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A new assay based on effective (high recovery) extraction by means of deep eutectic solvents (DESs) was devel-
oped for ppb level determination of zinc in fishes and eel samples. Choline chloride and Phenol in a 1:2 M ratio
was selected as optimal DES-based extraction solvent. 8-Hydroxy quinoline was used as a chelating agent for zinc
ions. The optimized conditions were found at pH value of 8, ligand concentration of 10 mg/L, THF volumetric ratio
in bulk solution of 0.5:10. The total time at optimal sample preparation conditions was 5 min for digested sample.
Developed method fits to the purpose of routine analysis of fishes and eels. The LOD and LOQ were found
0.041 pg/kg and 0.136 pg/kg with pre-concentration factor of 25 and RSD 1.7%.

© 2021 The Authors. Published by Elsevier B.V. This is an open access article under the CC BY license (http://

creativecommons.org/licenses/by/4.0/).

1. Introduction

Zinc is considered one of the most essential elements for the human
body and its deficiency is a worldwide nutrition issue [28]. Zinc is acting
as cofactor in more than 200 enzymes taking place in mechanisms of
disturb energy metabolism, increased oxidative stress, disturb preg-
nancy and weight loss [30,31]. Zinc deficiency causes skin problems,
slow healing, reduction in taste and smell sense, decreased fertility, sus-
ceptibility to infection, mental lethargy, loss of appetite and hairs,
stunted growth [35]. Importantly, the US environmental protection
agency (EPA) has recommended a zinc concentration in water over
5 mg/L [6], resulting in a regular monitor zinc concentration in drinking
water and food materials.

Zinc usually appears at a very low concentration level in food sam-
ples, which are often below the limit of detection of the instrument.
Thus, a proper sample preparation stage together with zinc enrichment
as well as for the elimination of matrix effects is always required [3]. To
date, a large number of pre-concentration methods have been investi-
gated including cloud point extraction [37], solid-phase extraction
[16], solid-phase microextraction [36], co precipitation method [15],
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adsorption methods [25], chromatographic methods[33], liquid phase
microextraction[15] and many other methods.

Mostly these techniques are time-consuming and produce large
amount of wastes [10]. Today, according to the “Twelve Principles of
Green Chemistry” developed by Anastas and Warner, there is a need
of implementing “green” processes and feed stocks. Therefore, in this
study a new green method was proposed and investigated for the pre-
concentration of zinc prior to its analysis through FAAS. Herein, deep
Eutectic Solvents (DESs), considered as the new generation of green sol-
vents, were selected for liquid-phase extraction. The application of DESs
has proved to be an interesting alternative to classic organic solvents for
several groups of compounds, including carboxylic acids [19], polycyclic
aromatic hydrocarbons [20], sulfur [18], oxygen-containing organic
compounds [21] among others. This paper presents a study on the ex-
traction of zinc ions in fish and eel samples based on the addition of li-
gands combined with extraction using DESs.

2. Materials and methods
2.1. Materials
All chemicals were analytical grade and used without any prior pu-

rification. 1000 mg/L standard stock solution of Zn (II) was prepared
by dissolving ZnCl, (DAEJUNG Korea) in deionized water. 100 mg/L
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solution of 8-hydroxyquinoline (DAEJUNG Korea) was prepared by dis-
solving an appropriate amount of reagent in analytical grade ethanol.
Tetrahydrofuran (THF purity >99%, DAEJUNG Korea) was directly
used without any purification. Standard solution of Ammonium chlo-
ride (purity >99.8%; BDH AnalaR) was prepared by dissolving in deion-
ized water. DESs were prepared by mixing Choline chloride and Phenol
in 1:1, 1:2, 1:3 and 1:4 M ratios. The resulting mixture was stirred and
heated at 60 °C until obtaining a homogeneous mixture. Analytical
grad Acetic acid (DAEJUNG Korea) was used for buffer formation. So-
dium acetate, Ammonium hydroxide, Phosphoric acid, Sodium
dihydrogen phosphate, and Ammonium acetate were purchased from
Sigma Aldrich and used for buffer preparation.

2.2. Apparatus

Flame atomic absorption spectrophotometer, AAnalyst 700 model
(Perkin Elmer) was used for quantitative analysis of zinc. CEM micro-
wave synthesizer (UK) was used for sample digestion. Vortex
F202A0175 (VELP SCIENTIFICA) was used for shaking during the extrac-
tion. A Centrifuge model (Wealtech Pakistan), was used to obtain a clear
extract phase. Sonicator/ultrasonic bath made by IKON industries model
IK/UTSB was used for sonication. A pH meter model ORION STAR A329
with a pH electrode model 8157BNUMD (Thermo Scientific) was used
for measuring the pH. Water deionizer model LP-15/30/45 (FINETECH
water treatment technologies) was used to obtain water meeting quality
for the experiments.

2.3. Procedures

2.3.1. Sample pre-treatment and digestion

Varieties of fishes are used in healthy human diet. Among all, two
excessively using varieties Scomberomorus cavalla/King Fish and
Anguilliform/eel were selected for determining zinc concentration.
Fish and eel samples weighing 200 g to 600 g were collected from nat-
ural reservoirs of river Kabul. Edible parts (meat) of fishes and eels sam-
ples were dried in a thermostat oven and subsequently mixed/milled.
From the composite samples 2 g of fish/eel sample was digested in a
quartz tube of CEM microwave synthesizer under controlled conditions.
Nitric acid, deionized water and Hydrogen peroxide were added at
1:3:2 mLratio. Heating program was executed in three steps, as follows:
step 1 (140 °C for 5 min), step 2 (180 °C for 8 min) and step 3 (220 °C for
3 min). While heating, the Nitric acid and Hydrogen peroxide
decomposed and evolved to a form of NO2, H20 and 02 and when the
samples were near to dry. The digested samples were transferred to fal-
con tubes, diluted with water up to 10 mL and were used for DES-based
extraction.

2.3.2. Preparation of buffer

Buffer systems ranging from pH 2 to 10 were used in this study. To
set pH the following buffers were used. H3PO3-NaHPO,4.2H,0 for pH 2,
CH3COOH-CH3COONa for pH 4,CH;COOH-CH3;COONH4 for pH 6,
NH4OH-NH,CI for pH 8 and NH4CI-NH3,q) for pH 10. A volume (2 mL)
of buffer solution in reagents mixture was found enough for maintain-
ing stable pH value.

2.3.3. DES selection and preparation

Different combinations of DES with different mole ratios were pre-
pared. DES made of Choline chloride + Phenol, Choline chloride +
Urea, Choline chloride + Ethylene glycol and Choline chloride +
Malonic acid were tested for zinc extraction. Choline chloride was
mixed with the HBDs (Phenol, Urea, Ethylene glycol and Malonic acid)
in molar ratio 1:1, 1:2 and 1:3. All the DES solvents were prepared
under identical conditions. In a 50 mL polypropylene tube, the compo-
nents of DESs were mixed, then heated in a water bath for 60 min at
60 °C. Results for this study are given in fig. S2. For each experiment
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freshly prepared DES solvents were prepared and directly used without
any dilution or purification.

2.34. Extraction by DES

2 mL pH 8 buffer solution was added to each sample (10 mL) and
0.1 mL standard zinc solution (zinc in solution 5 pg/Kg) in the falcon
tube. 0.5 mL of ligand solution was added to obtain a final concentration
of 10 mg/L in bulk solution. Next, 0.6 mL of DES was added to the sample
solution followed by sonication (20 kHz and 1000 W) at 60 °C, for 80 s.
The resulting mixture was looking cloudy and turbidity of DES solvent
in aqueous mixture was visible. On standing for long time, DES solvent
was partially separated as upper layer. To enhance the DES phase sepa-
ration from aqueous phase, a 0.5 mL Tetrahydrofuran was added to a
bulk mixture followed by shaking with vortex. Finally, the mixture
was centrifuged for 30 s at 4000 rpm. DES layer was clearly separated
on the top of aqueous medium. The upper DES layer (approximately
1 mL) was separated and diluted with methanol to 3 mL for FAAS
analysis.

2.3.5. Percent recovery

For calculating percent recovery, standard solutions of zinc ion con-
centrations were prepared. The standard addition method was used for
determining zinc ions concentration in bulk solution to minimize the ef-
fect of interfering species. The standard addition method is extensively
used in chemical instrumental analysis, such as atomic absorption spec-
troscopy, for determining metal ion concentration in matrix [2]. This
method is usually preferred over calibration curve approach, in which
analytical signal is affected by matrix effect and making the results
[12]. Each sample was prepared in triplicate. In the first step, only a
digested sample was analyzed followed by samples adding zinc ion
standard solution in ascending order. All samples and standards were
analyzed for zinc ion concentration under the same conditions using
flame atomic absorption spectrophotometer. The percent recovery
was determined as follows:

_ Cquant

= 1
C except x 100

R(%)

Where C quant - found analyte concentration in spiked sample [ug/Kg],
C except - analyte concentration added as spike [ug/Kg].

2.3.6. FAAS analysis

The DES extract was diluted with methanol up to 3 mL. Standard so-
lutions of zinc (0.25-15 pg/Kg) were also prepared. Samples were ana-
lyzed through flame atomic absorption spectrophotometer Perkin
Elmer AAnalyst 700, using air-acetylene flame for excitation. Hollow
cathode lamp with single wavelength (213.9 nm) was used as a light
source. Gas flow rate was 2 L min~! for each gas. Standard addition
method was used for analysis of zinc ions in fishes and eel samples. Ab-
sorption was determined for standard solutions of zinc ion and plotted
as a standard curve.

3. Results and discussion
3.1. Selection of parameters for optimal sample preparation

The effect of temperature was studied in a temperature range be-
tween 20 and 80 °C. With increase of temperature, the viscosity of the
DES solvents decreases, secondly it also affects metal ligand complex
formation. Complexation reaction of 8-Hydroxyquinoline with Zinc fol-
low endothermic kinetics, thus according to Van't Hoff equation
[(%In Keg = AH™ /RT?)] with increasing temperature the rate and
yield of reaction increases [29]. With increase in temperature diffusion
coefficient increases, this along with viscosity decrease allows to in-
crease the overall mass transfer between the donor and acceptor
phases. An effective extraction takes place in reduced time of the
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process. These studies revealed that the best performance was obtained
for a constant temperature of 60 °C and 80 s of sonication. Optimum
temperature and time is illustrated in fig. S3 and fig. S4 respectively.
At this condition 99.5% recovery of analyte was obtained.

For ligand optimization 5 sets of experiments were performed under
the same reaction conditions differing the concentration of ligand
ranged from 2.5 to 12.5 mg/L. Results for optimum ligand volume are il-
lustrated in fig. S5. A continuous increase in % recovery was observed
with the ligand concentration increase from 2.5 to 10 mg/L. Maximum
recovery was obtained at 10 mg/L, so this concentration was selected
as an optimum concentration for further experiments.

The effect of pH was studied by adding an appropriate amount of
buffer solution, evaluating the extraction effectiveness based on percent
recovery of the analyte. In this procedure deprotonating of 8-
Hydroxyquinoline takes place, thus pH adversely affects this process.
In basic medium, the deprotonating of 8-Hydroxyquinoline increases
[17] and thus extraction increases.

This part of the study revealed an enhanced recovery percentage by
changing the pH from 2 to 8. At pH 10 lesser recovery was observed. A
precipitate formation occurs above pH 9, which it could be zinc ion pre-
cipitation in the form of zinc hydroxide [34], as suggested in following
reaction:

Zn{i2) + 2NHs(aq) + 2H,0() — Zn(OH); () + 2NHy(hg)

Since the maximum recovery was observed at pH 8 (Fig. 1), so this
pH was selected as an optimum pH for further studies.

THF can role as co-solvent and co-product in the extraction to in-
crease extraction efficiency. It is moderately polar solvent and has the
ability to dissolve a wide range of polar and non-polar compounds, to-
gether with low surface tension and low vaporization enthalpies thus
helping in a more efficient separation [14]. THF penetrates easier than
water in extracting complex thus improving solvent contact with
extracting complex thus THF reduces the time required for extraction
[5]. THF concentration was optimized by changing THF (99%) volume
from 0.1 to 0.8 mL per 10 mL of bulk solution. A continuous increase
of the recovery, as presented in fig. S6, was observed with an increase
of THF volume from 0.1 to 0.5 MI. maximum recovery was observed
for 0.5 mL THF so this volume was selected as the optimum volume
for further studies.

A DES used for extraction must meet several requirements like high
affinity for analytes, liquid state at RT, no interference in analytical sig-
nal, different density from that of water, high stability and low solubility
in aqueous medium. Among different DES made of Choline chloride +
Phenol, Choline chloride + Urea, Choline chloride + Glycol and Choline
chloride + Malonic acid were tested for zinc extraction. DES made of
Choline chloride and phenol was found to provide highest efficiency
for zinc extraction. Deep eutectic solvent (DES) was prepared from Cho-
line chloride and Phenol at different molar ratios, e.g. 1:1, 1:2, 1:3 and
1:4. The preliminary studies revealed that the optimal molar ratio was
1:2 allowing the highest recovery (101%) of zinc ions. Results for
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Fig. 1. Study of the effect of pH on zinc ion extraction. Sample volume 10 mL, ligand
10 mg/L, DES 0.6 mL, THF 0.5 mL, Zinc 5 pg/Kg, Temperature 60 °C, Sonication time 80 s.
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Fig. 2. DES volume optimization. Sample volume 10 mL, 2 ml pH 8 buffer, ligand 10 mg/L,
THF 0.5 mL, Zinc 5 pg/Kg, Temperature 60 °C, Sonication time 80 s.

Table 1
Analytical parameters.
Parameters Value
Range 1 Range 2
Slope 0.001 0.0016
Intercept 0.0024 0.0184
Linearity range 1 0.24-1 pg/Kg 1-15.2 pg/Kg
Coefficient of determination (R?) 0.9998 0.9997
Standard error (SE) of intercept 0.0077 0.1454
LOD without preconcentration 1.030 pg/Kg
LOD with preconcentration 0.041 pg/Kg
LOQ without preconcentration 3.420 pg/Kg
LOQ with preconcentration 0.136 pg/Kg
Relative standard deviation (RSD) 1.7%
Enrichment factor (EF) 25
Table 2
Application of the method on real samples.
Samples Zn added (pg/Kg) Zn found (ug/Kg) % Recovery
Fish 0 <LOD -
0.126 0.130 969 + 3
0.253 0.263 96.2 + 2
Eel 0 0.042 -
0.126 0.181 92.8 £+ 2
0.253 0.291 1013 + 5

extraction of zinc at different HBA-HBD molar ratios are given in
Fig. S2 (Supporting Information). DES volume was studied in the
range 0.1 to 0.8 mL. The results released that the optimum ratio DES
to sample is 0.6:10 (v/v). Results of optimum volume ratio for DES are
given in Fig. 2. At this ratio, a maximum recovery was obtained, which
was subsequently selected as an optimum for further studies.

3.2. Method validation and application for analysis of real samples

3.2.1. Interference studies

DESs are considered as a highly selective extraction media for heavy
metals, while flame atomic absorption spectroscopy is also a highly
selective technique, however interference may be attributed to the
pre-concentration steps. The selectivity for the proposed method was
investigated under optimized conditions by evaluating interference ef-
fect for Mn?*, Mg?*, Cd?*, Pb®™, CI~, SO3~, Na* and K™. It was ob-
served that the proposed method is highly selective. Table S6
illustrates results for interference study.
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Table 3

Comparison of present method with reported methods in the literature.
Method Reagents used® RSD (%) Analytical technique LOD (pg/Kg) Real sample References
Solid phase extraction APDC, HNOs;, Acetone 6 FAAS 253 Fishes [13]
Adsorption method Amberlite XAD-7, Congo red 6 FAAS 2.50 Fishes [1]
Electro-analytical Ag/AgCl electrode, KCl, Modified glassy carbon electrode. 2.3 DPSA - Fishes [27]
DES based extraction Choline chloride, Oxalic acid 1.14-20 FAAS 12 Fishes [11]
Solid phase extraction Activated carbon, CMBM, DDTC, APDC 0.9 FAAS 0.22 Fishes [23]
Solid phase extraction HBDAHBDA 14 19 Fishes [4]
Cloud point extraction PAN, Triton X-114 - FAAS 23 Water, fish [8]
DES-assisted method 5DES, 8-Hydroxy quinoline 1.7 FAAS 0.041 Fishes, eel This work

2 APDC; Ammonium pyrrolidin edithiocarbamate, FAAS; Flame atomic absorption spectroscopy, DPSA: Derivative potentiometric stripping analysis, CMBM; 4,4’-[(4-Cyano-phenyl)
methylene]bis (3-methyl-1-phenyl-1H-pyrazol-5-o0, DDTC; diethyldithiocarbamate, APDC; Ammonium pyrrolidine dithiocarbamate, HBDAHBDA; 2[2,hydroxybenzylideneamino]2-

hydroxybenzonitral, PAN; 1-(2-Pyridylazo)-2-naphthol, DES;Deep eutectic solvents.

3.2.2. Determination of basic parameters of the developed method

Under optimum conditions, the linearity of the method, the limit of
detection as well as limit of quantification was investigated according to
the European Union Reference Laboratory (EURL) report (2016) for
Heavy Metals in Feed and Food (EURL HM). LOD and LOQ were calcu-
lated before and after pre concentration. The relative standard deviation
was calculated as SD/meanx100% while enrichment factor was calcu-
lated as EF = C¢/C;, where Cr and C; are the final and initial concentra-
tions, respectively. Results of method validation are given in Table 1.

A 6 points calibration curve was done with each calibration level in
triplicate. Linearity was obtained within two ranges - range 1 for
lower concentration (0.25-1 ng/Kg) and range 2 for higher concentra-
tions (1-15 pg/Kg). Data presented in Fig. S7 indicate good linearity of
the method. Thus, the proposed method is applicable in a range from
0.24 to 15.2 pyg/Kg. Accuracy (mean 4 SD) was 99.20%.

3.2.3. Determination of zinc ions in real samples

This newly developed method was used for determining zinc con-
centration in fish (Scomberomorus cavalla) and eel (Anguilliform) sam-
ples. Standard addition method was followed to reduce the interference
effect. Percent recovery higher than 92% was observed. The results for
zinc concentration in fishes and eels are compiled in Table 2. It's recom-
mended by WHO, that men need to eat 11 mg of zinc per day, while
women need 8 mg per day. However, pregnant women need 11 mg
per day, and if she is breastfeeding, then she will need 12 mg per day.
This study revealed that =zinc concentration in king fish
(Scomberomorus cavalla) was found to be below the limit of detection,
while in eel (Anguilliform) samples zinc concentration was 0.042 pg/
Kg. Although fishes and eels are considered as rich sources of zinc how-
ever these studies revealed that these foodstuffs have a very low con-
centration of zinc. This low concentration is probably due to
unavailability of supplementary foods in natural reservoirs. As this
part of experiments was performed mainly to prove the applicability
of the developed method, further routine studies on zinc concentration
in fishes and eels should be performed. According to obtained LOD, re-
covery and repeatability, this method seems to fit this purpose.

3.3. Comparison with other methods

There are several methods reported in the literature dealing with the
extraction of zinc ions, which were compared with this developed
method. Many methods have been reported for zinc extraction includ-
ing cloud point extraction [8], liquid phase micro extraction [7], solid
phase micro extraction [15], selective back extraction [26], micelle me-
diated extraction [32], dispersive liquid-liquid micro extraction [24], ad-
sorption [9] and co precipitation methods [22]. Among these methods
cloud point extraction methods have been excessively used. Cloud
point extraction methods are more sensitive and frequently used how-
ever these methods are associated with limitations. Cloud point extrac-
tion methods are more sensitive and effected by conditions such as ionic
strength, pH, temperature, extraction and pressure [38], so any small

change in these conditions may lead to a decrease in metal recovery.
Our new method presented in this paper is more sensitive than the re-
ported CPE methods with LOD 0.041 pg/Kg. Furthermore this method is
quite faster than cloud point extraction where CPE takes more than
20 min for a single experiment [8]. The comparison of our novel method
with other reported methods is shown in Table 3.

4. Conclusions

The paper presents a new assay for determination of zinc in fish and
eel samples, based on zinc extraction by means of a DES-based system. It
is based on green solvents (DES) which are easily prepared, biodegrad-
able, less toxic than organic solvent, highly selective and remain liquid
over a wide range of temperature. The determined validation parame-
ters proved the usefulness of the developed procedure for analysis of
real samples having complex matrix such as fishes and eels. This
method is characterized by a very good percent recovery as well as pre-
cision. The sample preparation stage allows to easily obtain an enrich-
ment factor of 25, resulting in low limits of detection (LOD) and
quantification (LOQ) 0.041 pg/Kg and 0.136 ng/Kg respectively. Studies
performed on real fish and eel samples proved its applicability for rou-
tine practice. The application of selected DESs is a step forward for the
elimination of toxic organic solvents commonly used in sample prepa-
ration, making this procedure environmentally friendly.
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