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from aqueous solutions using modified 
Amberlite XAD‑4 resin by selective solid‑phase 
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Abstract 

The adsorption efficiency of Pb(II) and Cd(II) from aqueous solutions on m-phenylenediamine-modified Amberlite 
XAD-4 resin was investigated. The effects of pH, adsorbent amount, initial metal concentration, eluent type and vol-
ume and flow rate on the retention of the metal ions have been studied on column studies. The optimum parameters 
were determined as pH 5, concentration 10 mg/L, stirring time 30 min and 0.2 g adsorbent amount and flow rate 
2.5 mL/min for a quantitative adsorption. Sorption data were interpreted in terms of Langmuir and Freundlich equa-
tions, and both models were found to be fully appropriate. Each column can be used up to 10 sequential analyses 
without considerable change. The results indicate high metal adsorption capacity and satisfactory recovery of Pb(II) 
and Cd(II).
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Introduction
If industrial wastewater is discharged without environ-
mentally friendly and effective treatment methods, it 
contains a large amount of heavy metals which may cause 
harm to public health and the environment. The most 
common and harmful ones are Hg, As, Cr, Pb, Ni, Cd, Cu 
and so on. In wastewater treatment systems, it is very sig-
nificant to remove heavy metals from aqueous solutions 
and to recover precious metals. They can easily spread 
to the atmosphere, soil and water environment and are 
highly toxic. Heavy metal sources in wastewater are 
very high levels. The types and content of heavy metals 
vary depending on the type of production. Heavy met-
als spread to the environment from different activities of 
the mining, metallurgy, electronics, chemical production, 

pesticides, paints, leather and pharmaceutical industries 
(Yu et  al. 2015; Farokhi et  al. 2018; Ahmad et  al. 2019; 
Chauhan et  al. 2019). Heavy metals can produce toxic 
reactions in natural waters, even if they are in very low 
amounts about 0.1–0.3  mg/L. The negative effects of 
heavy metals affect living life by creating biological accu-
mulation in the food chain as well as ecosystems (Alkorta 
et al. 2004; Lyer et al. 2005; Kavand et al. 2016). In order 
to protect natural resources, environment and human 
life, these wastewaters must be treated before it is spread 
to the environment (Safarzadeh et  al. 2007). Chemical 
precipitation, adsorption, ion exchange, solvent extrac-
tion, membrane filtration, reverse osmosis and electrical 
coagulation techniques are used to removal and recovery 
of heavy metals and other pollutants from wastewater 
(Lundstrom et al. 2016; De Gisi et al. 2016; Xu et al. 2016; 
Dong et al. 2017; Yusuff et al. 2018; Yavuz and Ogutveren 
2018; Bashir et al. 2019). Since adsorption is an effective, 
low-cost and environmentally friendly method, it is one 
of the most preferred processes of removing heavy metals 
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and organic pollutants. However, adsorption capacity, 
selectivity, equilibrium time and recovery depend on 
the properties of the absorbent materials. Thus, recently 
researches about applications of new materials such as 
nano-adsorbents and modified sorbents are focused on 
adsorption of heavy metals from aqueous solutions (Yang 
et al. 2015; Jin et al. 2017; Batouti et al. 2017; Saha et al. 
2017; Bhatti et al. 2017a, b; Azadegan et al. 2019; Somu 
et al. 2019).

Solid-phase extraction (SPE) method is very effective 
method for separation and preconcentration of heavy 
metals. This method has important advantages such as 
easy applicability, fast and economical, high enrichment 
factor, low adsorbent usage and environmentally friendly. 
Different SPE materials have been tried in the previous 
studies and obtained very good results for separation and 
preconcentration of heavy metal ions (Kocaoba and Ari-
soy 2011; Islam et  al. 2012; Alothman et  al. 2015; Islam 
et al. 2015; Ahmad et al. 2017; Aksoy et al. 2018; Baytak 
et al. 2018a, b; Hymavathi and Prabhakar 2019). Amber-
lite XAD resins are quite used for the development of 
various chelating materials to be used for preconcentra-
tion as they have good physical and chemical properties 
such as purity, porosity, high surface area and resistance 
(Islam et  al. 2011; Kalal et  al. 2012; Ahmad et  al. 2015; 
Khalil et  al. 2016; Javed et  al. 2018; Kumar et  al. 2019; 
Jamil et al. 2020).

In this study, m-phenylenediamine-modified Amber-
lite XAD-4 resin was used for the removal of Pb(II) and 
Cd(II) from aqueous solutions using the solid-phase 
extraction method by optimizing various parameters.

Experimental
Materials
Pb(NO3)2, CdCl2.H2O, HCl, NaOH (Merck, Germany) 
were used as analytical grade standard substances. 
Pb(II) and Cd(II) solutions (1000  mg/L) were used as 
AAS standards (Fluka Chemicals). In the studies, metal 
solutions were prepared by diluting them properly with 
Milli-Q water from stock solutions. Amberlite XAD-4 
resin was obtained from Sigma-Aldrich (surface area of 
725  m2/g, pore diameter of 4 nm, particle size of 20–60 
mesh). 4  M HCl was used to remove organic and inor-
ganic impurities in Amberlite XAD-4 that may have 
remained during the preparation of the resin. m-Phe-
nylenediamine-modified Amberlite XAD-4 resin was 
used as adsorbent in this study. m-Phenylenediamine 
is a substance that can easily form chelates with metal-
lic ions on the surface of the resin. 0.2 g was taken from 
m-phenylenediamine-modified Amberlite XAD-4 resin 
and filled into a glass column of 10 mm inner diameter 
and 200  mm length. Before using the columns in stud-
ies, first 1 mol/L HCl solution, then Milli-Q water until 

pH neutral, then ethanol–water (1:1) mixture and at last 
Milli-Q water passed through the column for cleaning 
and conditioning steps. The experiments were performed 
by connecting a peristaltic pump to the system and pass-
ing the metal solution through a column in downstream 
mode.

Experimental procedure
Preparation of modified Amberlite XAD‑4 resin
5 g of Amberlite XAD-4 resin was taken, and 10 mL of 
conc. HNO3 and 25 mL of conc. H2SO4 were added and 
mixed in an oil bath at 60  °C for 1  h. This mixture was 
then poured into the ice–water mixture and the nitrated 
resin was filtered. It was washed with Milli-Q water until 
its pH was neutral, and then, 40  g SnCl2, 45  mL conc. 
HCl and 50 mL ethanol were added to this mixture and 
refluxed for another 12  h at 90  °C. It was then filtered 
and washed with Milli-Q water and 2  mol/L NaOH to 
obtain amino resin (R-NH2). 2  mol/L HCl was put in 
the medium and then washed with Milli-Q water to 
neutralize excess acid remaining in the medium. It was 
suspended in a mixture of approximately 350  mL ice–
water. It was acidified with 1 mol/L HCl and titrated with 
1 mol/L NaNO2 until a dark blue color was obtained with 
starch indicator. The resin was filtered, washed with ice–
water mixture and reacted with 0.03 mol of m-phenylen-
ediamine prepared in 30 mL of 2 mol/L HCl and stirred 
at 0 to 3  °C for 24  h. It was then filtered, washed twice 
with Milli-Q water and air-dried. The method used for 
preparation of modified XAD-4 resin (Kumar et al. 2000) 
is given in Fig. 1.

General procedure for sorption studies
Solid-phase extraction (SPE) was applied in a small col-
umn to preconcentration of heavy metals. Sample solu-
tions containing Pb(II) and Cd(II) between 2.5 and 

(a) Amberlite XAD-4  (b) m-phenylenediamine-Amberlite XAD-4. 

Fig. 1  a Amberlite XAD-4 and b m-phenylenediamine Amberlite 
XAD-4
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25 µg/100 mL were taken, and the pHs of the solutions 
were fixed to optimum value with HCl or NaOH solu-
tions. The pH-adjusted samples were passed through the 
column by a peristaltic pump at the optimum flow rate.

After all samples were passed through the column, the 
retained metal ions were eluted from the column with 
a suitable solvent, and metal ion concentrations were 
determined with atomic absorption spectrometer (Ana-
lytical Jena-Nova 300).

Equilibrium experiments
0.5, 1, 1.5, 2, 3  g of modified Amberlite XAD-4 sam-
ples were weighed into Erlenmeyer flasks for equilib-
rium studies. It was contacted with solutions containing 
200 mL Pb(II) and Cd(II) at 100 mg/L constant concen-
tration values in a shaker at room temperature (20 ± 2 °C) 
for 5 days. The mixing speed was 250 rpm. The pH values 
in the beginning and equilibrium were measured with a 
pH meter.

The amount of metal adsorbed per unit adsorbent was 
calculated as;

where C0 and Ce are the initial and equilibrium concen-
trations (meq/L), m is the amount of the adsorbent (g), 
and V  is the volume of the solution (L).

Sorption data have been interpreted in terms of Lang-
muir and Freundlich equations as described in the refer-
ence (Kocaoba 2007).

Results and discussion
In this study, the effects of some parameters such as pH, 
adsorbent amount, initial metal concentration, flow rate 
of sample solution, eluent type and volume, electrolytes 
and foreign ions on the recovery of metal ions were 
investigated. The results are given in Tables 1 and 2 and 
Figs. 2, 3, 4, and 5.

Equilibrium experiments were done, and sorption 
data were interpreted in terms of Langmuir and Freun-
dlich equations. The isotherms were obtained and are 
presented in Figs.  6 and 7. Adsorption parameters of 
Langmuir and Freundlich isotherms, which show the 
retention of metal ions on modified Amberlite XAD-4, 
are given in Table 3.

Effect of pH
The solution pH is a factor that affects adsorption and 
should be considered. Therefore, the effect of pH on the 
preconcentration efficiency of metal ions was investi-
gated with modified Amberlite XAD-4. Working pH 
range of sample solutions was chosen between 1 and 8 

(1)Qe = (C0 − Ce)
/

m · V

and adjusted to desired pH values with HCl and NaOH 
solutions.

The samples prepared at the appropriate pH were 
passed through the column at an optimum flow rate 
of 2.5  mL/min. The column was then washed by pass-
ing 1  M HCl. In these studies, it was observed that the 
amount of metal uptake in the column increased with 
increasing solution pH values. From the results given 
in Fig. 2, it is seen that there is a rapid increase up to its 
maximum level, pH 4–5.

As can be seen from the figure, there is a tendency to 
decrease in adsorption due to the possibility of metals 
precipitating at a pH higher than the optimum value. This 
is due to the competition of hydroxylated complexes of 
metals and metal ions (Yilmaz and Kartal 2012; Chowd-
hury et al. 2013; Khalil et al. 2016; Chauhan et al. 2019). 
Working at high pH values was not preferred because 
of the probability of precipitation of metal ions, and the 
optimum pH was chosen as 5 for both metals.

Effect of adsorbent amount
The samples of the modified Amberlite XAD-4 resin 
ranging from 0.05 to 0.4  g were studied to examine the 
effect of the amount of adsorbent. The results are given 
in Fig. 3. In this study, it was observed that the recovery 
of metals gradually increased in the amount of more than 
0.1  g adsorbent, but reached the plateau in the amount 
of approximately 0.2 g adsorbent. Therefore, the amount 
of 0.2 g adsorbent was taken as the optimum value for all 
experiments.

Effect of initial metal ion concentration
Standard stock solutions of Pb(II) and Cd(II) of 
1000 mg/L were prepared from their salts using Milli-Q 
water. Figure 4 shows the effect of different initial metal 

Table 1  Effect of the type and volume of elution solutions on 
the recovery of Pb(II) and Cd(II)

Element Type of eluent Volume (mL) Conc.(M) Recovery (%)

Pb(II) HCl 5 1 92.80

HCl 10 1 94.85

HCl 15 1 97.90

HNO3 5 1 86.38

HNO3 10 1 87.45

HNO3 15 1 90.54

Cd(II) HCl 5 1 90.32

HCl 10 1 92.65

HCl 15 1 94.78

HNO3 5 1 87.60

HNO3 10 1 88.74

HNO3 15 1 89.48
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concentrations on adsorption under optimized condi-
tions such as 0.2  g adsorbent and 30  min stirring time. 
The studied Pb(II) and Cd(II) concentrations are between 
5 and 100 mg/L. For both metals, the amount of adsorbed 
metal was found to be nearly constant over this concen-
tration range. These results show that increasing the 
metal concentration does not have a significant effect on 
adsorption. Because the pores of the Amberlite XAD-4 
resin fill more quickly with increasing metal concentra-
tion after a certain period of time, even if desorption 
will begin to occur instead of adsorption. Decrease in 

removal efficiency with increase in initial concentration 
can be explained in terms of active sites of the adsorbent, 
which becomes saturated at a certain concentration.

Heavy metal adsorption depends on different mecha-
nisms such as adsorption and ion exchange. During the 
ion exchange process, metal ions can first pass either 
through the pores of resin or through the crystal lattice 
channels. Second, they can be replaced by cations such 
as sodium, magnesium and calcium, which are usually 
found in ion exchange resins. The diffusion phenomenon 
also occurs when the metal ions pass slowly or rapidly 

Table 2  Tolerance limits of electrolytes on the sorption of metal ions on modified Amberlite XAD-4 resin

Metal Electrolytes or metal ions (M)

NaCl KBr KI NaNO3 Na2SO4 Na3PO4 Ca(II) Mg(II)

Pb(II) 0.10 0.12 0.10 0.05 0.05 0.04 0.12 0.10

Cd(II) 0.15 0.14 0.10 0.10 0.06 0.05 0.14 0.12
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Fig. 2  Effect of pH on the recovery of Pb(II) and Cd(II) by modified 
Amberlite XAD-4 resin (adsorbent amount: 0.2, initial metal 
concentration: 20 mg/L, flow rate: 2.5 mL/min)
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Fig. 3  Effect of amount of adsorbent on the recovery of Pb(II) 
and Cd(II) by modified Amberlite XAD-4 resin (pH:5, initial metal 
concentration: 20 mg/L, flow rate: 2.5 mL/min)
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Fig. 4  Effect of initial metal concentration on the recovery of Pb(II) 
and Cd(II) by modified Amberlite XAD-4 resin (adsorbent amount: 0.2, 
pH:5, flow rate: 2.5 mL/min)
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Fig. 5  Effect of flow rate on the recovery of Pb(II) and Cd(II) by 
modified Amberlite XAD-4 resin (adsorbent amount: 0.2, pH:5, initial 
metal concentration: 20 mg/L)
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through the adsorbent pores. However, in cases where 
metal ions or hydrated metal ions cannot pass through 
smaller diameter pores, diffusion can be delayed. In this 
case, metal ion adsorption can be explained with ion 
exchange reactions in the Amberlite XAD-4 resin sam-
ples. The maximum adsorption efficiency was 99.50% 
for Pb(II) and 99.35% for Cd(II), respectively. It has been 
observed that the modified adsorbents used have more 
adsorption efficiency than many adsorbents used in other 
studies (Renu et al. 2017; Aksoy et al. 2018; Topuz et al. 
2019; Shiri-Yekta 2020; Maksimov et  al. 2021). In these 
experiments, the optimum concentration was selected as 
20 mg/L.

Effect of flow rates of sample solutions
The flow rate of the sample solution affects the reten-
tion of the ions in the solution at the binding sites of the 
modified resin. Therefore, the effect of this parameter 
was examined by passing sample solutions through the 
column with a peristaltic pump under optimum condi-
tions at determined flow rates of 1–7.5  mL/min. Flow 
rates slower than 1  mL/min were not preferred as it 
would significantly increase running time. However, at 
flow rates of more than 3 mL/min, retention percentages 
were reduced as the contact of the resin with metal ions 
could not be properly balanced. Metal ions not being able 
to come into contact with the resin sufficiently and the 
adsorbent reaching equilibrium more quickly are pos-
sible causes of this decrease. The optimum recovery of 
metal ions from chelating resins can be linked to differ-
ent complex formation constants at different flow rates 
(Yilmaz and Kartal 2012; Tobias and Walas 2014; Ahmad 
et  al. 2015; Trzonkowskaet al. 2017). As given in Fig.  5, 
the optimum flow rate for both metals was chosen as 
2.5 mL/min.

Effect of type and volume of elution solutions
Regeneration of the adsorbent is a significant parameter 
for the reuse of the column in multiple adsorption–des-
orption cycles. Therefore, the concentration of acid solu-
tion used in the regeneration of metals retained in the 
column should be as low as possible, so as not to damage 
the resin. Also, the eluent volume should be as small as 
possible to achieve a higher preconcentration factor. 0.5 
and 1 M HCl and HNO3 solutions were used for regener-
ation studies. 5, 10 and 15 mL were chosen as the elution 
volume. The results are given in Table 1. It was observed 
that 10 mL of 1 M HCl solution was sufficient for both 
metals examined.

Effect of the volume of sample solutions
The effect of changes in the volume of sample solution 
passed through the column on the recovery of Pb(II) and 
Cd(II) was investigated in order to determine an appli-
cable sample volume or a minimum analyte concentra-
tion. For this purpose, 50, 100, 250, 500, 750 and 1000 mL 
volume solution containing 0.25, 0.10, 0.05, 0.033 and 
0.025  µg/mL of Pb(II) and Cd(II) was passed through 
the column under the optimum conditions. It was found 
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Fig. 6  Effect of volume of sample solutions on the recovery of Pb(II) 
and Cd(II) by modified Amberlite XAD-4 resin
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Fig. 7  Freundlich sorption isotherms of Pb(II) and Cd(II) ions by 
modified Amberlite XAD-4 resin

Table 3  Parameters of Langmuir and Freundlich isotherms for sorption of Pb(II) and Cd(II) on modified Amberlite XAD-4 resin

Metal ion Langmuir isotherm method Freundlich isotherm method

b Q0 R2 RL Kf n R2

Pb (II) 0.0052 0.2647 0.9962 0.9058 0.0282 0.3093 0.9895

Cd (II) 0.0080 0.6553 0.9980 0.8620 0.0315 0.1918 0.9774
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that both metal ions could be recovered quantitatively 
(≥ 95%) up to 250 mL of the sample solution. The results 
are given in Fig. 6. The recoveries for analytes decreased 
at the higher volumes. In this study, the elution volume 
was 10  mL, and therefore, the preconcentration factors 
were 25 for the analytes. These results show that Pb(II) 
and Cd(II) ions could be determined in low concentra-
tions by the proposed method, which could not be deter-
mined directly by AAS.

Effect of column reuse
The column stability and reusability and various adsorp-
tion–elution cycles were performed, and changes in the 
recovery of metal ions were examined. Hence, Pb(II) and 
Cd(II) ions were adsorbed on a 0.2 g modified Amberlite 
XAD-4 resin at a concentration of 50 µg/mL, in a 50 mL 
solution volume, and then desorbed under optimal oper-
ating conditions. After 10 adsorption–desorption cycles, 
retention capacity did not change more than 2.0%. The 
SPE columns appeared relatively stable for up to 10 
cycles.

Precision of the method
The optimum conditions were applied to investigate 
the accuracy of the method, and the sequential adsorp-
tion–elution cycles were performed with 50 µg Pb(II) and 
Cd(II). The precision of the method was evaluated as the 
relative standard deviations (RSD). In order to evaluate 
the precision of the determination of Pb(II) and Cd(II) 
ions, the studied procedure was repeated 5 times under 
optimum conditions mentioned above. The method pre-
cision is very good, and the recovery of analytes is quan-
titative (above 95%). The recoveries and RSD of Pb(II) 
and Cd(II) ions were found to be 97.5 ± 0.5 and 98.7 ± 0.3 
at 95% confidence level, respectively.

Effect of electrolytes and foreign ions
The interference effect on the adsorption of other ele-
ments that can be found in the same environment was 
examined. The effects of some salts and ions such as KI, 
KBr, NaCl, Na3PO4, Na2SO4, NaNO3, Mg(II) and Ca(II) 
on the adsorption of Pb(II) and Cd(II) were examined. 
The concentration range of interfering ions was between 
0.5 and 10 μg/mL. Tolerance limits were determined with 
± 5% relative standard error and are given in Table  2. 
Cations and organic substances are ubiquitous in water. 
H+ and other cations can also compete with Pb(II) and 
Cd(II) with available sorption sites. This may reduce the 
adsorption ability of the adsorbent used. However, as can 
be seen from the results obtained, it was understood that 
the presence of Na+, K+, Mg2+ and Ca2+ ions had little 
effect on the adsorption of heavy metals.

These results show that when working with natural 
samples, these ions that can be found in water do not 
interact with the metals selected under the experimental 
conditions used at normal concentration levels. Accord-
ing to the results obtained, it shows that the preconcen-
tration method performed in this study can be easily 
applied to natural water samples containing ions that 
may be interfere at tolerable levels given in Table 2.

Adsorption isotherm models
In this study, two important and widely studied Lang-
muir and Freundlich isotherm models were selected. The 
results are given in Figs.  7 and 8. Langmuir and Freun-
dlich isotherm parameters are given in Table  3. Lang-
muir and Freundlich isotherm models were applied to 
examine the amount of metal ions adsorbed onto modi-
fied Amberlite XAD-4. Sorption data have been inter-
preted in terms of Langmuir and Freundlich equations as 
described in the reference (Kocaoba 2007).

Langmuir and Freundlich isotherm parameters and 
constants for the adsorption of Pb(II) and Cd(II) ions 
on modified Amberlite XAD-4 were calculated from the 
experimental equilibrium data, and the results are sum-
marized in Table 3 with regression coefficients. The cal-
culated regression coefficients (R2) were compared to 
determine the most suitable isotherm model. The calcu-
lated regression coefficients given in Table 3 clearly indi-
cate that both Langmuir and Freundlich isotherm models 
provided good relationship to the experimental equilib-
rium data for the adsorption of heavy metal ions on mod-
ified Amberlite XAD-4. As can be seen in Fig. 7, log Qe 
versus log Ce curves give straight lines according to the 
Freundlich isotherm equation. Both Kf  and n are empiri-
cal constants, being indicative of the extent of adsorp-
tion and the degree of nonlinearity between solution and 
concentration, respectively. For favorable adsorption, 
0 < n < 1. Since the degree of favorability increases as n 
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Fig. 8  Langmuir sorption isotherms of Pb(II) and Cd(II) ions by 
modified Amberlite XAD-4 resin
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approaches zero, all samples show a very high affinity for 
studying heavy metals.

The adsorption intensity given by the Freundlich coef-
ficient, n, is < 1 in all cases, the values lying between 0.006 
and 0.021. A greater value of the intercept Kf  indicates a 
higher capacity for adsorption than a smaller value. The 
Freundlich adsorption capacity ( Kf  ) lies between 0.0282 
and 0.0315.

In order to ascertain whether the adsorption is chem-
isorptive in nature with chemical forces binding Pb(II) 
and Cd(II) ions to the surface of the modified Amber-
lite XAD-4, the experimental data were also tested with 
respect to Langmuir isotherm. As shown in Fig. 8 from 
the linear relation between Ce

/

Qe and Ce , the adsorp-
tion equilibrium constant b and maximum adsorption 
capacity Q0 of adsorbents were calculated and these are 
also shown in Table 3. The adsorption isotherm of Pb(II) 
and Cd(II) exhibits Langmuir behavior, which indicates a 
monolayer adsorption.

The plots have good linearity in both cases (Freundlich 
plots, R = 0.9774–0.9895, Langmuir plots, R = 0.9962–
0.9980) at room temperature. The values of the adsorp-
tion coefficients computed from these plots are given in 
Table 3. The values of the adsorption coefficients indicate 
the favorable nature of adsorption of Pb(II) and Cd(II) 
on the modified Amberlite XAD-4. The Langmuir mon-
olayer adsorption capacity, Q0, is between 0.2647 and 
0.6553 mequiv/g. The Langmuir equilibrium coefficient, 
b, has values of 0.0052–0.0080. The separation factor, RL , 
with values of 0.8620–0.9058, also supports favorable 
adsorption of the metal ions on the modified Amberlite 
XAD-4. Strong adsorbate–adsorbent interactions are 
suggested by the values of the adsorption coefficients. 
Also, some other studies showed that Freundlich and 
Langmuir isotherms correspond well with the experi-
mental results of some heavy metals (Chung et al. 2015; 
Hoque et al. 2015; Bhatti et al. 2017a, b; Boudaoud et al. 
2020; Kocaoba 2020; Santana et al. 2021).

Comparisons of the advantages of modified 
Amberlite XAD‑4 resin with other sorbents
The main focus of extensive research on chelating resins 
is the preparation of functionalized polymers that can 
provide more flexible working conditions together with 
good stability, selectivity, high concentration ability, high 
capacity of metal ions and a simple operation synthesized 
a chelating resin Amberlite XAD-4 with different sub-
stances like 8-hydroxyquinoline, o-aminobenzoic acid, 
2,3-dihydroxy-naphthalene, ammonium pyrrolidinedithi-
ocarbamate, some Schiff bases, succinic acid, maleic acid, 
salicylic acid, biomass, etc. (Metilda et  al. 2005; Islam 
et  al. 2012; Li et  al. 2013; Ahmad et  al. 2015; Saffarion-
pour et al. 2016; Aksoy et al. 2018; Baytak et al. 2018a, b; 

Ozdemir et al. 2021). The m-phenylenediamine-modified 
Amberlite XAD-4 resin exhibits a good preconcentration 
factor and the sorption capacity and recovery for metal 
ions compared with several known chelating resins (Bag 
et  al. 1999; Alan et  al. 2007; Dalman et  al. 2007; Duran 
et  al. 2007; Tajodini and Moghimi 2010; Marahel et  al. 
2011; Bagheri et  al. 2012; Islam et  al. 2013; Zhou et  al. 
2014; Cetinkaya and Aydın 2017; Topuz and Yakut 2020; 
Elbadawy et al. 2021; Zawierucha et al. 2022).

Application of method to real samples
Using this method, determination of Pb(II) and Cd(II) 
ions in tap water was achieved by the standard addition 
method. The procedure for the preconcentration was 
carried out by taking proper volume of sample solu-
tions fixed to optimum pH. When the results given in 
Table 4 are examined, it is understood that the proposed 
method is feasible to water analyses at 95% confidence 
level. Pb(II) and Cd(II) concentrations in the samples 
were determined with less than 5% relative error in all 
samples. The results obtained indicate that this recom-
mended method is very suitable for the determination of 
heavy metals in tap water and other water and wastewa-
ter streams.

Conclusions
The results from this study show that the modified 
Amberlite XAD-4 resin can be effectively used for the 
preconcentration of heavy metals. As a novel chelating 
resin, the m-phenylenediamine-modified XAD-4 resin 
showed high adsorption selectivity for Pb(II) and Cd(II) 
ions. Using this proposed method, analytes in sam-
ple solutions can be directly preconcentrated. Another 
important advantage is that this preconcentration tech-
nique is cheap. 0.2  g of adsorbent is just required, and 
the resin can be regenerated and used repeatedly. The 
optimum pH value for the studied metals was 5, and the 
optimum flow rate was 2.5 mL/min. Different volumes of 
HNO3 and HCl solutions were tried to find the appropri-
ate solvent and amount in recovering metal ions retained 
in the column.10 mL of 1 mol/L HCl solution was found 
sufficient for both metals. It has been observed that both 

Table 4  Determination of Pb(II) and Cd(II) in tap water

a Mean of 5 determinations with 95% confidence level

Element Added (μg) Recoverya (%)

Pb(II) 10 94.5 ± 0.2

20 95.7 ± 0.3

30 97.4 ± 0.4

Cd(II) 10 95.4 ± 0.4

20 96.8 ± 0.3

30 98.4 ± 0.2
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metal ions can be recovered quantitatively (95%) up to a 
volume of 250 mL sample solution.

With this process, it was shown that analytes showed 
better retention, better repeatability of experiments and 
multiple column application (approximately 10 studies). 
The matrix effects of other ions that may be present in 
the environment have also been shown to be reasonably 
tolerated.

The method is relatively fast and effective for the pre-
concentration of metal ions at trace levels. It can also be 
concluded that the use of m-phenylenediamine-modified 
Amberlite XAD-4 resin as an adsorbent may be an alter-
native for the treatment of liquid wastes that contain 
heavy metals. Moreover, the rapid uptake allows to con-
sider carrying out the sorption of heavy metals on col-
umn filled with this adsorbent because the contact time 
between the metal solution and the adsorbent is gener-
ally short in this process.

As a result, the studied method has very good perfor-
mance in terms of simplicity, precision, selectivity, accu-
racy and column stability.
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