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A new sorbent was prepared for separation and preconcentration of Pb (II)
by using the flame atomic absorption spectrometry. The normative studies
on extraction, separation and preconcetration of Pb (II) were represented in
this work. This novel method was based on new sorbent by adding
diethylenetriamine to sawdust, increasing the incidence exterior. The effect
of different parameters including, pH, ligand concentration and sample
volume, type and volume of eluent and ligand effect were studied. The
optimum pH and preconcentration factor and limit of detection for Pb (II)
were 4, 100, and 0.48 µg/L, respectively. In addition, the calibration curve
was linear in the range of 0.05-100 mg.mL-1 with R2=0.995. The vertical and
horizontal confines of calibration diagrams in 500 mL solution were
calculated about 0-0.5 mg L-1 and 0-0.6. The results of applying the present
method to determinate the separated lead ions in water samples were
prosperous and harmonious. Precision of the method was investigated by
comparing them with the observations from previous similar researches.
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Graphical Abstract

Introduction
Various kinds of toxic heavy metals containing cadmium, lead, cobalt, copper, arsenic, zinc and Hg
enter the environment through mineral production, industrial discharges, pollutions, and dissolution
of agriculture lands [1‒3]. Lead has a wide range of application among thw heavy metals. Tetraethyl
and tetramethyl lead which penetrate in fluids and food chain are the main source of environment’s
pollutions [4]. Lead has many detriments for human health and may accumulate at liver, bones, and
muscles [5, 6]. Accordingly, precise determination of heavy metals in natural is the important part of
analytical chemistry’s studies [7, 8].
Flame atomic absorption spectrometry is a method with simple application and low triggering
disbursement [9]. Manifestation limitation of this procedure causes the fact that preconcentration
has been known as a necessary step before determination of heavy metals [10, 11]. Membrane
separation [12], liquid-liquid extraction [13], and solid phase extraction [14‒16] were used for
preconcentration and separation of metal ions prior measuring the heavy metals [17]. Simple setup
and availability are the advantages of solid phase extraction in comparison with the other current
methods. It is a known efficient procedure for separating the metal ions which may reduce the time
and cost of conducting the experiments with high enrichment factor [18, 19]. Many researchers have
used different adsorbents such as resin [20], silica gel [21], and polyvinyl chloride [22] to
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preconentrate metal ions in various samples. High cost of keeping sorbents and providing them have
the main role in getting proper efficiency and yield for the solid phase extraction methods [25]. Many
studies have been conducted to find a low cost and effective sorbent for preconcentration of trace
metals [26, 27].
One novel technology which includes absorption of solvated particles from natural samples, is
called adsorption. Low cost, short-time design and further usage capability are some of the features
of the adsorption method [28]. Among the surface adsorbent, sawdust is a high usage over plus and
production of wooden industry which can be used as a low cost sorbent [29]. Some other sorbents
were used to remove lead from hexamine, poli acrylamide and colored inks. In lead adsorption [30],
there are just a few studies conducted on analytical usage of sawdust as low cost and safe adsorbent
for separating lead ions from water samples.
In the present research study, the possibility of utilization of sawdust was examined as a simple
and low price method for solid phase extraction of trace lead. So, lead ions were preconcentrated
before the flame atomic absorption to determine the adsorbed lead particles from water samples
existing in environment. Effects of different parameters such as pH of solution, kind and volume of
solution and eluent and ligand influences were investigated. Performance and efficiency of the
aforementioned method was studied for Dez river, Karkhe river and tap water samples.
Experimental
Reagent and solutions
All the materials which contain Pb (NO3)2, C4H13N3, HNO3, KI and HCl were purchased from Merck
company, Germany. In the present study, water which was used for providing solutions was distilled
twice. 1.396 g Pb (NO3)2.4H2O and distilled water were chosen for daily preparing of storage solution
and a little more diluted solution. Standard solution was provided with suitable density before
starting the experiment. All the glass and plastic instruments were eluted within diluted HCl and
HNO3 and cleaned with distilled water. To prepare 1.2 mol/L-1 acid nitric, 8.3 mL of high pure HNO3
was brought to volume with distilled water in a 100 mL flask.
Apparatus
To measure the absorption, a flame atomic absorption spectrometric from (model ICE 3000,
America) was utilized. pH meter from ATC model (Serial no: GP353 Japan) was equipped to measure
the pH of solution in queues phase, and GS300 model balance (Serial no: BS-3003 Japan) with 200 g
capacity and accuracy of 0.001 g was used to assay the weight.
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Preparing sorbent
At first, sawdust was washed about 24 hours and then, it was dried at 110 °C and sieved by a 35
mm mesh. After that, 10 g of sawdust was mixed with 140 mL of dense HCl. After one hour, 60 mL of
diethylenetriamine was added to prepare the combination. After two hours, the mixture was eluted
by distilled water and was located in a bottle in order to be dried for 18 h at 40 °C.
General procedure
A mixture of 25 mL of 1 mol.L-1 Pb solution and 4 mL of 1 mol.L-1 KI solution was spilled in a 500
mL glassware. The mixture was adjusted in pH=4 by adding suitable amounts of HNO 3 and distilled
water. The prepared solution was passed through the column containing 0.25 g of the modified
sorbent by diethylenetriamine. Then, the content of column was eluted by 5 mL of 1.2 mol.L-1 HNO3.
Finally, the accumulated solution of column was injected for the determination of the flame atomic
absorption spectrometry.
Results and Discussion
Characterization of sawdust
Scanning electron microscopy (SEM) image of the sawdust, acidic sawdust, and the modified
sawdust by diethylenetriamine was represented (Figure 1). SEM analysis was carried out to study
the structure of sawdust before and after modification. As seen in Figure 1a, the sawdust’s surface is
relatively smooth. Figure 1b demonstrates a mixture of sawdust and HCl, indicating that the
configuration of surface was changed. Figure 1c illustrates the structure of the sawdust modified with
diethylenetriamine which causes many groups to form and collect on the surface.
IR spectra analysis of three kinds of sorbent was measured at 400-4000 cm-1 limitation. The
results for the pure sawdust, acidic sawdust and modified one are presented in Figure 2. The
adsorption bands at 1439 to 1448 cm-1 are due to a contribution from C‒H stretching. The peaks at
1538 to 1637 cm-1 were assigned to the C=O bonds. The strong band was observed at 3422 cm -1
indicating the stretching of the O‒H band. The peak related to O‒H band for pure sawdust in Figure
2a is wider and sharper in the modified sawdust in Figure 2c. The peak of tensional C=O band was
removed in Figure 2b. Besides, the peak of CN band has a higher intensity in the modified state in
Figure 2c. These observations showed that the instruction of the modified sawdust was changed.
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Figure 1. Scanning electron microscopy for a) sawdust, b) acidic sawdust, c) modified sawdust

Figure 2. FT-IR spectra analysis for a) sawdust, b) acidic sawdust, c) modified sawdust [31, 32]
Optimization of the effective parameters on lead’s adsorption
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Empirical parameters including, pH of solution, the type of sorbent, ligand effect, type and volume
of eluent were studied to obtain a higher value of lead sorption and favorable repeatability.
Effect of pH of solution
This is the main and essential step of solid phase extraction method. Assessment of optimum pH
value for preconcentration and extraction of lead ions in water samples was investigated in the
present study. Each point of the curve in Figure 3 shows the average consequence of three
experiments which has been done in 0.03 error range. As seen in Figure 3, there is a correlation
between the sample solutions with different pH and determination of Pb (II) ions. In addition,
decreasing the pH values causes increased the solubility of lead ions in buffer solutions at the pH of
4. The optimum condition of pH value was found to be 4 in which, by decreasing and increasing the
pH value, the extraction of lead ions reduced. So, the pH value was adjusted at 4 for the next tests.
Effect of buffer
According to the optimum pH which is 4, three types of buffer were selected including acetate,
formate, and citrate buffer. As demonstrated in Table 1, the effect of formate buffer is small at all
stages of testing and lead adsorption is almost close to zero. Acetate and citrate buffers revealed
better performance in absorbing the lead ions in the solution in 5 mL and 10 mL of volume, but the
impact of the selected buffers is not sensible for the measurement of lead ions and their use are
neglected.
Analysis and preparation of sample
Modifying flow rates of samples and eluents at the best acquired conditions is an indispensable
factor in determination of a suitable recovery for every analyte. So, it has been adjusted at the range
of 2-8 mL.min-1. The optimum flow rate for all the solutions was 3 mL.min-1. The recovery of metal
ions did not achieve properly at higher and lower than this value.
Some parts of the sample solutions within 100-1000 mL capacity containing 10 mg.L-1 Pb (II) were
tested in the optimum conditions to determine the proper sample volume. The pH value was set at 4
by regulating the amount of acid nitric. Finally, the column was eluted by 10 mL of 1 mol.L-1 HNO3,
and the remnant of solution was given to system for determination. As can be seen in Table 2, the
absorption amount slightly enhanced by increasing the volume of solution to 500 mL and the amount
of absorption significantly reduced by increasing the volume. So, 500 mL was selected as the optimal
volume size to continue the test for finding the amount of lead.
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Effect of type and volume of ligand
To determin the lead ions by flame atomic absorption spectrometry, 4 to 10 mL of several ligands
(NaCl, NaF and KI) were added to 50 mL solution containing 10 mL of 1 mol.L-1 HNO3. As seen in Table
3, KI plays a considerable role in increasing the amount of determination value of lead ions. Various
amounts of KI were added to 50 mL solution containing 10 mL HNO3 to assess the optimum volume
of KI. Table 3 shows that the proper volume for current experiments is 4 mL. The optimum
concentration range was tested from 0.0 to 0.1 mol/L-1 KI. As shown in Figure 4, 0.04 mol.L-1 is the
best concentration for the next level of this research.
Figure 3. The effect
of pH of solution on
preconcentration of
lead ions

Table 1. Effect of buffer’s solution on adsorption of trace lead
Buffer
Acetate
Formate
Volume (mL)
5
10
5
10
Absorbance (mg/L-1)

0.037

0.027

0.002

Table 2. The effect of volume of sample on lead adsorption
Sample volume (mL)
100

0.001

Citrate
5

10

0.034

0.039

Absorbance (mg/L-1)
0.06

250

0.065

500

0.068

1000

0.025
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Table 3. The effect of different volumes on preconcentration of lead ions
Volume (mL)
4 mL
6 mL
8 mL
NaCl
Absorbance
NaF
(mg/L-1)
KI
0.070
0.060
0.072
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10 mL
0.001
0.004
0.036

Figure 4. The effect of concentration of KI in measuring the Lead adsorption
Effect of kind, concentration, and volume of eluent
Different eluents (HCl, HNO3) were examined to study their effect on the determination of lead
ions. The results revealed that, in determination of trace metals in analyte, 1.2 mol.L-1 of HNO3 could
be effective more than 95%. Solution was eluted by various concentration of eluent based on Figure
5. Observations showed that 1.2 mol.L-1 is the steady state of acid concentration variation. The
volume changes of eluent were studied by 4 mL in range of 1 to 5 mL. 5 mL of 2 M HNO3 was chosen
as an optimum volume for determination procedure. The dimensionless ratio of sample volume and
eluent volume is known as preconcentration factor and for represented experiment obtained 100.
Effect of sorbent amount and regeneration of sorbent
Fixing the proper amount of sawdust plays an important role in the determination of lead ions.
Reducing the value of sorbent leads determination and deficiency of elution to collect the solution
into column which is in the result of utilization of an extra sorbent [33]. Solutions were chosen with
different amount of sorbent in an acceptable status to prevent the aforementioned problems. As
shown in Figure 6, the maximum absorption of Pb (II) ions was accessed in 0.25 g of sorbent that is
known as an efficient amount of sawdust for preconcentration of trace Pb (II). Determination
regeneration of sorbent is necessary for extraction of metal ions or suitable analyte enrichment
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process [34, 35]. The evaluated solution was spread on a column containing 0.25 g sawdust before
eluting it by 5 mL of 1.2 mol.L-1 HNO3. These processes were done for ten times which showed the
efficient level of modifying sawdust during the lead sorption. Table 4 represents the fact that the
sorbent can be reused well in which 15.625 adsorption percentage changes can be neglected
(Equation 1).
15.625%=(0.064-0.054)/0.064×100

Eq. 1

Analytical features
Calibration curve was accounted by measuring Pb (II) in optimum conditions by flame atomic
spectrometry in 0.01-0.50 mg/L-1. C is known as the concentration of Pb (II) at mg/L-1 and line
equation is obtained as 1.028 C+0.003 (Figure 7) with R2=0.995. The proportion of 3 product of the
relative standard deviation to the calibration curve slope is known as the limit of detection which is
equal to 0.48 µg/L in ten times repetition. Present study includes the proper and precise
preconcentration and separation of trace Pb (II) since the relative standard deviation is fewer than 5
percent [36].
Application to real samples
To examine real samples, three primary models were provided from tap water, Karkhe and Dez
rivers. 100 mL of each real sample was added to 4 mL of 1 mol.L-1 KI lead solution and, then, pH was
registered at 4 using distilled water. Results of the determination after eluting the column are shown
in Table 5. As seen in Table 5, absorbent and methods employed in this study revealed a high
capability to attract and determine the lead from water-soluble naturally found in the nature.
Validation of present work
Comparatively, the performance of this method with the work which was done about
determination and lead capture is shown in the Table 6. The amount of the preconcentration factor
(PF), detection limit (DL), and relative standard deviation (RSD) were compared. It was found that,
the modified sawdust has the appropriate values for lead capture in all of the presented factors of
solid phase extraction method. Also, the recovery rate in a range of 95 to 100 shows the high
functionality of the present method in the recovery of lead ions in water samples in nature.
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Figure 5. The effect of eluent concentration on Lead adsorption

Figure 6. The effect of sorbent amount on lead adsorption
Table 4. The possibility of reusing the sorbent on determination of lead ions
No
1
2
3
4
5
6
7
8
Absorbance

0.064

0.061

0.059

0.057

0.055

0.056

0.055

0.055

9

10

0.053

0.054

(mg/L-1)

Conclusions
The determination and preconcentration of lead were successfully carried out using modified
sawdust and flame atomic absorption. Economical gain, time consuming, and adaptability with
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nature are the advantages of the present method. The impact of effective factors were investigated.
The optimum pH and limit of detection for Pb (II) were 4 and 0.48 µg/L. The preconcentration factor
for Pb (II) and maximum adsorption capacity on the basis of the amount of sorbent were 100 and 76
mg.g-1, respectively. The represented new sorbent revealed a high absorption capacity and
preconcetration factor. The results showed that, the applied experiment was sensitive and precise to
the determination of lead ions in real water samples.
Figure 7. The calibration curve of
determination of Pb(II) in this
research

Table 5. Preconcentration of Pb(II) ions in real samples
Getting Pb(II)
Adding Pb(II)
Sample
-1
mgL
mgL-1
Not Detected
0.0
Tap water

Dez river water

Karkhe river water

Recovery (%)
-

0.095

0.1

95.2

0.195

0.2

97.5

Not Detected

0.0

-

0.094

0.1

94.6

0.192

0.2

96.05

Not Detected

0.0

-

0.100

0.1

100

0.172

0.2

95.5
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Table 6. Comparing previous researches with present method in preconcentration and
determination of Pb (II)
PF
LOD
RSD %
Ref
50
0.65
<5
19
50

-

-

37

60

0.02

<10

11

50

23.2

2.9

20

150

3.19

3.19

38

50

0.75

1

39

125

0.3

<10

40

50

0.29

1.8

22

200

0.056

<8

41

100

0.48

2.1

Present study
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