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Abstract

The cloud point extraction technique has become increasingly popular in recent
years for trace metal separation and preconcentration. When heated to a specific
temperature, cloud point extraction utilizes the property of nonionic surfactants in
aqueous solutions to generate micelles and become turbid (so-called cloud point
temperature). For analytical chemists, developing a simple and selective technology
for the separation and determination of metals and medicinal drugs is a critical
concern. Therefore, a sensitive, accurate, and green cloud point extraction (CPE)
procedure was developed for the micro-determination of metal cations like zinc (I1)
and cadmium (I1) in food samples. Triton X-114 and 1-(4-(Phenyldiazenyl) phenyl)
azo naphthalene-2-ol (Sudan I11) were used as extractants. Sudan Ill forms an ion-
pair association complex with metal ions when the pH is 9. In the presence of 5 ppm
zinc (1) or 4 ppm cadmium (I1) in an aqueous solution, the maximum extraction
efficiency should be achieved. In order to create Cloud Point Temperature (CPT)
quantitatively, the extraction applications in this approach required heating at 85°C
for 20 minutes. In this work, the impacts of different surfactants, pH, stoichiometry,
and various organic reagents on interferences as well as spectrophotometric
determination were explored. The linearity ranges of zinc (lI) and cadmium (I1)
were 0.25-700 and 0.25-400 ppm, respectively. The results show low detection
limits of 0.035 and 0.042 ppm for zinc (I1) and cadmium (I1), respectively. Also, the
quantification limits for zinc (II) and cadmium (I1) are 0.116 and 0.140 ppm,
respectively.
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1. Introduction
Due to discharges from industrial wastes, Urban, agricultural and sewage, heavy metal
contamination has been noted as an issue in the coastal environment. Marine organisms can
absorb metal ions through a number of mechanisms, including breathing, uptake, and
ingestion. Essential metals, such as copper, iron, copper, manganese, zinc, play a significant
part in biological processes, but non-essential metals, such as mercury, lead, and cadmium,
are poisonous even in tiny amounts. When metal consumption is overly high, the essential
metals might cause hazardous effects. Because fish and mussels make up such a large portion
of the human diet, it's no surprise that several research on metal accumulation in various fish
species have been conducted. Zinc deficiency can cause sickness because it is one of the most
significant components of enzyme cellular function [1]. As a consequence, it has been
investigated in various studies for use in water and food samples [2]. Zinc was extracted in
real samples using the chemical reagent 1-(2-Pyridylazo)-2-naphthol (PAN) in Triton X-100
media with an effective CPE technique [3]. When employing a novel ligand 3- [(2-Pyridyl
azo)]-1-nitroso-2-naphthol (PANN) and an ionic surfactant Triton X-100 to assess zinc from

acidic conditions in many samples, the CPE application procedure produces a low detection
limit of D.L = 0.0292 ppm [4].

Cadmium (Cd) is an extremely hazardous heavy metal that has become widespread in the
environment during the last few decades. Cd (Il) is a hazardous heavy metal that poses a
serious health risk to humans. Cd has a long half-life (10-30 years) and can enter the body
through the atmosphere, soil, water, and food. It primarily accumulates in the kidneys, liver,
bone, and other tissues, causing irreversible harm to the target tissues.
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Cd (1) is a hazardous metal that has no biological rules, although it can accumulate in the
kidneys and liver when exposed to it from any source. Many cadmium experts have used the
CPE approach, which produces good, accurate, and sensitive results [5-8].

A variety of methods have been used for this purpose, including liquid-ion exchange
(LIE) [9,10], solvent extraction (SE) [11], flame atomic absorption spectroscopy (FAAS)
[12], spectrophotometric study [13], liquid chromatography [14], Kkinetic spectrophotometry
[15], and cloud point extraction (CPE) [16]. However, The CPE is a sensitive
preconcentration and isolation procedure for abundant analytes with several advantages over
traditional solvent extraction [17-19]. CPE is a quick, cost-effective, fast, precise, and
selective process. It is defined as a method of green extraction since harmful organic solvents
are not used [20-22]. Depending on the surfactant characteristics, micelles form after heating
above a fixed temperature (CPT) and using a small amount of salt (salting-out phenomenon)
[23]. The solution in CPE is divided into two layers: an aqueous layer (AL) and a cloud point
layer (CPL), which is rich in surfactants and typically contains analytes. The type and
concentration of surfactant used to form CPL are two critical reagents in separation [24—-29].
In CPE, the analytes must be hydrophobic or be converted into hydrophobic molecules for
surfactant coupling. Also, direct extraction of metal ions is impossible unless they are
changed into special species (more hydrophobic) before CPE by complexation with a special
reagent. However Organic chemicals (phenol, ethers, azo dyes, and pharmaceutical
substances) may be extracted by CPE without chelation [30-33].

The purpose of this study was to determine the amount of Zn (Il) and accumulate Cd (11)
in food samples, as well as to investigate the impact of contamination on green vegetables,
fruits, legumes, and seafood. It's also important to use a cheap, easy, and safe method to
preconcentrate and determine ultra-low Zn (Il) and Cd (lI) concentrations in practical
experiments. Prior to spectrophotometric determination, a CPE technique was used to
preconcentrate Zn (I1) and Cd (I1) using Triton X-114 micelle medium and organic reagent
Sudan Ill. The technique for determining samples was effectively implemented. Scheme 1
abstracted the procedure.
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Scheme 1. Graphic Abstract of Applied Procedure.
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2. Experimental
2.1. Instrumentation

For spectrophotometric studies, absorbance measurement and adjustment temperature were
used Shimadzu UV-Vis spectrophotometer (UV-1700) made in Japan, electrostatic bath
(Hamburg-90) made in England, respectively. So that pH-meter (model E163694), from
Germany and a flame atomic absorption spectrophotometer, a Shimadzu type (AA-6800
design, Kyoto, Japan), with a hollow cathode lamp operating at 12 mA, were also used in this
work.

2.2. Solutions

Providing a stock solution (1000 g/mL), 0.1 g of Zinc metal was dissolved in 10 mL
hydrochloric acid (0.5 M) and the solution was completed to 100 mL in a volumetric flask.
Using a volumetric flask, make a 1000 g/mL stock solution for Cd (I1), dissolve 0.1632 g of
CdCl,, add Concentrated HCI (2 mL), and complete with 100 mL distill water. Another
working solution can be made by diluting with distilled water in a volumetric flask of suitable
size.

2.3. Food Samples Preparation

Food samples were collected at Al-Kufa, Irag. After that, the samples were dried in an
electric oven at 120°C and ground to a fine mesh. A 10 g mixture was cooked for 4 hours on a
hot plate in a silica crucible, then transported to a furnace for nightly heating at 650°C. The
residue was cooled, then processed with 10.0 mL concentrated HNO3; and 3 mL 30% H,0,
before being maintained in a furnace for 3 hours at the same temperature to ensure that no
traces of organic compounds are remained. The final residue was treated with 5 mL of
concentrated HCI and 3 mL of 70% HCIO,4 before being heated to evaporate the fumes and
convert all of the metals to their proper ions [42]. In addition, blank digestions were carried
out. The above-mentioned preconcentration process was then applied.

2.4. General Method

Preparation of 10 mL aqueous solutions containing the optimal amount of metal ions Zn
(11) or Cd (11), pH=9 for both metal ions, 1x10™* M Sudan IlI, and 0.5 mL (0.13 %/v) Triton
X-114. The solutions were heated in electrostatic water bath at 60°C for 20 minutes for
formation CPL, then separated CPL from aqueous solution, and dissolved in 5 mL ethanol.
After that, compare the absorbance of dissolved CPL against a blank made in the same way
but without the investigated metal ions at Ayax = 460 nm for Zn (II) and Amax = 389 nm for Cd
(I1). Return to the calibration curve (Figure 1) to calculate the remaining quantity to every
metal ion in aqueous solution for each metal ion treated using the dithizone
spectrophotometer method [29]. As soon as the ion pair association is complete, subtract the
quantity from the actual amount of every metal ion in aqueous solution to determine the
transfer amount to CPL. the calculate distribution ratio (D) by relation below equation (1):

_ [MUD]CPL

= Zn(Il) or cd(1D).
M{D]aq (D) M (D (hH
3. Results and Discussion
Extraction of Zn (1) and Cd (II) ions according to the process outlined in the general
approach and evaluation of effective parameters were the focus of the spectrometric
experiments. Analytical statistics were also computed. Figure 1 shows the dithizone technique
calibration curve for two metals, which can be used to calculate the amounts of metals in

aqueous solution after preconcentration.
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Figure 1: Calibration Curve for Dithizone Method for Extraction Zinc (I1) and Cadmium

().

3.1. Extraction Method Parameters
3.1.1. pH Effect

Two aqueous solution series (10 mL) with 0.5 mL (0.13%) Triton X—114, 1x10™
M Sudan 111 at various pH were used, with the first series containing 5 ppm Zn (l1)
and the second series including 4 ppm Cd (Il) These solutions were heated at the
ideal temperature in an electrostatic water bath till CPL formation. The CPL for
each ion was separated from aqueous solution and completed the work as described
in the detailed process. Figures 2 and 3 show the results, that the pH=9 was the best
value for both metal ion extraction efficiencies. This optimum pH value gives best
chance for binding metal ion with organic reagent Sudan 11l for formation a higher
concentration of ion pair association complex. Any pH value which less or greater
than the optimal point will reduce extraction efficiency by reducing the impact of
metal ions forming ion pair association complexes. When the pH value is higher than
the optimal value, the hydroxide ions will contribute to the creation of stable species with the
metal ion. The formation of an ion pair association complex with metal ions whose
distribution is in the aqueous phase is achievable for hydroxide ions.
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Figure 2: pH Effect on CPL at Applied Figure 3: pH Effect on Extraction
Method Efficiency for Each Metal lon

1053



Wannas et al. Iragi Journal of Science, 2023, Vol. 64, No. 3, pp: 1049-1061

3.1.2. surfactant kind Effect

According to the comprehensive approach, metal ions under investigation were
extracted at optimum conditions, in the presence of different surfactants, and the
results were as shown in Table 1. The results reveal that varying extraction
efficiency exists for both metal ions in the presence of different surfactants because
each surfactant has a different micelle structure and ability to form CPL, implying
that extraction efficiency varies. Triton X-114 was used for the experiments because
it provided the best absorbance and distribution ratio values.

Table 1: Effect of Surfactant Kinds on Extraction Efficiency of Zn (11) and Cd (l1)
Metal lons.

Surfactant Extraction of Zn (I1) Extraction of Cd (II)

Absorbance Absorbance

Tween 20 0.415 40.11 0.422 44.15
Tween 40 0.325 53.56 0.378 32.74
Tween 80 0.356 56.98 0.587 80.89
Triton X-114 0.615 90.32 0.732 95.56

3.1.3. Surfactant VVolume Effect

Preparing two series of 10mL aqueous solutions at pH=9, 5 ppm Zn (Il), and 4
ppm Cd (II), with increasing volumes of surfactant Triton X-114 and all ideal
conditions for examining the influence of Triton X-114 volume, yielded the findings
shown in Figures 4 and 5. The results show that 0.5mL Triton X-114 was the
optimum volume for higher extraction efficiency for both metal ions, and that this
volume is suitable for reaching critical micelles concentration (CMC) state, in order
to form the best CPL suitable for excellent extraction. Any volume less or more than
the optimum value is not suitable for reaching CMC state, and thus gives lower
extraction efficiency [42].
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Figure 4: Impact of Surfactant Amount Figure 5: Impact of Surfactant Amount
on Excellent CPL Formation. on Extraction Efficiency.

3.1.4. Temperature and Heating Time Effect

Zn (1) and Cd (Il) were extracted at optimal conditions for a predetermined
duration at rising temperatures till the creation of CPL, according to the overall
procedure. As a result, at each temperature, CPL was isolated from the aqueous
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phase, and the process was completed, providing the results shown in Figures 6 and
7. T=60 °C was reported to be the optimum temperature for maximum extraction
efficiency for both ions examined, according to the findings. When it comes to CPL
production and extraction, this temperature achieves the strongest thermodynamic
equilibrium [43].
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Figure 6 Effect of Temperature on Figure 7 Effect of Heating Time on
Formation and Stability of CPL. Formation and Quality CPL

After measuring the extraction content Kgx at each temperature, Figure 8 was
created by plotting the logarithm value K¢y versus 1/T K. As shown in Table 3,
which was utilized to calculate the thermodynamic date for each metal ion [42]. The
optimum heating period for excellent extraction efficiency of both metal ions was 20
minutes.
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Figure 8: Effect of Temperature on Extraction Content Kgx
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Table 2: Thermodynamic Data for Cloud Point Extraction Method
Metals AHey K.J.mole™ AGey K.J.mole ASey J.mole’K?

Zn(I1) 0.152 181.930
cd(1) 0.115 172.26

3.2. Stoichiometry

The structure of the extracted ion pair association complex was determined
using two spectrophotometric methods, slope mole ratio and slope analysis, as
illustrated in equations 5 and 6 and Figures 9 and 10. The results suggest that the
extracted ions pair association complex for both metal ions has a more likely
structure, with Sudan (111) (1:1) to the ion.

! tio Zn(Il) = 5902.3 ! tio CA(II) = 7568.2
sioperatio ‘ln = 58627 siope ratio = 6399 8
= 1.00...(5) =1.18...(6)
[Sudan 111-Zn] *; anion [Sudan 111-Cd] *; anion
1.2 ° Zn(II) 0.8 == (H) il
1 ® Cd(In . 0.7 S n
iy cd(In )
o 08 .
= . S 0.5
3; 0.6 e ® £ 04 e
e 0.4 e e £ 03 4
ot pees 0 L
0.2 s 01 .:'
o ®° 0o®
0 0.00005 0.0001 0 0.00005 0.0001
Sudan III conc. mol L! metals conc. mol L.

Figure 9: Slope Mole Ratio Method Figure 10: Effect of Metal in
Relation Sudan Il for Zn (I1) and Cd  Calculator Slope Ratio

(1)

3.3. Food Samples Determination

After constructing a calibration curve of the metals, Zn (Il) and Cd (I1) metal
ions were determined extensively under optimal conditions [43]. Table 3 also lists
the analytical parameters that were measured.

In different positions, all nine food samples were taken from Al-Kufa markets.
The figures given are the average of three samples examined. Table 5 highlights the
results obtained through the use of two methods: CPE and FAAS. These results
suggest that the technique may be used to determine the levels of zinc (1) and
cadmium (Il) in food samples. The recovery of metals applied to the samples
demonstrates the efficacy of the suggested procedure. For this work, we also
acquired a low detection limit and higher preconcentration factors.
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Table 3: Analytical Parameters of Applied Method.

Parameters Zn (I1) Cd (IN)

Regression equation y = 0.3308x + 0.0228 y = 0.2704x + 0.0518

correlation coefficient R2 = 0.9998 R2 =0.9997
Linear range (ppm) 0.25- 700 0.25- 400
Reproducibilitgy (RSD%) n = 12 21
Detection limit (ppm) 0.035 0.042
Quantification Limit (ppm) 0.116 0.140
Preconcentration factor 250 180

The characteristics of the employed methodology are compared to the previously
published techniques of the Triton X-114 micellar system (CPE) for metal determination with
various detection systems [34-41], with the findings shown in Table 4. According to the
analysis, the produced application has a wide dynamic range, low detection and quantity
limits, and a higher preconcentration factor.

Table 4: Comparison of recently CPE used Triton-X114 as surfactant with different detection
procedures and the applied procedure for determination of studied ions

Sample volume 2

Metal ion Organic reagents (mL)

Applied method

ZA (B 8-hydroxyquinoline 1.2 CPE/UV-Vis 10

Zn (11) PAR 10 51.7 MCPE / UV-Vis 2.58 [35]
Zn (11) i 1.1 i 9.4

cd (I1) PAR 1.0 CPE/ ICP-OES 101 [36]
Zn (I1) ) )

cd (1) PAN 0.02 £0.001 CPE/ FAAS [37]
Zn (11) i . 1.9

cd (1) 8-hydroxyquinoline 25 20 CPE/ICP OES 2 [38]
Cd (1) VBB 5 0.337 CPE/FAAS 35 [39]
cd (1) DPTH 10 0.95 CPE/FAAS 105 [40]
cd (1) PAN 0.01 0.0178 CPEA/TASg FF- 555 [41]
Zn (11) 0.035 i 250 This
cd (1) Sudan 111 10 0.042 CPE / UV-Vis 180 work

% The ratio of the slope of preconcentration samples to that obtained without preconcentration
is determined as the Preconcentration factor.

ICP OES; inductively coupled plasma optical emission spectrometry, TS-FF-AAS; thermos
pray flame furnace atomic absorption spectrometry.

PAR; 4-(2-pyridylazo)-resorcinol, VBB; Victoria blue B, DPTH; 1, 5-bis(di-2-
pyridylmethylene) thiocarbonohydrazide.
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Table 5: Determination Zn (11) and Cd (11) lons in Food Samples by Application
CPE and FAAS Methods.

NI Found Found
N S I c te ti Concentration Concentration R
0. ampiles Oncennl;a. on Zn (”) ppMm+ cd (”) opm «
2L RSD RSD
Celery 10 10.3550.01 - 10.1150.01 -
leaf . 2035020 0902040 o E 11255014
O -
Chickpeas 10 11.205+0.01 X 10.9640.03 N
20 20315.0.07 11341402049 00,001 9995011
0 - :
Fish 10 10.36+0.20 - 10.05.0.01 -
20 rlo0gq  10955:020 USRI 1115:051
0 - :
Lentil 10 12.3840.21 - 10.08+0.02 -
20 22.4540.01 12.450+40.70 20.0550.71 11.1540.71
0 - )
Limon 10 13.32+0.12 ¥ 09.1240.08 .
20 23755055  12°%01l g5 07y 10-20:0.20
0 - i
Liver 10 11.4040.22 ; 10.85+0.01 y
20 21.45,001 1237020 50 15,041 11152041
0 - :
Orange 10 12.3140.11 ’ 10.05+0.20 §
20 23.05,041 235077 o ios001 995021
Parsley 10 11.7140.22 X 10.1840.02 -
leaf Y pl1si00r  11350:020 Lottt 0.55:0.11
0 - :
B 10 10.4140.22 - 10.1540.06 -
20 21355079 10201l yg9507  10:10:0.70

4. Conclusions

The new approach comes with a number of benefits, such as affordability,
environmental friendliness, safety, and high extraction efficiency. Additionally, it
provides RSD values, an excellent preconcentration factor, and a low detection
limit. As a consequence of the study's findings, there was no contamination in the
samples that were examined. Triton X-114's properties as a lipophilic surfactant and
its capacity to resist the electrolytes created by related ions make CPE possible.
Sudan Il makes extracted complexes more lipophilic, facilitating their easier
transfer to the cloud point layer. Preconcentration variables are quite high compared
to another research. Additionally, the relatively low detection limits enable greater
extraction sensitivity and the use of this method for the detection of extremely small
metal amounts.
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