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ABSTRACT: In this study, a new sorbent of chemically-modified activated carbon with L-arginine 

(AC-Arg) has been produced as solid-phase extraction, to trace Zn(II) and Cd(II) ions in real 

samples, including soil and water samples, by Flame Atomic Absorption Spectrometry (FAAS). 

Once the surface coverage value is determined, the surface modification has been investigated and 

assessed, while having employed both elemental analysis as well as Attenuated Total Reflection 

InfraRed (ATR-IR) spectroscopy. The separation/preconcentration factors of the analyte, including  

the effect of pH, shaking time, sample volume, elution condition, and interfering ions have been studied. 

Following the International Union of Pure and Applied Chemistry (IUPAC) recommendations,  

the detection limits (3σ) of these methods are 2.4 and 1.6 ng/mL, using AC-Arg for Zn(II) and Cd(II)  

respectively. The Relative Standard Deviation (RSD) under optimum conditions is less than 1% 

(n=6). 
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INTRODUCTION 

Water and soil pollution caused by heavy metals  

has recently turned out to be one of the main environmental 

problems [1, 2, 3]. Heavy metal water pollution has resulted  

in severe ecological problems in many areas around the 

world. Different techniques such as polarography [4], 

inductively coupled plasma atomic emission [5], 

voltammetry [6], and UV-Vis. Spectrometry [7], applied for 

the determination of heavy metals in aqueous samples.  

Flame Atomic Absorption Spectrometry (FAAS)  

is among the most extensively applied methods  

to determine heavy metals at trace levels, but, the sensitivity 

and selectivity of FAAS are typically inadequate  

 

 

 

to determine heavy metals in trace concentration  

in complex environmental sample matrices [8-10]. In trace 

analysis, therefore, preconcentration or separation  

of trace elements from the matrices is quite essential  

for the development of their detection and selectivity by FAAS.  

Among the preconcentration methods, Solid Phase 

Extraction (SPE) has been extensively popular for 

preconcentration of heavy metals, because of some 

advantages such as high efficiency, easy handling, speed, 

low consumption of material, especially toxic organic 

solvents, and the potential combination of a variety of  

on-line or off-line detection techniques [11-16]. 
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The selection of suitable adsorbent in SPE procedure 

is considered an important factor to achieve high 

recovery and high enrichment factors [17-19]. 

Many sorbents were used in preconcentration of metal ions, 

such as Activated Carbon (AC) [20-25], silica gel [26-28], 

carbon nanotubes [29], resins like Amberlite XAD [30-33], 

Dowex Optipore V-493 [34], and polymers 

acrylaminophosphonic-dithiocarbamate [35]. AC is  

the most widely used adsorbent in the environmental 

pollution control due to its large surface area, high 

adsorption capacity, porous structure, selective adsorption, 

and high purity standards[36-38]. 

However, AC can not solely adsorb quantitatively 

inorganic materials at trace and ultra-trace levels [39]. 

Therefore, there are different methods of surface 

treatments such as oxidative and non-oxidative methods 

which are extensively applied to modify the interfacial 

region by increasing surface functional groups, and thus, 

developing its potential low adsorption capacity. Several 

research groups have so far investigated the non-oxidative 

surface modification, including immobilization [40-42], 

loading [43-44], anchoring [45] and grafting [46]  

of organic molecules, which has recently achieved  

a substantial consideration. 

The chemical structure of L-arginine is shown in Fig. 1. 

Chemically modified activated carbon with amino acids 

is expected to be more selective than untreated and 

oxidized activated carbon for the solid-phase extraction 

of metal ions.  The main reason for using L-arginine  

as a chemical modifier for AC was that amino acids 

possess different functional groups including amine  

and carbonyl with different metal binding capacities. 

Therefore, in this investigation, AC was oxidized  

to nitric acid to achieve carboxylic derivative (AC–

COOH), afterward, the AC reacted with ethylenediamine 

(EDA) through an amide linkage to obtain  

AC-EDA. Finally, the (AC-EDA) product required a covalent 

modification of L-Arg, using glutaraldehyde as a covalent 

cross-linking agent. It is noteworthy that the binding  

of the (L-arginine) compound on the surface of  

the AC–COOH was achieved in a three-step reaction  

and characterized by ATR-IR spectroscopy and elemental 

analysis. At previously work the modifier adsorbed  

on the surface of the base adsorbent and washed after 

elution. In this study, the modifier chemically bonded  

on the carbon active and therefore don’t remove simply  
 

 

 

 

 

 

 

 

 

 

 

Fig. 1: Chemical structure of L-arginine 

 

from the adsorbent after elution. The new sorbent has been 

used for the preconcentration and separation of Zn (II) 

and Cd (II) before their determination by FAAS. 

Parameters that influence the sorption and elution 

efficiency of the Zn (II) and Cd (II) were also 

investigated in the batch mode. Then, a validation 

standard for this method was analyzed using Certified 

Reference Materials (CRMs), so that it can be utilized  

for analyzing water and biological samples. 

 

EXPERIMENTAL SECTION 

Chemicals and reagents 

Analytical and spectral Reagents of high purity  

were employed throughout the experiments along with 

deionized water; hence, no higher purity was required [47].  

A standard stock solution containing 1000 µg/mL  

of zinc and cadmium was prepared by dissolving  

Zn (NO3)2- 6H2O and Cd (NO3)2 - 4H2O (Merck, Darmstadt, 

Germany) in deionized water respectively. More dilute 

solutions were prepared daily out of the standard stock 

solution. The following buffer solution was used for SPE 

procedures: CH3COOH / CH3COONa buffer for pH 4-6; 

Na2HPO4/ NaH2PO4 buffer for pH 7-8 [48]. The pH  

was adjusted by adding dilute choleric acid or sodium 

hydroxide to analytes solution. AC in the average diameter 

of 40-60 mesh purchased, ethylene diamine (EDA), 

glutaraldehyde (GA), N,Ń-dicyclohexylcarbodiimide (DCC) 

and L-arginine( Merck) were used in this work. 

 

Instruments and apparatus 

In this research, a Perkin-Elmer FAAS instrument 

Model Analyst 300, equipped with Zn and Cd hollow 

cathode lamps, was operated at 10 mA and with 
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an air-acetylene flame. The wavelength used was 213.9 and 

228.8 nm respectively, slit width of 0.7 nm, the fuel of 1.08 L/min, 

and burner height of 4-12 mm. The pH of each  

the sample solution was adjusted within the range of 4-8, 

using a Metrohm model 699 pH/ Ion digital meter 

equipped with a glass-saturated calomel electrode.  

It was calibrated with two standard buffer solutions  

pH 4 and 7, shaken using a mechanical shaker placed into 

a water bath at 25  0.1 0C. The attenuated total reflection 

infrared (ATR-IR) spectra of  surface-modified of AC 

were achieved by a (model Tensor 27, Bruker instrument, 

Karlsruhe, Germany)  in the wavenumber range of  

600-4000 cm-1. Samples were run using Costech  

4010 elemental analysis to determine CHN and O atoms 

present. 

 

Pretreatment of real  samples 

Analysis of water samples in determining analyte 

contents was carried out as follows: About 8 mL of 

concentrated HNO3 and 3 mL of H2O2 of (30%)  

were added to a beaker containing 250 mL of sample to 

eliminate and decompose organic matter. The sample was 

heated to one-fourth volume under stirring  

in optimum pH, followed by performing the preconcentration 

procedure presented above [49]. 

A well-homogenized soil sample of precisely 3.0 g 

was placed in a 250 mL beaker and digested  

with an oxidizing agent. Afterward, 14 mL concentrated 

HNO3 and 3 mL of HClO4 70% (w/w) were added, and 

heating is continued for 1 h. The content of the beaker 

was filtered through Whatman 40 filter paper into  

a 250 mL calibrated flask and its pH adjustment was made 

to optimum pH with KOH and acetate buffer and  

was diluted to mark with de-ionized water [50]. 

 

Synthesis 

Synthesis of the carboxylic derivative of activated carbon 

(AC-COOH) 

Activated carbon was purified using 10% (v/v) 

hydrochloric acid solution for 24 h to dissolve the metal 

ions and other impurities in the sorption step. Then, 10 g 

of purified activated carbon was immersed  

in 300 mL of 32.5% (v/v), nitric acid solution under stirring 

and heated for 5 h at 60 ◦C. The mixture was filtered and 

washed with deionized water until the pH of washing 

water became neutral and dried in an oven at 80 ◦C for 8 h. 

The result was carboxylic derivative of activated carbon 

(AC–COOH). 

 

Synthesis of activated carbon-bound L-arginine (AC-Arg) 

An effective amount of 5.0 g AC– COOH  

was suspended in 150 mL of ethylenediamine, stirred and 

heated; then, 5.0 g of N, Ń-dicyclohexylcarbodiimide (DCC) 

was added to the suspension and refluxed at 120 °C  

for 48 h. The result (AC-EDA) was filtered off, washed 

with ethanol, and dried at 80 ◦C for 8 hr. The activated 

carbon-bound ethylene diamine (AC-EDA) was afterward 

immersed in a 1% (w/v) glutaraldehyde solution (pH=7) 

for 40 min at room temperature and stirred and dried  

in an oven at 80 ◦C for 8 hr [51,52], The glutaraldehyde 

treated activated carbon (AC-GA) were washed with 

distilled water and incubated in a 2% (w/v) L-arginine 

solution at pH=7 and stirred at room temperature  

on L-arginine modified carbon. The three-step synthesis 

of AC-Arg is illustrated in Scheme 1.  

 

(ATR-IR) Characterization and elemental analysis 

The modified activated carbons were also analyzed  

by ATR-IR analysis, as illustrated in Fig. 2. In the ATR-IR 

spectrum of AC–COOH with activated carbon, a new 

band (1720 cm−1) appeared in AC–COOH, due to C=O of 

the carboxylic acid group, revealing that the carboxylic 

derivative of activated carbon was successfully prepared. 

Upon modification of AC–COOH by L-Arg, several  

new bands appeared in the spectrum. Based on the existing 

literature, the new bands can be assigned as follows:  

the peak at 1537 cm−1 was attributed to the asymmetrical 

vibration of carboxyl anion (-COO-), and the band  

at 1647 cm−1 was attributed to imine bond (C=N) or  

the N–H bending vibration. The band at 3372 cm−1  

was assigned because of the N–H stretching vibration [53-54].  

To ratify the attachment of L-Arg to activated carbon, 

elemental analysis was carried out. The results of the 

elemental analysis, before and after modification, are 

listed in Table 1. Accordingly, elemental analysis results 

show that the activated carbon is successfully modified 

by Arg. 

 

Preconcentration procedure 

Two sample solutions, including 0.2 µg/mL of Zn(II) and 

Cd(II) ions in 250 mL, were taken, and by using different 

acetate buffers, it was adjusted to pH 5 for AC-Arg. 
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Table 1: Elemental analysis results for activated carbon and  activated carbon modified by L-arginine. 

Elemental atomic contents 

Element %C %H %N %O 

AC 68.95 2.21 0 28.84 

AC-Arg 77.36 2.13 11.60 8.91 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Scheme 1: Three-step synthesis of activated carbon with L-arginine 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 2: ATR-IR spectra of AC(a) and AC-Arg (b). 

 

This batch procedure was carried out while 0.6 g of  

AC-Arg was added to the above solutions and stirred  

at room temperature for 30 min, so as to assist the 

adsorption of the zinc and cadmium ions onto the 

sorbents. The concentrations of the zinc and cadmium 

ions in the solutions were directly determined by FAAS. 

The sorbent was then eluted with 5 mL of 1 M  HNO3 

solution of optimal concentrations and the desorbed zinc 

and cadmium ions were measured by FAAS. 

RESULTS AND DISCUSSION  

Effect of amount of the sorbent 

The amount of sorbent is another important 

parameter that affects recovery. Therefore, the effect 

of the mass of sorbent on quantitative retention Cd(II) 

and Zn(II), different amounts of AC-Arg (range 0.2-1 g) 

were added into the solution following  

the experimental method. The results showed in Fig. 3. 

So to achieve higher recovery, subsequent extraction 

experiments were carried out using 0.6 g  

of the sorbent. 

 

Influence of pH of sample solution 

The effect of pH of sample solution on the 

preconcentration step of Zn(II) and Cd(II) onto AC-Arg 

was studied over the range of 4–8 keeping other 

parameters constant. To achieve these purposes, 250 mL 

of 0.2 µg/mL Zn(II) and Cd(II) at various pH values (4-8) 

were treated with the AC-Arg. Afterward, these were stirred 

at optimum stirring times. The eluent solution was 

checked for Zn(II) and Cd(II) concentration, using FAAS. 

Fig. 4 shows that the effective adsorptions of these ions 

take place at pH of 5.0. The pH during the 
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preconcentration procedure was controlled at 5.0 by addition 

of buffer solution with pH 5.0, the metal ions recoveries 

were increased from pH 4.0–5.0 and a decreased  

in the pH range 6.0-8.0. In acidic medium, these metal ions 

were seen in free cation, and then carboxylate and amine 

functional groups of adsorbent can be adsorbed the metal 

ions. With an increase of H+ concentration, dissociation  

of the acidic functional group of the adsorbent  

was suppressed and amine groups of adsorbent protonated 

and decreasing in sorption took place. With the increase 

of pH value causes facilitated dissociation of the acidic 

functional group of the L-arginine and thus more sorption 

of metal cations increased. 

The decrease in absorption at pH > 5 is probably  

due to the precipitation of metal ions as insoluble M(OH)2 

or M(OH)+ in the reaction medium.  

 
Effect of stirring time on the sample solution 

The stirring time is a critical factor in determining  

the likelihood of using AC-Arg for the selective extraction 

of metal ions. In this study, the stirring time varied 

between 10-90 min while preconcentration of 250 mL of 

0.2 µg/mL zinc and cadmium solution was underway. 

The eluent solution for Zn(II) and Cd(II) concentration  

as well as the adsorption of the solution were checked 

and measured by FAAS. The results achieved revealed  

that 30 min of stirring was enough for the quantitative 

enrichment of Zn(II) and Cd(II) on AC-Arg Fig. 5. Hence, 

these times were adopted all through the subsequent studies. 

 
Influence of sample volume 

To achieve trustworthy and reproducible analytical 

results and a high concentration factor, it is very critical 

to obtain acceptable recoveries for all the compounds 

investigated in as large a volume of sample solution  

as possible. Therefore, it is essential to achieve the 

maximum volume in the SPE. To establish the maximum 

volume, various volumes of buffer solution at pH 5  

for AC-Arg were spiked by maintaining Zn(II) and Cd(II) 

at 0.2 µg/mL concentration levels. The influence  

of the sample volume on the recovery of analyte  

is illustrated in Fig. 6. The results revealed that the 

maximum sample volume could be up to 1000 mL  

for AC-Arg recovered to >95.5%. At higher volumes,  

the percentage of recovery declined. 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

Fig. 3: Effect of amount of the sorbent . 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

Fig. 4: Effect of pH on adsorption of Zn (II) and Cd (II) on 

the modified activated carbon. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

Fig. 5: Effect of stirring time in sample solution. 
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Table 2: Effect of coexisting ions recovery percentage of 0.2 µgmL-1 Zn (II) and Cd (II) adsorbed in AC-Arg. 

Interference ions Tolerance limits (mg/L) 

K+, Na+, Ca2+, Mg2+ 1000 

NO-
3, SO2-

4 750 

AL3+, F-, CH3COO- 500 

Fe3+, Co2+, Cu2+ 250 

 

Table 3: Specification of the presented method at optimum conditions for Zn (II) and Cd (II). 

Parameters Zn/AC-Arg Cd/AC-Arg 

Linear range (µg ml-1) 0.01-0.8 0.009-0.4 

Regression equation Y=0.4508X+0.2309 Y=0.753X+0.999 

R2 0.9989 0.999 

Limits of detection(ngml-1) 2.4 1.6 

Preconcentration factor 200 200 

RSD 0.86 0.70 

Recovery(%) 95.6 96.72 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 6: Effect of the sample volume on adsorption 0.2 µg/mL 

Zn (II) and Cd (II) on AC-Arg. 

 

The influence of coexisting ions 

Levels of diversions is a critical problem in the atomic 

absorption spectrometry determination of heavy metal 

ions. In these tests, solutions of 0.2 µg/mL of Zn(II) and 

Cd(II) maintaining the added interfering ions were treated 

as the above procedure suggests. The results are illustrated  

in Table 2. The highest level of foreign ions with  

the relative error of less than 5% while combining both 

SPE and atomic absorption spectrometry determination 

methods, was defined as a tolerable limit.  

Apparently, the existence of the main cations has  

no outward effects on the determination of Zn(II) and 

Cd(II) at controlled conditions. 

 

Analytical features 

The calibration curve was achieved using a 250 mL 

solution at pH 5 AC-Arg at optimal condition. The results 

are illustrated in Table 3, where adsorption ability is  

an important factor, because it determines the amount  

of sorbent required to quantitatively concentrate the analytes 

from a specific solution. To determine the adsorption 

capacity, 0.6 g of adsorbent were treated with 0.2 µg/mL 

of different volumes (250-1500 mL) of Zn(II) and Cd(II) 

solutions for AC-Arg. The primary volume of Zn(II) and 

Cd(II) was increased till the plateau volumes (adsorption 

capacity volumes) were achieved. A high preconcentration 

factor, as the ratio of the highest volume of initial 

solutions (1000 mL) to the volume of eluting solution (5 mL) 

for zinc and cadmium, was 200 for AC-Arg. 

Following the general procedure described in this 

experiment, eight portions of standard solutions were 

simultaneously enriched and analyzed under control 

conditions. The limits of detection (3σ) of the method 

defined by IUPAC were understood to be 2.4 and 1.6 ng/mL, 

using chemically modified active carbon with  

L- arginine for Zn(II) and Cd(II) respectively. 
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Table 4: Analytical results for the determination Zn (II) and Cd (II) in water samples for AC-Arg. (N=3). 

Ion Added (µg/mL) Found (µg/mL) Recovery (%) R.S.D (%) 

Zna 

0 0.010 - 1.4 

0.3 0.297 99.0 1.0 

0.6 0.601 100.2 0.9 

Cda 

0.0 0.009 - 1.2 

0.3 0.300 100.0 1.1 

0.6 0.602 100.3 1.1 

Znb 

0 ND - - 

0.3 0.302 100.6 1.9 

0.6 0.611 101.8 1.6 

Cdb 

0 ND - - 

0.3 0.303 101.0 1.1 

0.6 0.605 100.8 1.0 

Znc 

0 0.019 - 1.2 

0.3 0.298 96.3 0.9 

0.6 0.6 100.0 1.8 

Cdc 

0 0.012 - 1.1 

0.3 0.304 101.3 1.1 

0.6 0.613 102.2 0.9 

Znd 

0 0.127 - 0.9 

0.3 0.302 100.6 1.2 

0.6 0.608 101.3 1.3 

Cdd 

0 0.021 - 1.6 

0.3 0.299 99.7 1.2 

0.6 0.6 100 1.0 

a) a:Undergro und water;    b: Tap water;    c: Sea water;    d :Effluent combinedcycle power plant of kazeroon; ND: not detected 

 
The Relative Standard Deviation (RSD) for the six replicate 

determinations of lower 1% revealed that the method is accurate 

enough for the analysis of trace of Zn(II) and Cd(II) in solution 

samples. The results reveal the capability of the solid phase  

to recover the high amount of Zinc and Cadmium (Table 3). 

 

Accuracy and application 

To ascertain the accuracy of the suggested procedure, 

the method was successfully applied to determine trace  

of Zn(II) and Cd(II) in various samples, including soil 

and natural water samples. We used the standard addition 

method while spiking experiments to check reliabilities. 

The percent recoveries and relative standard deviation  

for Zn(II) and Cd(II) in spiked water samples and soil are 

presented in Tables 4 and 5 respectively. These results 

reveal that AC-Arg can be considered an appropriate 

method for selective SPE and determination of trace  

of Zn(II) and Cd(II) in an environmental sample. 

 

Comparison with other methods 

Comparative information from some studies for  

the preconcentration procedures of Cd(II) and Zn(II) using 
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Table 5: Analytical results for the determination Zn (II) and Cd (II)  in soil  for AC-Arg. (N=3). 

Ion Added (µg/mL) Found (µg/ml) Recovery (%) R.S.D (%) 

Zna 

0 0.077 --- 1.9 

0.3 0.295 98.3 0.9 

0.6 0.614 102.3 1.3 

Cda 

0 0.034 --- 1.7 

0.3 0.339 101.7 1.9 

0.6 0.613 102.2 1.3 

a: Soil sample was collected from agricultural soil of  firoozabad university, Iran. 

 

Table 6: Comparison with the other preconcentration procedures of Zn (II) and Cd (II) using various modified adsorbents. 

Method Metals P.F. D.L. L.R. Method and apparatus Reference 

SDS-coated alumina – DPTQO 
Cd(II) N. R. 1.4 0.02 -0.85 

SPE/FAAS [55] 
Zn(II) N. R. 1.3 0.01-0.9 

(IPBATP-Ag-NP-AC 
Cd(II) 100 1.4 0.01-0.34 

SPE/FAAS [56] 
Zn(II) 100 1.3 0.01-0.32 

IPBATP-AC) 
Cd(II) 50 1.6 0.01-0.3 

Zn(II) 50 1.6 0.01-0.35 

(PNP-SBNPK 21 
Cd(II) 80 2.1 0.2-0.7 

SPE/FAAS [57] 
Zn(II) 80 2.2 0.1-0.7 

PNP-SBNPK 22) 
Cd(II) 80 2.6 0.4-0.7 

Zn(II) 80 1.4 0.1-0.7 

MWCNT-MPSTO 
Cd(II) 91 2.0 0.02–0.01 

SPE/FAAS [58] 
Zn(II) 91 1.4 0.02–0.12 

AC-Arg 
Cd(II) 200 1.6 0.009-0.4 

SPE/FAAS Present work 
Zn(II) 200 2.4 0.01-0.8 

N. R. : Not Reported;     P. F. : Preconcentration factor;     D.L. : Detection Limit (ng/mL);     L.R. : Linear range (µg/mL); 

SDS-coated alumina – DPTQO: sodium dodecyl sulfate (SDS)-coated alumina as their 2,3 Di Hydro 2,3 para tolyl Qinazoline (1 H)- 4 one (DPTQO) 

(IPBATP-Ag-NP-AC) and (IPBATP-AC): Silver nanoparticle loaded on activated carbon and activated carbon modified with 2-(4- isopropyl 

benzylideneamino) thiophenol (IPBATP) 

(PNP-SBNPK 21 and PNP-SBNPK 22): Silica chemically bonded N-propyl kriptofix 21 and 22 with immobilized palladium nanoparticles 

MWCNT-MPSTO: MultiWalled Carbon Nanotube (MWCNT)chemically modified with(3 mercaptoprop yl) silanetriolate 

AC-Arg : Activated carbon chemically modified with L-arginine 

 

various modified adsorbents are given in Table 6.  

As seem from data, Chemically-modified activated carbon 

with L-arginine (AC-Arg) show the detection limits of 

the measurement were remarkably better and a wider 

linear range, obtaining high preconcentration factor  

as well as being a convenient, safe, sensitive, simple, 

rapid, and inexpensive method as compared with other 

methods reported solid-phase extraction in Table 6. 

CONCLUSIONS 

This selective method was successfully applied  

for the analysis of trace Zn(II) and Cd(II) in soil and water 

samples with satisfactory results. The benefits of the newly 

synthesized chemically-modified activated carbon with 

(AC-Arg), as the data obtained in this investigation 

suggests, can be summarized as follows. The synthesis  

of AC-Arg is comparatively straightforward and can be used 
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several times without a marked loss in sorption 

capacity, demonstrating the stability of the covalent bond 

between the AC-COOH with L-Arg. 

The results are given in Table 6. The new sorbent has 

outstanding selectivity, short contact time, easy elution, 

stable structure after 6 elution, and good preconcentration 

factor for determination cadmium and zinc ions.   
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