
INTRODUCTION

Graphene, a new class of carbon nanomaterial, has recently

sparked much interest due to its unique strict two-dimensional

nanostructure1-3. Compared with other graphitic forms, graphene

possesses extraordinary electronic, thermal and mechanical

properties such as ultrahigh specific surface area, good thermal

conductivity, fast mobility of charge carriers and high values

of Young's modulus and fracture strength4-7. To date, graphene-

based materials are applied in many fields, such as sensors

and biosensors8, energy storage9,10, drug delivery11,12, catalytic13,14

and gas separation15. Besides, graphene is an electron-rich,

hydrophobic nanomaterial with large specific area and π-π

electrostatic stacking property16,17. These features make

graphene very attractive as a wonderful adsorbent or extraction

material. In fact, the solid phase extraction technique using

graphene as a novel adsorbent has been developed by Liu

et al.18, for the determination of eight chlorophenols in aqueous

samples. They demonstrated that the preconcentration tech-

nique is an efficient, simple and nonexpensive extraction

procedure for HPLC analysis. We extend its application to

inorganic analysis and obtained the consistent conclusion.

In the present work, the solid phase extraction using

graphene as absorbent in a column combined with flame

atomic absorption spectrometry was demonstrated. The

applicability of this approach was validated for the determi-

nation of Pb in water samples. Lead was selected for the evalu-

ation of this procedure, because it is a toxic heavy metal that
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appears in the environment mainly due to industrial processes.

Therefore, it is essential to develop sufficiently sensitive and

reproducible analytical methods for the precise monitoring of

this element at trace level.

EXPERIMENTAL

A Shimadzu (Kyoto, Japan) Model AA-6300C atomic

absorption spectrometer equipped with deuterium background

correction was used in the experiment. A pH3-3C digital pH

meter equipped with a combined glass-calomel electrode

(Hangzhou Dongxing Instrument Factory, Hangzhou, China)

was used for pH adjustment. The solid phase extraction experi-

ments were performed on an Agilent vacuum manifold proce-

ssing station with a gast vacuum pump (Tegent Technology

Ltd. Shanghai, China). The empty SPE columns (3.0 mL) and

solid phase extraction frits were purchased from Agilent.

All reagents used were of analytical reagent grade. Deionized

water was used in the preparation of all solutions. All glassware

and columns were kept in 10 % nitric acid for at least 24 h and

subsequently washed four times with deionized water before

application. Graphene was prepared according to the method

in literature19,20.

Graphene (30.0 mg) was placed in a 3.0 mL SPE column

using an upper frit and a lower frit to avoid adsorbent loss.

Prior to extraction, the column was preconditioned with 10 mL

methanol and 10.0 mL deionized water, respectively. The

column was then conditioned to the desired pH with 5 mL of

0.2 mol L-1 phosphate buffer solution.
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100 mL of sample solution containing 400.0 µg L-1 of Pb

was prepared. APDC solution (0.5 mL, 5.0 × 10-2 mol L-1) was

added and the pH value was adjusted to 6.0 with phosphate

buffer solution. The resulting sample solution was passed

through the column at a flow rate of 2.0 mL min-1. After the

solution passed completely, the column was rinsed with 5.0

mL water and the analytes retained on the column were eluted

with 2.0 mL of 1.0 mol L-1 HNO3 in methanol at a flow rate of

2.0 mL min-1. The analyte ions in the eluent were determined

by FAAS.

RESULTS AND DISCUSSION

In the SPE procedure, it was found that the recovery was

relatively low in the preliminary experiments. Therefore,

APDC was used for the chelating of lead ion. The pH plays a

unique role on metal-chelate formation and subsequent

extraction and consequently, is a main parameter for SPE. A

series of experiments was performed by adjusting the pH from

2.0-10.0 with nitric acid, ammonium acetate, phosphate and

ammonium chloride. The results revealed that the absorbance

is nearly constant in the pH range of 5.0-7.0. The progressive

decrease in Pb extraction at low pH is due to the competition

of hydrogen ion with analyte for the reaction with APDC.

Accordingly, pH 6.0 was selected for subsequent work and

real sample analysis.

The effect of the flow rate of the sample and eluent

solutions on the recoveries of Pb on graphene was examined

in the range of 0.5-5.0 mL min-1. The flow rate of the sample

and eluent solutions had no obvious influence on the quanti-

tative recoveries of analytes at the range of 0.5-4.0 and 0.5-

2.0 mL min-1, respectively. Therefore, 2.0 mL min-1 was chosen

as the flow rate of the sample and eluent solutions in subse-

quent experiments. The sample volume was also investigated

in the range of 25-800 mL. The results demonstrated that the

quantitative recovery (> 95 %) of Pb2+ was obtained when the

sample volume was lower than 500 mL Considering the

enrichment factor and analysis time, 100 mL was ultimately

chosen for routine analysis.

Various eluent solutions were used for desorption of metal-

APDC chelates from graphene. It was found that the recoveries

of Pb were not quantitative when HCl, HNO3 and NaOH was

used as eluent solely. Quantitative recovery (> 95 %) for analyte

ions was obtained only with 1.0 mol L-1 HNO3 in methanol.

The effect of eluent volume on the recovery of Pb was also

studied by using 1.0 mol L-1 HNO3 in methanol; it was found

that quantitative recoveries could be obtained with 2.0-4.0 mL

of 1.0 mol L-1 HNO3 in methanol. Therefore, the volume of

2.0 mL of 1.0 mol L-1 HNO3 in methanol was used in the

following experiments.

As other condition was optimized, it was very crucial to

pay more attention to the coexisting ions because they may

influence the enrichment in most cases. Herein, an investi-

gation was performed for this purpose. The experiment result

10000-, 10000-, 100-, 100-, 100-, 100-, 100-, 100-, 50-, 50-,

40-, 40-, 40-, 30-, 30- and 10000-folde (concentration ratio of

ions/Pb) of Na+, K+, Mg2+, Ca2+, Cu2+, Ba2+, Al3+, Cr3+, Mn2+,

Fe3+, Ag+, Cd2+, Zn2+, Ni2+, Co2+ and CH3COO–(HCO3
–, NO3

–,

Cl–) had no impact on the extraction of Pb with a concentration

of 400 µg L-1.

A series of experiments were employed for achieving the

parameters of analytical performance. Under the optimal

conditions, it was found that the calibration equation, an

excellent linear range, detection limit and precision were A =

8.16 × 10-4C + 0.0036, 10-600 µg L-1 (R = 0.9991), 0.54 µg L-1

and 3.33 % (400 µg L-1, n = 10), respectively.

The procedure was applied to the determination of

lead in several water samples and the results along with the

recovery for the spiked samples were given in Table-1. The

recoveries for the addition of different concentrations of lead

to water samples were in the range 95.2-99.5 %. To verify the

accuracy of the proposed procedure, the method was then used

for the determination of the content of Pb in National

Standard Reference Material for Environment Water

(GSBZ50009-88 and GSB07-1183-2000) after the appropriate

dilution. These results are presented in Table-1. A good agree-

ment between the determined values and the certified values

was obtained.

TABLE-1 

ANALYTICAL RESULTS OF Pb DETERMINATION 
(DISSOLVED FRACTION) IN CERTIFIED REFERENCE 

MATERIALS AND SPIKED NATURAL WATER SAMPLES 
WITH THE SPE-FAAS METHOD (n = 5) 

Sample Certified Added Founda 
Recovery 

(%) 

10.50 ± 0.38 – 10.02 ± 0.38 95.4 GSBZ50009-
88 (µg L-1) 21.00 ± 0.75 – 20.69 ± 0.74 98.5 

11.86 ± 0.62 – 11.36 ± 0.42 95.8 GSB07-1183-
2000 (µg L-1) 17.79 ± 0.93 – 17.33 ± 0.56 97.4 

0.0 < LOD – 

10.0 9.52 ± 0.37 95.2 
Tap waterb 

(µg L-1) 
 

20.0 19.64 ± 0.68 98.2 

0.0 6.65 ± 0.30 – 

10.0 16.33 ± 0.53 96.8 
Sea waterc 

(µg L-1) 
 

20.0 26.55 ± 0.80 99.5 

0.0 5.24 ± 0.23 – 

10.0 14.89 ± 0.51 96.5 
River waterd 

(µg L-1) 
 

20.0 25.08 ± 0.83 99.2 

0.0 4.83 ± 0.20 – 

10.0 14.45 ± 0.54 96.2 
River watere 

(µg L-1) 
 

20.0 24.63 ± 0.85 99.0 

LOD: limit of detection. aMean of five experiments±standard 
deviation. bFrom the drinking water system of Baoding, China. 
cBeidaihe Sea water, Qinhuangdao, China. dDaqing River water, 
Baoding, China. eTang River water, Baoding, China. 

 
Conclusion

The proposed solid phase extraction method is easy, safe

and economic for the preconcentration and determination of

trace amounts of Pb in different samples. Due to a relatively

high preconcentration factor, Pb at trace level can be deter-

mined accurately. The proposed system for Pb was used for

50 subsequent preconcentration cycles without any loss on

the adsorption behaviours of graphene all throughout of the

work. Higher recoveries were achieved with graphene than

with other adsorbents including C18 silica, graphitic carbon

and carbon nanotubes, owing to the large surface area and

unique chemical structure of graphene. This work not only

proposes a useful method for environmental water samples

pretreatment, but also reveals the great potential of graphene

as an excellent sorbent material in analytical processes.
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