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Abstract 

Water samples obtained from rivers in Maysan province, Iraq, were used to separate and determine trace components in 

river water. NGO was synthesized using a modified Hummer's method and characterized using a Fourier transform 

infrared spectrophotometer (FT-IR), ultraviolet-visible spectrophotometer (UV-Vis), X-ray diffraction spectroscopy (XRD), 

Zeta potential analyzer, Transmission electronic microscopy (TEM), and field emission scanning electronic microscopy 

(FESEM) (FESEM). The synthesized NGO was utilized to separate the trace elements (Cr, Fe, Cu, Zn, Cd, and Pb) from river 

water samples at optimal circumstances using the solid phase micro extraction technique (SPME). Cr, Fe, Cu, Zn, Cd, and 

Pb contents in river water samples (1.771 g/mL), (0.791 g/mL), (0.44 g/mL), (1.53 g/mL), (0.498 g/mL), and (1.345 g/mL) 

were evaluated directly by flame atomic absorption spectroscopy.Cr, Fe, Cu, Zn, Cd, and Pb had lower average residue 

concentrations after SPME utilizing nano sheets of GO as a sorbent (0.38 g/mL), (0.098 g/mL), (0.079 g/mL), (0.191 g/mL), 

(0.021 g/mL), and (0.191 g/mL), respectively. There was a shift in conductivity values in water samples evaluated before 

and after the addition of nano sheets of GO, confirming the adsorption of metal ions on the nano sheets of GO. 
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1. Introduction 

Heavy metal ions in water and soil produce "environmental pollution," which may be traced back to industrial 

expansion due to high pollution levels in rivers, lakes, and seas, resulting in heavy metal ion deposits (1-3). 

rsenic, lead, mercury, chromium, zinc, cadmium, copper, and nickel are all heavy metals that cause pollution (4 

,5).In recent years, graphene oxide has been studied as a possible material for metal ion adsorption (6,7).GO 

having multiple oxygenation groups functionalized on the edge of sheets(8-12).In GO, this functionalized group 

specifies a surface area and dispersion properties (1). 

Graphene oxide has been extensively studied as a heavy metal ion adsorbent in aquatic environments due to 

its electrostatic interaction with cations. Heavy metal cations are attracted to negatively charged graphene 

oxide flakes by electrostatic forces, resulting in better sorption performance in aqueous solution(13).Solid phase 

micro extraction (SPME) is a popular method for the separation and pre-concentration of metal ions, 

commonly used before atomic absorption spectrometry (AAS)(1), nano graphene oxide used as a sorbent in 
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solid phase micro extraction method SPMEIn this study synthesized nano graphene oxide used as a sorbent in 

order to separate and remove the trace elements at the optimum conditions from the river water by solid 

phase micro extraction method – SPME.    

 

2. Methodology 

 

2.1 Instruments 

The operating conditions for FAAS are presented in Table-1. Flame atomic absorption spectroscopy (FAAS) AI-

1200, he analytes (Cr, Fe, Cu, Zn, Cd, and Pb) were determined using Aurora. Spectrophotometer (UV-vis) 

(double beam, UV-1800, Shimadzu),Fourier transform infra-red (FTIR-8400S, Shimadzu), Zeta potential 

analyzer (ELS type, zeta plus, Brookhaven), X-ray diffraction (XRD, LabX-XRD-6000, Shimadzu), Field emission 

scanning electronic microscopy (FESEM, 5KV, Zeiss), Probe sonicator (FSFJY92-IIN, Sino Sonics), stirring water 

bath (KBLEE 2010) and Muffle furnace (CWF1100). 

 

Table-1 Operating parameters of FAAS according to manual instructions  

 

Elements Wave length 

(nm) 

Slit width 

(nm) 

HCLamp 

(mA) 

Calibration curve 

(µg/mL) 

Flame 

Cr 357.9 0.2 10 0.2 – 0.8 Air/acetylene 

Fe 248.3 0.2 5 0.5 – 2.0 Air/acetylene 

Cu 324.7 0.2 6 0.5 – 2.0 Air/acetylene 

Zn 213.9 0.2 5 0.5 – 2.0 Air/acetylene 

Cd 288.8 0.2 5 0.5 – 2.0 Air/acetylene 

Pb 217.0 0.2 5 2.0 – 8.0 Air/acetylene 

 

2.2 Chemicals 

Standard solutions were prepared by serial dilution of stock solutions(1000 µg/mL) using deionized water 

(19.5 S/cm). Chromium chloride, Ferrous sulphate,Copper sulphate, Zinc sulphate,Cadmium sulphate and Lead 

nitratefrom Sigma-Aldrich. Graphite (99.9 %) - CDH company, Sulphuric acid (97%), Hydrochloric acid (37%) – 

ChemLab,Dimethyl formamide(99.5%), Potassium permanganate, Sodium nitrate, Thomas Beaker, 

Hydrochloric acid (37%) AppliChem, Hydrogen peroxide (50%) Chem Lap. 

2.3 Synthesis of nano graphene oxide 

A modified Hummer's approach was used to synthesize nano graphene oxide (NGO)(14,15). In beaker 

500mLdissolved0.6 g graphite and 0.5 g sodium nitrate (NaNO3) in 23 ml of cooled (0  ºC) concentrated 

sulphuric acid (H2SO4) onto ice bath with stirring for 15 min. A added gradually3.0 g potassium permanganate 

(KMnO4) to the suspension (black color), continuous stirring to keep the reaction temperature below 20  ºC 

onto ice bath for 30 min. Then stirring  in water bath at 35 º  C for 2hrs. (The suspension changed to dark 

brown). Deionized water 50 ml added gradually (by dropper) into the suspension over a hot plate magnetic 

stirrer, the temperature kept below 98 º  C, for 15 min, warm deionized water 100 ml added. Hydrogen 

peroxide (30%H2O2) 10 ml added gradually (by dropper) to remove the residual KMnO4 and MnO2, for 15 min. 

The suspension separated by centrifuge (4000 rpm for 5 min), the precipitate washed with warm hydrochloric 

acid (HCl) 5% to remove sulphate ions,Then wash the solution in deionized water until pH 7. Dried the product 

(graphene oxide) in oven at 60 º  C for 1 hr. Graphene oxide 0.5 g added to 50 ml of N,N-di methyl formamide 

(DMF) solvent and sonicated by probe sonicator  for 30 min, the suspension separated by centrifuge (4000 rpm 

for 10 min), the separated residue dried in oven at 60 º C for 1 hr.  
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2.4 Solid phase micro extraction method (SPME) to separate analytes from samples  

The analytes (Cr, Fe, Cu, Zn, Cd and Pb) determined directly inriver water samples by FAAS.The optimum 

conditions of solid phase micro extraction method (SPME) by using nano graphene oxide sheets, 20 ml water 

sample volume, optimum pH for each analyte ion , NGO mass =0.5 mg , sonicated time  2 min., stirring time 5 

min. at room temperature andthree droplets of6.5 mg/mL NaCl, centrifuged for 5min (5000 rpm) to separate 

the solid phase of NGO from the solution,analytes concentration determined  in the residual solutions by 

FAAS(16).  

2.5 Conductivity 

The the presence and absence of nano graphene oxide sheets, the conductivity of river water samples 

collected from various parts of the Maysan governorate was examined. There was a change in conductivity 

values before and after the addition of nano graphene oxide sheets; the conductivity values were high before 

and reduced after the addition of nano graphene oxide sheets.This confirmed the separation of the trace 

elements from the river water samples as shown in Table-2.                                                                                          

Table-2 Conductivity values in the absence and presence of nano sheets of graphene oxide 

 

 

 

 

 

 

 

 

 

 

3. Results and discussion 

 

3.1 NGO Characterization 

The FT-IR spectra of synthesized NGO is shown in Fig. 1-a, with a band at 1626 cm1 for the C=C bond and a 

wide band at 3360-3460 cm-1 for the OH bond. The C=O band stretching vibrations of carbonyl and carboxylic 

groups first observed at 1709 cm-1, While the epoxy group stretching vibrations about 1217 cm-1 to COOH and 

1035 cm-1 to CO. The maximum absorption peak, max= 239.5 nm, and a shoulder peak, 289.5 nm, were the 

absorption bands that corresponded to poly aromatic C=C bonds to * electron transitions and n* electron 

transitions of C=O bonds, respectively, in the UVVis spectrum of the NGO dispersion (0.1 mg/mL), as shown in 

Fig. 1-b(17).FT-IR and UV-vis spectra indicated the presence of multiple oxygen functional groups (hydroxyl, 

carboxyl, carbonyl, and epoxy groups) on the surface of the synthesized NGO. The zeta potential of synthesized 

NGO was (-17.17 mV), as shown in Fig. 1-c. Zeta potentials analyze the surface charge on a particle, which 

impacts nanomaterial agglomeration and adsorption of ions onto nano surface(18).TheXRD spectrum of 

graphite, 2θ = 26.7° (19), The oxidation process caused the peak to disappear, and a new peak appeared at a 

1-
OhmG 

Presence NGO 

1-
OhmG 

Absence NGO 

Samples 

 

4-x10.02 3-3.8x10 1 
4-5.6x10 3-3.5x10 2 
4-1.5x10 3-3.4x10 3 
4-1.3x10 3-3.2x10 4 
4-1.7x10 3-2.7x10 5 
4-1.6x10 3-3.5x10 6 
4-1.8x10 3-4.3x10 7 
4-1.3x10 3-3.6x10 8 
4-1.6x10 3-3.7x10 9 
4-x10.01 3-3.4x10 10 
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lower angle (2θ ≈11°) ,indicating the existence of the synthesized NGO, as shown in Fig. 1-d.The obtained 

results agree with the previous studies(20,21).As shown in Fig. 1, a TEM image exhibiting the intensity of 

electrons attenuated by NGO platelets of various thicknesses shows a sheet-like morphology with different 

thicknesses (3-8). Dark spots represent the dense stacking nanostructure of many nano graphene oxide layers 

with distinct oxygen functional groups. As a result of stacking nanostructure exfoliation, the higher 

transparency areas imply significantly thinner nanographene oxide sheets with only a few layers.The obtained 

results agree with the previous studies(22, 23).The FESEM used to study the surface morphology of NGO as shown 

in Fig. 2, the corrugation shape observed. Low wrinkled on NGO surface are more sensitive and show better 

adsorption ability(24).The energy dispersive X-ray (EDX) (attached with the FESEM), used to identify the 

elements involved in the NGO formation as shown in Fig. 2, the appearance of a peak at energy (0.18 keV) to 

carbon atoms, and another peak at energy (0.5 keV) to oxygen atoms, proved the presence carbon and oxygen 

atoms only in pure synthesized NGO. The obtained results agree very well with the previous studies(15,25). 

 

 
Fig. 1: Characterization of NGO synthesized (a) FT-IR, (b) UV-vis absorption spectrum,  (c) Zeta 

potential, (d) XRD 

 

 
 

Fig. 2: (a) TEM image, (b) FESEM Image and EDX ofthe synthesized NGO  

 

3.2 Optimization of solid phase micro extraction method (SPME) 
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The adsorption procedure for (Cr+3, Fe+2, Cu+2, Zn+2, Cd+2, and Pb+2) ions was carried out in this study 

utilizing the solid phase micro extraction (SPME) technique with nano graphene oxide, and the recovery 

determinete for the solution was studied using flame atomic absorption spectroscopy (FAAS).The recovery was 

evaluated by using the equation R%= [(Cadded–Cafter)/Cadded]*100%, where Cadded the direct concentration of 

analytes (without NGO), and Cafter the concentration of analytes by the SMPE method(48). The optimum pH for 

each analyte ion sufficiently for adsorption process on NGO sheets surface area as shown in Fig. (3-a). NGO 

mass, the recovery increased 0.25-1.0 mg as shown in Fig. (3-b), The obtained recovery 0.5 mg explained the 

availability of more sorption sites on NGO sheetssurface(26). 

The results show the recovery of the analyte ions remained constant within 20 – 50 mL of sample volumes, but 

less than 20 mL the recovery of metal ions decreased under optimum conditionsbecause the adsorption 

capacity independent on thevolume of sample (22)show in the  Figure (3-c). Stirring time (5-120 min) does not 

play a significant role in SPME method as shown in Fig. (3-d), results showBecause the equilibrium of available 

sorption sites for metal ions was reached quickly, the adsorption process was highly speedy.The sonication 

time, remained constant in the range (2-10 min), while the recovery of the metal ionswithout sonicated was 

lower than 2 min., because the solution is not dispersed (accumulated), therefore, incomplete adsorption 

onsurface of the NGO sheets as shown in Fig. (3-e).  

With a change in temperature, the recovery of metal ions did not differ significantly., but at 70°C the recovery 

is decreased because of the weak electrostatic forces between the metal ions and the sheet surface charge of 

the NGO sheets at high temperatures (the process of adsorption is exothermic)(49) as shown in Fig. (3-f). As 

shown in Fig. 1, the effectiveness of adsorption rose considerably with increasing NaCl concentration (2 - 6.5 

mg mL-1) and decreased with increasing NaCl concentrations (7 - 8 mg mL-1). Low NaCl concentrations (3 g) 

resulted in inefficient NGO aggregation and analyte adsorption. Owing to competition between positive 

sodium ions and analyte ions, higher NaCl concentrations resulted in considerable analyte elution from NGO, 

whereas lower NaCl concentrations resulted in significant analyte elution from NGO due to competition 

between positive sodium ions and analyte ions(27). 
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Fig. 3: Optimum conditions of SPME, (a) pH, (b) NGO mass, (c) Sample volume, (d) Stirring time, (e) 

Sonicated time, (f) Temperature, (g) NaCl Concentration 

 

3.3 Adsorption capacity 

The adsorption capacity of analytes calculated by using equation,q (µg/mg) =
(C˳−C)V

W
Where q is the amount 

of analyte adsorbed per unit weight of NGO, The starting and residual analyte concentrations are Co and C, 

respectively, the sample volume is V, and the NGO weight is W(22). Adsorption capacity of Mg, Co, Ni, Cu, Cd 

and Pb (1µg/mL) calculated at optimum conditions of SPME method as shown in table-3. 

 

Table 3: Adsorption Capacity of analyte ions 

 

Analyte Recovery % Adsorption Capacity (µg/mg) 

Cr 75.9 30.36 

Fe 83.0 33.20 

Cu 71.9 28.76 

Zn 82.3 32.92 

Cd 83.3 33.32 

Pb 84.9 33.96 

 

3.4 Analytical performance 
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Table 4 and Fig. 4 show the analytes measured directly by FAAS using the SPME technique under optimal circu

mstances. Because of the adsorption of the analyte metals ions on the surface of the NGO sheets, the concentr

ations of analytes in river water samples reduced utilizing the SPME technique. 

 

Table 4: Concentration of analytes by direct and SPME method and recoveryofriver water samples 

 

 

 
Fig. 4: Average concentration of analytes bydirect and SPME methods in river water samples 

 

Conclusions 

Because of the presence of oxygen groups (anionic nature) on NGO sheets, analyte ions (cation nature) may 

be adsorbed fast and efficiently on the NGO surface. The suggested approach is cationic ion exchange 

chromatography, in which the NGO (anionic nature) functions as a stationary phase sorbent and the 

analyte solution (cationic nature) acts as a mobile phase, with no substantial changes in the analytes' 

adsorption ability. The cost, time efficiency, and economic consumption of just 0.5mg NGO as a sorbent are 

all advantages of this procedure. 
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