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Abstract:

A simple and sensitive method for preconcentration and determination of Cd**, Cu®*, Mn?*, Pb?*
and Zn** by flame atomic absorption spectrophotometer was developed. The method is based on
the sorption of the studied elements as metal-dithizone complexes (M-DZ) on activated carbon
(AC). The effect of various parameters (pH, shaking time, AC amount, ligand concentrations,
eluent concentration, and solution volume) on quantitative sorption of metal-dithizone chelates
using AC was investigated. The studied elements were eluted from AC simply with HNOj3 acid.
The results revealed that the optimum pH values for the sorption were 4 for Cu**, 6 for Zn**, 8
for Pb®* and 10 for Cd** and Mn®*; shaking time was 10 min for Mn?* and Pb?*, 30 min for Cu®*
and Zn?* and 50 min for Cd?*; AC amount was 0.2 g for Zn**, 0.3 g for Cd*, 0.5 g for Pb**, 0.6 g
for Mn** and 0.8 g for Cu®*; metal: ligand ratio was found to be (1:2 ratio), and eluent
concentration used was 1 mol L™ for Cd®* and Mn**, 2 mol L for Zn* and 4 mol L™ for Cu*
and Pb**. The method can be applied with a preconcentration factor of 20 for Cd**, and 40 for
Cu*, Mn*, Pb*, and Zn?* Preconcentration from various water samples showed recovery in the
range 95-108 %, confirming the effectiveness and precision of the solid-phase method developed
using activated carbon for enrichment of metals examined.

Keywords: Preconcentration, Dithizone, Activated carbon, Trace metals

1- INTRODUCTION
Several heavy metals were results from human progress and their concentration increased in the
environment. These metals have a lot of influences on the environment, and serious health
problems (Marahel et al., 2011). To study their influences a good and accurate method was
needed (Yin et al., 2005). The direct determination of trace amounts of these metals in
environmental samples is beyond the scope of flame AAS which is a commonly used instrument
technique because of its robustness, accuracy and cheapness (Thompson & Davidow, 2009)
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Nevertheless, owing to some limitations, it has minimal sensitivity, which inhibits the trace level
determination of metals (Tokalioglu et al., 2017). Thus, preconcentration methods capable of
yielding high enrichment factors to bring the concentration levels of these metals within the
scope of such instrument determination is required (Zhao et al., 2012; Zounr et al., 2018).
Various methods of preconcentration techniques include solid-phase extraction (SPE),
electrochemical methods (Yao et al.,, 2019), co-precipitation (Kagaya, 2016), membrane
extraction (Bu et al., 2017), solvent extraction (Sorouraddin et al., 2020a) flame atomic
absorption spectrometry (FAAS) (Er et al., 2013), graphite furnace atomic absorption
spectrometry (GFAAS) (Soares & Nascentes, 2013), inductively coupled plasma-mass
spectrometry (ICP-MS) (Javad et al., 2018) and inductively coupled plasma-atomic emission
spectrometry (ICP-AES) (Pilarczyk et al., 2013), have been used for settling the above problems.
Among these methods solid-phase extraction is considered the best one because of the low
consumption of solvents, short time consuming, high preconcentration factor, safety in use and
the technique of the work was easy and simple (Zhou et al., 2014). Therefore the solid-phase
extraction method was used for the preconcentration of heavy metals in real samples (Ghaedi et
al., 2007).

Numerous SPE sorbents differ in affinity, selectivity and ability, which, in addition to their
existence, depend on the physical and chemical properties of the analyte (Musile et al., 2018).
Activated carbon (AC) has proven to be an outstanding collector for many trace metals among
adsorbents used in metal pre-concentration due to its high adsorption ability, large micropore
structure and a high degree of surface reactivity. (Alkherraz et al., 2020). Activated carbon not
only micropores but also contains meso- and macropores which have a significant effect of
transporting the adsorbed substances to the inside of the micropores (Feist & Mikula, 2014;
Pradhan & Sandle, 1999). Since organic compounds are generally more effectively adsorbed on
activated carbon than inorganic solutes, better results may be expected when the metal ions are
chelated by organic ligands before the adsorption step (Daorattanachai et al., 2005).

Dithizone (diphenyl thiocarbazone) was an old ligand that can form complexes with heavy metals
(Fan & Zhou, 2006; Ntoi et al., 2017). It considers a good ligand because of its structure contains
both nitrogen and sulfur atoms which can form coordination bonds easily with heavy metals
(Ntoi, 2016). The existence of the sulfur atom made the selectivity of the dithizone for heavy
metals was high (Senkal et al., 2007).

The present study aims to preconcentration trace concentrations of Cd?*, Cu?*, Mn®*, Pb*" and
Zn** jons using dithizone as a complexing agent and activated carbon as an adsorbent. The
percent of the metal recovery was determined using atomic absorption spectrophotometer. The
results obtained were applied to the preconcentration of study metals to various water samples.

2- MATERIALS AND METHODS

2.1- Instruments and Equipment’s

A flame atomic absorption spectrophotometer (Model 3110 Perkin-Elmer) equipped with a
digital and direct concentration readout and an air-acetylene burner was used for the element
determinations. Single-element hollow cathode lamps and standard instrumental conditions were
used for each element. The pH was measured with Orion Research Model SA211/Digital pH
meter. For the preconcentration procedure, a wrist-action shaker (Burrell Corporation Scientific
Instruments), oven furnace (Heraeus Instruments) and an electric balance (Denver instrument)
were used.
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2.2- Reagents and Standard solutions

All reagents used in this study were of analytical grade (A.R.). The stock standard solution of
Cd**, Cu®*, Mn*, Pb?* and Zn** (1000 pg mL™) were prepared by dissolving each of CdSO,
8H,O (2.26 @), CuSO45H,0 (3.9 g), MnSO4.H,O (3.076 g), Pb(NO3), (1.598 g), and
ZnS04.7H,0 (2.469 g) in 1000 mL double-distilled water. Working standard solutions were
prepared daily by appropriate dilution with double-distilled water.

Buffer solutions of pH 2-10 were prepared by mixing the appropriate volumes of 0.04 N boric
acid, 0.04 N acetic acid, 0.04 N phosphoric acid and 0.2 N NaOH solutions. The pH values were
checked using Orion Research Model SA211/Digital pH meter. Concentrated nitric acid (65 %)
and ammonia solution (33 %) were used.

A solution of 3.9x10 mol L™ of dithizone (diphenylthiocarbazone) was prepared by dissolving
0.1g of the reagent in 100 mL of 0.1 M NH,OH solution.

The activated carbon (Merck) was purified by treating with 3 M HCI and boiled for about 5 min
to leach out trace elements that may be present as impurities. The mixture was filtered, washed
with bi-distilled water and dried at 110°C.

2.3- General Preconcentration Procedure

All the sorption experiments were carried out by using the batch technique. An activated Carbon
amount of 0.2- 1.0 g was equilibrated with a certain solution volume of various metals: ligand
ratios in polyethylene bottles. The mixture was adjusted to values in the pH range 2-10 by the
addition of a universal buffer solution. The mixture was shaken at room temperature for a
predetermined time. The mixture was filtered through a double range filter paper (No. 102) which
was washed with about 10 ml 4M nitric acid solution. The obtained metal solution was
evaporated on a water bath to reduce the volume which finally made up to 5 mL and the metal
concentration was determined using flame atomic absorption spectrometry (FAAS).

For all experiments, the percentages of metal recovery were calculated using the following
equation:

Cr
% Recovery = - x 100

L
Where Ct and C; were the final and initial concentrations of the metals under study.
The step details of the experiments are described below:

2.3.1- Effect of pH

Dithizone ligand was added in metal: ligand ratio of 1:2. The pH of the solution was adjusted to
values in the pH range of 2, 4, 6, 8 and 10 using universal buffer solutions. One gram of activated
carbon was added to the solution and then the mixture was shaken for 60 min. After filtration of
the mixture, the adsorbed metal chelates were eluted from the activated carbon by 4M nitric acid.
The obtained solution after recovery was reduced by evaporation to 5 mL and metal
concentration was determined using FAAS.

2.3.2- Effect of Activated Carbon amount

The effect of variation of activated carbon amount on the adsorption efficiency of metal-dithizone
complexes was investigated. The amount of activated carbon was varied from 0.2-1.0 g and
equilibrated with 100 mL solution at metal: ligand ratio of 1:2. min. The pH of the solution was
kept constant at pH 10 for Cd®* and Mn?*, 4 for Cu** & Zn?* and 8 for Pb?*. The mixture was
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shaken for 60 min. and after filtration; the metal recovery was done by washing with 10 mL of 4
M HNOjs. The obtained solution was evaporated to 5 mL and metal concentration was determined
using FAAS.

2.3.3- Effect of shaking time:

To 100 mL of metal: ligand solution, AC was kept constant at 0.3 g for Cd**, 0.8 g for Cu®*, 0.6 g
for Mn**, 0.5 g for Pb** and 0.2 g for Zn® The shaking time was varied from 10 min to 60 min
while the other parameters were kept constant. After filtration of the solution, the recovery was
done by 10 mL of 4 M HNOs. The obtained solution after recovery was reduced by evaporation
to 5 mL and metal concentration was determined using FAAS.

2.3.4- Effect of metal: ligand ratio

The metal: ligand ratio was adjusted at the ratio of 1:1, 1:2 and 1:3 while pH, AC amount were
kept constant. The mixture was shaken for 50 min for Cd**; 30 min for Cu?* and Zn**; and 10
min for Mn?* and Pb?*. After filtration of the solution, the recovery was done by 10 mL of 4M
nitric acid solution. The obtained solution after recovery was evaporated to a volume of 5 ml and
metal concentration was determined using AAS.

2.3.5- Effect of eluent concentration:

To 100 mL of metal: ligand solution of 1:2 ratio. The pH, AC amount and shaking time were kept
constant. The recovery of the solution was done by 10 mL of HNO3 acid concentration range: 1M
- 6 M. The obtained solution after metal recovery was reduced by evaporation to 5 ml and metal
concentration was determined using FAAS.

2.3.6- Effect of solution volume

To different volume (50 — 1000 mL) of the standard metal solution, dithizone was added in
metal: ligand ratio of 1:2. The pH, AC amount, and shaking time were kept constant. The
recovery of the metal was done by eluting with 10 mL of HNO; of concentration 1M for Cd?*
and Mn?*, 4M for Cu®* and Pb*, and 2M for Zn®*. The obtained solutions were reduced by
evaporation to become 5 mL and metal concentration was determined using FAAS.

2.3.7- Effect of interference ions

Several metal ions can react with dithizone ligand but only the major cations (Ca**, Mg®*, K* and
Na") exist in the water sample were taken as interference. To 100 mL solution of Cd, Cu, Mn,
Pb and Zn (0.1 ppmg, the following concentrations of the interfering ions were added to each
solution: 32 ppm Ca**, 8 ppm Mg?*, 3 ppm K* and 14 ppm Na*. Dithizone was added to give
metal: dithizone ratio of 1:2 where pH, AC amount, shaking time and HNO3; volume were kept
constant. The obtained solution after the recovery process evaporated to a volume of 5 mL and
the percentage of the metal recovery was determined using FAAS.

2.4- Analysis of real samples

The presented preconcentration procedure was applied to three types of water samples (natural
Nile water and drinking tap and mineral water samples). The water samples analyzed were
filtered through a double range filter paper No. 102. One hundred milliliters of water samples
were analyzed by applying the procedure given above.
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3. RESULT AND DISCUSSION
3.1. Effect of pH

The pH was the first parameter examined for its effect on the extraction of the studied metals.
The pH value of sample solutions was varied in the range of 2-10 by maintaining the other
parameter constant. From Fig (1), it was observed that the best pH for extraction was 10, 4, 10, 8,
and 6 for Cd**, Cu**, Mn**, Pb**, and Zn**, respectively. This means that Cd**, Mn?*, and Pb**
extracted on basic medium, but Cu** and Zn?* extracted on acidic medium. These results may be
attributed to that in the very acidic medium there is a competition between hydrogen ions and
metal ions in the solution to adsorb on the activated carbon surface and the adsorbent surface
becomes a positive charge (Alkherraz et al., 2020). When the acidity effect of the solution
decreased, the competition between hydrogen ions and metal ions decreased. Therefore, the metal
ions could adsorb easily on the activated carbon surface (Mudasir et al., 2008; Tokalioglu et al.,
2017).

The obtained results for dithizone-metal preconcentration on activated carbon were in agreement
with the findings of literatures (Ajmal et al., 2000; Di Nezio et al., 2004; Romberg and Mdiller,
1997; Saitoh et al., 2005; Salih et al., 1998; Shah and Devi, 1998; Tokalioglu et al., 2017;
Zaporozhets et al., 1999).

3.2. Effect of Activated Carbon Amount

Activated carbon (A.C.) has a high capability to adsorb several types of non- polar and polar
compounds (Daorattanachai et al., 2005). The influence of the amount of activated carbon on the
adsorption efficiency of metal-dithizone complexes was investigated and the results were
represented in Table (1). Quantitative recoveries for the studied metals were obtained using 0.3,
0.8, 0.6,0.5, 0.2 g of A.C. for Cd**, Cu**, Mn**, Pb ?* and Zn®*, respectively. A convenient
amount of A.C. was needed to increase the adsorption process, but the overabundance dosage of
A.C. led to hinder the elution process (Narin et al., 2000). The adsorption of metal- dithizone
complex from the solution increase as the adsorbent amount increase due to the availability of
greater surface area of the adsorbent to adsorb the complex (Babel and Kurniawan, 2004;
Vellaichamy, 2017), while after equilibrium occurs the recovery decrease; this may be because
the energetic site on the adsorbent surface was filled with the metal- dithizone complex so there
was no chance for adsorption new amounts of the complex.

3.3. Effect of Shaking Time

Shaking time plays an important role in the study of the adsorption of metal-dithizone complexes
on activated carbon. Table (2), shows that the best recovery was obtained at a shaking time of 50
min for Cd**, 30 for Cu?* and10 min for Mn?*, Pb?* and Zn?*, respectively. It could be explicated
by increase the adsorption time led to increase the chance of the metal complex to fix with the
adsorbent surface by the diffusion of adsorbed metals into the surface of the adsorbent (Sasithorn
et al., 2010), so the complex carried into the pores of the adsorbent until equilibrium was reached.
After equilibrium is reached, excess shaking time led to low recovery of the metal because of
decreasing the elution process. This conclusion is in line with that reported by (Xingguang et al.,
2003).

3.4. Effect of Metal: Ligand Ratio

The concentration of the dithizone was subsequently studied for its effect on the extraction of the
studied metals. The effect of metal: Dz ratio was studied on the range of 1:1, 1:2, 1:3. From Fig
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(2) it was observed that 1:2 ratio was given best recovery of the percentage 83.1% for Cd*" 100%
for Cu**, 100% for Mn?*, 99.755 for Pb*" and 96.25% for Zn**. These results agree with the
findings of (Cheng et al., 2017; Kawamoto et al., 1992) whose illustrated that M?* ions
preconcentration with dithizone (Dz) achieved according to the equation:

M?* + 2H,Dz — M(HDz), + 2H*

An explanation for this result is that at a 1:1 ratio ligand amount in the solution is insufficient to
form complexes with the studied metals. At the same time, at 1:3 ratio it was observed that the
recovered value also decreased. This may be attributed to the blocking of the active sites on the
adsorbent surface, available for metal complex, by a large amount of ligand.

Table (1): Effect of Activated Carbon Amount on Preconcentration of Cd, Cu, Mn, Pb and Zn ions

Cd Cu Mn Pb Zn
A.C, g. % % % % %
0.2 80 75 56 79.5 100
0.3 90 50 72.1 64.5 100
0.4 90 50 75.2 99.5 102.2
0.5 90 75 95.9 106 100
0.6 90 75 106.3 76 102.44
0.7 90 50 70.1 71.7 100
0.8 90 100 70.3 36 101.76
0.9 60 100 77.8 39 102.9
1 20 75 78.7 39 99.5

Table (2): effect of shaking time on preconcentration of Cd, Cu, Mn, Pb and Zn ions

Shaking time, min cd cu Mn Pb Zn

% % % % %
10 73.5 |75 107 | 108.6 | 80.6
20 53.5 |75 92 90 60.86
30 235 | 100 |72 96 114
40 23.5 | 100 |77 99.8 101.5
50 93.5 | 100 |79 71.8 23.4
60 93.5 | 100 |92 71.8 234

3.5. Effect of Eluent Concentration

Atomic absorption spectrometer may be blocked by the presence of a complex organic matrix
that causes severe suppression of the analyte signal (Lelievre et al., 2000). It is well known that
strong acids are very efficient to liberate metallic ions from their complexes (Pourreza and
Hoveizavi, 2005; Zougagh et al., 2004). So, Nitric acid was chosen as an eluent owing to its
effective elution of the adsorbed metal complex and its efficiency to release metallic ions from
their complexes. The results of the eluent concentration were shown in Fig (3). It appears that the
effective elution of Cd**- and Mn?*- Dz complexes occurred in the nitric acid concentration of 1
mol L™ and at a concentration of 2 mol L™ for Zn** - Dz complex, and at a concentration of 4
mol L™ for Cu?*- and Pb?*- Dz- complexes
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Fig 1: Effect of metal —ligand ratio on preconcentration of Cd, Cu, Mn, Pb and Zn ions
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Fig 2: Effect of Eluent Concentration on Preconcentration of Cd, Cu, Mn, Pb and Zn ions
3.6. Effect of Solution Volume

A significant parameter in SPE is the initial analyte volume since the preconcentration factor is
depending on the volumes of the analyte and amount of eluate (Er et al., 2013). The extraction of
the metals was studied at a varying volume of the aqueous phase from the range 50 mL to 1000
mL. The results were shown in Fig (4). It was found that the best results were obtained from 50-
100 mL for Cd** and from 50- 200 mL for Cu?*, Mn*", Pb?* and Zn?*. 100 mL solution volume
was chosen with preconcentration factor 20 for Cd** while 200 mL solution volume was chosen
for Cu®*, Mn*", Pb?* and Zn**with a preconcentration factor of 40. The decrease in the recovery
value in high solution volume may be due to the elution effect of high sample, as well as at
higher volumes the time consumed for preconcentration was increased. This is consistent with
(Aydin and Soylak, 2007; Pourreza and Hoveizavi, 2005).
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3.7. Effect of Differ lons:

Several metal ions might react with dithizone cause interference for the preconcentration process;
of these metals, the interference of the major metals ions in a water sample (Ca, Mg, K and Na)
was investigated. From Table (3) it was found that the recoveries of the metals under study were
almost quantitative in the presence of interfering cations except in the presence of Na* which
interferes with Cd?* and Zn®" ions. From the results, it was observed that the presence of these
cations at normal concentrations in water samples does not affect the preconcentration process
indicating the suitability of the present preconcentration method for the determination of trace
amounts of the studied metals in water samples.

3.8. Accuracy and Applications

To ensure that this method was valid, recovery of the studied metal ions (Cd**, Cu®**, Mn?*, Pb**
and Zn?*) from three water samples spiked with 0.1 ppm of each of these metal ions were found
and are shown in Table (4). It was found that the Cd®*, Cu**, Mn?*, Pb** and Zn** ions were
recovered by at least 98.8%, 75.44%, 100 %, 95.5%, and 68.9%, respectively by using the
proposed method. This confirms the validity of the proposed method. A comparison between this
study and other preconcentration methods using different ligands and adsorbents was presented in
Table (5). It was evident that for this paper technique, high preconcentration factor was observed
for Cu®*, Pb®" and Zn®*, while for Cd*" the other studies reported high preconcentration factor
compared to our research. For Mn?* using Triton X-114 gave high preconcentration factor 50
compared with 40 for activated carbon. Activated carbon adsorbent using dithizone as ligand
yields up to 95% recovery for all studied metals except for Cu** and Zn*".
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Fig 3: Effect of Solution Volume on Preconcentration of Cd**, Cu**, Mn**, Pb?" and Zn*
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Table (3) Effect of Differ lons on Preconcentration of Cd**, Cu?*, Mn®*, Pb?* and Zn?* with Dithizone and Activated Carbon.

cd* cu® Mn?* Pb** zZn*
ions Added | Found | recovery, | Added | Found | recovery, | Added | Found | Recovery, | Added | Found | Recovery, | Added | Found | Recovery,
(ppm) | (ppm) | % (ppm) | (ppm) | % (ppm) | (ppm) | % (ppm) | (ppm) | % (ppm) | (ppm) | %
ca® |01 0.097 | 975 0.1 0.101 | 101.1 0.1 0.100 | 100.6 0.1 0.103 | 103 0.1 0.097 | 97.25
Mg2+ 0.1 0.105 | 105.3 0.1 0.106 | 106.2 0.1 0.104 | 104.85 0.1 0.120 | 102.9 0.1 0.097 | 97.75
K* 0.1 0.101 | 101.4 0.1 0.100 | 100.5 0.1 0.099 | 99.1 0.1 0.090 | 90.5 0.1 0.102 | 102
Na* 0.1 0.100 | 55 0.1 0.108 | 108.1 0.1 0.109 | 109.5 0.1 0.100 | 100 0.1 0.075 | 75.75
Table (4) Determination of Cd**, Cu®*, Mn?*, Pb®* and Zn*" in water samples
Concentration (ppm)

Sample cd* cu® Mn?* Pb? n*

Added | Found % Added | Found | % Added | Found | % Added | Found | % Added | Found | %

(ppm) | (ppm) recovery | (ppm) | (ppm) | recovery | (ppm) | (ppm) | recovery | (ppm) | (ppm) | recovery | (ppm) | (ppm) | recovery
Nile 4.45x 9.95x

0 0 - 0 0.124 0 R 0 0.014 0 R
water - 10° - - 1073 -

0.1 0.100 100 0.1 0.226 | 102 0.1 0.113 | 108 0.1 0.109 | 95.5 0.1 0.111 | 101.05
Tap 0 - - 0 0.045 | - 0 0.010 | - 0 0 - 0 0.064 | -
water

0.1 0.103]|103 0.1 0.145 | 996 0.1 0.116 | 106 0.1 0.098 | 98 0.1 0.160 | 956
Mineral | - - 0 0.060 0 0.092 0 0 - 0 2.55% |
water - - 10

0.1 0.09 80988 0.1 0.136 | 75.44 0.1 0.192 | 100 0.1 0.105 | 104.5 0.1 0.072 | 68.9
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4- Conclusion

In this study, an effective method for preconcentration and determination of trace amounts of
Cd**, Cu®*, Mn?*, Pb?" and Zn?" ions by FAAS has been achieved. The presented procedure is
simple, fast, inexpensive, effective and virtually solvent- free. The preconcentration occurs in the
basic medium for Cd®*, Mn?* and Pb** (pH 10, 10 and 8, respectively), while for Cu?* and Zn?*
the recommended pH occurs in acidic medium (pH 4 and 6, respectively). Cadmium and zinc
complexes need a small amount of activated carbon (0.3 and 0.2 g, respectively) compared with
other metals, whereas Mn?* and Pb?* consumed shorter time (10 min) for adsorption on the
adsorbent surface. High preconcentration factors (PF=40) were obtained for Cu**, Mn?*, Pb?* and
Zn** and 20 for Cd®* ions. Dithizone legend shows high selectivity for the studied metals except
in the presence of Na* ion in the case of Cd** and Zn*".
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