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Abstract
In the present study, a SPME fiber coated with a novel material of nickel/graphene oxide nanocomposite has been introduced for the first time. The prepared 
sorbent was coated onto the surface of an aluminum wire and employed for the extraction and pre-concentration of some Polycyclic Aromatic Hydrocarbons 
(PAHs), prior to HPLC-UV analysis. The validation parameters of method were attained under optimal conditions. The technique demonstrated good linearity 
ranges from 0.50 to 140.00 µg L-1 with squared determination coefficients (R2) more than 0.98 for all target analytes. The Limit of Detection (LOD) and Limit 
of Quantification (LOQ) of method were in the range of 0.15 µg L-1 to 1.70 and 0.50 µg L-1 to 5.00 µg L-1, respectively. The fiber-to-fiber intra-day and inter-day 
relative standard deviations were ranges between 1.80% - 6.73% and 3.19% - 8.05%, respectively. The proposed procedure was applied to simultaneous detection 
and measurement of the selected PAHs in different food samples and proved the effectiveness of method for routine analysis of them. In addition, the good 
recoveries for the spiking real samples were more than 89%.
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Introduction
Polycyclic Aromatic Hydrocarbons (PAHs) are a group of 

universal contaminants harmful to environment and all living 
organisms [1]. PAHs are generally established during pyrolysis 
procedures, industrial measures, human activities, incomplete 
burning of organic materials, forests fire, volcanoes, emission sources, 
smoking, automobile exhausts, fireplaces and also coal and bio-fuel 
burning and agricultural wastes burning [2]. Non-smokers are mainly 
exposed to the PAHs through consumption of polluted foodstuffs [3]. 
Vegetables and fruits are one of the most widely used food sources 
that that might be infected with PAHs via close proximity to highways 
and industrial areas or long-distance airborne transportation [4]. The 
outer parts of the fruits and vegetables are usually more contaminated 
than the inner tissues because they are in direct contact with air, water 
and soil pollutions [5]. PAHs are one of the main causes of bladder, 
esophageal, lung and colon cancers in human [1]. Thus, there is a great 
deal of concern about them and their trace analysis and monitoring 
are of interest by researchers. Solid Phase Microextraction (SPME) 
techniques have been most widely applied in recent decades.

SPME is a modern and fast sample preparation technology that 
applies in separation and concentration of different micro-pollutants 
from sample matrices [6]. SPME device is usually made of a fused 
silica fiber covered with a thin layer of a polar or non-polar sorbent. 
Limited range of sorbents, swelling of coatings, fragility, low extraction 
capability and high prices are some of the weaknesses of the available 
commercially fibers [7]. In recent years, various coating materials 
and supporting substrates have been introduced to overcome some 
of these problems. Regardless of all of these efforts, the design of new 
and stable fiber with good extraction and preconcentration properties 
is still necessary.

In the present article, a graphene derivatization of electroless 
nickel-zed aluminum surface (Al-Ni/GO-SPME) as a novel concept 
in fabrication of metal-based SPME fiber was introduced for the first 
time. The efficiency of the prepared fiber was successfully examined 
with the chromatographic analysis of some PAHs in different food 
samples.

Experimental
Chemical and materials

Pure PAHs (naphthalene, phenanthrene, anthracene, fluoranthene 
and pyrene) were purchased from Merck (Darmstadt, Germany). A 
stock standard solution of PAHs was prepared at a concentration of 
1000 mgL-1 in methanol. HPLC grade solvents were from Carlo Erba 
(ValdeReuil, France). The other chemicals and reagents were obtained 
from Merck (Darmstadt, Germany). An aluminum (Al) wire was 
supplied from Simcat Co. in Tabriz (Iran) and was employed as the 
substrate of SPME fiber. The real samples were acquired from a local 
wholesale supplier in Tabriz (Iran). A mixture of acetonitrile: DDW 
(75:25, v/v) at the flow-rate of 1 mLmin-1 was utilized as the mobile 
phase for isocratic elution of analytes.



© 2022 - Medtext Publications. All Rights Reserved. 010

Open Journal of Nutrition and Food Sciences

2022 | Volume 4 | Article 1020

Instruments and apparatus
A JASCO HPLC system (Japan) equipped with an isocratic 

pump (PU-1580), an UV-1575 detector (JASCO-1575), an analytical 
ODS-3 column (250 mm × 4.6 mm ID, 5 μm (MZ-Analysentechnik, 
Germany), a Rheodyne 7725i six port valve (Cotati, CA, USA), and a 
LC-Net II/ADC interface controller was used for the chromatographic 
investigates. The injection of sample solutions into the HPLC system 
was done with a 25 μL micro syringe (zero dead volume, Hamilton, 
Switzerland). A Tescan-mira3 electron microscope (Brno-Czech 
Republic) was employed for the field emission scanning electron 
microscopy (FE-SEM) studies. All the analysis steps were performed 
at laboratory temperature with the detector wavelength of 254 nm.

Fabrication of the Al-Ni/GO-SPME fiber
In the beginning, the surface of an Al wire was polished with 

sandpapers to create a mirror finished smooth surface. Then the 
wire was etched with immersing 2 cm of the polished metal in 1 M 
NaOH. Then, the electroless deposition of metallic nickel coating was 
created by dipping the etched Al surface into a solution consisting 
of 1.0 M NiCl2 and 2 M NH4Cl at pH=1.0 (for 5 min) [8]. After that, 
the nickel-covered fiber immersed directly in a dispersed solution 
of Go (synthesized by conventional Hummer’s method [9]) under 
stirring speed of 600 rpm for 2 h. At the end, the obtained Ni/GO-
covered aluminum fiber (Al-Ni/GO-SPME) was dried and stored at 
laboratory temperature.

Microextraction procedure
The prepared Al-Ni/GO-SPME fiber was directly dipped into 

the 25 mL of sample solution (25 μg L-1) for 40 min under continues 
stirring speed of 1000 rpm. Then, the fiber was placed in desorption 
solvent for 12 min. Next, the SPME fiber was pulled out and the 
residual compounds were dried by N2 gas. Finally, the dried extract 
was dissolved in 100-μL acetonitrile and injected to the HPLC system. 

Preparation of real samples
Various methods have been introduced so far to extract PAHs 

from vegetables and bread samples [10-13]. In this work, grape juice, 
apple juice, mineral water and tap water were chosen as the real 
samples and prepared in accordance with these reports. 

Results and Discussion
Characterization of the Al-Ni/GO-SPME fiber

The FE-SEM spectroscopy was applied to investigate the surface 
morphology etched Al-SPME and Al-Ni/GO-SPME fibers. The etched 
wire has a branch-like pattern (Figure 1A) that could be resulted in 
improving the adhesion of adsorbent to the Al surface. In addition, 
the micro-image of Al-Ni/GO-SPME fiber (Figure 1B) illustrates an 
attractive collection of graphene oxide groups alongside the nickel 
groups [14]. Presence of both of these groups on the Al-surface 
significantly increases the fiber adsorption capability. 

Optimization of the proposed method
The current study possesses two separate steps: (a) the construction 

of a SPME fiber with a new sorbent and (b) the utilizing this fiber for 
the analysis of some commonly seen PAHs. Therefore, both of these 
steps were optimized to achieve a high-performance SPME-HPLC 
technique.

The optimal conditions obtained for each of these steps are as 
follows:

(A) Optimal conditions for the fabrication of a good quality Al-
Ni/GO-SPME fiber:

Kind of fiber sorbent = Ni/GO nanocomposite, etching reagent = 
NaOH (1 M), etching time = 1 min, concentration of NiCl2 = 3, pH 
of plating solution = 1, time of dipping fiber into the plating solution 
= 15, GO dispersion = 10 mg mL-1, pH of GO dispersion = 7, stirring 
rate of dispersion = 400 rpm and time of immersing fiber into the GO 
dispersion = 3 h.

(B) Optimal conditions of the important experimental factors:

Extraction time = 40 min, desorption solvent = acetone, volume 
of desorption solvent = 1.5 mL, desorption time = 12 min, pH of 
sample solution = 7 and stirring rate = 1000 rpm.

Carry-over effect
Carry-over or memory effect is not a serious problem in 

equilibrium-based microextraction techniques. However, on-fiber 
carry-over can be a main concern for samples solutions containing 
very low concentrations of analytes [15]. To assess the carry-over 
effect in the present work, a second desorption step was consecutively 
done after the primary adsorption process. With the analysis of the 
related chromatograms, no noticeable carry-over was observed. These 
results (Figure 2) demonstrate that all the analytes were completely 
removed in the first desorption step.

Method validation
The validation data of developed method have been evaluated 

Figure 1: FE-SEM images of the A: etched Al-SPME and B: Al-Ni/GO-SPME 
fibers.

Figure 2: The carry-over effect estimation.
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at the optimum conditions. The method validation parameters, 
including the Linearity Range (LRs: 0.50 µg L-1 to 140.00 µg L-1), 
the Limit of Detection (LODs: 0.15 gL-1 to 1.70 gL-1), and the limit 
of quantification (LOQs: 0.50 µg L-1 to 5.00 µg L-1), under optimal 
conditions. The Relative Standard Deviations (RSDs) of intra-day, 
inter-day, and single fiber repeatability (for the samples spiked at 
25 µg L-1) were in the range of 1.80% to 6.73%, 3.19% to 8.05%, and 
13.80% to 9.17%, respectively. 

Real sample analysis
The Ni/GO-coated-Al fiber was utilized for the SPME-HPLC 

analysis of selected PAHs in different real samples. Initially, the 
prepared samples were evaluated for the presence or absence of 
objective analytes. The analysis of prepared samples was performed in 
three replicated measurements in non-spiked and spiked real samples 
(Table 1). Based on the results, the relative recoveries (RR %) was 
more than 89% for all cases.

Conclusion
In this study, a novel graphene derivatization of electroless nickel-

zed aluminum based SPME fiber was introduced for the first time. 
The fragility of fiber substrate, which is one of the most important 
drawbacks of SPME techniques, has been solved by utilizing of 
aluminum. Meantime aluminum wires are abundantly available 
at affordable prices and are much more economically viable than 
commercial fused-silica fibers. In addition, the introduced sorbent 
was illustrated high adhesion to the fiber surface and thus will not have 
the coating stripping problems. Furthermore, it was possessed a large 
surface area due to its porous structure and therefore demonstrated 
high adsorption capacity for the selected PAHs. Fast and simple 
construction, high durability, easy handling, high rigidity, nonspecific 
storage conditions, cost-beneficial and high precision are some of the 
other main properties of offered fiber. The presented technique has 
been also displayed wide linear range, good intra-day and inter-day 
precision, low detection limits and high recoveries (more than 89%) 
for the analysis of selected PAHs. In view of the results, the capability 
of method for the simultaneously measurement of species in different 
matrices has been proved. Therefore, applying the method for routine 
analysis of PAHs is suggested.
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Table 1: The recovery results of target analytes from the spiked samples (10 µg L-1) using the proposed SPME fiber (n=3).
Compounds Naphthalene Phenanthrene Anthracene Fluoranthene Pyrene
Sample Added (µg L-1) 0 10 0 10 0 10 0 10 0 10

Grape juice Found (µg L-1) 0.32 96.3 - 9.13 - 8.99 - 9.33 3.08 12.12
RRa (%) - 98.08 - 91.3 - 89.9 - 93.3 - 90.4

Apple juice Found (µg L-1) - 8.92 4.9 15.22 - 9.1 2.08 11.67 - 10.05
RR (%) - 89.2 - 103.2 - 91 - 95.9 - 100.5

Mineral water Found (µg L-1 - 10.03 - 9.82 - 9.49 - 8.91 - 9.96
RR (%) - 100.3 - 98.2 - 94.9 - 89.1 - 99.6

Tap water Found (µg L-1 - 9.36 - 9.48 - 10.11 - 9.4 - 9.99
RR (%) - 93.6 - 94.8 - 101.1 - 94 - 99.9

a: Relative recovery
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