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Abstract

Toxic metals have a serious impact on the ecological environment. The determination of these metal
concentrations provides more information about their toxicity. In this study, a simple, rapid and selective
spectrophotometric method with solid phase extraction method has been described for the simultaneous
determination of lead (Pb) and cadmium (Cd) in environmental samples using a freshly precipitated zinc-
diethyldithiocarbamate (Zn-(DDTC),) as a reagent. The pre-concentration of Pb and Cd contents was
performed according to solid phase extraction process. The determination of Pb*? and Cd*? based on the
replacement of Zn*? from the freshly precipitated Zn-(DDTC). by Pb*? and Cd*2 in aqueous solution.

The proposed method presented a linear range of 0.1 — 16 pugml™® and 0.1 — 14 ugml* for Pb and Cd
respectively. The recoveries of the studied metals were ranged between 90 — 96% with correlation
coefficients (R?) of 0.9985 and 0.9989 for Pb and Cd respectively. The optimum conditions of various
parameters (pH, extraction period and agqueous phase volume) were experimentally investigated, and the
effect of various salt and or ion solutions as interferences was also studied. The proposed method was also
applied for a number of real environmental samples to assess metal ion contents. The obtained results
showed a good precision and accuracy indicating that the current method can apply for routine measurement
of Pb and Cd contents and also can be applied to more fields.

Keywords: Contaminated soil, Cadmium, Diethyldithiocarbamate, Lead, Quantitative determination.

Introduction

Soil contamination with potentially toxic metals has
serious environmental problems in the last decade®.
The releasing of heavy metals into the ecosystem
induced their entering to food chain which finally
results in potential risk for animals and human
health?*. In the eco-system and based on the
biological role, the heavy metals can be classified as
essential heavy metals including copper, zinc, and
ferric®, and also non-essential heavy metals such as
mercury, lead, and cadmium®. These toxic metals
exist in low content, but with the increasing of

pollutant sources, its concentrations were increased
above the acceptable values’.

Anthropogenic activities including mining and
smelting process, industrial and agricultural
activities and coal combustion residues are
considered as the major sources for toxic metals in
agricultural soils and water® °. Since these metals are
not degraded or decomposed as the organic
pollutants®®, therefore, the impact and incorporation
of the toxic metal in soil and water resulted in
transformation in its properties and alteration the soil
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biological cycles which finally affect the
microbiological communities? 12, For this reason, it
is important to find simple, rapid and sensitive
method for the determination of Pb and Cd levels in
the environmental samples.

Several analytical methods were already used or
developed for the quantitative measurement of heavy
metals. These methods include: ultraviolet-visible
spectrophotometer??, atomic fluorescence
spectrometry’*,  flame  atomic  absorption
spectrometry®, inductively coupled plasma mass
spectrometry?® and X-ray fluorescence technique?”.
Some of these techniques are still unavailable in most
laboratories due to its high cost of the instruments.
Among these methods, the atomic absorption
spectrophotometry (AAS) has been used as common
method for metal ions determination due to its
sensitivity, selectivity, and accuracy®%,

Materials and Methods

Apparatus, Chemical Reagents and Solutions

A flame atomic absorption spectrometer (FAAS)
(Perkin—-Elmer 2380) is used to determine the metal
ion concentrations for the studied samples. The pH-
meter (ProfiLine 1970i) is used for the measurement
of pH values of the solutions.

High purity chemical reagents of
diethyldithiocarbamic acid (Na-DDTC), zinc sulfate
(ZnS0y), lead sulfate (PbSO4) and cadmium sulfate
(CdSO0s) with an analytical reagent grade were used
in the current study. All glassware was cleaned using
acidified HNOs solution and then rinsed with doubly
deionized water.

Stock solutions of 1000ug ml* metal ion salts were
prepared from their salts by dissolving of an
appropriate amount in doubly deionized water. The
stock metal ion solutions were prepared and used as
standard solutions. The stock solutions for the other
used solutions were prepared using their analytical
grade. The solution of the acetate buffer was
prepared from a mixture of acetic acid and sodium
acetate in double distilled water.

The solid phase extraction method is an emerging
process which has been used for the pre-
concentration of heavy metal ions of interest in
matrix?!. Dithiocarbamates which derived from
dithiocarbamic acid has the ability for pre-
concentration of heavy metal ions from the
environmental matrix via forming strong and stable
complexes with metal ions?2. Many researchers have
used precipitated metal diethyldithiocarbamates
reagents as co-precipitating agents for the extraction
of metal ions prior to their determination with a
spectrophotometric analysis?*-2°.

Since the stability of zinc complex is lower than lead
and cadmium, the objectives of this study was
therefore to: i) use of freshly precipitated Zn-
(DDTC), as a pre-concentration agent for
simultaneous quantitative determination of lead and
cadmium prior to their measurement by AAS, and ii)
assessment of the optimal conditions for the Pb and
Cd extraction from environmental samples.

Preparing Zinc-(DDTC):

The Zn-(DDTC); solution was prepared by mixing
0.1mmol of Na-DDTC solution with 0.1mmol of
Zn(1l) solution, heated to boil for 2min, and then
cooled to room temperature. When the precipitate of
Zn-(DDTC), was formed, it was filtered using filter
paper, washed using doubly deionized water, it then
was dried at 120°C using laboratory oven for 24 hrs.

General Procedure

To determine the concentration of Pb and Cd ions,
100ml of solution containing 25 — 250ug of Pb*? and
Cd*? was placed in a 50ml Erlenmeyer flask. For this
solution, 0.1g of precipitated Zn-(DDTC) », and
acetate buffer were added, it then was stirred for
10min. The solution was filtered and washed
carefully with doubly deionized water.

The complexes of, Cd-(DDTC), and Pb-(DDTC),
was formed as solid products by exchanging Zn*? by
Pb*2 and Cd*? on the precipitated Zn-(DDTC),. The
formed complexes were then dissolved by
concentrated HNOs, and the volumes of solutions
were made to up of 10ml with doubly deionized
water. The metal ion contents in the final solutions
were measured by FAAS. The optimum
experimental conditions represented by pH,

Page | 3151


https://doi.org/10.21123/bsj.2024.9475

2024, 21(10): 3150 -3157
https://doi.org/10.21123/bsj.2024.9475
P-ISSN: 2078-8665 - E-ISSN: 2411-7986

S

Baghdad Science Journal

extraction time, volume of aqueous phase and
reagent concentration were also investigated.

Sample Collection and Preparation
Soil Samples

Soil samples at 20 cm depth were manually collected
from house garden using a spade. The collected
samples were transferred to laboratory by using
polyethylene bags. The collected soil was dried for
72 hrs at room temperature, manually homogenized
and sieved with 2mm sieve mesh. The metal ion

Results and Discussion

Optimization of the Reaction Conditions
Effect of pH Value

The pH values play an important role by controlling
the acidity or basicity of solutions. The effect of the
pH values on the metal ions exchange process and
therefore the replacement of Zn by Pb and Cd were
performed using different pH values in the presence
of acetate buffer solution, where the other parameters
were kept constants. The effect of pH was assessed
in the range of 1 — 10, and adjusted by using diluted
HNOs; and NaOH solutions. The experiment was
performed by taking 25ml of solution containing 2ug
of Zn and Cd. The general procedure was performed
and the metal ion contents were determined using
FAAS. The results of the pH effect are presented in
Fig. 1, it clear that when the pH values increased, the
recovery increased for both metal ions, attained the
maximum value at pH=5, and then it remained
constant at 7. On the other hand, when pH increased
up to 7, a decrease in the recovery of the metal ions
occurred. The using of pH lower than 4 might cause
a decomposition for the dithiocarbamaztes, while the
higher value would induce a precipitation of Pb and
Cd as metal hydroxide which therefore reduces the
efficiency of the metal ions extraction. Therefore, a
pH value of 5 was therefore chosen for further
analysis.

concentrations in the collected samples were
measured after metal ion digestion with aqua
regia/HF acid and determined using FAAS.

Water Samples

Water samples such as distilled water, tap water,
river water, rain water and drain water were collected
by using clean polyethylene bottles. These samples
were transferred to the laboratory and drops of nitric
acid were added to it as preservative.

100

80

60

40

Recovery (%)

20

Figure 1. Effect of pH values on the pre-
concentration of Pb and Cd.

Effect of Extraction Period

The effect of the extraction time method on the
extraction efficiency of the metal ions was
investigated. A solution of 5ug ml? of both Pb and
Cd was taken and extracted at various periods of time
(1 — 60 min) according to the previous general
procedure.  Fig. 2 shows that the recovery
percentages increased at initial stages of the contact
time, and the efficiency of extraction increased with
the increasing of time till 10 min. It then remained
constant with the time increase. Therefore, according
to obtained data, a 10min was the best period of
extraction to reach optimal metal ions extraction.
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Figure 2. The effect of extraction period on the
pre-concentration of Pb and Cd.

Effect of Aqueous Phase Volume

To investigate the effect of aqueous phase volume on
the extraction efficiency for the studied metal ions, a
solution of 5ug ml? of the Cd and Pb ions has been
taken and then diluted from 50 to 500ml using
deionized water. The contents of Pb and Cd were
determined according to the general procedure, and
the recoveries were also calculated as shown in Fig.
3. The results have shown that the recovery
percentages for Pb and Cd increased along aqueous
phase volume from 50 to 800ml. Afterwards, the
recovery percentages decreased considerably when
the aqueous phase volume increased. Therefore, the
optimal aqueous phase volume of 100ml was chosen
for confidence.
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Figure 3. The effect of aqueous phase volume on
the pre-concentration of Pb and Cd.

Effect of Diverse lons

It is well known that soil and water contains various
cations and anions such as sulfate, nitrate, phosphate,
chloride as well as other different metal ions which
might influence the determination of the studied
metal ions. Therefore, this interfering effect as well
as the tolerance limits of the foreign ions that might
cause an error on the absorbance was investigated. A

solution of 5ug ml of Pb and Cd has been taken and
then mixed with various amount of anions and
cations salt solutions. The Pb and Cd concentrations
were determined with optimal conditions as
summarized in Tablel. The obtained results showed
that most anions and cations can be tolerated without
interference even when they were at saturated levels
as they exceeded 100-fold.

Table 1. The effect of diverse ions on Pb and Cd
concentration

Diverse Limit of Diverse Limit of

ion tolerance ion tolerance

(ng/mL™) (Hg/mL™)
Nitrate 1000 Mn*2 100
Citrate 1000 Mg*? 134
Phosphate 400 Fets 170
Sulfate 800 Ni*2 127
Tartrate 800 Cu*? 240
Oxalate 600 Ca'? 140

Validation of the Method

Calibration Curves

Calibration graphs for the studied metal ions were
constructed using ten standard solutions that
containing 0.05 — 20ug ml2of Pb and Cd by plotting
absorbance values against metal ion concentrations
according to the used general procedure. The method
of least squares was used to calculate the linearly
ranges, equation of regression and correlation
coefficient. Figs. 4 and 5 show that the straight line
between metal contents and their absorptions obeyed
the equations y = 0.1027x + 0.0071, and y = 0.1327x
- 0.0035 for Pb and Cd respectively. The correlation
coefficients (R?) were 0.9985 and 0.9989 for Pb and
Cd respectively. The linearity ranges were 0.1 — 16
ug mlt and 0.1 — 14 pg mlt for Pb and Cd
respectively as summarized in Table 2.

2 4

y=0.1027x + 0.0071
R?=0.9985

Absorbance

0 . 1
0 10 20

Concentration (ug.ml?)
Figure 4. The calibration curves for Pb,

constructed by plotting concentrations of metal
ions against absorbance (ug ml).
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v=0.1327x - 0.0035
R? =0.9989

Absorbance

0 5 10 15
Concentration (ug.ml?)

Figure 5. The calibration curves for Cd,

constructed by plotting concentrations of metal
ions against absorbance (pug mi?).

Table 2. Linear ranges, calibration equations and
correlation coefficient.

Metal Equation Linearity R?
Pb y =0.1027x + 0.0071 0.1-16 0.9985
Cd y =0.1327x - 0.0035 0.1-14 0.9989

Recovery

The recovery of the current method which represents
the accuracy was performed in five replicates by
taking three different concentrations of 10, 15, and
25 ug mi for Pb and Cd standard solutions. The soil
and water samples were previously analyzed to
ensure its absence from Pb and Cd. The soil and
water then spiked with 10ml of the corresponding
metal ion standard solutions. The recovery values
were ranged between 93 — 96 % for Pb and 90 — 96
% for Cd as summarized in Table 3. The obtained
results indicated that the proposed method was
capable and suitable for the determination of the

studied metal ions at all their concentration levels
with good recovery values.

Precision

The precision for the proposed method was
performed in five replicates in term of inter-day and
intra-day by spiking the soil and water with three
different metal ion solutions of 10, 15 and 25 pg ml-
1. The precision which expressed as the relative
standard deviation (RSD) was determined by
analyzing the samples in same day and in five
consecutive days. The RSD values were 2.3 for Pb
and 3.9 for Cd as summarized in Table 3. These RSD
values confirmed the  repeatability and
reproducibility of the current method for the routine
analysis for Pb and Cd.

Sensitivity

The sensitivity of the current method was calculated
according to the results that obtained from the
calibration graph including the slope of the
calibration graph (a) and the value of standard
deviation (S). The limit of detection, (LOD) and also
limit of quantification, (LOQ) were calculated
according to the calibration graphs from the formula:
LOD = 3S/a, and LOQ = 10S/a respectively. The
obtained results (Table 3) showed that LOD values
were 0.23pg.ml? and 0.18ug mi?t for Pb and Cd
respectively. Whilst, LOQ values were 0.71ug ml*?
and 0.56pug mil?* for Pb and Cd respectively.
According to the obtained results, it can be
considered that the proposed method is satisfactory
when compared both LOD and LOQ values were
compared with other researcher's studies.

Table 3. Limit of detection, limit of quantification, precision (relative standard deviation, RSD %) and
recovery values for spiked metal levels (ug g2).

Metal LOD LOQ Precision (RSD) Recovery (%)
Intra-day  Inter-day 10 15 25
Pb 0.23 0.71 1.6 2.3 100.7 99.2 99.3
Cd 0.18 0.56 1.7 1.9 99.1 101.4 101.8
Application: Zn-(DDTC)2. The procedure of the optimum

Determination of Pb and Cd in Soil Samples

The current method was applied for five real soil
samples to determine Pb*2, and Cd*? (S1, Sz, Ss, Ss
and Ss) which were collected from different areas as
identified in Table 4. The soil samples were digested
with aqua regia/hydrofluoric acid and filtered, the
filtrate was mixed with 0.1g of freshly precipitated

conditions was applied for the determination of metal
ion concentrations.
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Table 4. Determination of Pb and Cd in soil
samples (n=3; tstandard deviation)

Table 5. Determination of Pb and Cd in water
samples (n=3; tstandard deviation)

Soil Pb (ug g}) Cd (ug gh Water sample  Pb(mg L?) Cd (mg LY
St 34+1.3 1.08£0.12 Distilled water 0.01+ 0.002 <LOD

S, 27+23 0.83+£0.05 Tap water 1+ 1.3 0.5+ 0.09

Ss3 46 £ 3.7 1.65+0.35 River water 46 + 3.7 2.65+£0.45
Sa 32x1.7 0.23 £ 0.07 Rain water 3.2+1.7 0.17+0.24
Ss 21+24 0.76 £0.2 Drain water 121+24 18.76 + 0.32

Determination of Pb and Cd in Water Samples

The Pb and Cd contents in water samples were
determined according to the general procedure by
taking 2ml of water for analysis. The obtained results
are presented in Table 5.

Determination of Pb and Cd in Synthetic Mixture
Samples

Synthetic mixtures containing Pb and Cd (5ug mL™*
for each ion) with varying compositions of different
metal ions were prepared and analyzed for Pb and Cd
contents using the proposed method using EDTA as
a masking agent. Table 6 show that the obtained
results were highly reproducible, and the recovery
values achieved for all sample solutions with RSD
values did not exceed 1.27.

Table 6. Determination of Pb and Cd in synthetic mixtures (n=3; £standard deviation)

Pb Cd

Sample Composition of mixture (ug/mL)  R(%)£Sq (ug/mL) R(%)xSq
(ug/mL) Added Found Added Found

1 Pb*2 - Cd*? 5 4.98 99.6+0.97 5 4.91 96.8+0.85

2 Pb*2—-Cd*?>—Ni*?-Mg*?+EDTA 5 5.02 100.4+1.03 5 5.23 101.241.1
Pb*? — Cd*? — AlI*® — K* — Mn*? +

3 EDTA 5 51 102+1.27 5 4.95 99+0.91
Pb*? — Cd*? - Ca*? - Cr** — CI +

4 EDTA 5 4.97 99.4+087 5 4.92 98.4+1.16
Pb*? — Cd*? -SO42 — Co*? — Na* +

5 EDTA 5 4.93 98.6£1.02 5 5.12 102.4+0.66

Conclusion

This study aimed to validate a simple and efficient
method for simultaneous determination of Pb and Cd
in environmental samples using freshly precipitated
zinc-diethyldithiocarbamate as a reagent. In the
current study, the solid phase extraction was applied
as an efficient method for the pre-concentration of
the studied metal ions before determination of their
concentration by FAAS. The proposed method
showed a good extraction for Pb and Cd in soil and
water matrix. The selectivity of the proposed method
came from the fact that the stability of Zn-(DDTC).
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