to each seawater sample at a final concen-
tration of 75, 100, 150, and 200 µg kg−1.

Recovery values for each seawater sample were 
calculated based on the calibration plot obtained from 
synthetic seawater and nickel standards prepared at 
different concentrations. In Table  3, the recovery 
percentages for each sample can be seen. Since the 
synthetic seawater matrix and the matrix of the Ant-
arctic samples are congruent, this has increased the 
accuracy of the developed method for nickel. It is 
clear that this combination gave the accurate results 
with high reproducibility by reducing/eliminating the 
matrix effect.

Conclusion

In this study, a simple, cheap analytical technique for 
trace nickel determination in seawater medium was 
presented. TEA-assisted Mg(OH)2 based co-precipi-
tation method was chosen to eliminate the side effects 
belonging to seawater matrix to achieve accurate 
quantification of nickel. TEA was used as a co-pre-
cipitation reagent for nickel determination. DLLME 
method was also used to preconcentrate of treated 
seawater samples in terms of its nickel content. Meas-
urement of nickel absorbance values was obtained by 
a FAAS system. The digital image-based colorimetric 
detection system and the UV-Vis system were used 

to ensure the applicability of the developed DLLME-
FAAS method in other analytical systems. The detec-
tion limit was recorded as 16.1  μg  kg−1 with the 
combination of DLLME and TEA-assisted Mg(OH)2 
method prior to FAAS determination which is com-
petitive with more expensive analytical systems in 
terms of sensitivity. In order to make sure the devel-
oped method was applicable to real seawater samples 
brought from Antarctic Region, recovery studies were 
achieved. Results showed that quantification of nickel 
was performed in the matrix selected with high preci-
sion and accuracy.
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