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Evaluation of extraction methods of polycyclic
aromatic hydrocarbons (PAHs) from soil
and sewage sludge matrix

Polycyclic aromatic hydrocarbons (PAHs) are a large group of organic contaminants
with related chemical structure and properties. In natural conditions, these compounds
usually are in the form of mixtures. As their main source there are given the human activi-
ties. PAHs are composed of at least two aromatic rings without any additional substituents.
A direct consequence of such structure are low solubility in water and high affinity for the
sorption on the solid phase materials. Due to maintained properties the biggest reservoir of
these substances are: soil, sediments, sewage sludge and solid waste fractions. The presence
of large amounts of PAHs in an environment is associated with numerous problems. First of
all, substances belonging to this group are characterized as highly toxic in relation to living
organisms, including humans. Prolonged exposure to PAHs contributes also to the induction
of spontaneous genetic changes which may lead to carcinogenesis. Taking the above informa-
tion into account, it can be stated that the effective monitoring of PAHs content should have
a great importance from the point of view of both environmental and human safety. The ba-
sic technique used for the quantitative isolation of PAHs from solid matrices (soil, sewage
sludge) is the solid-liquid extraction method. This technique relies upon the ability of non-
polar organic solvents for elution of hydrophobic organic compounds from the environment
in which they are located. Currently, in the scientific literature many various methods
for PAHs extraction from solid matrix can be found. Each individual method is unique
and depends mostly on the type of used solvent, the conditions in which the process is
carried out and the number of auxiliary treatment affecting in particular the purity of the
obtained extracts. The aim of the experiment was to compare the effectiveness of different
techniques of extraction of PAHs from soil and sewage sludge. The scope of undertaken
activities includes testing of the possibility to use four types of organic solvents (acetone,
acetonitrile, methanol, and isopropanol) as PAHs extraction agents, and the study of the
impact of additional treatments, such as sonification, filtration and SPE techniques on
efficiency of sample preparation process. On the basis of obtained results, it can be stated
that the highest efficiency of extraction of PAHs from soil can be achieved by using aceto-
nitrile. In the case of sewage sludge the highest extraction efficiency was achieved in the
methodology with use of acetone as extraction agent. The use of ultrasonic extraction tech-
nology combined with filtration and SPE methods allows to achieve high efficiency in isola-
tion of PAHs from soil and sewage sludge.

Keywords: polycyclic aromatic hydrocarbons PAHs, extraction methods, soil, sewage sludge,
organic pollutants

Infroduction

Polycyclic aromatic hydrocarbons (PAHs) are a large group of organic pollutants
which includes more than 200 chemical compounds. PAHs are built from at least
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two aromatic rings without any substituents. They are hardly soluble in water and
have high affinity for sorption on the surface of solid materials [1, 2]. Occurrence
of these compounds can be observed in almost every element of the environment,
however due to the physical and chemical properties of these contaminants, their
largest reservoirs are in soil, solid wastes and sediments. Under natural conditions,
PAHs are always in a form of mixture with composition dependent on the charac-
teristics and properties of studied material [2, 3].

As the sources of PAHs, both the natural and anthropogenic origins are given,
but from the point of view of environmental protection, human activity is consid-
ered as more important [1].

In last few years an increased attention on research related to organic pollutants
such as PAHs can be observed [4-7]. Strong interest in the field of PAHs is mainly
caused by the large scale of environmental contamination and the mutagenic and
carcinogenic activity of these pollutants proven in many studies [3]. Compounds
such as Benzo(a)pyrene have the ability to penetrate the membranes of living cells,
where in result of multiple enzymatic transformations they are converted to active
epoxide-form. One of products of this reaction is Benzo(a)pyren-7,8-dihydrodiol-9,
10-epoxide. This compound is capable to create covalent bonds with DNA fragments,
which may lead to carcinogenesis. In human organism the enzyme that plays key
role in this process is cytochrome P4501A1 (CYP1A1) [8,9].

The presence of high concentrations of PAHs in the environment is also con-
nected with ecological and economical issues. Long-term contamination may lead
to permanent changes in local ecosystems, and may have influence on the reduc-
tion of the agricultural crops productivity [3, 10].

On the basis of information described above, it can be stated that actions aimed
to provide detailed monitoring of PAHs content in environmental samples should
take an important part in modern environmental protection policy [3, 11].

At the moment in the scientific literature and various web databases many dif-
ferent PAHs content determination techniques can be found. The most important
and most frequently used methods are chromatographic techniques such as high
performance liquid chromatography with UV and fluorescent detectors (HPLC-UV
and HPLC-FLD) and gas chromatography with mass detector (GC-MS). These
methods allow to conduct study of PAHs content on the micro, nano and pico
scales, but they also require special sample preparation procedures. The appropriate
form of the chromatographic samples mainly includes strictly defined level of
purity and closely defined range of expected concentration of the analyte. These
requirements are necessary to ensure proper functioning of the used equipment
and to ensure a high quality of the obtained results [12-15].

In the case of solid samples such as soil or sewage sludge, the sample prepara-
tion procedure for chromatographic analysis should include the following stages
[16]:

e Sampling and sample validation,
¢ Drying and fragmentation of the test material,
e Extraction of the analyte,
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e Pre-treatment of the extract,
e Densification of the extract.

Each of these steps may be carried out in several ways. The choice of the indi-
vidual analytical technique depends mostly on the sample characteristics and also
on available laboratory equipment. A key element of all solid sample preparation
processes is the extraction of analyte from solid material matrix. The extraction
methods can be distinguished into two main groups: classic and modern instrumen-
tal methods. In Table 1 an overview of currently available extraction methods that
can be used in PAHs analysis is presented [12, 13, 16].

Table 1. Overview of PAHSs extraction methods

Classic methods

ID Method Description

Solid-Liquid | Use of close isolated container where both sample and solvent are added.
Extraction Extraction in such systems is mainly assisted with shaking or heating.

Samples are placed in disposable porous containers (thimbles) where they are
Soxhlet . . .
2 . constantly flushed with refluxed solvent. In this system dissolved analytes
Extraction . . .
are continuously collected in a boiling flask.

Use of ultrasonic field to create a vigorous agitation on the surface of a solid
3 | Sonication material. This technique is used as a support technique for example
in solid-liquid extraction.

Modern instrumental methods

ID Method Description

Pressurized Fluid (PF) Extraction. Sample is placed in a sealed container
1 | PF Extraction |and heated to above its boiling point, causing pressure in the vessel to rise;
extracted sample is removed and transferred to vial for further treatment.

Automatic Soxhlet (AS) Extraction. It is a combination of a hot solvent
2 | AS Extraction |leaching and Soxhlet extraction. Samples in this system are first immersed
in boiling solvent, next thimble is raised for conventional Soxhlet extraction.

Supercritical Fluid (SF) Extraction. In this technique samples are placed

in flow-through container where they are flushed with the supercritical fluid
(e.g. CO,). After depressurization, extracted analyte is collected in solvent
or sorbent.

3 | SF Extraction

As part of the research described in this article, a comparative analysis of the
possibility to use of various organic solvents for the extraction of PAHs from soil
and sewage sludge was carried out.

The aim of the study was to investigate the effectiveness of the four reagents,
with varying degrees of polarity, including methanol, isopropanol, acetonitrile
and acetone in the process of solid-liquid extraction assisted with ultrasonic field.
The second aim was to study the efficiency of used pre-treatment methods of
chromatographic samples preparation such as sonification, filtration and SPE
(Solid Phase Extraction).
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1. Methodology

In the experiment, agricultural soil, taken from a crop field, located in the prov-
ince of Silesia in the region of Czestochowa, Poland, was used. This material was
classified as a mineral soil (loamy sand). As a sewage sludge sample, a material
after mechanic stabilization, collected from the municipal wastewater treatment
plant located in region of Czestochowa, was used. Both the soil and the sewage
sludge were analyzed according to the methodology presented in the following
research: Fijatkowski et al., Rorat et al., Placek et al., Kacprzak et al. [19-22].
Results of this analysis are presented in Table 2.

Table 2. Physical and chemical properties of used materials (soil, sewage sludge)

Type of Analysis Soil Sewage Sludge
Dry matter, % 92 33
pH, in H,O 7.02 7.6
pH, in KC1 5.1 6.7
CEC, cmol(+)/kg d.m. 12.4 no data
TOC, g/kg d.m. 11.41 215
TC, g/kg d.m. 13.84 302
P, g/kg d.m. 0.20 0.31
N, g/kg d.m. 1.25 3.41

For the experiment, 8 series of soil samples and 8 series of sewage sludge sam-
ples were prepared. Each series contains 6 reps. Samples of soil and sewage sludge
after drying at ambient conditions were subjected to homogenization in knife mill.
Next the material was divided into test samples, soil - 10 g; sewage sludge - 1 g.
Test samples, after weighting, were placed in the 100 ml extraction glass contain-
ers. To each prepared sample a close measured solvent (acetone, acetonitrile,
methanol and isopropanol) amount (30 ml) was introduced. The main properties of
some organic solvents are presented in Table 3 [17, 18]. The extraction procedure
was held on in ambient temperature.

Table 3. Basic physical and chemical properties of organic solvents

Solvent Structure and | Tyijing| Density | Dielectric |Debye dipole| Viscosity | Surface tension

name  |molecular weight| °C | g/ml | constant | moment |107Pa-s| 107 J/m?
Acetone (CLRC 0 | 563 (0850 | 207 27 | 03040 | 2268
Aceonivite | 0N | 816 [07768 | 375 344 | 03409 | 2845
tsopropanol | (CHRCHOM gy 3 107810 | 199 1.66 2.073 183
Methanol C31—;8)4H 64.7 | 0.7866 32.6 1.6 0.5445 22.1
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To some samples an PAHs standard (1 ml) also was introduced (16 PAH mix
recommended by EPA - Restec 610 PAH calibration mix B). This procedure was
performed according to the scheme shown in Table 4. Concentrations of individual
compounds in used standard are presented in Table 5. After the described above
procedures all samples were subjected to further treatment and final analysis.

Table 4. Scheme of the prepared sample series

ID Describtion ID

1 | Soil (10 g) + Acetone (30 ml) 9 | Sewage sludge (10 g) + Acetone (30 ml)

2 | Soil (10 g) + Acetonitrile (30 ml) 10 | Sewage sludge (10 g) + Acetonitrile (30 ml)

3 | Soil (10 g) + Methanol (30 ml) 11 | Sewage sludge (1 g) + Methanol (30 ml)

4 | Soil (10 g) + Isopropanol (30 ml) 12 | Sewage sludge (1 g) + Isopropanol (30 ml)

5 Soil (10 g) + Acetone (30 ml) + PAHs 13 Sewage sludge (1 g) + Acetone (30 ml) +
standard (1 ml) PAHs standard (1 ml)

6 Soil (10g) + Acetonitrile (30 ml) + PAHs 14 Sewage sludge (1 g) + Acetonitrile (30 ml)
standard (1 ml) + PAHs standard (1 ml)

7 Soil (10 g) + Methanol (30 ml) + PAHs 15 Sewage sludge (1 g) + Methanol (30 ml) +
standard (1 ml) PAHs standard (1 ml)

3 Soil (10 g) + Isopropanol (30 ml) + PAHs 16 Sewage sludge (1 g) + Isopropanol (30 ml)
standard (1 ml) + PAHs standard (1 ml)

Table 5. Concentration of individual PAHs in used standard

ID Compound g;zﬂ:g Conflegl/l:l?tlon c

1 |Naphthalene (Naf) 2 1.021 +0.0044
2 | Acenaphtylene (Acyl) 3 2.082 +0.0023
3 | Acenaphthene (Ac) 3 1.005 +0.0038
4 | Fluorene (F1) 3 0.201 +0.0005
5 | Phenanthrene (Fen) 3 0.208 +0.0014
6 | Anthracene (Ant) 3 0.110 +0.0031
7 | Fluoranthene (Flu) 4 0.121 +0.0025
8 | Pyrene (Pir) 4 0.106 +0.0018
9 | Benzo(a)anthracene (BaA) 4 0.113 +0.0031
10 | Chrysene (Ch) 4 0.112 +0.0011
11 | Benzo(b)fluoranthene (BbF) 5 0.241 +0.0021
12 | Benzo(k)fluoranthene (BkF) 5 0.114 +0.0018
13 | Benzo(a)pyrene (BaP) 5 0.105 +0.0004
14 | Dibenzo(a,h)anthracene (DahA) 5 0.215 +0.0007
15 |Indeno(1,2,3-c.d)pyrene (IP) 6 0.111 +0.0041
16 | Benzo(g,h,i)perylen (Bper) 6 0.221 +0.0011
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Pre-treatment stage of sample preparation procedure was based on the solid-
-liquid extraction technique assisted with ultrasonic field treatment. All prepared
samples were put for 30 min into ultrasonic bath, then they were shaken in auto-
matic shaker for 24 h. Obtained extracts, after centrifugation (8000 rpm; 5 min)
and filtration (membrane filtration on PP 0.45 um filters), were concentrated
by SPE - Solid Phase Extraction technique on columns filled with C18 silica gel
(C18 Chromabond 100 g/6 ml). The solvent used to flush analyte from the column
was acetonitrile - 3 x 1 ml.

2. Determination of PAHs content

Qualitative and quantitative analyses of PAHs content in soil and sewage sludge
samples were conducted using high performance liquid chromatography (HPLC)
with UV and FLD detectors. Used equipment was manufactured by Thermo Scien-
tific - Thermo Spectra SYSTEM.

For the separation of the individual PAHs the reversed phase HPLC system was
prepared. Used column was Restek Principles Il PAH 150 mm 5 pm HPLC column.
The column was filled with C18 silica gel. The temperature of the column during
the analysis was 30°C. Elution was conducted by using a gradient technique with
three solvents: water - A, acetonitrile - B and methanol - C (start 0 min - 20/20/60
A,/B,/Cy; 20 min - 5/95/0 Av/Bv/Cv). The flow rate was 0.80 ml/min. The loop
volume was 10 pl.

Table 6. The overview of PAHs determination method

ID Compound I;I;lzfgesr Detefltgi;)l?glimit o(/i

1 | Naphthalene (Naf) 2 11.24 +2.25
2 | Acenaphtylene (Acyl) 3 20.05 +7.18
3 | Acenaphthene (Ac) 3 9.89 +8.08
4 | Fluorene (FI) 3 0.22 +4.46
5 | Phenanthrene (Fen) 3 0.21 +2.22
6 | Anthracene (Ant) 3 0.10 +11.71
7 | Fluoranthene (Flu) 4 0.11 +1.25
8 | Pyrene (Pir) 4 0.12 +3.17
9 | Benzo(a)anthracene (BaA) 4 0.11 +2.97
10 | Chrysene (Ch) 4 0.12 +1.01
11 | Benzo(b)fluoranthene (BbF) 5 0.21 +1.54
12 | Benzo(k)fluoranthene (BkF) 5 0.13 +0.69
13 | Benzo(a)pyrene (BaP) 5 0.12 +4.62
14 | Dibenzo(a,h)anthracene (DahA) 5 0.22 +2.17
15 |Indeno(1,2,3-c.d)pyrene (IP) 6 0.11 +5.71
16 | Benzo(g,h,i)perylen (Bper) 6 0.23 +2.41
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Detection of the data was carried out on both UV-Vis (UV5000) and fluorescence
(FL3000) detectors. Wavelength used for UV detection was 254 nm. As an external
standard, RESTEK 610 Calibration Mix B was used. Standard contains 16 com-
pounds: naphthalene, acenaphtylene, acenaphthene, fluorene, phenanthrene,
anthracene, fluoranthene, pyrene, benzo(a)anthracene, chrysene, benzo(b)fluo-
ranthene, benzo(k)fluoranthene, benzo(a)pyrene, dibenzo(a,h)anthracene, indeno-
(1,2,3-c,d)pyrene, benzo(g,h,i)perylen. In Table 6 the PAHs determination method
overview and standard deviations for the all analyzed compounds were presented.
In Figure 1 the chromatogram of used standard is presented.
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Fig. 1. Chromatogram of Restec 610 PAH calibration mix

3. Results

The results, obtained during the experiment, are presented in Tables 7-10. The
divide of the results, for each individual table, was based on the type of solvent
used for extraction. Table 7 contains the results of the series to which the acetone
was introduced, Table 8 is related to series with acetonitrile, series with methanol
are in Table 9 and series with isopropanol are in Table 10. Each table contains
information about the efficiency of PAHs extraction both from the soil and the
sewage sludge samples. This information includes measurements of all 16 PAHs
content and the results of calculations of rate recovery coefficients. The calcula-
tions of rate recovery coefficients were based on the difference in PAHs content
between samples with PAHs standard additive and samples into which only extrac-
tion solvent was introduced.
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Table 7. Results of evaluation of PAHs extraction method with use of acetone as a solvent

Soil Sewage sludge
Compound Concentration Recovery | Concentration Recovery

ng/kg d.m. ° % pg/kg d.m. ° %
Naphthalene 12 2.60 100 1143 66.99 96
Acenaphtylene 159 16.11 61 2699 95.47 93
Acenatphtene 4 0.44 67 99 7.59 101
Fluorene 53 1.72 90 956 48.98 125
Phenanthrene 138 1.91 128 2691 115.04 80
Anthracene 19 3.12 91 1204 42.85 93
Fluoranthene 146 4.97 99 6267 273.00 75
Pyrene 112 3.30 69 986 42.22 93
Benzo(a)anthracene 28 2.53 60 666 38.39 84
Chrysene 29 2.12 81 566 29.14 66
Benzo(b)fluoranthene 37 3.11 56 1013 43.67 83
Benzo(k)fluoranthene 17 1.62 39 740 49.34 77
Benzo(a)pyrene 30 0.87 34 729 22.28 57
Dibenzo(a,h)anthracene 9 0.88 36 252 8.29 58
Indeno(1,2,3-c,d)pyrene 10 0.82 29 349 15.07 64
Benzo(g,h,i)perylene 32 3.88 27 2658 147.88 49

Table 8. Results of evaluation of PAHs extraction method with use of acetonitrile as a solvent

Soil Sewage sludge
Compound Concentration - Recovery | Concentration - Recovery

pg/kg d.m. % ng/kg d.m. %
Naphthalene 19 2.27 89 1292 40.39 79
Acenaphtylene 447 13.04 95 8700 186.06 90
Acenatphtene 5 1.20 91 69 5.26 102
Fluorene 52 1.77 106 1091 163.45 108
Phenanthrene 198 2.09 93 2276 51.20 148
Anthracene 35 1.68 108 904 5.55 98
Fluoranthene 185 2.70 82 2979 53.74 82
Pyrene 123 2.55 100 1945 91.04 65
Benzo(a)anthracene 52 2.76 97 636 61.71 62
Chrysene 46 441 77 470 27.41 47
Benzo(b)fluoranthene 49 1.05 81 623 7.10 83
Benzo(k)fluoranthene 26 1.25 88 409 9.29 46
Benzo(a)pyrene 49 1.42 76 676 38.73 45
Dibenzo(a,h)anthracene 8 0.99 52 184 14.65 51
Indeno(1,2,3-c,d)pyrene 15 0.61 65 219 6.02 55
Benzo(g,h,i)perylene 48 7.16 48 1215 12.08 42.
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Table 9. Results of evaluation of PAHSs extraction method with use of methanol as a solvent

Soil Sewage sludge
Compound Concentration Recovery | Concentration Recovery

ng/kg d.m. ° % pg/kg d.m. ° %
Naphthalene 8 0.19 —-13 1101 166.49 86
Acenaphtylene 449 15.68 44 5653 354.24 99
Acenatphtene 1 0.36 2 76 18.05 40
Fluorene 48 6.69 67 912 90.98 42
Phenanthrene 102 18.90 64 2013 386.02 37
Anthracene 14 1.94 54 779 116.84 11
Fluoranthene 74 4.21 80 2497 234.90 15
Pyrene 49 9.13 110 1330 41.34 50
Benzo(a)anthracene 19 3.40 44 424 30.24 45
Chrysene 15 2.39 52 323 67.65 61
Benzo(b)fluoranthene 32 2.83 41 340 84.36 33
Benzo(k)fluoranthene 13 3.21 56 693 8.59 18
Benzo(a)pyrene 25 2.01 44 323 10.55 49
Dibenzo(a,h)anthracene 1.95 35 285 17.30 32
Indeno(1,2,3-c,d)pyrene 1.23 28 309 13.54 44
Benzo(g,h,i)perylene 39 1.28 28 2072 268.84 25

Table 10. Results of evaluation of PAHs extraction method with use of isopropanol as a solvent

Soil Sewage sludge
Compound Concentration - Recovery | Concentration - Recovery

pg/kg d.m. % ng/kg d.m. %
Naphthalene 5 2.03 100 374 117.10 82
Acenaphtylene 96 40.42 137 4062 291.93 61
Acenatphtene 5 0.24 66 100 6.08 141
Fluorene 93 4.18 83 739 7.52 103
Phenanthrene 97 20.60 70 2617 26.98 85
Anthracene 17 1.81 109 654 6.76 69
Fluoranthene 94 5.71 60 2763 57.51 71
Pyrene 58 4.92 77 1208 155.57 67
Benzo(a)anthracene 19 2.94 56 396 21.82 89
Chrysene 27 5.57 72 277 26.55 71
Benzo(b)fluoranthene 23 3.60 57 425 32.02 67
Benzo(k)fluoranthene 9 243 47 256 27.22 51
Benzo(a)pyrene 20 0.41 41 378 14.79 27
Dibenzo(a,h)anthracene 3 0.50 53 288 12.53 32
Indeno(1,2,3-c,d)pyrene 7 0.59 28 303 63.57 48
Benzo(g,h,i)perylene 22 3.40 31 1732 52.82 30
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The graphical presentation of all obtained results are presented on the graph -
Figure 2.
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Fig. 2. Comparison of the X16 PAHs extraction efficiency in all analyzed samples (soil, sewage
sludge)

The results of the PAHs content analysis in soil showed that the highest concen-
trations of the sum of 16 PAHs were observed in samples with acetonitrile additive
(1354 pg/kg d.m.). In the case of sewage sludge samples, the highest concentra-
tions were achieved in samples, where acetone was used (23 020 pg/kg d.m.). Both
acetone and acetonitrile are classified as the organic solvents with medium level of
polarity. They are very soluble in water and have a similar density, but their boiling
temperatures and surface tensions are quite different [17]. Comprising the proper-
ties of acetone and acetonitrile with the other used solvents, it can be seen that these
two reagents have the highest values of dipole moment (Acetone - 2.70, Aceto-
nitrile - 3.44). These values are directly related to the relative polarity and have
impact on the elution strength. From the point of view of PAHs extraction capacity,
the ability to penetrate the matrix of analyzed material and to elute the desired ana-
lytes is very important. The solvent dependent, difference in the extraction effi-
ciency between soil and sewage sludge samples, may be related to the specification
of the studied material. The soil used in the experiment was classified as a mineral
material, while the sewage sludge was considered as organic material.

The presence of hydrophobic organic compounds, such as PAHs, within the
mineral matrix is mainly based on the physical adsorption (immobilization on the
surface of the porous mineral structure). In the case of the organic materials beside
the adsorption phenomenon, other PAHs immobilization effects may be observed.
Occurrences of various organic substances and biological system creates a possibil-
ity to bound PAHs molecules in chemical (interactions with other organic com-
pounds) and biological (bioaccumulation) ways. This processes often have impact
on the reduction of the solvent elution ability and in result may be a reason of
decreased PAHs content in extract mixture [13, 16, 17].
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The rate recovery coefficients showed a similar trend as the measurements of the
PAHs concentration. Highest values were obtained during the acetonitrile extraction
for soil samples and acetone extraction for sewage sludge samples. On the basis
of these results it can be also seen that the value of the rate recovery coefficient
in most analyzed samples decreased with the increasing of the number of aromatic
rings in the PAHs molecule. The lowest recovery coefficients were observed,
in most all analyzed cases for pollutants such as indeno(1,2,3-c,d)pyrene (28+65%)
and benzo(g,h,i)perylene (25+49%).

This phenomenon may result from the fact that the increase of PAHs molecule
size is proportional to the decrease of solubility in the mobile fraction (solvent
environment) and inversely proportional to the sorption capacity on the surface of
solid matter. Therefore the potential losses of the compounds with the large particle
size may occur during the filtration procedure as an effect of accumulation of
insoluble matter on the surface of used membrane [3,23].

The research published by Oluseyi et al. showed that the highest extraction
efficiencies of PAHs from contaminated soil were observed in methods with the
methanol and acetonitrile use [26]. In other studies, solvents such as dichloromethane,
hexane and acetone for the PAHs extraction from soil were used. These studies
also showed high values of PAHs recovery coefficients [12, 24, 25, 27]. The large
diversification in the solvent dependent, effectiveness of PAHs extraction may be
caused by the different characteristics of studied material or the huge variation of
used analytical equipment.

The earlier studies, published by Garcia et al. and Sun et al., showed that ultra-
sonic extraction yields higher or comparable quantities in extraction of hydrocarbons
than other methods of extraction such as shaking or Soxhlet extraction [24, 25].
Comparing the obtained results to the results of studies described in abovemen-
tioned papers, it can be stated that methodology presented in article also showed
a higher percentage recovery coefficients values than the traditional shaking and
Soxhlet methods. The higher efficiency may be related to the fact that proposed
method does not include any actions in increased temperature environment.

Conclusions

On the basis of obtained results, following conclusions can be presented:

o The highest efficiency of extraction of PAHs from soil can be achieved by using
acetonitrile and acetone as extraction agents.

e The highest efficiency of extraction of PAHs from sewage sludge can be
achieved by using acetone as an extraction agent.

e The highest values of rate recovery coefficients were observed in samples
where acetonitrile (soil samples) and acetone (sewage sludge) was used.

e The values of rate recovery coefficients decreased with the increasing of the
number of aromatic rings in the PAHs molecule.



700 D. Wioka, M. Smol

e The use of ultrasonic extraction technique combined with the filtration and the
SPE methods allows to achieve high efficiency in isolation of PAHs from both
soil and sewage sludge samples.
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Ocena metod ekstrakciji wielopierscieniowych weglowodoréow
aromatycznych (WWA) z gleby i osadéw sciekowych

Wielopierscieniowe weglowodory aromatyczne (WWA) stanowia liczng grupe zwigzkéw
organicznych o zblizonej budowie chemicznej i podobnych wlasciwo$ciach. W $rodowisku
naturalnym wystepuja zazwyczaj w postaci mieszanin, a ich gléwnym Zrédlem jest dzialal-
no$¢ czlowieka. WWA zbudowane s3 z co najmniej dwéch pierscieni aromatycznych i nie po-
siadaja dodatkowych podstawnikéw. Bezposrednia konsekwencja takiej budowy jest niska
rozpuszczalno$§¢ w wodzie oraz duze powinowactwo do sorpcji na czastkach stalych. Wiasci-
woSsci te sprawiaja, iZ najwi¢kszym rezerwuarem tych substancji sa: $rodowiska glebowe,
muly i osady denne, a takze osady Sciekowe i stale frakcje odpadéw. Wystepowanie duzych
ilosci WWA w $rodowisku zwigzane jest z licznymi problemami. Przede wszystkim substan-
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cje nalezace do tej grupy charakteryzuja si¢ wysoka toksyczno$cia w odniesieniu do organi-
zm6éw zywych, w tym rowniez do czlowieka. Diugotrwala ekspozycja na WWA ponadto
przyczynia si¢ do indukcji spontanicznych zmian genetycznych, prowadzac wielokrotnie do
kancerogenezy. Biorac pod uwage wymienione powyzej informacje, stwierdzi¢ mozna, ze
prowadzenie efektywnego monitoringu substancji nalezagcych do tej grupy ma duze znacze-
nie z punktu widzenia zaréwno ochrony Srodowiska, jak i bezpieczenstwa ludzi. Podstawowg
technika stosowang do iloSciowej izolacji WWA z matryc stalych (gleba, osady $ciekowe) jest
ekstrakcja metodg cialo stale-ciecz. Technika ta opiera si¢ na wykorzystaniu zdolnoS$ci nie-
polarnych rozpuszczalniko6w organicznych do wymywania hydrofobowych zwiazkéw orga-
nicznych ze Srodowiska, w ktorym si¢ znajduja. Obecnie w literaturze naukowej opisane jest
wiele metod ekstrakeji WWA z matryc stalych. R6znia si¢ one mi¢dzy sobg rodzajem zasto-
sowanych rozpuszczalnikéw, warunkami, w ktorych prowadzony jest proces oraz liczbg za-
biegow pomocniczych, wplywajacych mi¢dzy innymi na stopien czysto$ci uzyskiwanych eks-
traktéw. Celem opisywanego eksperymentu bylo poréwnanie efektywnos$ci dzialania r6znych
technik ekstrakcji WWA z gleby oraz osadow Sciekowych. Zakres podjetych dzialan obej-
mowal badanie mozliwoS$ci zastosowania czterech odczynnikéw (aceton, acetonitryl, metanol
i izopropanol) w charakterze czynnika ekstrakcyjnego oraz badanie wplywu dodatkowych
zabieg6w, w tym sonifikacji, filtracji oraz zageszczania technika SPE, na efektywno$¢ dzia-
lania badanego procesu. Na podstawie uzyskanych wynikow stwierdzi¢ mozna, iz najwyzsza
efektywnos¢ ekstrakeji WWA z gleby osiagna¢ mozna przy uzyciu acetonitrylu. W przypad-
ku osadéw Sciekowych najwyzsze st¢zenia badanych zwiazkow osiagnigte zostaly w metodyce
wykorzystujacej aceton jako odczynnik ekstrakcyjny. Zastosowanie techniki ekstrakeji ultra-
dzwickowej polaczone;j z filtracja i zageszczaniem metoda SPE pozwala na osiagnigcie wyso-
kiej efektywnoSci w izolacji WWA z gleby i osadéw $ciekowych.

Stowa kluczowe: wielopierscieniowe weglowodory aromatyczne WWA, metodyka ekstrakeji,
gleba, osady Sciekowe, zanieczyszczenia organiczne



