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1. INTRODUCTION 

1.1. Occurrence and Degradation of Anthracene 

Polycyclic Aromatic Hydrocarbons (PAHs) are fused benzene rings arranged in linear, angular 

or clustered manner that are hydrophobic and has high persistency in the environment [1]. 

Most PAHs are mutagenic, toxigenic, genotoxic and carcinogenic[2].Anthracene is a 

three-ring PAHarranged in a linear manner.When it enters the body, it attacksthe skin, 

stomach, intestines, lymphatic system and hematopoietic system[3-4]. Anthracene is 

exacerbated by anthropogenic activities and is found prevalent in soil, sediment and surface 

water [5-6]. It is one of the 16 PAHs listed in USEPA[7].  

Due to its structure that is found in high molecular weight PAHs such as benzo(a)pyrene, 

benzo(a)anthracene or tetracene, anthracene is always used as a model PAH in degradation 

study [8]. For this reason, it is crucial to establish the effectiveand reliable method of 

extraction and analysis to ensure the validity of result as well as repeatability and 

reproducibility of study. 

There were several studies established using various extraction methods specifically for PAHs. 

For example, there are Soxhlet extraction, sonication, liquid-liquid extraction (LLE), 

pressurized fluid extraction (PFE), supercritical and subcritical fluid extraction (SFE), 

microwave-assisted extraction (MAE), solid phase extraction (SPE) and solid phase 

micro-extraction (SPME) [9]. Soxhlet extraction is the most commonly used extraction 

method due to high recovery. However, the method uses a lot of solvents and time-consuming. 

There is also the possibility of targeted compound degradation during sonication. PFE is more 

suitable for solid matrix sample while SFE requires a highly advanced instrument setup. MAE 

is unsuitable for low molecular weight PAHs due to volatility of PAHs at high temperature 

[9].Therefore, LLE, SPE and SPME are viable techniques for extraction for low molecular 

weight PAHs. Due to high cost incurred for SPME method, as a result, this study focuses on 

LLE and SPE methods for anthracene extraction. For extraction method optimization, volume 

of solvent use, types of solvent use and amount of sample are investigated [9]. To authors’ 

best knowledge, there is lack of study on effect of sonication during extraction process. Such 

approach may increase extraction percentage and reduce work load on extraction. 

This study focuses on method comparison between extraction using LLE (mechanical 
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agitation) and SPE. Method development on effect of sonication during extraction processwas 

also evaluated. 

 

2. METHODOLOGY 

2.1. Chemicals 

The analytical standard of anthracene was purchased from Merck, Germany (purity > 99%). 

Methanol and acetonitrile HPLC grade was purchased from Friendemann and Schmidt 

Chemical and Fisher Chemical respectively. A 2.0 g of Na2HPO4, 0.71 g of K2SO4, 4.0 g of 

NH4HPO4, 0.53 g of KH2PO4 and 0.10 g of MgSO4.7H2O was used for Minimal Salt Solution 

(MSS) preparation in 1000 ml of Ultra Pure Water (ELGA, PureLab Ultra). 

2.2. Chromatographic Condition  

Gas chromatography was performed using Clarus 600 (Perkin ElmerTM) with Mass 

Spectrometer Clarus 600C as the detector (Perkin ElmerTM). Chromatographic separation 

technique was performed using capillary column Elite 5ms (Perkin ElmerTM). The initial oven 

temperature for the analysis is 50°C for one minute with ramp at 11.8°C per minute to 250°C 

and hold for two minutes. Sampling rate was set at 12.5 points per second with an 

auto-injection volume of 1L.  

2.3Sample Preparation and Calibration Curve  

A 100 mgL-1 anthracene (Merck, Germany) standard solution was prepared by dissolving 

0.005 g of anthracene in 50 mL methanol. A 20 mgL-1 anthracene standard solution was 

prepared by diluting the prepared stock solution of 100 mgL-1 anthracene standard solution. A 

1.5mL of 20 mgL-1 anthracene solution was transferred into amber vial (Cronus™). The steps 

were replicated for 1 mgL-1, 2 mgL-1, 4 mgL-1, 6 mgL-1, 8 mgL-1 and 10 mgL-1anthracene 

standard solutions. 

Each anthracene standard solution in amber vials was analyzed using GC-MS. All standards 

were prepared in triplicates.The retention time of anthracene was identified. The graph 

response versus anthracene was plotted and evaluated. The limit of detection was calculated 

using the equation: 3.3 * s.d/slope [10]. 

2.4. Extraction Method Analysis 

LLE and SPE method was applied in this study. For determination of efficient extraction 
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method, the maximum value of anthracene extraction is chosen through recovery study 

(section 2.7). 

2.4.1. LLE Method 

Standard solution for anthracene at 10 mgL-1concentration was prepared by diluting 100 

mgL-1in MSS as mentioned in section 2.3. The 10 mgL-1 concentration was selected for 

extraction study. LLE method was conducted to extract the samples. Each separatory funnel 

was washed using5mL of hexane, discarded and then with 5mL acetone to remove traces of 

PAH. A 2 mL of the 10 mgL-1solution was transferred into the separatory funnel and followed 

by 11 mL methanol: 9 mL acetonitrile. The mixture was shaken vigorously for two minutes to 

increase contact time of anthracene and organic solvent. At the same time, pressure was 

released after shaking. The extracted samples were rotavaped (Buchi™) at 226 mbar to 

remove acetonitrile and analyzed using GC-MS at condition mentioned insection 2.2.  

2.4.2. SPE Method 

A 10 mgL-1solution for anthracene was prepared by diluting 100 mgL-1 stock solutionin MSS 

as section 2.3. The standard solution duplicate samples were extracted using VisiPrep™ SPE 

Vacuum Manifold Solid Phase Extraction (SPE) using specific cartridge for PAH analysis, 

SupelcleanTM ENVITM-18 SPE 57064 cartridges (Supelco™). Each SPE cartridge was 

equilibrated using 2 mL methanol. A 2 mL of the 10 mgL-1 standard solution was eluted into 

the cartridge followed by 11 mL methanol: 9 mL acetonitrile. The cartridge was dried under 

negative pressure using vacuum pump. The extracted samples were rotavaped (Buchi™) at 

226 mbar to remove acetonitrile and analyzed using GC-MS using condition described in 

section 2.2. 

2.5. Sonication Effect onExtraction Method Development 

Method development on effect of sonication during extraction process is highlighted in this 

study. Comparison among sonication before sample withdrawal, sonication extraction and 

mechanical shaking during extraction were evaluated. The highest recovery study is selected 

as the most reliable and effective developed method.  

2.5.1. Method 1 

A 10 mgL-1of anthracene in MSS was prepared as section 2.3. Samples were agitated using 

sonicator prior to sample withdrawal for ten minutes. A 2mL of the sample was withdrawn at 
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the top and was extracted using the method mentioned in section 2.4LLE method. 

2.5.2. Method 2 

An amount of 10 mgL-1of anthracene in MSS was prepared as section 2.3. Samples were 

agitated using sonicator prior to sample withdrawal for ten minutes. Later, 2mL of the sample 

was withdrawn at the top and was extracted using solvent ratio mentioned in section 2.4 LLE 

methodby using sonicator for two minutes. After sonication, the extracted samples were 

rotavaped (Buchi™) at 226 mbar to remove acetonitrile and analyzed using GC-MS using 

condition as in section 2.2.  

2.5.3. Method 3 

A 10 mgL-1of anthracene in MSS was prepared as mentioned in section 2.3. Two minutes 

mechanical shaking was applied instead of sonication prior to sample withdrawal and 

extraction was continued as mentioned in section 2.4LLE method. 

2.7. Data Analysis for Recovery Study 

The response obtained from analysis of anthracene were recorded.The recovery percentage 

and average recovery percentage were calculated using Equation (1) and Equation (2) 

respectively. 

Recovery percentage, % =
ୖୣୱ୮୭୬ୱୣ ୰ୣୟୢ୧୬୥ ୭୤ ୣ୶୲୰ୟୡ୲ୣୢ ୱୟ୫୮୪ୣୱ

ୖୣୱ୮୭୬ୱୣ ୰ୣୟୢ୧୬୥ ୭୤ ୡ୭୬୲୰୭୪
× 100%(1) 

Average recovery percentage, % =
୘୭୲ୟ୪ ୰ୣୡ୭୴ୣ୰୷ ୮ୣ୰ୡୣ୬୲ୟ୥ୣ

୒୳୫ୠୣ୰ ୭୤ ୰ୣ୮୪୧ୡୟ୲ୣୱ
× 100%(2) 

The average recovery percentage was used to plot graph of average recovery percentage 

versus extraction methods. The result was also analyzed using one-way ANOVA analysis. To 

verify the one-way ANOVA, t-test was conducted. 

 

3. RESULTS AND DISCUSSION   

3.1. Anthracene Retention Time 

Fig. 1 shows time profile for different anthracene concentrations. The retention time for 

anthracene at concentrations 1 mgL-1, 2 mgL-1, 4 mgL-1, 6 mgL-1, 8 mgL-1, 10 mgL-1 and 20 

mgL-1wereranging from14.83 to 14.91 minutes.The average retention time was found to be at 

14.85 minutes. 
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3.2. Anthracene Calibration Curve

Fig. 2 illustrates calibration curve for anthracene. Equa
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Fig.2.Anthracene calibration curve 

3.3. SPE and LLE Extraction Method Analysis 

Fig. 3 shows the average anthracene recovery percentage using SPE and LLE methods. The 

average recovery for SPE and LLE were 46.22%and 96.65%respectively. ANOVA showed 

that there was a significant difference between SPE and LLE with p< 0.05as in Table 1. This 

ANONA result was also verified by the significant different result in t-test where p <0.05 

(Table 2). Overall, the LLE method proved to be more effective compared to SPE methodwith 

a higher recoveryin difference of 54.43%. 

The LLE method showed better recovery than SPE method.This may be due to SPE having a 

very low selectivity because of its sorbents or stationary phase[11]. Furthermore, SPE also 

known in excellent performance for wide range of compounds extraction. In the case of 

needing narrow range of compounds to be detected in this study for anthracene extraction, 

LLE has performed its advantages.  

For extracting PAH of acenaphthene in milk product, LLE methodology had successfully 

extracted acenaphthene but not with SPE method[12]. In [13] reported that extraction of their 

targeted compounds including anthracene showed a recovery range of 70-120% for SPE and 

LLE, which also supports our findings. 

In this study, the maximum extraction of anthracene is crucial. LLE method is chosen to 

proceed with the method development in next section. This is due to high and significant 

difference of average recovery for SPE and LLE. Furthermore, LLE method offers advantages 

of cost effectiveness, more environmentally friendly with use of solvents that are less toxic 
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and has minimum specific instrument requirement [11]. 

 

Fig.3.Anthracene recovery percentage of SPE and LLE methods 

Table 1. One-way ANOVA for LLE and SPE of anthracene 

Source of Variation SS df MS F P-value F crit 
Between Groups 5085.15 1 5085.15 8.44352 0.027129 5.987378 
Within Groups 3613.529 6 602.2548 

   
Total 8698.679 7 

    
Table 2. Anthracene extraction using SPE and LLE t-test results 

 
SPE LLE 

Mean 46.22342638 96.64738 
Variance 177.7818558 1026.728 

Observations 4 4 
Pearson Correlation -0.390107703 

 
Hypothesized Mean Difference 0 

 
df 3 

 
t Stat -2.571639806 

 
P(T<=t) one-tail 0.041187818 

 
t Critical one-tail 2.353363435 

 
3.3. Sonication Effect on Extraction Method Development 

Fig. 4 shows the average anthracene recovery percentage in three methods of development. 

The average recovery for method 1, 2 and 3 were 94.25%, 65.06% and 73.67% respectively. 

Based on the average recovery, method 1 showed the highest average recovery. Table 3 shows 

not significant difference among the three methods in ANOVA analysis since p> 0.05. 

The results showed that sonication prior to sample withdrawal in method 1 helped in 

recovering anthracene from the sample matrix because anthracene has particles in MSS 
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solution that it can adhere to.In addition, sonication caused light and more water soluble PAHs 

to be released in the supernatant[14]. However, sonication during extraction in method 2 with 

methanol and acetonitrile caused a decrease in recovery. This may be due to degradation of 

compound during sonication and hence lower extraction efficiency was observed. In 

[9]supported our findings where sonication was reported less efficient than Soxhlet extraction, 

especially for lower molecular weight PAHs.Lower extraction efficiency in method 

3mechanical agitation caused by shaking than sonication was recorded. This may be due to 

less contact of anthracene with sample matrix compared to sonication. Mechanical agitation 

was less used compared to sonication due to lower extraction efficiency, larger results 

variation and less selective[9].Hence, method 1 is chosen as method of extraction among the 

three as it represents the optimum recovery percentage. 

 

Fig.4.Anthracene recovery percentage for method development 

Table 3. One-way ANOVA on method development for anthracene extraction 

Source of Variation SS df MS F P-value F crit 
Between Groups 900.113541 2 450.0568 0.308369 0.755451 9.552094 
Within Groups 4378.43126 3 1459.477 

   
Total 5278.5448 5 

    
 
 

4. CONCLUSION  

LLE and SPE methods were evaluated as potential efficient extraction methods for anthracene 

in this study. The LLE method resulted in the highest average recovery percentage, which was 

96.65% as compared to SPE method of 46.22%. The one-way ANOVA and t-test show 

significant differencefor SPE and LEE methods. Meanwhile, sonication prior to sampling 
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recorded94.25% of anthracene recovery before proceeding to LLE. Other methods of 

mechanical shaking and sonication extraction were less effective. Thus, the development of 

efficient extraction method andanalysis of anthracene are useful forfurther anthracene 

degradation study and PAHs degradation pathways evaluation.  
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