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Abstract 
 

The aim of this study was to determine the most effective solvent(s) of Acetone, Dichloromethane (DCM), n-

Hexane solvents and their mixtures of PAH soxhlet extraction (SE) from petroleum sludge cake sample; also to 

determine the origin of PAH in petroleum sludge cake sample - a case study. Gas chromatograph-mass 

spectroscopy (GC-MS) was used for analytical determination of the selected PAH compounds. The result was 

revealed that the binary mixture solvent of Acetone+n-Hexane (1:1) (v/v) was the most effective of solvent 

common used because it was the only one which was able to extract the selected PAH compounds and yielded the 

highest amount of total selected PAH extracted  from the petroleum sludge cake. Meanwhile, n-Hexane solvent 

and DCM+n-Hexane (1:1) were less effective ones. The quantitative result of analysis of selected PAH 

compounds: Phenanthrene/Ph, Anthracene/An (both 3-rings) and Fluoranthene/Fl, Pyrene/Py (both 4-rings) 

could be used to determine the origin of PAH. In conjunction with their molecular ratio: An/(An+Ph) of 0.045, 

and Fl/(Fl+Py) of 0.483, cross-plotting of An/(An+Ph) vs Fl/(Fl+Py) indicated that the PAHs compounds in 

petroleum sludge cake samples originated dominantly from pyrolytic (petroleum combusted) sources.  
 

Keywords: Gas chromatography-mass spectrometry, petroleum sludge cake, polycyclic    aromatic 
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1. Introduction 
 

Oil production and petroleum refining processes generate considerable amount of petroleum sludge as wastes. 

The sludge varies in composition but typically contains 10-30% hydrocarbons, 5-20% solids and 50-85% water 

[1]. One of the causes of the harmful characteristics of petroleum sludge is the presence of polycyclic aromatic 

hydrocarbons (PAHs), which are organic micro-pollutant (xenobiotics) compounds [2], persistent [3] with toxic 

and carcinogenic-mutagenic characteristics [4].  This sludge can pose serious threat to human health and 

environment if not rendered harmless and disposed properly. Of more than 10,000 known PAHs, about 200 

compounds are possible carcinogens. The EPA has classified 16 as priority pollutants [5]. They are: 

Naphthalene/Np (C10H8), Acenaphtylene/Ace (C10H8), Acenaphthene/Acn (C10H10), Fluorene/F (C13H10), 

Phenanthrene/Ph (C13H10), Anthracene/An (C13H10), Fluoroanthene/Fl (C16H10), Pyrene/Py (C16H10), Chrysene/Ch 

(C18H12), Benzo[a]Anthracene/BaA (C18H12), Benzo[b]Fluoranthene/BbF (C20H12), Benzo[k]Fluoranthrene/BkF 

(C20H12), Benzo[a]Pyrene/BaP (C20H12), Indeno[1,2,3-cd]Pyrene/Ind (C22H12), Benzo[g,h,i]Perylene/BPer 

(C22H12), and Dibenzo[a,h]Anthracene/DbA (C22H14).  The analysis for PAHs, especially in solid matrices such as 

sludge and soils, is not simple and requires careful sample pretreatment and sophisticated instrumental analysis. 

Isolation or extraction is the main sample pretreatment step; and if needed it may be followed by clean-up. 

Instrumental analysis relies on the equipment‟s ability to separate, identify, and quantify various constituent 

PAHs of the samples [6]. Quantitative result of selected PAH compounds could also be used to determine the 

origin of the PAH itself [7], [8] in certain matrices such as marine sediment [9], [10], road dust [11], river 

sediment [12], emission particulate matter [13], and surface soil [14]. 
 

Extraction methods: mini review 
 

Various methods used for PAH extraction can be classified into two types namely, extraction conducted with 

pressurized fluids and extraction conducted at atmospheric pressure [15]. The first category includes Accelerated 

Solvent Extraction (ASE), Supercritical Fluid Extraction (SFE), and Sub-Critical Fluid Extraction; the second 

category includes Soxhlet Extraction (SE), Solvent Washing, Surfactant Promoted Extraction, Extraction by 

Vegetable Oils and Extraction by Cyclodextrins. 
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Soxhlet extraction (SE) process is a well-known simple classical technique for the extraction of organic non-polar 

compounds [3], hydrophobic substances [15], semi-volatiles and non-volatiles [16] from solid samples. It is 

applicable to a wide range of analytes in solid matrices. The procedure involves repeated percolation of re-

condensed solvent vapors through a sample to desorb and solubilize target compounds (e.g. PAH). SE is one of 

the most commonly used laboratory techniques for organic contaminant extraction [17]. The test does not require 

high cost or expertise and yields good overall recovery [6], [18]. However, it has inherent disadvantages of long 

extraction duration and large volume of organic solvent consumption [6], [18]. SE process has been used to 

extract PAH from various samples, such as contaminated soil [19], [20], [21], waste water sludge [9], soils and 

sediments [22], wood ash [23]  and fly ash [18]. Organic solvents like Acetone [9], [12], Dichloromethane (DCM) 

[24], [25], [22], n-Hexane [19], [26] and their combinations [19], [20], [21], [9], [22], [3], [6], [27], [18] have 

been employed for PAH extraction from solid samples.  
 

Previous studies have mentioned Dichloromethane (DCM) (non-polar) as an effective solvent for PAH extraction 

[28] from samples of solid hydrocarbon [29], [25], sewage sludge [24], soil and sediment [22]. However, DCM as 

a chlorinated solvent is also considered to be toxic and its use will probably be limited in the future. Acetone and 

n-Hexane are less toxic chemicals [26]. n-Hexane, because of its non-polar nature, does not form dipole 

interactions with PAHs [30]. The use of Acetone as a solvent or in solvent mixture composition can also improve 

the results of some soil samples [30], [28]. Toluene has been shown to provide higher recoveries of PAHs than 

DCM [25] however it is highly toxic [6] and considered not suitable from an environmental view point. 

Therefore, toluene was not used as a solvent in this work.  The choice of a suitable solvent (or solvent mixture) 

and amount vis-à-vis the samples (matrices) type, quantity and target compounds is of prime importance for the 

extraction process. Table 1, lists some studies of SE of PAH by different researchers.  
 

Insert table (1) about here 
 

Determination of origin of PAH 
 

A number of studies have been conducted on the presence of selected parent PAH compounds for environmental 

forensic purposes. The information has been used to trace the origin of petroleum in spill investigations [7], [10], 

[8] and in identification of road dust [11]. The presence of PAH analytes in unknown hydrocarbon samples is a 

useful tool for its source identification [7]. Some PAHs compounds, including Phenanthrene/Phen, 

Anthracene/Ant, Fluoroanthene/Fla, and Pyrene/Pyr in conjuction with their molecular ratios: Ph/An, 

An/(An+Ph), Fl/Py, and Fl/(Fl+Py) have been used to identify the origin of PAHs in various environmental 

samples such as soils and sediments [8], [28]. However, many reports also noted that Ph/An has low 

discrimination capacity. Since the pair of compounds, Ph and An, has small relative difference in thermodynamic 

stability between isomers, the Ph/An ratio is likely less effective for identification of the origin of PAHs [8], [12]. 

On the other hand, the Fl/(Fl+Py) ratio has a more detailed combustion sources boundary and the pair, Fl and Py, 

has higher relative difference in thermodynamic stability between their isomers than Ph and An. Therefore, the 

use of these would generally give a better interpretation for determination of the origin of PAHs [8], [11].   
 

This study also uses selected PAH ratios to determine the origin of petroleum sludge cake; whether it is pyrolytic 

(petroleum combustion) or petrogenic (unburned petroleum) represented by Phenanthrene/Ph, Anthracene/An 

(both 3-rings) and Fluoroanthene/Fl, Pyrene/Py (both 4-rings) in conjunction with their molecular ratios: 

An/(An+Ph), and Fl/(Fl+Py).   The aim of this study is to determine a suitable solvent or solvent mixture for PAH 

(selected compounds only: Ph, An, Fl, and Py) extraction for petroleum sludge cake samples using Soxhlet 

Extraction and with the objective to determine the origin of PAH in petroleum sludge cake sample. 
 

2. Methodology 
2.1 Sample 
 

Sludge cake was collected from decanter unit after sludge dehydration treatment of petroleum refinery. The 

samples were placed in dark glass bottles and stored at 4 ºC in a cold room. Prior to extraction, the samples were 

placed in a dessicator cabinet. 
 

2.2 Experimental 
 

The identification and quantification of four selected PAH in petroleum sludge cake samples were conducted 

using Gas Chromatography-Mass Spectrometry. The sludge cake samples were pre-treated by soxhlet extraction 

(SE) using seven combinations of solvents viz. Acetone, Dichloromethane (DCM) and n-Hexane as shown in 

Table 2. 
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2.3 Chemicals and standards  
 

Acetone (Merck), DCM (R&M, HPLC grade), and n-Hexane (Merck) were used as solvents for selected PAH 

extraction. Sodium sulfate (Na2SO4) (Merck) was of analytical reagent grade. The 17 compounds PAH Mixture 

Standard Solution 2.0 mg/ml in DCM+Benzene (1:1) was purchased from AccuStandard USA. 
 

Insert table (2) about here 
 

2.4 Extraction procedure 
 

The selected PAHs were extracted from petroleum sludge cake using soxhlet extraction of the EPA 3540 (1996) 

modified method. 10 g sample was mixed with an equal amount of Na2SO4 [25], [6], wrapped in Kimwipes tissue 

paper and placed in a Whatman® cellulose extraction thimble. 180-ml of solvent (Table 2) was added into a 250 

ml receiving flask for PAH extraction. Extractions were carried out below the solvent(s) boiling temperature for 

24 hours [6]. The extracts were then vacuum concentrated [6] on a rotary vacuum evaporator (Büchi, RE 125) at 

40 ºC [33], [34] and a pressure of 350 mbar [26]. Solid Phase Extraction (SPE) using Resprep (Restek™) C-18 

Cartridge has been done followed by filtration with 0.45 μm PTFE (polyetrafluoroethylene) syringe filter prior to 

GC-MS analysis. 
 

2.5 GC-MS analysis 
 

In this experiment, Shimadzu QP5050-A GC-MS and SIM Mode was used to determine the selected PAH 

concentrations based on USEPA Method 8270D (2007). The GC-MS was equipped with BPX-5 (5% phenyl 

polysilphenylene-siloxane) capillary column (30 m length, 0.25 mm dia., 0.25 μm film thickness) with operating 

conditions: GC inlet pulsed 75 kPa, 1.2 ml/min; carrier gas Helium (He) flow 93 mL/min; injection volume 5 μL, 

splitless injection at 300 °C, detector at 280 °C, and initial oven temperature 70 °C held for 2 min, then increased 

at 8 °C/min to final temperature 290 °C. Retention time and mass spectra (Table 3) of the selected PAH were set 

for the GC-MS analysis.  

Insert table (3) about here 
 

PAHs are complex matrices and gas chromatography-mass spectrometry (GC-MS) is often used as the preferred 

approach for their separation, identification, and quantification. GC-MS generally affords greater selectivity, 

resolution, and sensitivity [35]. The identification of selected PAH was accomplished by comparing retention 

time of their standards and appropriate components identified in petroleum sludge cake samples. The quantitative 

analysis of individual PAHs in the samples was carried out by comparing it with the peak areas of the PAHs in the 

standard mixture [35], [27] 
 

3. Results and Discussion 
 

The GC-MS results obtained for the selected PAHs extraction from sludge cake samples using different solvents 

are shown in Table 4 and Figure 1. 
 

Insert table (4) about here 
 

Insert Figure (1) about here 
 

Phenanthrene/Ph was identified in the extraction of all solvents tested except Acetone+DCM mixture. Meanwhile, 

Fluoroanthene/Fl was only identified in the extraction of Acetone+DCM mixture and Acetone+n-Hexane mixture. 

The Acetone+n-Hexane mixture was able to extract all four target PAHs and also yielded the highest amount of 

total selected PAH extracted (31.711 ppm). The result also revealed that n-Hexane solvent and mixture solvents 

of DCM+n-Hex were less effective since only able extracted Phenanthrene/Ph only with amount of 2.483 ppm 

and 0.811 ppm, respectively.  Carabias-Martinez et al. [36] mentioned that the polarity of the solvent should be 

close to the target compound. Both DCM and n-Hexane are non-polar, water immiscible solvents, whereas 

Acetone is a polar water soluble solvent which has the ability to break-up solid aggregates and allow intensive 

contact between particles [2]. Carabias-Martinez et al. [36] noted that mixtures of low- and high-polar solvents are 

more efficient than single solvents when extracting analytes with a wide range of polarities. Song et al., [37] have 

also shown solvent mixtures to be more effective than single solvents in extracting PAHs from moist samples. 

These results corroborate well with the present study as it is based on sludge (moist) samples.   
 

Figure 2 shows the cross-plotting of An/(Ph+An) vs Fl/(Fl+Py) for determination of the origin of the sludge cake 

sample.  
 

Insert Figure (2) about here 
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The An/(An+Ph) value of 0.045 (Table 4) was located in the petroleum zone i.e. below the border line (0.1) of 

petroleum zone, whereas the Fl/(Fl+Py) value of 0.483 (slightly below 0.5) was located in „the petroleum 

combustion zone‟(range of 0.4-0.5).  As the sludge was heated (80-90 ºC) in a pretreatment tank before decanting 

to produce the sludge cake, therefore the heating affected the sludge PAH composition and hence the inference 

about its origin.   
 

4. Conclusion 
 

The aliquot of soxhlet extracted samples was without clean-up pretreatment prior to determine with Gas 

Chromatograph-Mass Spectroscopy (GCMS). The results showed that binary solvent mixture of Acetone+n-

Hexane (1:1) (v/v) was the most effective in PAH extraction using soxhlet extraction. Not only it was able to 

detect the four selected PAH compounds: Phenanthrene/Ph, Anthracene/An, Fluoroanthene/Fl, and Pyrene/Py, but 

also the amount of PAH extracted was the highest. Meanwhile, in this experiment, n-Hexane solvent and 

DCM+n-Hexane (1:1) were less effective ones. The selected PAH compounds through their nominal 

concentrations, ratios, and cross-plotting indicated PAH in the petroleum sludge cake sample is dominantly 

originated from pyrolitic (petroleum combusted) sources. This is related to the history of the sample which was 

heated in a pretreatment tank during sludge treatment. 
 

5. Acknowledgement 
 

The authors are grateful to Universiti Teknologi PETRONAS for providing financial and technical supports for 

this study. Thanks to Mr. Zaaba Mohammad, Mr. Mohd Khairul Anuar Jamaluddin, Ms. Yuswati Yahaya, and 

Mr. Imtias Amir B. Bahauddin for the samples preparation; and Mr.  Mohammad Fauzi Abu Bakar for his 

assistance with the GC-MS analysis 
 

References 
 

[1] O. Ward, A. Singh, and J. Van Hamme, “Accelerated biodegradation of petroleum hydrocarbon waste”, Journal Industrial 

Microbiolology Biotechnology 30, 2003, 260-270.  

[2] J.D. Berset, M. Ejem, R. Holzer, and P. Lischer, “Comparison of different drying, extraction and detection techniques for 

the determination of priority polycyclic aromatic hydrocarbons in background contaminated soil samples“, Analytic 

Chimica Acta 383, 1999, 263-275. 

[3] M.I.H. Helaleh, A. Al-Omair, A. Nisar, and B. Gevao, ”Validation of various extraction techniques for the quantitaive 

analysis of polycyclic aromatic hydrocarbons in sewage sludges using gas chromatography-ion trap mass spectrometry”, 

Journal of Chromatograph A, 1083, 2005, 153-160. 

[4] K. Krishnamurthi, F. Devi, and T. Chakrabarti, “Genotoxic effects of PAH containing sludge extracts in chinese hamster 

ovary cell cultures”, Biomedical and Enviromental Science 16, 2003, 1. 

[5] Office of the Federal Registration (OFR), Appendix A: priority pollutants, Fed Reg. 47, 52309, 1982. 

[6] Z. Khan, J. Troquet, and C. Vachelard, “Sample preparation and analytical techniques for the determination of 

polyaromatic hydrocarbons in soils”, International Journal Environmental Science Technology, 2, 3, 2005, 275-286. 

[7] A.E. Bence, D.S. Page, and P.D. Boehm, “Advances in forensic techniques for petroleum hydrocarbons: the Exxon 

Valdes experiences, Oil Spill Environmental Forensics”, Wang, Z. and Stout, S.A. (Eds) Elsevier Inc., 2007, 449-487. 

[8] M. de F.G. Meniconi, and S.M. Barbanti, “Case study: evaluation of hydrocarbon sources in Guanabara Bay, Brazil, Oil 

Spill Environmental Forensics”, Wang, Z. and Stout, S.A. (Eds) Elsevier Inc., 2007, 505-536. 

[9] U.K. Ahmad, Z. Ujang, C.H. Woon, S. Indran, and M.N. Mian, “Development of extraction procedures for the analysis of 

polycyclic aromatic hydrocarbons and organochlorine pesticides in municipal sewage sludge” Water Science and 

Technology, 50, 9, 2004, 137-144. 

[10] M.P. Zakaria and H. Takada,”Case study: oil spills in the Strait Malacca, Malaysia, Oil Spill Environmental Forensics”, 

Elsevier Inc., 2007, 489-504. 

[11] M. Liu, S.B. Cheng, D.N. Ou, L.J. Hou, L. Gao, L.L. Wang, Y.S. Xie, Y. Yang, and S.Y. Xu, “Characterization, 

identification of road dust PAHs in central Shanghai areas, China”, Atmospheric Environment 41, 2007, 8785-8795. 

[12] C.H. Vane, I. Harrison, A.W. Kim, V. Moss-Hayes, B.P. Vickers, and B.P Horton, “Status of organic pollutants in 

surface sediments of Barnegat Bay-Little Egg harbor estuary, New Jersey, USA”, Marine Pollution Bulletin, 56, 2008, 

1802-1814. 

[13] S. Chantara, and W. Sangchan, ”Sensitive analytical method for particle-bound polycyclic aromatic hydrocarbons: a case 

study in Chiang Mai, Thailand”, Science Asia, 35, 2009, 42-48. 

[14] Y. Liu, L. Chen, J. Zhao, Y. Wei, Z. Pan, X.Z. Meng, Q. Huang, and W. Li, ”Polycyclic aromatic hydrocarbons in the 

surface soil of Shanghai, China: concentrations, distribution and sources”, Organic Geochemistry 41, 2010, 355-362. 



International Journal of Applied Science and Technology                                           Vol. 1 No. 5; September 2011 

205 

 

[15] F.J. Rivas, “Polycylic aromatic hydrocarbons sorbed on soils: a short review of chemical oxidation based treatments”, 

Journal of Hazardous Material B138, 2006, 234-251. 

[16] J.P. Bossio, J. Harry, and C.A. Kinney,“Application of ultrasonic assisted extraction of chemically diverse organis 

compounds from soils and sediment”, Chemosphere 70, 2008, 858-864. 

[17] J.R. Dean, and G. Xiong, “Extraction of organic pollutants from environmental matrices: selection of extraction 

technique”, Trends in Analytic Chemistry, 19, 2000, 9. 

[18] K. Joa, E. Panova, N. Irha, E. Teinemaa, J. Lintelmann, and U. Kirso, “Determination of polycyclic aromatic 

hydrocarbons (PAHs) in oil shale processing wastes: current practice and new trends”, Oil Shale, 26, 1, 2009, 59-72. 

[19] T.F. Guerin,“The extraction of aged polycyclic aromamatic hydrocarbon (PAH) residues from a clay soil using 

sonication and a soxhlet procedure: a comparative study”, Journal Environmental Monitoring, 1, 1999, 63-67. 

[20] S.M. Hawthorne, C.B. Grabanski, E. Martin, and D.J. Miller, “Comparisons of soxhlet extraction, pressurized liquid 

extraction, supercritical fluid extraction and subcritical water extraction for environmental solids: recovery, selectivity 

and effects on sample matrix”, Journal of Chromatograph A, 892, 2000, 421-433. 

[21] Z. Zdrahal, P. Karasek, L. Lojkova, M. Buckova, Z. Vecera, and J. Vejrosta, ”Pressurized liquid extraction of ketones of 

polycylic aromatic hydrocarbons from soil”, Journal of Chromatograp A, 893, 2000, 201-206. 

[22] J. Kronholm, J. Kettune, K. Hartonen, and M.L. Riekkola, ”Pressurized hot water extraction of n-alkanes and 

polyaromatic hydrocarbons in soil and sediment from oil shale industry district in Estonia”, Journal Soils & Sediments 4, 

2, 2004, 107-114. 

[23] A. Enell, F. Fuhrman, L. Lundin, L. Warfvinge, and G. Thelin, ”Polycyclic aromatic hydrocarbons in ash: determination 

of total and leachable concentrations”, Environmental Pollution. 152, 2008, 285-292. 

[24] S. Baran, and P. Oleszcuk,“Chromatographic determination of polycyclic aromatic hydrocarbons (PAH) in sewage 

sludge, soil, and sewage sludge-amended soils”, Polish Journal of Environmental Studies, 11, 6, 2002, 609-615. 

[25] A. Arditsoglou, E. Terzi, M. Kalaitzoglou, and C. Samara, “A comparative study on the recovery of polycyclic aromatic 

hydrocarbons from fly ash and lignite coal”, Environmental Science & Pollution Research, 10, 6, 2003, 354-356. 

[26] O.H.J. Szolar, H. Rost, R. Braun, and A.P. Loibner, “Analysis of polycyclic aromatic hydrocarbons in soil: minimizing 

sample pretreatment using automated soxhlet with ethyl acetate as extraction solvent”, Analytical Chemistry 74, 2002, 

2379-2385. 

[27] M.S. Elias, A.K. Wood, Z. Hashim, W.B. Siong, M.S. Hamzah, A.R. Shamsiah, N.A.S. Ashifa, and A. Talib, 

“Polycyclic aromatic hydrocarbon (PAH) contamination in the sediments of East Coast Peninsular Malaysia”, The 

Malaysian Journal of Analytic Science, 11, 1, 2007, 70-75.  

[28] M. Letellier, and H. Budzinski,“Microwave assisted extraction of organic compounds”, Analusis 27, 1999, 259-271. 

[29] Z.B. Zhao, K. Liu, W. Xie, W.P. Pan, J.T. Riley, “Soluble polycyclic aromatic hydrocarbons in raw coals”, Journal of 

Hazardous Material B73, 2000, 77-85. 

[30] I.J. Barnabas, J.R. Dean, I.A. Fowlis, and S.P. Owen,“Extraction of polycyclic aromatic hydrocarbons from highly 

contaminated soils using microwave energy”, Analyst, 120, 1995, 1897-1904. 

[31] K.K. Chee, M.K. Wong, and H.K. Lee,“Optimization of microwave-assisted solvent extraction of polycyclic aromatic 

hydrocarbons in marine sediments using a microwave extraction system with high-performance liquid chromatography-

fluorescence detection and gas chromatography-mass spectrometry”, Journal of Chromatograph A, 723, 1996, 259-271. 

[32] J. Cavegn, B. Haag, and R. Hartmann,”Trace analysis of PAHs: evaluation of two extraction methods (EPA3541 and 

EPA3545) and optimization of subsequent concentration”, Buchi Information Bulletin 51, 2008. 

[33] L.P. Stanojevic, M.Z. Stankovic, M.D. Cakic, V.D. Nikolic, L.B. Nikolic, and D.P. Ristic, “The effect of the operation 

conditions and the extraction techniques on the yield, kinetics and composition of methanol extractc of Hieracium 

pilosella L”, Faculty of Technology, University of Nis, Leskovac, Serbia, 2009. 

[34] P. Oleszczuk, and S. Baran,“Application of solid-phase extraction to determination of polycyclic aromatic hydrocarbons 

in sewage sludge extracts”, Journal of Hazardous Material B113, 2004, 237-245.  

[35] D.L. Poster, M.M. Schantz, L.C. Sander, and S.A Wise, “Analysis of polycylic aromatic hydrocarbons (PAHs) in 

environmental samples: a critical review of gas chromatographic (GC) methods“, Analytical Bioanalytical Chemistry 

386, 2006, 859-881. 

[36] R. Carabias-Martinez, E. Rodriguez-Gonzalo, P. Revilla-Ruiz, and J. Hernandez-Mendez,“Pressurized liquid extraction 

in the analysis of food and biological samples”, Journal of Chromatograph A, 1089, 2005, 1-17. 

[37] Y.F. Song, X. Jing, S. Fleischmann, and B.M Wilke,“Comparative study of extraction methods the determination of 

PAHs from contaminated soils and sediment”, Chemosphere 48, 2002, 993-1001. 

 

 

 



© Centre for Promoting Ideas, USA                                                                                                www.ijastnet .com 

206 

 

Table 1 Solvent(s), matrices, and results in soxhlet extraction of PAH 
 

Solvent(s) Matrices Remarks References 

Acetone soil Relative Standard Deviation (RSD)  of data was about 5% 

and comparable with DCM and better than n-Hexane alone 

[30] 

DCM marine- sediment recoveries of Certified Reference Material/CRM was about 

66.0-111.1% and comparable with Microwave Assisted 

Solvent Extraction/MASE which was 73.5-136.8% 

[31] 

 contaminated- soil recovered 71% of total PAH [19] 

n-Hexane soil poor recovery of the high boiling group of PAH compounds 

(range of 50–90%) 

[32] 

 contaminated- soil poor recovery rate which was only 16% only of total PAH [19] 

Acetone+DCM  

(1:1) (v/v) 

contaminated-soil mean concentrations (mg/kg) of PAHs extracted slightly 

lower than PLE but higher than super fluid extraction (SFE) 

and sub-critical water extraction (SCWE) 

[20] 

contaminated- soil RSD  of data was about 6% and comparable with pressurized 

liquid extraction (PLE) performance 

[21] 

DCM+n-Hexane  

(1:1) (v/v) 

sewage sludge the extraction recoveries: 65.0-91.8% [3] 

 marine- sediment the recovery (internal standard) of PAH was 70-123% [27] 

Acetone+n-Hexane  

(1:1) (v/v) 

soil and sediment the extraction of high molar mass (HMM) n-alkanes and 

PAH were more efficient than PHWE, however not for 

smaller compounds 

[22] 

 wastewater sludge the percentage recoveries of 63.45-80.65% were higher than 

SCWE 

[9] 

Acetone+DCM+ 

n-Hexane  

(30:20:50) (v/v) 

fly ash from boiler better recovery for  HMM PAH than ultrasonic extraction, 

but not good for lighter compounds. 

[18] 

 

Table 2 Solvent regime in the experiment 
 

Solvent(s)  

(v/v) 

Volume of solvent (mL) 

Acetone  DCM n-Hexane Total 

 

Single     

Acetone  180   180 

DCM   180  180 

n-Hexane    180 180 

Binary Mixture     

Acetone:DCM (1:1) 90 90  180 

DCM:n-Hexane (1:1)  90 90 180 

Acetone:n-Hexane (1:1) 90  90 180 

Ternary Mixture     

Acetone:DCM:n-Hexane (1:1:1) 60 60 60 180 
 

Table 3 Retention time and mass spectra of the selected PAH 
 

Compound Retention time (min) Target ions (m/z) 

Phenanthrene/Ph 21.42 178 

Anthracene/An 21.67 178 

Fluoranthene/Fl 27.42 202 

Pyrene/Py 28.55 202 
 

Table 4 Amounts (ppm) of selected PAH extracted from petroleum sludge cake 
 

Selected PAH  

Solvent*  

Single  
Binary Mixture  

(v/v) 
 

Ternary Mixture 

(v/v) 

Number of 

Rings 

Comp.  
Ace 

 

DCM 

 

n-Hex 

 
 

Ace+ 

DCM 

(1:1) 

DCM+  

n-Hex 

(1:1) 

Ace+ 

n-Hex 

(1:1) 

     
Ace+DCM+ 

 n-Hex (1:1:1) 

3 
Ph  0.840 6.421 2.483     ND 0.811 28.936     8.268 

An  0.881 0.199 ND     ND ND   1.363     0.399 

4 
Fl  ND ND ND     0.397 ND   1.164    ND 

Py  ND 0.361 ND     2.537 ND   1.248      0.246 

Total 1.721 6.981 2.483     2.934 0.811 31.711      8.913 

* Ace: Acetone, DCM: dichloromethane, n-Hex: n-Hexane; ND: not detected 
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Figure 1 Selected PAH (ppm) in extracts of petroleum sludge cake 
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Figure 2 PAHs cross-plot of An/(An+Ph) vs Fl/(Fl+Py) of petroleum sludge cake 
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