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Abstract

An  effective method for determining polycyclic aromatic hydrocarbons in soils fertilised with sewage
sludge is presented in this paper. PAH extraction was carried out by ultrasound; dichloromethane was used
as a solvent. Purification was done by means of solid phase extraction. Identification and determination was
carried out by means of HPLC with a UV detector. The present analyses were carried out on the soil
(control), sewage sludge, and soil fertilised with sewage sludge at a rate of 1, 2.5, 5, 10, and 20%.

Keywords: PAH, Polycyclic aromatic hydrocarbons, Sewage sludge, Sewage sludge-amended soil,
HPLC-UV, Ultrasonic extraction

[8-10] coming from sewage treatment plants, are the
polycyclic aromatic hydrocarbons and their derivatives [11].

A permissible concentration has already been
established for heavy metals in sewage sludge for
agricultural utilisation [12]. However, there is no such data
on PAH. It is known that PAH [13] do undergo
biodegradation processes in the soil. It would be useful to
determine those conditions which would allow micro-
organisms in the soil (capable of PAH degradation) to use
up the hydrocarbons introduced to the soil with sewage
sludge. This would allow for the safe neutralisation of
polycylic aromatic hydrocarbons in the sewage sludge
while utilising it.

The method presented in this study allows one to
determine the content of polycyclic aromatic hydrocarbons
in the soil samples analysed, and in particular the content of
fluoranthene, benzo[b]fluroranthene and benzo[a]pyrene.
The permissible level of the above hydrocarbons in the
sewage sludge was established by the European Union for
5.55, 6.20, and 2.13 mg/kg dry mass, respectively [14, 15].

Agricultural utilisation of sewage sludge is well justified
from both agricultural and ecological points of view. On
the one hand, it gets rid of the troublesome waste which is
sewage sludge, while improving the chemical, physical and
biological properties of the soil  [1-4]. In some European
countries about 50% of sewage sludge is utilised in this
way [5].

Additionally, the application of sewage sludge into the
soil allows for some organic and inorganic pollutants to
enter the soil [5-7]. Their amount and type depends, to
a large extent, on the origin of the sewage sludge and the
method of its treatment. If the concentration of pollutants
in the sewage sludge is high, its biological utilisation may
be called into question.

Some of the most common pollutants in sewage sludge
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Table 1. Recoveries for ultrasonic extractions with DCM solvent.

± - standard deviation for n=2

sHAP

]%[yrevoceR

egdulsegawes%5,2 egdulsegawes%01

nim03x2
;nim54x1
nim03x1

nim54x2 nim03x2
;nim54x1

nim03x1
nim54x2

enelahthpaN 11±54 8±26 9±26 61±04 9±16 01±95

enelahthpanecA 9±25 6±86 11±46 6±93 21±56 9±66

enethpanecA 31±94 11±95 8±06 21±14 7±86 11±56

eneroulF 6±85 7±66 6±46 9±55 7±86 8±17

enerhtnanehP 6±58 5±39 9±98 7±66 5±59 6±29

enecarhtnA 4±56 5±86 9±17 7±15 5±56 5±76

enehtnaroulF 4±98 8±59 4±29 6±56 6±29 7±98

eneryP 7±57 4±18 7±38 5±76 4±08 6±48

enecarhtna]a[zneB 6±86 7±58 11±28 8±06 7±77 4±37

enesyrhC 2±06 9±68 8±68 6±64 6±58 11±58

enehtnaroulf]b[ozneB 3±97 8±09 6±19 6±85 5±88 3±09

enehtnaroulf]k[ozneB 4±28 8±29 4±09 6±56 9±98 6±48

eneryp]a[ozneB 4±07 5±98 7±19 5±75 6±09 5±88

enecarhtna]h,a[znebiD 3±56 4±78 9±58 5±25 9±98 5±19

enelyrep]ihg[ozneB 3±06 4±97 9±67 5±25 4±38 8±58

eneryp]dc-3,2,1[onednI 3±27 6±19 4±29 5±94 3±98 4±29
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a) conditioning 1x3ml  
methanol and 2x3ml 2-
propanol:water (1:9) 

b) loading sample 
c) dried in light vacuum 
d) washing 1x3 ml 

methanol:water (1:1) 
e) eluting 3 ml acetonitril 

Ultrasonic extraction 
in dichloromethane 
1x45 min, 1x30 min 

Centrifugation  
(and possibly filtration) 

Chromatographic 
determination  

(HPLC-UV) – 254 nm 

Clean up  
Solid Phase Extraction 

Cartridge C18 Octadecyl  

Evaporation dichloromethane and  
dissolution in 4 ml acetonitrile 

Fig.1. A schematic layout of the PAH determination process.
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Table 2. Effect of eluent on recovery PAHs from sewage sludge-amended soil [%].

ACET – acetonitrile, THF – tetrahydrofuran; time of extraction 1x45 and 1x30 min; ± - standard deviation for n=2

Table 3. Concentration of PAHs in sewage sludge-amended soil (horizon 0-20 cm) [µg/kg].

Time of extraction 1x45 and 1x30 min; acetonitryl as eluent in SPE, ± - relative standard deviation (%) (n=2)
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HAP
egdulsegawes%5.2 egdulsegawes%01

TECA FHT TECA FHT

enelahthpaN 8±26 61±73 9±16 31±53

enelahthpanecA 6±86 31±44 21±56 11±14

enethpanecA 11±95 41±94 7±86 11±93

eneroulF 7±66 11±95 7±86 9±16

enerhtnanehP 5±39 9±28 5±59 9±08

enecarhtnA 5±86 7±56 5±56 01±76

enehtnaroulF 8±59 9±58 6±29 7±48

eneryP 4±18 5±37 4±08 6±77

enecarhtna]a[zneB 7±58 4±68 7±77 9±18

enesyrhC 9±68 7±98 6±58 7±38

enehtnaroulf]b[ozneB 8±09 4±29 5±88 6±09

enehtnaroulf]k[ozneB 8±29 5±59 9±98 4±29

eneryp]a[ozneB 5±98 5±49 6±09 4±49

enecarhtna]h,a[znebiD 4±78 8±19 9±98 3±69

enelyrep]ihg[ozneB 4±97 7±58 4±38 5±29

eneryp]dc-3,2,1[onednI 6±19 3±69 3±98 5±39

AWW
egdulsegawesfonoitapicitraP

%0 %1 %5.2 %5 %01 %02

enelahthpaN 9±0.3 51±5.5 21±5.81 61±1.04 31±8.78 31±0.59

enelahthpanecA 11±0.31 71±0.61 51±1.14 21±4.95 71±0.511 51±8.341

enethpanecA 71±6.01 9±2.11 21±0.91 51±0.64 31±0.69 31±0.69

eneroulF 6±6.3 11±1.1 8±6.2 9±9.41 9±6.04 01±5.12

enerhtnanehP 9±8.0 9±9.1 11±1.5 21±1.61 8±3.23 11±5.13

enecarhtnA 9±1.0 7±2.0 11±1.1 31±6.4 01±4.41 01±9.11

enehtnaroulF 11±4.2 91±6.5 31±0.12 81±6.05 21±2.04 41±9.701

eneryP 8±8.1 61±3.3 21±5.2 9±1.14 8±6.901 7±3.111

enecarhtna]a[zneB 4±4.1 6±0.5 9±7.6 01±3.02 7±8.56 8±2.26

enesyrhC 41±2.1 9±1.1 01±2.01 31±4.41 51±5.43 11±2.74

enehtnaroulf]b[ozneB 12±6.3 51±4.4 71±2.01 71±1.85 51±1.26 91±6.96

enehtnaroulf]k[ozneB 81±2.1 21±8.2 41±2.5 51±9.7 71±6.051 61±2.03

eneryp]a[ozneB 51±7.1 61±8.4 51±1.11 71±5.71 31±7.35 51±9.54

enecarhtna]h.a[znebiD 6±2.2 9±9.3 8±3.6 6±5.31 9±1.44 8±6.36

enelyrep]ihg[ozneB 01±7.0 8±7.2 9±4.8 8±9.01 9±4.82 01±2.13

eneryp]dc-3,2,1[onednI 11±3.2 7±3.4 21±9.7 01±9.31 01±2.43 8±0.43
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