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— The final results gave a new, sensitive, and
accurate spectrophotometric method for
determining lead (ll) ion in vegetables
samples.

Wet digestion

A new, sensitive, and accurate
spectrophotometric method for determining
lead (ll) ion in vegetable samples, using
laboratory prepared reagent (6-MBTAMP)
is developed. The reagent and Pb*?
complex characterization included infrared
spectroscopy (IR), ultraviolet-visible
spectrophotometry  (UV-vis), elemental
analysis (CHN), energy dispersive X-ray
spectroscopy (EDX), and nuclear magnetic
resonance spectroscopy ('HNMR &
BCNMR) techniques. The method depends
on the reaction of lead (Il) with the
6-MBTAMP reagent in a neutral medium to
form a green-red complex which showed a
maximum absorbance at 670 nm. The
optimum conditions such as pH of the

medium, reagent volume, reagent concentration, and time effect were also investigated carefully. Limit of
detection (LOD), limit of quantification (LOQ) and Sandell’s sensitivity were calculated to be 0.181 mg L™,
0.604 mg L"and 0.03 pg cm2 respectively. The proposed method obeyed Beer’s law at the range of 0.6-10
mg L' and the recovery percentage of the vegetable samples ranged from 71% to 106.6%. The suggested
spectrophotometric technique is proved to be simple, fast and sensitive for the determination of Pb (II) ion
in vegetable samples.
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INTRODUCTION
Heavy metal is increasingly present in our surroundings; lead is one of the most well-known toxic heavy
metals that can be found in everyday life," including food and water. Any excessive presence of these
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toxic materials in the environment can lead to serious consequences to the ecosystem.? Hearing loss,
anemia, brain damage, behavioral issues, learning disabilities, cancer, and even death are examples of
such impacts on humans.??

Lead has an effect on humans when it accumulates in the body over time; this is due to the daily needs
for food and drink, as well as, breathing processes that may contain even small amounts of lead.* Lead
contamination has a significant influence on the ecosystem; therefore, this hazardous heavy metal is now
considered a global issue due to its negative effects on health and the environment, which originate from
its long half-time and difficulties in degrading.® Because of its chemical and physical qualities, lead and
its compounds were widely used in industry, and numerous items containing lead metal in their chemical
structure exist, including cosmetics, ceramic solders, pipes, paints, gasoline, and batteries.® According
to the World Health Organization, the content of lead in water should not exceed 10 ug L, and the US
Environmental Protection Agency recommends 15 ug L™".” As a result, monitoring the lead concentration is
essential, particularly in environmental biological samples.?

For determining the trace amounts of lead in various substances, many standard techniques have been
utilized, including electro-thermal atomic absorption spectrophotometry, atomic fluorescence method,
chromatography, flame atomic absorption spectrometry, inductivity coupled plasma mass spectrometry,
and spectrophotometry.®'2

Spectrophotometry has become a popular approach because of its advantages over other techniques,
such as precision, simplicity, accuracy, and speed, especially in developing countries.'

A few work were done on estimating the lead in everyday human life especially in food. Khalaf (2011)"3
carried out a new technique based on the lead (II) reaction with alizarin red(S) to estimate the lead in human
hair. The reaction was conducted in a basic medium which produced a pink red water soluble complex with
a maximum absorbance value at 518 nm. The author has taken optimum conditions such as the impact of
nitric acid and hydrogen peroxide on medium pH, time effect, heating effect, and reagent concentration. El-
Shahawi et al. (2020)'* used the chromogenic reagent 2-(5-bromo-2-pyridylazo)-5-(diethyl amino) phenol
(5-Br-PADAP) to create a simple methodology for detecting Pb?* ion in natural water samples. The study was
carried out using Whatman filter paper that has been treated with commercially available nail polish (NP).
The reaction was carried out under the optimum values and it was obtained an LOD value of 0.01 ug mL-
.14 Klamtet et al. (2007)'® used an analysis depending on flow injection technique with spectrophotometric
detection in order to estimate lead in aqueous samples. The suggested reagent for this analysis was
4-(2-pyridylazo) resorcinol (PAR). The ideal parameters of the pre-concentration system, chemical and
FIA variables were studied. The used technique obtained value of lead ranging from 50 to 90 ug L with
a detection limit of 11 ug L™* and 102% recovery. Qing et al. (2013)'® used dibromo-p-chloro-arsenazo
(DBC-ASA) as a reagent in determination of lead in tea leaf samples by spectrophotometric technique,
phosphoric acid (0.10 mol L") was used as a reaction medium. They obtained a result of linearity over the
range 0.1-3.5 uyg mL™" of lead (I) with a high value of regression whereas the molar absorptivity coefficient
was 3.33 x 10* L mol" cm™ and the limit of detection was 0.225 ug mL'. They compared their results with
atomic absorption spectrometry technique with a low error percentage. A recovery of 96.0-98.5% was
obtained from the standard addition of their technique.

In the current work, the suggested approach will use new reagent derivatives from thiazole to give
a simple, fast and sensitive way to estimate lead ions and to identify the optimal reaction conditions to
achieve the best results.

MATERIALS AND METHODS
Apparatus

All absorbance measurements were tested using the Biochrom Libra S60 double beam
spectrophotometer. The pH value was measured using the Oakton 2100 Series pH/mV/lon/0C/OF
Meter. All samples were weighed using an Ohaus PA214 Pioneer Analytical Balance. The maximum
wavelength was selected by using Shimadzu UV-1700 spectrophotometer. Flame atomic absorption
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spectrometry was used as the standard method in this study. Infrared spectroscopy (IR), Ultraviolet-
Visible spectrophotometry (UV-vis), Elemental analysis (CHN), Energy dispersive X-ray spectroscopy
(EDX), Proton nuclear magnetic resonance spectroscopy ("HNMR) and Carbon-13 nuclear magnetic
resonance (*CNMR) techniques were used to diagnose the reagent and lead (lI) complex.

Chemicals
Except of the reagent 6-MBTAMP, all chemicals were analytical grade and were used without additional
purification. The solutions in this study were prepared using distilled water.

Preparation of the azo dye 2-[(6-methoxy-2-benzothiazoly)azo]-4-methoxy phenol (6-MBTAMP)

Diazonium chloride solution was prepared by dissolving 3.60 g, 0.02 mol from thiazole amine derivative
in 30 mL of water and 3 mL of concentrated HCI."” The solution was treated with 5 mL of aqueous 1.4 g,
0.02 mol sodium nitrite drop wise and stirred for 30 min at 0 °C. This diazonium chloride solution was added
drop-wise with stirring to the alkaline solution of paramethoxy phenol 2.48 g, 0.02 mol which dissolved in
30 mL of ethanol, and 80 mL of 10% sodium hydroxide was added. Then, the mixture was stirred for 1 h
at 0-5 °C. The product was filtered, air dried, and recrystallized twice from hot ethanol and then dried in
the oven at 50 °C for two hours. The melting point of the reagent is 90-95 °C. The preparation steps of the
6-MBTAMP reagent are shown in Figure 1.
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Figure 1. Preparation steps of the 6-MBTAMP reagent.

Preparation of standard stock solutions

Lead (Il) ion solution 100 mg L': a stock solution was prepared by dissolving 0.0159 g of lead nitrate in
100 mL of distilled water with adding a few drops of nitric acid. Working solutions were obtained by further
dilution. Lead nitrate standard was purchased from B.D.H (England).®

New organic reagent 6-MBTAMP solution 1x10® mol L': a stock solution was prepared by dissolving
0.0315 g of the organic reagent in 100 mL of ethanol. More diluted solutions of the reagent were prepared
as required.

Interference solutions: all interference ions solutions were prepared in 100 mg L' concentration, by
dissolving amounts (0.0268, 0.0208, 0.0404, 0.036, 0.0403, 0.0483, 0.0159, 0.0221, 0.0138, 0.0164
and 0.0147 g) of CuCl,.2H,0, ZnCl,, NiCl,.6H,O, MnCl,.4H,O, CoCl,.6H,0, FeCl,.6H,0, SnCl,, NaF,
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CH,COONa, NaCl and Na,SO,, respectively in distilled water (pH=6.8) and completing the volume to 100
mL to get on Cu*?, Zn*?, Ni*?, Mn*?, Co*?, Fe*?, Sn*?, F-, CH,COO, CI and SO * as interference ions. Each
foreign ion was tested in two concentrations. The first test was in low concentration of interference ion at 5
mg L', whereas, the second test was in a high concentration of interference ion at 50 mg L.

Masking agent: all masking agents have been prepared in 100 mg L' concentration, by dissolving the
suitable quantities of the chemical in distilled water and bringing the total volume to 100 mL. The masking
agents included sodium thiosulfate, ammonium thiocyanate, sodium oxalate and sodium fluoride and their
weight were 0.0141, 0.0131, 0.0152 and 0.0221 g respectively. The masking agent for each interfering ion
was added as drop by drop until reach the appropriate amount needed to remove the interfering effect.

Sample collection

The suggested method was applied on vegetable samples collected from two heavy traffic and industrial
reigns in Iraq. The first area was Al-Mothana Street, and the second area was Al-Ansar Street at Al-
Najaf Province. Six samples were collected including one sample of carrots, potato, beet, celery, and two
samples of pepper. All samples were prepared using the wet digestion method and the concentration of
lead (Il) ion on these samples was determined by Flame Atomic Absorption Spectrometry (FAAS) as a
standard method, and this value was considered as a real value of lead in samples for comparison with
the suggested method.

Sample preparation

The wet digestion method was used to prepare the samples in this study and the steps were as follows:®

e 5 g of sample was weighed and then transferred to a 200 mL beaker.

e 10 mL from concentrated nitric acid (HNO,) was added and the mixture was heated up by using a
boiling water bath until the total remnant volume of the mixture became 2-3 mL.

e The mixture cooled down.

e 10 mL of concentrated HNO,, 5 mL of concentrated H,SO, and 4 mL of H,0, were added and the
mixture was heated up for another time.

e After completing the digestion process, 10 mL of distilled water was added and the mixture was
heated up to discard all extra acids. (Repeat this step as needed until remove all extra acids).

¢ Finally, the mixture cooled down, then filtered in a 100 mL volumetric flask, and the solution was
diluted to the mark with distilled water.

RESULTS AND DISCUSSION

The proposed spectrophotometric method in this study was depending on the complexation of lead
(1) ion with (6-MBTAMP) as shown in Figure 2, which gave a green-red complex having an absorbance
maximum at 670 nm. The optimum conditions for this reaction were studied carefully in order to increase
the accuracy of the results.
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Figure 2. Proposal mechanism between lead (ll) ion and the 6-MBTAMP reagent.
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Elemental analysis (CHN) of the reagent (6-MBTAMP) and lead (ll)-6-MBTAMP complex

When the experimentally collected information is compared to the theoretically estimated data in Table
I, a high degree of convergence is observed, demonstrating the correctness of the (6-MBTAMP) reagent
composition and for the lead (I1)-6MBTAMP complex.

Table I. Results of analysis of elements (CHN) of the reagent (6-MBTAMP) and lead complex

C (%) H (%) N (%)
Compound Practical Theoretical Practical Theoretical Practical Theoretical
6-MBTAMP 57.14 56.91 4.17 412 13.28 13.33
Pb(6-MBTAMP),.H,O 46.0 42.20 2.574 3.05 8.079 9.85

Infrared spectrometry

The reagent and its lead complex were analyzed by FTIR in the range of 400-4000 cm™'. The spectra
obtained were interpreted to clarify the mode of bonding and the effect of the metal ion on the reagent. The
complexation process between Pb (Il) ion and the reagent causes the change in bonding mode for N=N
and C-N, as well as disappearance of O-H bond. The wide peak at 3415-3545 cm™" belongs to crystallized
H,O molecular at complex which appears usually at 3200-3550 cm™, as shown in Table II.

Table Il. Characteristic FTIR absorption bands of the reagent and lead complex

Compound u(N=N) cm"" u(O-H) cm"* u(C-N) cm"’ u(Pb-C) cm!
6-MBTAMP reagent 1435.04 3390.86 1639.49 e
Lead (II) complex 144275 e 1600.92 414.70

"HNMR of the lead (Il) complex

The "HNMR spectra for the lead (Il) complex showed a singlet signal at positions 3.71 ppm and 3.89
ppm, which belong to methoxy protons (O-CHs) due to the effect of electronic inductive of oxygen atom,
which cause decreasing in the numbers of electrons around protons. Whereas the signals at position 6.6
ppm to position 8.03 ppm refers to phenyl rings protons that are found in various environments as shown
in Figure 3.

1H NMR- 382

Figure 3. '"HNMR of lead (II) complex.
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BCNMR of the lead (ll) complex

The spectrum obtained by "*CNMR analysis (Figure 4) shows a signal at position 55.8 ppm that belongs
to the carbon atom of the methoxy group. The singles at positions 105 - 125 ppm refer to carbon atoms at
phenyl rings, as well as, the signal at position 135 ppm refers to carbon atoms at C=N group which located
inside the ring.
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Figure 4.3 CNMR of the lead (ll) complex.

Energy dispersive X-ray spectroscopy (EDX) for lead (ll) complex
The EDX result proved the existence of C, O, H, Pb, N and S in the chemical structure of the lead (ll)
complex, as shown in the SEM-EDX in Figure 5. This result indicates the formation of the complex.
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Figure 5. Energy dispersive X-ray spectroscopy (EDX) of the lead (Il) complex.

The wavelength of the maximum absorbance of 6-MBTAMP and its complex

Using a Shimadzu UV-1700 spectrophotometer, the maximum absorbance of 6-MBTAMP and its complex
with lead (ll) was tested in different mediums in order to achieve the greatest sensitivity. The results showed
that the best spectra were in neutral medium. The maximum absorbance of the lead (Il) complex appeared
at 670 nm and the maximum absorbance of the reagent was found at 429 nm, as seen in the Figure 6.
According to these results, the 670 nm was chosen as a maximum wavelength (A) in this study.
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Figure 6. The absorption spectrum of lead (Il) complex and the reagent in neutral medium.

Determination of the best solvent for the 6-MBTAMP reagent

The influence of the solvent on the reagent solubility was thoroughly investigated. The solvents involved
in this test included absolute ethanol, absolute ethanol:water (1:1), absolute ethanol:water (1:4), and water
(the reagent shows no solubility in water).

Absolute ethanol was the best solvent among all solvents tested, due to the high solubility of the reagent
in it compared to the other solvents. The absorbance signal of the lead complex in ethanol is around 30%
higher than in ethanol:water at a proportion 1:1, v/v.

Optimal parameters of lead complex formation
Effect of reagent concentration on the production of Pb (ll) complex

The effect of reagent concentration was tested in the range of 0.002-0.0001 mol L, with constant
concentration and volume of ion at 10 mg L' and 4 mL respectively. The results showed that the absorbance
increased rapidly without any precipitate in solution up to 0.001 mol L". Above 0.001 mol L' the precipitate
started to appear. Thus, 0.001 mol L* was chosen as the optimum reagent concentration (Figure 7).
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Figure 7. The effect of reagent concentration on the production of Pb (lI) complex.

Effect of pH on the formation of the Pb (ll) complex
This test was performed with 10 mg L' and 4 mL of lead (ll) ion, and 0.001 mol L' and 0.5 mL of
reagent. To determine the optimal pH for complexation, the pH of the medium was changed from 3 to 9
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using NaOH and HCI. The formation of the complex is clearly favored by pH 6.8 as shown in Figure 8.
Consequently, this value was selected as the suitable pH for the test.
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Figure 8. The effects of acidity function on the formation of the Pb (Il) complex

Effect of time

The effect of time on the production and stability of Pb (lI) complex was studied under the optimum
conditions in order to define the suitable time of absorbance measurement. The absorbance of the complex
was measured at different times: directly after the complexation process, after 5, 10, 15, 30, 45 and 60 min,
and the result indicated that Pb (I1)-6-MBTAMP complex was formed and remain nearly stable for 60 min.
According to the results, the suitable time for taking absorbance measurement of the complex was directly
after preparing it.

The effect of reagent volume on the formation of the Pb (ll) complex

The effect of the reagent volume at optimum condition was investigated over the range of 0.1-1.2 mL.
During this test, the concentration of lead (Il) ion was 10 mg L™, and the volume was 4 mL. The volume of
reagent that gave the greatest absorbance in solution without any precipitation was found to be 0.8 mL, as
shown in Figure 9. Therefore, this value has been chosen as the optimal value through this study.

0.4
0.3

0.2

Absorbance

0.1

0 0.2 0.4 0.6 0.8 1
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Figure 9. The effect of reagent volume on the formation of the Pb (II) complex.
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Stoichiometry of lead (ll)-6-MBTAMP complex

A series of solutions were made. The reagent (6-MBTAMP) volume was regularly varied from 0.25 to
2.75 mL with constant concentration at 1 x 10-*mol L', while the Pb (ll) ion concentration was held constant
at 1 x 10 mol L' in fixed volume at 1.00 mL. The absorbance of these solutions was measured at 670 nm
with all optimum conditions. The metal-reagent mole ratio was confirmed to be 1:2 as shown in Figure 10.

1
0.9
0.8
0.7
0.6
0.5
0.4
0.3
0.2
0.1
0 2
0 0.5 1 1.5 2 2.5 3

(no. of mol for R)/(no. of mol for Pb*?)

Absorbance

Figure 10. Mole ratio method to study stoichiometric for Pb (lI) complex.

Calibration curve for Pb (ll) complex

A series of Pb (ll) ion solutions ranging from 0.1 to 25 mg L' were prepared using distilled water at
pH=6.8. A 0.8 mL of reagent at 0.001 mol L' was added to form the green-red complex. The absorbance
of the Pb (II) complex was measured at 670 nm. Beer’s law is obeyed over the range of 0.6-10 mg L" as
shown in Figure 11. Limit of detection (LOD), limit of quantification (LOQ), molar absorption coefficient and
Sandell’s sensitivity were calculated to be 0.181 mg L', 0.604 mg L', 6.8517 x 103 L mol' cm™and 0.030
Mg cm? respectively.

0.4
0.35 y=0.0331x +0.0146
R?= 09942
0.3
0.25
0.2

Absorbance
=
=T
=

=
=
=T & ]

0 2 4 10 12

6 8
Con. of Pb*? (mg L)
Figure 11. Calibration curve of Pb (II) complex using 6-MBTAMP as new reagent.
The results of this study were compared with other studies, such as a study that used 5,7-dibromo-
8-hydroxyquinoline (DBHQ) as a reagent in the determination of Pb*? in several standard reference

materials (natural water, alloys and steels, bovine liver, hair and human urine), biological samples,
food samples, and soil samples and found the Sandell’s sensitivity and the average molar absorption
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coefficient to be 5 ng cm™ of Pb*?2 and 6.16x10% L mol™" cm™' respectively.?° In addition, a study using
4-(2-pyridylazo) resorcinol as a reagent for detecting Pb*? ions obtained a LOD value equal to 11 mg
L'."® A further investigation that utilized Alizarin red S as a reagent to estimate the Pb*? ion in human hair
found LOD equal to 0.2 mg L, LOQ equal to 0.67 mg L™, and the molar absorptivity equal to 3.2523 x
10* L mol"' cm™." Finally, a study used 2-(5-bromo-2-pyridylazo)-5-(diethyl amino) phenol (5-Br-PADAP)
as a chromogenic reagent to detection lead (ll) ion in natural water samples and obtained LOD equal to
0.01 yg mL"."4

The effect of interference ions

The effect of various cations and anions on the detection of Pb (I) ion was studied extensively in low and
high concentrations. The taken amounts of foreign ions were 5 mg L at low concentration and 50 mg L™
at high concentration, while the concentration of Pb (ll) ion remained constant throughout the experiment
at 5 mg L. The results indicated that the cations Cu*?, Co*2, Mn*2, Sn*?, Fe*3, Zn*?, Ni*? interfered at both
concentrations, Mn*? interfered only at high concentration, and Zn*2, Ni*2 appeared no interfere at both
concentrations. At the same time, the results confirmed that the anions CN-, CH,COOr, CI,, SO,?, PO,?,
F- showed interfering in high and low concentrations, and CN-, CH,COOr, CI, SO, showed no interfering
in low concentrations. Most of the cations and anions investigated interfered in the detection of Pb*?,
therefore, it was necessary to use masking agents to reduce the interference effect and increase the
accuracy of Pb*2 determination.

At low concentrations, the masking agent for Cu*?, Co*?, Mn*2 and Sn*? was 3 mL of S,0,, 1 mL of SCN,
1 mL of C,0, and 5 mL of F- respectively. Whereas, the masking agent for Cu*?, Co*™ and Mn* at high
concentrations were 5 mL of S,0,, 10 mL of C,O, and 10 mL of C,0O,, respectively. The concentration of all
masking agent solutions used in this study was 100 mg L.

Applications

The proposed methodology was applied to the determination of the Pb (lI) ion in six vegetable samples
and the results were compared with the results obtained by flame atomic absorption spectroscopy as
standard method. The comparison between the suggested method and FAAS method gave good accuracy
with recovery percentage between 71 and 106.6% as shown in the Table IlI.

Table Ill. Accuracy of proposed method compared with FAAS method for determination of lead

Concentration of lead  Concentration of lead found by

SEOIFIE found by FAAS (mg L") proposed method (mg L) Ellc FEEOVER] %
Carrots 12 0.296 0.265 -10.47 89.53
Potato 2° 1.105 1.100 -0.45 99.54
Beet 2 0.347 0.278 -19.88 80.12
Pepper 1 3.935 2.788 -29 71
Celery 2 0.347 0.370 6.6 106.6
Pepper 2 0.296 0.292 -1.351 98.65

aNumber 1: refers to the samples which have been taken from traffic number 1 at Al-Mothana Street in Najaf.
PNumber 2: refers to the samples which have been taken from traffic number 2 at Al- Ansar Street in Najaf.

CONCLUSION
A new spectrophotometric method has been suggested to determinate lead (Il) ion in vegetable samples
with 6-MBTAMP as a new reagent. The suggested spectrophotometric method has proved to be simple,
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rapid and sensitive for determination of Pb (lI) ion in vegetable samples. The proposed method obeyed
Beer’s law over a wide range of concentrations, 0.6-10 mg L™, therefore it is suitable for quantitation of Pb
(1) ion in samples which have trace level of Pb (Il) ion, as well as, those with high level of Pb (Il) ion. The
interference of Cu*?, Co*?, Mn*2, Sn*2 have been reduced by using a suitable amount of sodium thiosulfate,
ammonium thiocyanate, sodium oxalate and sodium fluoride respectively as masking agents. However,
Zn*2 and Ni*2 showed no interfering effect with lead (ll) ion in this study. The proposed method was more
sensitive comparing with other studied which used the same method but different reagents. The limit of
detection (LOD), the limit of quantification (LOQ) and Sandell’s sensitivity were calculated to be 0.181 mg
L', 0.604 mg L' and 0.03 ug cm respectively. The proposed method obtained a recovery percentage of
the vegetable samples ranging from 71% to 106.6%.

Conflicts of interest
We declare that we have no known competing financial interests or personal relationships that could
have appeared to influence the work reported in this paper.

Acknowledgements
The authors would like to thank Dept. of Chemistry, Faculty of Education for Girls, University of Kufa for
their support during this study.

REFERENCES

(1) Abdel-Rahman, G. N. E.; Ahmed, M. B. M.; Saleh, E. M.; Fouzy, A. S. M. Estimated heavy metal
residues in Egyptian vegetables in comparison with previous studies and recommended tolerable
limits. J. Biol. Sci. (Faisalabad, Pak.) 2018, 18 (3), 135-143. https://doi.org/10.3923/jbs.2018.135.143

(2) Sedghi, R.; Heidari, B.; Kazemi, S. Novel magnetic ion-imprinted polymer: an efficient polymeric
nanocomposite for selective separation and determination of Pb ions in aqueous media. Environ.
Sci. Pollut. Res. 2018, 25 (26), 26297-26306. https://doi.org/10.1007/s11356-018-2680-0

(3) Uzcan, F,; Soylak, M. CuCo,0, as affective adsorbent for dispersive solid-phase extraction of lead
from food, cigarette and water samples before FAAS detection. Chemical Papers 2021, 75, (12),
6367-6375. https://doi.org/10.1007/s11696-021-01797-3

(4) Khan, H.; Ahmed, M. J.; Bhanger, M. I. A Rapid spectrophotometric method for the determination of
trace level lead using 1,5-diphenylthiocarbazone in aqueous micellar solutions. Anal. Sci. 2007, 23
(2), 193-199. https://doi.org/10.2116/analsci.23.193

(5) Yuan, M.; Song, Z.; Fei, J.; Wang, X.; Xu, F.; Cao, H.; Yu, J. Aptasensor for lead (ll) based on the use
of a quartz crystal microbalance modified with gold nanoparticles. Microchimica Acta 2017, 184 (5),
1397-1403] https://doi.org/10.1007/s00604-017-2135-1

(6) Sun, J. Q. Determination of Pb?* in wastewater by lead(lIl)-dithizone-xylenol orange tenary complex
spectrophotometry. Adv. Mater. Res. (Durnten-Zurich, Switz.) 2014, 1030-1032, 301-304. https://
doi.org/10.4028/www.scientific.net/AMR.1030-1032.301

(7) Borahan, T.; Unutkan, T.; Turan, N. B.; Turak, F.; Bakirdere, S. Determination of lead in milk samples
using vortex assisted deep eutectic solvent based liquid phase microextraction-slotted quartz
tube-flame atomic absorption spectrometry system. Food Chem. 2019, 299, 125065. https://doi.
org/10.1016/j.foodchem.2019.125065

(8) Darwish, E. R.; Moalla, S. M. N.; Hosny, N. M.; Amin, A. S.; Martin, H. B.; Kalil, H. Fluorescent
sensing and determination of lead (ii) ions in water. International Journal of Scientific & Technology
Research 2021, 10 (4), 265-269.

(9) Rahman, I. M.; Furusho, Y.; Begum, Z. A.; Sato, R.; Okumura, H.; Honda, H.; Hasegawa, H.
Determination of lead in solution by solid phase extraction, elution, and spectrophotometric detection
using 4-(2-pyridylazo)-resorcinol. Cent. Eur. J. Chem. 2013, 11 (5), 672-678.

98


https://doi.org/10.3923/jbs.2018.135.143
https://doi.org/10.1007/s11356-018-2680-0
https://doi.org/10.1007/s11696-021-01797-3
https://doi.org/10.2116/analsci.23.193
https://doi.org/10.1007/s00604-017-2135-1
https://doi.org/10.4028/www.scientific.net/AMR.1030-1032.301
https://doi.org/10.4028/www.scientific.net/AMR.1030-1032.301
https://doi.org/10.1016/j.foodchem.2019.125065
https://doi.org/10.1016/j.foodchem.2019.125065

Braz. J. Anal. Chem., 2023, 10 (39), pp 88-99.

(10)

(11)

(12)

(13)

(14)

(15)

Zhai, Q. Z.; Li, J. M.; Zhang, J. P. Spectrophotometric determination of lead in tea leaf sample
with dibromo-p-chloro-arsenazo. Asian J. Chem. 2013, 25, (1), 538-540. https://doi.org/10.14233/
ajchem.2013.13577

Wongthanyakram, J.; Masawat, P. Rapid low-cost determination of lead (ll) in cassava by an iPod-
based digital imaging colorimeter. Anal. Lett. 2019, 52 (3), 550-561. https://doi.org/10.1080/000327
19.2018.1476526

Rahman, I. M.; Furusho, Y.; Begum, Z. A.; Sato, R.; Okumura, H.; Honda, H.; Hasegawa, H.
Determination of lead in solution by solid phase extraction, elution, and spectrophotometric detection
using 4-(2-pyridylazo)-resorcinol. Cent. Eur. J. Chem. 2013, 11, (5), 672—678. https://doi.org/10.2478/
s$11532-013-0203-x

Alsamarrai, K. F. Spectrophotometric Assay of Lead in Human Hair Samples by using alizarin red (S)
in Samarra area. J. of university of Anbar for pure science: 2011, 5 (3).

El-Shahawi, M. S.; Mujawar L. H.; Khoj, M. A.; Vattamkandathil, S. Rapid and sensitive determination
of Pb?* in water using chromogenic reagent patterned on nail polish modified filter paper. Microchem.
J. 2020, 753, 104448. https://doi.org/10.1016/j.microc.2019.104448

Klamtet, J.; Sanguthai S.; Sriprang, S. Determination of Lead in Aqueous Samples using a Flow
Injection Analysis System with On-line Preconcentration and Spectrophotometric Detection. NU
Science Journal 2007, 4 (2), 122-131.

Qing-Zhou, Z.; Jing-Mei, L.; Jun-Ping Z. Spectrophotometric Determination of Lead in Tea Leaf
Sample with Dibromo-p-chloro-arsenazo. Asian J. Chem. 2013, 25 (1), 538-540.

Al-Zinkee, J. M. M.; Jarad, A. J. Synthesis, spectral studies and microbial evaluation of azo dye
ligand complexes with some transition metals. J. Pharm. Sci. Res. 2019, 11 (1), 98-103.
Marczenko, Z.; Balcerzak, M. Separation, Preconcentration and Spectrophotometry in Inorganic
Analysis. Elsevier, 2002.

Habibollahi, M. H.; Karimyan, K.; Arfaeinia, H.; Mirzaei, N.; Safari, Y.; Akramipour, R.; Sharafi, H.;
Fattahi. N. Extraction and determination of heavy metals in soil and vegetables irrigated with treated
municipal wastewater using new mode of dispersive liquid—liquid microextraction based on the
solidified deep eutectic solvent followed by GFAAS. J. Sci. Food Agric. 2019, 99 (2), 656-665. https://
doi.org/10.1002/jsfa.9230

Ahmed, M. J.; Islam, M. T.; Aziz, S. A Highly Selective and Sensitive Spectrophotometric Method for
the Determination of Lead at Ultra-Trace Levels in Some Real, Environmental, Biological, Food and
Soil Samples Using 5, 7-Dibromo-8-Hydroxyquinoline. Chem. Sci. Int. J, 2019, 26 (2), 1-19. https://
doi.org/10.9734/CSJI/2019/v26i230087

99


https://doi.org/10.14233/ajchem.2013.13577
https://doi.org/10.14233/ajchem.2013.13577
https://doi.org/10.1080/00032719.2018.1476526
https://doi.org/10.1080/00032719.2018.1476526
https://doi.org/10.2478/s11532-013-0203-x
https://doi.org/10.2478/s11532-013-0203-x
https://doi.org/10.1016/j.microc.2019.104448
https://doi.org/10.1002/jsfa.9230
https://doi.org/10.1002/jsfa.9230
https://doi.org/10.9734/CSJI/2019/v26i230087
https://doi.org/10.9734/CSJI/2019/v26i230087

