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Abstract- This study aims to determine the concentration of 16 Polycyclic Aromatic Hydrocarbons (PAHs) in urban soils
from Leeds in order to determine what the factors are controlling their distribution and abundances. Soil samples were
collected across an area from Leeds. Gas chromatography with mass spectrometry (GC-MS) using selected ion monitoring
(SIM) was used to identify and quantify PAHs in the soil samples with the aid of PAH external standards. The results
showed the highest concentrations of total PAHs in sample L8 (1344 ng/g) taken from an area located near a parking site and
road in Leeds and the lowest total concentration of the 16 PAHs in sample L16 (87 ng/g) taken from a private garden. The
ratio of anthracene to anthracene plus phenanthrene AN/(AN + PH), fluoranthene to fluoranthene plus pyrene
FLU/(PY+FLU) and benzo[a]anthracene to 228 (BaA/228) implied that the PAHs pollution originated from pyrogenic,
biomass and petroleum combustion in the samples which were collected from Leeds city.
Keywords- Urban soil, PAHs, soil pollution PAHs source.

I. INTRODUCTION

II. MATERIAL AND METHODS

Polycyclic aromatic hydrocarbons (PAHs) are
organic compounds containing carbon and hydrogen
with two or more fused aromatic rings [1]. Sixteen
PAHs have been listed by the United States
Environmental Protection Agency as priority
pollutants due to their toxicity and carcinogenic
behaviour [2]. PAHs are found individually or as a
complex mixture. These compounds originate from
anthropogenic and natural processes [3]. Most
anthropogenic PAHs are produced through the
incomplete combustion of carbonaceous materials for
example coal, diesel and petrol [4]. The main sources
of natural PAHs are volcanic eruptions and natural
fires. It is noteworthy that background concentrations
of PAHs in soils were reported to be 1 - 10 ng/g
without anthropogenic input [5]. PAHs in the
atmosphere deposit in soil through wet or dry
deposition processes. In wet sediments, PAHs
dissolve in precipitation, while dry sediment
deposition occurs when the compounds are deposited
on the soil as dry particles or gases [6]. Soil
contamination of PAH could have a direct impact on
public health [7]. Soil pollution with PAHs can easily
be delivered to humans from direct contact or
suspended dust [8][9]. The soil is one of the most
important sources of storage and re-emission of
PAHs. According to Wang, PAH concentrations
dropped considerably from urban to suburban to
countryside soils [10]. The aim of this study is to
determine the concentration of 16 PAHs from urban
soils in Leeds (UK) as part of a broader study to
determine what the factors are controlling their
distribution and abundance in the area. The samples
will be analysed by using gas chromatography with
mass spectrometry (GC-MS).

2.1. Sample locations
Sixteen soil samples were collected across an area
from Leeds in the United Kingdom. A 1 km grid was
used to select approximate sampling locations. At
each, a precise location was determined by the
availability of surface soil and a minimum 2 m
distance from the road, to ensure that road-distance is
not a complicating factor. Exact locations for each
sample were recorded using a GPS. Approximately 5
g of soil was taken from each site using a stainless
steel spatula, the soil samples were put directly into
individual aluminum bags to avoid cross
contamination. Table 1 shows the coordinates for the
sampling locations and Fig.1 shows a map of these
locations.

Table 1: Coordinates of the soil sample locations from Leeds
based on the British National Grid.
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Fig 1: Map of the sampling locations

Monitoring) method was developed with different
masses detected for different retention times. These
are shown in Table 2 ( after Dong et al. 2012). This
was carried out in order to increase the sensitivity to
the PAHs and to avoid the detection of other
extracted components.

2.2. Sample preparation
Immediately after arrival into the laboratory, the
samples were air dried at room temperature for one
day to remove excess water. Approximately 2 g of
each sample was accurately weighed. The samples
were put into glass vials, which had been solvent
washed three times with dichloromethane/methanol
2:1 (v/v) before use. 4 mL of this solvent was added
to cover the soil. The sample and solvent were mixed
before being placed in a sonic bath for 10 minutes to
aid extraction. After sonication the sample was
separated into solid and liquid phases with the aid of
a centrifuge for 5 minutes at 2000 rpm (~650 g
relative centrifugal force); any samples which were
not adequately separated by this process were
centrifuged again. The liquid was transferred by
Pasteur pipette into auto sampler vials for GC-MS. If
necessary these extracts were stored in a fridge in
order to retain the volatile PAHs.
2.3. GC-MS Method
An Agilent technologies 7890A GC system with
5975c mass selective detector (MSD) was used to
separate, identify and determine the concentrations of
PAHs in the soil extracts. 1 μL of each sample extract
was injected into a splitless injector at a temperature
of 300 °C. The samples were separated with a HP5
capillary column (30 mm × 0.25 mm × 0.25 μm film).
The initial oven temperature was at 40 °C for 1 min,
raising to 120 °C at 25 °C/min, then to 160 °C at 10
°C/min, and finally to 300 °C at 5° C/min, this final
temperature was held for 15 min. The interface
temperature was kept at 280 °C. Helium was the
carrier gas used at a constant flow rate of 1 mL/min.
The 16 PAHs were analysed with a Selected Ion
Monitoring (SIM) mode.
2.4. SIM method
Initially a Scan method was used (m/z 50 to 800) to
confirm the identity and retention times of the PAHs.
Once these were determined, a SIM (Selected Ion

2.5. Quantification
The quantification was achieved by external
calibration. A standard solution of 16 PAH’s (~10
ng/ul of each PAH, Sigma Aldrich) was prepared as
follows; undiluted and then dilution in hexane 80:80,
60:100, 40:120 and 20:140 (uL v/v PAH standard to
hexane respectively). Before each batch of ~16
samples a fresh set of calibration standards was
prepared and determined by GC-MS to produce linear
regression for every PAH. Peak areas were measured
manually for each component from the mass
chromatogram as can be seen in Fig2.

Fig .2. Example mass chromatogram of the BS NQ30MPAH
SIM M method on sample number L8 from Leeds
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III. RESULT AND DISCUSSION
The peak areas, resulting calibration line and
calculated limits of detection (LOD) and limits of
quantification (LOQ) obtained from the 5 PAHs
standard solutions are shown in Table 3. Initially, the
retention time was determined with the assistance of
Scan measurement of the undiluted standard. Next,
the peak areas for each of the 5 PAHs standard
solutions were measured by using GC-MS (using
SIM). Then the concentrations for each diluted
standard, the parameters of linear regression, the yintercept and the gradient were determined. The
concentration of each compound in each location can
be seen in Table 4. Almost the soil samples had
higher concentrations than LOQ. However, the CH
value in sample L5 is lower than the LOQ, some
others are very near.

Fig. 3. Box and whisker diagram showing minimum (lower
whisker), median (the line in the middle of the box) and
maximum (top whisker) concentrations (ng/g) of each PAH
compound in soil samples from each site in Leeds.

The lowest concentration of the 16 PAH compounds
was in compound acenaphthylene at 2.8 ng/g, whilst
the value of benzo[a]pyrene ranged between 4 ng/g to
585 ng/g. Benzo[a]pyrene gave the highest compound
average of 75 ng/g and median 44 ng/g (Fig. 3)

Table 2: 16 PAH compound analysis by mass spectrometry

Table 3: Peak areas, resulting calibration line and calculated LOD and LOQs obtained from the standard PAH solutions
measurements.
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Table 4: Concentration of 16 PAH in soil samples from each site in Leeds

all these samples from Leeds. The ratio of
benzo[a]anthracene to 228 (BA/228) in all the soil
samples from Leeds of more than 0.35, and indicates
that PAH contributions originated from combustion
sources. Since for almost all the samples from Leeds
the ratio of indeno[1,2,3-cd]pyrene to indeno[1,2,3cd]pyrene plus benzo[ghi]perylene IP(IP+BP) was
between 0.2 to 0.5 these indicate that the PAHs
primarily derived from a liquid fossil fuel. The
exceptions were in L6, where the ratio of more than
0.5 suggested grass, wood and coal combustion, and
the ratio in L1 of less than 0.2 which implies
petroleum sources [13] (see Figure 5).

3.1. Total concentration of PAHs in samples from
Leeds

Table 5: Total concentration of 16 PAH in soil samples from
Leeds

Table 5 summarizes the overall level of
contamination by PAHs in the 16 samples, these
values have been classified according to Dong et al.
[11] into these with high, medium and low
contamination. Dong et al. define high values as
being between 1000 and 5000 ng/g. Similarly
moderate concentrations are between 100 and 1000
ng/g [11]. This shows how anomalously high sample
L8 is compared to all the others, nine of which are
moderate and six of which are low contaminations
according to this classification.

Fig.4. Plots of PAH ratios FLU/(PY+FLU) versus AN/(PH +
AN) in sample sites (L1 to L16) from Leeds; not all points are
separately visible because of superposition of multiple results.

3.2.Identification of PAHs sources in samples from
Leeds.
As can be seen in Figure 4 the ratio of anthracene to
anthracene plus phenanthrene AN/(AN+PH) was in
the range between 0.2 to 0.5. As this ratio is more
than 0.1 it indicates the dominance of pyrogenic and
biomass sources. According to [12], fluoranthene to
fluoranthene plus pyrene Flu/(Py+Flu) ratios of 0.2 to
0.58 imply vehicle emissions, which was the case for

Fig. 5. Plots of PAH ratios (BaA/228) versus FLU/ (PY+FLU),
(IP/ (IP+BP)) versus FLU/(PY+FLU) in sample sites (L1 to
L16) from Leeds; not all points are separately visible.
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Fig. 6 shows that for all samples the high molecular
weight compounds had higher concentrations than
low and medium molecular weight ones, but that low
molecular
weight
compounds
had
higher
concentrations than medium molecular weight
compounds in samples L1, L2, L3, L5, L11 and L16.

government and Libyan embassy in London are also
thanked for sponsoring HH.
REFERENCES
[1]

[2]

[3]

[4]

[5]

Fig.6. Bar chart shows the total concentration of PAHs
containing 2&3 aromatic rings, 4 rings and 5&6 rings in
samples from Leeds.

[6]

CONCLUSION
[7]

PAHs were determined in soil samples using gas
chromatography with mass spectrometry; to the best
of our knowledge this work is the first such study of
urban soils in the UK. The results show one site with
high concentrations of total PAHs while all other sites
were moderate to low concentrations, with a
preponderance of high-molecular weight in all sites,
but particularly in the more contaminated sites. The
ratio of anthracene to anthracene plus phenanthrene
AN/(AN+PH), fluoranthene to fluoranthene plus
pyrene FLU/(PY+FLU) and benzo[a]anthracene to
228 (BaA/228) implied that the PAHs pollution
originated from pyrogenic, biomass and petroleum
combustion in the samples which originated from
Leeds city. This highlights the possibility that PAHs
may pose a health hazard to humans not only through
aerial transmission but also indirectly through soil
contamination in urban areas.

[8]

[9]

[10]

[11]

[12]

ACKNOWLEDGMENTS
[13]

We thank Belinda Hill who provided insight and
expertise that greatly assisted the research; the Libyan

G. Wang, W. Hu, Y. Lu, J. Li, W. Jiao, J. Han, and T. Wang,
"Polycyclic aromatic hydrocarbons in soils around Guanting
Reservoir, Beijing, China" Chemistry and Ecology, vol. 25,
no. 1, pp. 39-48, 2009.
H. H. Soclo, P. Garrigues, and M. Ewald, "Origin of
Polycyclic Aromatic Hydrocarbons (PAHs) in Coastal
Marine Sediments: Case Studies in Cotonou (Benin) and
Aquitaine (France) Areas" Marine Pollution Bulletin, vol. 40,
no. 5, pp. 387-396, 2000.
Xiao-bai, X., Hong, L. –X., Ling, M.-L., Fen, L.-X., Shan,
F.and Xin,C.-H. "Polycyclic aromatic hydrocarbon in urban
soil from Beijing, China" Journal of Environmental Sciences:
English Edition, vol. 18, no. 5, pp. 944-950, 2006.
I. G. Kavouras, P. Koutrakis, M. Tsapakis, E. Lagoudaki, E.
G. Stephanou, D. Von Baer, and P. Oyola, "Source
apportionment of urban particulate aliphatic and polynuclear
aromatic hydrocarbons (PAHs) using multivariate methods"
Environmental science & technology, vol. 35, no. 11, pp.
2288-2294, 2001.
N. T. J. Edward, "Polycyclic Aromatic Hydrocarbon (PAHs)
in the Terrestrial Environment" A review, Vol. 12 No. 4,
p. 427-441., 1983.
L. Rey-Salgueiro, E. Martínez-Carballo, M. S. García-Falcón,
and J. Simal-Gándara "Effects of a chemical company fire on
the occurrence of polycyclic aromatic hydrocarbons in plant
foods," Food Chemistry, vol. 108, no. 1, pp. 347-353, 2008.
C. A. Menzie, B. B. Potocki, and J. Santodonato, "Exposure
to carcinogenic PAHs in the environment" Environmental
science & technology, vol. 26, no. 7, pp. 1278-1284, 1992.
L. Madrid, E. Dı́az -Barrientos, and F. Madrid, "Distribution
of heavy metal contents of urban soils in parks of Seville,"
Chemosphere, vol. 49, no. 10, pp. 1301-1308, 2002.
B. Chen, X. Xuan, L. Zhu, J. Wang, Y. Gao, K. Yang, X.
Shen, and B. Lou "Distributions of polycyclic aromatic
hydrocarbons in surface waters, sediments and soils of
Hangzhou City, China" Water Research, vol. 38, no. 16, pp.
3558-3568, 2004.
Z. Wang, J. Chen, X. Qiao, P. Yang, F. Tian, and L. Huang,
"Distribution and sources of polycyclic aromatic
hydrocarbons from urban to rural soils: a case study in
Dalian, China" Chemosphere, vol. 68, no. 5, pp. 965-971,
2007.
C.-D. Dong, C.-F. Chen, and C.-W. Chen, "Determination of
polycyclic aromatic hydrocarbons in industrial harbor
sediments by GC-MS" International journal of environmental
research and public health, vol. 9, no. 6, pp. 2175-2188,
2012.
G.-L. Shi, Y.-C. Feng, J.-H. Wu, X. Li, Y.-Q. Wang, Y.-H.
Xue, and T. Zhu "Source identification of polycyclic
aromatic hydrocarbons in urban particulate matter of
Tangshan, China," Aerosol and Air Quality Resarch, vol. 9,
no. 3, pp. 309-315, 2009.
M. B. Yunker, R. W. Macdonald, R. Vingarzan, R. H.
Mitchell, D. Goyette, and S. Sylvestre "PAHs in the Fraser
River basin: a critical appraisal of PAH ratios as indicators of
PAH source and composition," Organic geochemistry, vol.
33, no. 4, pp. 489-515, 2002.



Determination of Contamination by Polycyclic Aromatic Hydrocarbons, and their Mode of Origin, in Urban Soils from Leeds (UK)
15

