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Abstract 

Creosote, a by-product of the distillation of crude coal tar, is used as a preservative at wood 

preservation sites and causes the emission of polycyclic aromatic hydrocarbons (PAHs) as well as 

many other contaminants to the environment. These PAHs can undergo transformation resulting in the 

formation of many polar polycyclic aromatic compounds (PACs) such as oxy-PAHs, azaarenes, nitro-

PAHs, and hydroxy-PAHs. During remediation of contaminated sites, the PAHs and polar PACs may 

be subject to increased distribution to the surroundings due to mobilization via air particulates, soil and 

water flow. In this project work, such possible increased spreading of PAHs and polar PACs (oxy-

PAHs and azaarenes are considered in this project) from a wood preservation site under remediation 

was investigated. Concentration levels, as well as contaminant and distribution patterns were 

measured. Samples, in the form of deposited dust, were collected at several places in the surroundings; 

primarily at the remediation site, in a private garden 200 m from the remediation site, and at a location 

in between these two spots, i.e. about 100 m from the remediation site. However, some additional 

samples were also collected at some other locations in the vicinity. Initially, development of an 

existing method, available for soil sample analysis, was conducted to optimize it for the analysis of the 

dust samples. Considerable deposition rates of PAHs and polar PACs were observed during two 

particular occasions at the remediation site as well as at the location 100m from the remediation site. 

The levels of both PAHs and polar PACs at the remediation site were much higher than those at 100 m 

from the site. However, the levels of polar PACs were much lower than that of PAHs at both the sites. 

Excavation of highly contaminated soil during these weeks, which resulted in increased generation of 

contaminated dust, may be one reason to the higher levels found at these occasions. Heavy rainfall 

might also have accelerated the deposition during these weeks. No significant influence of the 

remediation could be observed in the private garden. There was already considerable deposition of 

PACs in the private garden before the start of the remediation. This indicates the presence of other 

sources of PAHs and polar PACs at the private garden, e.g. the nearby harbor, vehicles, coal 

combustion chamber and wood burning. Seasonal variations were also observed at the private garden. 

Such variations can be caused by wood burning, changes in rainfall, sunlight availability and wind as 

well as humidity in the air. PAHs and polar PACs patterns at the three major sampling places were 

compared with each other as well as with the pattern in a soil sample from the contaminated site. The 

patterns in the dust at all sampling spots were similar, while the pattern in the soil was somewhat 

different. This was unexpected since at least the dust at the site, was assumed to originate from the 

soil. The ratio between some specific oxy-PAHs and parent PAHs were also investigated. The ratios 

were found to vary with the season and also with the distance from the remediation site, the 

proportions of oxy-PAHs increased with increasing distance. This may be due to increased sunlight 

exposure, transforming PAHs to oxy-PAHs, during the bright time of the year. Finally, the PAHs and 

polar PACs profiles were investigated using principal component analysis (PCA) in order to 

investigate their distribution pattern further. 81% and 67.5% of the variances were explained for PAHs 

and polar PACs respectively with only two principal components for each of the model. The dust 

samples from the contaminated site, at about 100 m from the site and at about 200 m from the site 

were not observed to have similar pattern to that of the soil samples from the contaminated site. 

However, some seasonal variations were observed among the dust samples.  
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OBJECTIVES 
 

In this project, the spreading and distribution of PAHs and polar PACs in the surroundings via 

deposited particles from an old wood preservation site was investigated.  

The site was under remediation in order to stop the spreading of the contaminants and reduce the risk 

of exposure for the local inhabitants. The remediation processes involved excavation of the 

contaminated materials, which then were transported to a landfill. The processes of remediation were 

generating dust which could spread and deposit in the surrounding, although measures like watering 

and irrigation had been taken to prevent it.  

To do so we have determined the concentration of PAHs and polar PACs in dust samples collected by 

surface wiping at and in the vicinity of the contaminated site in order to elucidate to what extent the 

remediation activity caused increased distribution of the contaminants. The levels and patterns of 

contaminants in the samples were compared in order to elucidate the change over time (connected to 

the activity at the site) as well as with the distance from the site.  

To facilitate the study, some developments of analytical procedures were conducted, aiming at 

combining extraction and fractionation in one step using, so called, selective Pressurized Liquid 

Extraction (PLE). With this method, the PAHs and polar PACs were separated from each other as well 

as from various interferences simultaneously to being extracted from the soil material.  

In this project we investigated 16 PAHs which were designed as “Priority PAHs” by United state 

Environmental Protection Agency (US EPA). In addition to these priority PAHs, contaminated dust 

from remediation sites contains lot of other compounds. Among these other compounds, 10 oxidized 

PAHs and 4 azaarenes were also investigated here.     
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BACKGROUND 
Since the introduction in 1830s, Creosote has been used worldwide for the protection of bridge 

timbers, utility poles, railroads ties and piling against fungal, insect and marine borer attack (1). Since 

then, it plays a key role in wood preservation. Creosote is obtained from the fractional distillation of 

crude coal tar formed during the high temperature carbonization of bituminous coal (2). It is a complex 

mixture of a great number of compounds with large percentage of volatile organic compounds (VOCs) 

and semi-volatile polycyclic aromatic compounds (PACs). Composition of the coal tar and variations 

in the distillation process are the factors that control the relative concentrations of the components 

present in creosote (Table 1). Among the compounds present in creosote, Polycyclic Aromatic 

Hydrocarbons (PAHs) comprises about 80 percent by weight (3).  However, in the European Directive 

2001/90/CE, which governs the use and transport of hazardous chemicals, it is stated that the 

percentage of benzo[a]pyrene concentration must be kept below 0.005% (<50ppm) (4).  

Table-1: Major components in creosote  (5). 

Compound CAS number Percentage (%) 

Naphthalene 91-20-3 <1-10 

1-/2-Methylnaphthalene 90-12-0/91-57-6 2-18 

Indene 95-13-6 <1 

Fluorene 86-73-7 1-7 

Acenaphthylene 208-96-8 <1 

Acenaphthene 83-32-9 1-8 

Phenanthrene 85-01-8 5-20 

Anthracene 120-12-7 <1-3 

Fluoranthene 206-44-0 4-15 

Pyrene 129-00-0 2-10 

Benzo[a]anthracene 56-55-3 <0,1 

Chrysene 218-01-9 <0,1 

Benzo[a]pyrene 50-32-8 <0,005 

Benzo[b]fluoranthene 205-99-2 <0,025 

Benzo[k]fluoranthene 207-08-9 <0,025 

Indeno[1,2,3-cd]pyrene 193-39-5 <0,025 

Dibenzo[a,h]anthracene 53-70-3 <0,025 

Benzo[g,h,i]perylene 191-24-2 <0,025 
 

Creosote treatment for wood preservation 

During the treatment process, wood is impregnated with creosote with the aid of pressure. The most 

common method is the empty-cell method (2) which enables the creosote to penetrate deeply into the 

wood. In this method, the wood cells are filled with air by placing the wood in a pressurized tank and 

after that, pumping of creosote into the tank follows by increasing the pressure. After a certain period 

of time, creosote is removed from the tank. After the creosote has been removed from the tank, the 

surplus of preservatives is also removed from the wood by applying a final vacuum. After that, drying 

of the creosote impregnated wood is carried out in the field of storage area. During this drying, 

evaporation of creosote components into the environment occurs (4). However, emission of the 

creosote components can occur in different stages of the process, including the stage of field storage of 

freshly treated wood (6).  
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Polycyclic Aromatic Compounds (PAHs) 

PAHs is a group of several hundred of compounds containing at least two condensed aromatic rings 

(7) (Figure 1, Appendix B). PAHs are formed in virtually all combustion processes as a result of 

incomplete oxidation. Other sources of PAHs in the environment are the emission from coal tar 

distillation and petroleum refining (8, 9). PAHs are known to be highly persistent in the environment, 

especially adsorbed to soil and other particles. PAHs in contaminated soils can thus have half-lives up 

to 9.1 years for high molecular weight (HMW) PAHs and 5.7 years for low molecular weight (LMW) 

PAHs (10). As a consequence, these sites can be contaminated for a long time to come. The sites are 

of environmental concern because PAHs are known to be toxic, carcinogenic and mutagenic (11, 12). 

Oxidized Polycyclic Aromatic Hydrocarbons (oxy-PAHs) 

Post-emission oxidation of the PAHs can occur in the environment to form oxidized PAHs (Figure 2, 

Appendix B) among others, of which some are more hazardous than their parent PAHs. This can occur 

by biological transformation, chemical oxidation or photooxidation (13,14, 15). Thus, while the 

transformation of PAHs gets accelerated (during the soil remediation, for instance), a risk of 

accumulation of oxy-PAHs in the soil exists (16, 17, 18, 19). Presence of oxygen atoms makes the 

oxy-PAHs more polar than un-substituted PAHs. As a consequence, oxy-PAHs are more water soluble 

and less lipophilic than PAHs. Therefore, oxy-PAHs can be distributed in the water phase to a greater 

extent than PAHs. Also the mobility of oxy-PAHs in the soil is found as higher than un-substituted 

PAHs due to their lower soil organic carbon – water partitioning coefficient as compared to that for 

corresponding PAHs (20). All these properties emphasize oxy-PAHs as a significant class of 

compounds that should be accounted while assessing the risk from contaminated sites.  

Azaarenes 

Azaarenes are another class of substituted PAHs containing a nitrogen atom substituting a carbon atom 

in one of the aromatic rings (Polycyclic Aromatic Nitrogen Heterocyclics, PANH) (Figure 3, 

Appendix B). Their formation results from pyrolysis or incomplete combustion of organic matters 

(21). Azaarenes have sources that are highly analogous to those of PAHs, for example, tobacco 

smoking, bitumen spreading, coal burning and vehicle exhausts as well as charcoal-grilling of meat 

(22) and wood preservation sites (23, 24).  Analogous sources allow azaarenes to be present along 

with PAHs in the respirable particulate matter in ambient air and other environmental compartments. 

However, azaarenes are more soluble in aqueous environments than PAHs of similar size and 

molecular weight, which increases the risk to be exposed to them. Many studies have reported 

azaarenes to be active tumour initiator on mouse skin, and also to have carcinogenic and teratogenic 

properties. Humans can be exposed to azaarenes through inhalation of polluted air as well as by 

ingestion of water and food that are contaminated with combustion products (25). Thus, this group of 

compounds has already got particular interest to the environmental monitoring community (26, 27).  
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Analysis of PAHs and oxy-PAHs 

Several different methods for the analysis of PACs in solid samples are available, but generally they 

all consist of some common steps; i.e. one extraction step, one clean-up/fractionation step and one step 

involving some kind of instrumental analysis. Previously, the most commonly used methods for 

extraction were Soxhlet and Ultrasonic extraction. However, these methods are time consuming and 

require large amounts of organic solvents. Therefore, more efficient extraction methods e.g. 

Microwave assisted extraction (MAE), Pressurized Liquid Extraction (PLE), and Super-critical fluid 

extraction (SFE) have been developed. Ultrasonic and MAE are batch extraction systems whereas 

Soxhlet, PLE and SFE are continuous extraction systems. In most of these methods, extraction step 

follows by a separate clean up/fractionation step, which can be done by using open-column adsorption 

chromatography or solid-phase extraction using silica or alumina as the chromatographic material (28, 

29, 30, 19). This step can be avoided in PLE. Among the continuous systems, PLE is a relatively new 

technique that has proven to be efficient, and can be used to conduct combined extraction and 

fractionation, avoiding the external clean up step. This combine extraction and fractionation technique, 

using PLE, is often referred to as “Selective PLE” (31). In this project, an attempt was taken to 

develop a method applying selective PLE for the determination of PAHs and polar PACs in the dust 

samples.  

After extraction and clean up/fractionation, PAHs and polar PACs can be analyzed accurately using 

either Liquid Chromatography (LC) or Gas Chromatography (GC) coupled with Mass Spectrometry 

(MS). (20). Gas chromatography-Mass Spectrometry (GC-MS) is the most common method because 

of the greater selectivity, sensitivity and resolution of GC as compared to LC. (20, 32). Therefore, GC-

MS is used in this project to analyze PAHs and polar PACs in the sample extracts. However, GC-MS 

may be less suitable for analysis of some oxy-PAHs. This is so because of being thermally labile, low 

volatile or due to the strong interaction of the carbonyl group with the stationary phase in the GC 

column. LC-MS is more useful, in those cases (33).  
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Pressurized Liquid Extractor (PLE) 

In Pressurized Liquid Extraction (PLE), organic solvents are utilized at temperatures above their 

normal boiling point and at high pressures. At these higher temperatures, the solvent is maintained in 

the liquid state by the elevated pressure. Elevated pressures and temperatures promote the extraction 

capacity of the solvent by forcing it through the sample and into the pores of the sample matrix where 

the analyte can be trapped. High temperature also facilitates the disruption of strong analyte-matrix 

interactions and reduces the equilibrium time by increasing diffusion rates. (34). Other advantages of 

PLE-technique include less use of organic solvent, less time consumption and less labor intensive than 

Soxhlet and ultrasonic extraction (35). 

A schematic diagram of a PLE system is shown in Figure 1. After loading the sample into the 

extraction cell, the cell is placed into the oven of the PLE system. Solvent is pumped into the cell and 

elevated pressure and temperature is applied. Sequence of extraction starts with a dynamic phase 

during which the temperature and pressure are equilibrated. The cell is then filled with a certain 

amount of solvent during which the pump and the valve control the pressure by filling the cell with 

solvent and releasing the solvent from the cell, respectively. One or more static phases follow the 

dynamic phase. During static phases, the same portion of solvent is held under pressure inside the cell. 

These phases ends by allowing the solvent to flow to the collection vial and fresh solvent is used to 

flush the sample. Finally, suitable gas e.g N2 is used to purge the sample to recover last solvent 

residues. All the solvent passing the cell is collected in the collection vial (35).  

 

 

 

 

 

 

 

 

 

 

  

 

Figure 1: Schematic diagram of Pressurized Liquid Extraction (PLE) System (35). 
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EXPERIMENTAL METHODOLOGY 

Chemicals and materials 

Chemicals used: 1. Internal Standard mixture containing nine different perdeuterated PAHs (13.64-

17.91 ng/µl) and one perdeuterated oxy-PAH (d8-Anthracenedione 10.96 ng/µl). 2. Native mixture of 

PAHs (33 ng/µl), oxy-PAHs (16-19 ng/µl), and azaarenes (15-17 ng/µl). 3. Recovery standard (d10-

Fluoranthrene 12 ng/µl). 4. Solvents: Dichloromethane (Fisher Scientific, UK), Cyclohexane (Merck 

KGaA, Germany), Acetone (VWR International S.A.S., France), Toluene (Merck KGaA, Germany), 

n-hexane (Promochem, Germany). 5. Fresh sand (VWR International BVBA, Belgium). 6. Silica gel 

60 grade (70-230 mesh) (Merck KGaA, Germany). Silica gel was heated at 510°C for 24 hours prior 

to use in order to remove water and impurities. It was then stored at 130°C.  

Sampling 

Dusts samples were collected at several places at and in the vicinity (up to 1 km away) of the 

contaminated site (Figure 2). Samples were collected mostly at the site (spot S in Figure 2), in a 

private garden approx. 200 m from the site (spot V) and under a tree (spot Tr) approximately 100 m 

from the site situated in between the site and the private garden. Samples were collected having more 

or less one week interval during a four months period, from August 22 to December 15, 2011. The 

samples were collected by surface wiping using paper tissues that were immediately put in clean glass 

jars after the wiping. At sampling spots that were sampled repeated times, (as in the private garden) 

the same surface was wiped every time. The sampling campaign was initiated a month before the 

remediation of the site started (October 10, 2011) and continued two and half months into the 

remediation. 30 samples were collected in that period. No samples were collected during the coming 

four more months (December 15, 2011-April 15, 2012), but then sampling was resumed and 16 more 

samples at S, Tr and V were collected during a new two months period (until June 4). Before the 

extraction, samples were freeze dried to remove the moisture and preserved at a temperature of -20°C. 

Sampling spots are shown in Figure 2 and details  are given in Table 2. 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  
Figure 2: Location of the contaminated site and the surrounding sampling points. 
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Table 2: List of sampling spots. This also includes materials of sampling surfaces, approx. distance of the spots from 

the contaminated site and approx. sampling areas. Appendix B, Figure 4 - 10. 

Sample 

Identity 
Sampling spots Surface material 

Approx. distance 

from the site (m) 

Approx. sampling 

areas (m
2
) 

E Electric Box Metal surface 260 0.13  

B Bridge Metal surface 320 0.24  

S The site Metal surface - 0.53  

Tr The tree Metal surface 100 0.32 

C Close to crossing path Metal surface 100 0.31 

R Recycling Station Wooden surfaces. 120 0.04  

V Fence surfaces at the private garden Wooden surfaces. 200 0.17; 0.23; 0.18; 

Tu Tourist Station Wooden surfaces. 200 0.04  

G Gulf Wooden surfaces. 900 0.21 
 

Method development 

Prior to the analysis of the real samples the project included some analytical development. In order to 

make the analysis efficient, we combined some steps in the analytical procedure, viz, the extraction of 

the initial samples and simultaneous fractionation of the compound classes (PAHs and polar PACs). A 

prototype method that had been developed for soil samples based on selective PLE was already 

available (36). In that selective PLE method, a cylcohexane/dichloromethane solvent system and 11ml 

extraction cells, were successfully used. However, it has later been discovered that this method to 

some extent lacks robustness and is sensitive to variations in solvent volume, sample amount and 

temperature. Because of that, this study contained a method development part aiming at improving the 

robustness of the method. Furthermore, the aim of the development work was to adapt the method to 

the wipe samples collected within this study, and also to investigate the possibilities to replace the 

dichloromethane in the original method to a less hazardous solvent. Extraction efficiencies were tried 

to optimize by testing solvents of varying polarities as well as varying other extraction conditions, i.e. 

a range of temperature from 120°C to 150°C, activated and deactivated silica gel as well as larger 

extraction cells (22 ml) were investigated.  

An overview of the experiments conducted, involving different extraction solvents and silica gel 

materials is given in Table 3.  

Table 3: Overview of the experiments conducted during development of the selective PLE method. 

No. Silica gel Temp.   PAHs fraction Temp. oxy-PAHs fraction 

1 100% activated 120°C Cyclohexame/Dichloromethane 

(9:1) 

150°C Cyclohexame/Dichloromethane (1:3) 

2 100% activated 120°C Cyclohexane/Ethyl Acetate(9:1) 150°C Cyclohexane/Ethyl Acetate(1:3) 

3 100% activated 120°C Cyclohexame/Dichloromethane 

(9:1) 

120°C Cyclohexame/Dichloromethane (1:3) 

4 100% activated 120°C Cyclohexane/Ethyl Acetate(9:1) 120°C Cyclohexane/Ethyl Acetate(1:3) 

5 100% activated 120°C Cyclohexane (100%) 120°C Cyclohexane/Ethyl Acetate(1:1) 

6 100% activated 120°C Cyclohexane/Toluene (9:1) 120°C Cyclohexane/Toluene (1:1) 

7 2% deactivated 120°C Cyclohexane (100%) 120°C Cyclohexane/Ethyl Acetate(1:1) 

8 2% deactivated 120°C Cyclohexane/Toluene (9:1) 120°C Cyclohexane/Toluene (1:1) 

9 2% deactivated 120°C Cyclohexane/Toluene (9:1) 120°C Cyclohexane/Toluene (1:1) 

10 2% deactivated 120°C Cyclohexane/Dichloromethane 

(9:1) 

120°C Cyclohexane/Dichloromethane (1:3) 
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Figure 3: Packing of PLE Extraction cell. 

 

Figure-3:  

 

Sample Preparation and Extraction 

Sample Extraction and Fractionation 

Extraction and fractionation of PAHs and polar PACs 

(oxy-PAHs and azaarenes) are carried out using 

Selective Pressurized Liquid Extraction (ASE 200 

Pressurized Liquid Extractor from Dionex, 

Sunnyvale, CA, USA), using 22-ml stainless steel 

extraction cells. All the extraction cells were rinsed 

with the extraction solvent prior to the loading by 

placing a filter paper at the bottom-inside of the cell 

and then filling the cell with fresh sand. After rinsing, 

all the sand was poured out and approximately 7g of 

2% deactivated silica gel was added on the filter 

paper at the bottom of the cell. Another filter paper was placed on the silica gel inside the cell and the 

sample (paper tissue) was then transferred on top of the filter paper. Finally, 30µl of IS was spiked and 

the cell was ready to proceed for extraction of the sample. Typical packing of the extraction cell is 

shown in Figure 3. The final solvent system (Table 3; No. 10) from the method development was 

applied. PAHs were extracted with cyclohexane/dichloromethane (9:1, v/v) solvent system. 

Cyclohexane /dichloromethane (1:3, v/v) was then used to extract the polar PACs.  Both the fractions 

were extracted at 120°C and 14MPa, using two static cycles of 2 min each. The flush volume was 

100% and the purge time was 60 sec. Extraction time for one fraction from one sample was about 20 

min. PAHs fraction and polar PACs fractions were collected in separate vials. Extraction volume was 

approximately 22 ml.  Both lab blanks and sampling blanks (unused Kleenex) were used as blank.  

The extracts were then concentrated to about 1 ml using a Turbo Vap II concentrator (Zymark, 

Hopkinton, MA, USA). This step was repeated two times by adding few ml of toluene followed by 

further evaporation to ensure that all the extraction solvents were removed. After complete 

evaporation of the extraction solvent, 20µl of recovery standard (RS) (Perdeuterated fluoranthene) was 

added to each of the fractions and then the extracts were transferred to individual GC-vials.  

Standard Preparation  

Used internal standards (IS) for PAHs and polar PACs and recovery standard (RS) are given in the 

Table 4. Standard was prepared in two steps. At first, at the time of spiking of the samples with IS, 

same amount (30µl) of IS and 20 µl of a mixture of native PAHs, oxy-PAHs and azaarenes were 

added into small amount of toluene in a GC-vial. Finally, 20 µl of RS was added to this vial when the 

sample extracts were also spiked with RS.  

Analysis 

Sample analysis was performed by GC/MS using a Agilent 6890N fitted with Agilent 5975 Inert XL 

Mass selective detector operating in electron impact (EI) ionization and single ion monitoring (SIM) 

mode. The samples were injected onto the capillary column (DB-5, 30 m×0.25 mm×0.25 μm, 

provided by Restek Rxi-5ms, Bellefonte, PA, USA)  using a 7683B Automatic Series Injector in 

splitless mode. The column oven temperature started at 90°C for 1 min, increased to 300°C at a rate of 

8°C min−
1
 and then maintained at 300 °C for 10 min. Helium carrier gas flow in the analytical column 

was 1.2 ml min−
1
. Target compounds were identified qualitatively by matching the retention times and 

also by primary and secondary ions according to Table 4. Peak area analysis was carried out using 

MassLynx V4.1. 

Filter paper 

Filter paper 

2% Deactivated Silica Gel 

Sample Tissue 
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A 3 min solvent delay time was applied for standards analysis to avoid saturation of mass spectrometer 

detector. Quantification of field samples was conducted using the isotope dilution methodology and a 

single point calibration.  

Table 4. List of the PAHs, oxy-PAHs and azaarenes analyzed within this study, showing CAS 

numbers, relative retention times on a DB-5 column (or similar), as well as primary (MW) and 

secondary ions during EI-ionization. Used internal standards (IS) and recovery standard (RS) are also 

given. 

PACs CAS No. Relative RT 

(min) 

Primary 

Ions, MW 

Secondary Ions 

PAHs      

Naphthalene 91-20-3 5.38 128  

Acenaphthylene 208-96-8 9.30 152  

Acenaphthene 83-32-9 9.80 154  

Fluorene 86-73-7 11.28 166  

Phenanthrene 85-01-8 14.04 178  

Anthracene 120-12-7 14.19 178  

Fluoranthene 206-44-0 17.53 202  

Pyrene 129-00-0 18.15 202  

Benzo[a]anthracene 56-55-3 21.74 228  

Chrysene 218-01-9 21.83 228  

Benzo[b]fluoranthene 205-99-2 24.69 252  

Benzo[k]fluoranthene 207-08-9 24.77 252  

Benzo[a]pyrene 50-32-8 25.48 252  

Indeno[cd]pyrene 193-39-5 28.12 276  

Dibenz[a,h]anthracene 53-70-3 28.23 278  

Benzo[ghi]perylene 191-24-2 28.76 276  
     

Oxy-PAHs      

1-Indanone 83-33-0 6.70 132 104 

9-Fluorenone 486-25-9 13.43 180 152 

Anthracene-9,10-dione 84-65-1 16.43 208 180/152 

2-Methylanthracene-9,10-dione 84-54-8 18.01 222 194/165 

4H-Cyclopenta[def]phenanthrenone 5737-13-3 17.29 204 176 

Benzo[a]fluorenone 479-79-8 20.72-21.34 230 202 

7H-Benz[de]anthracen-7-one 82-05-3 22.16 230 202 

Benz[a]anthracene-7,12-dione 2498-66-0 23.06 258 230 

Naphthacene-5,12-dione 1090-13-7 23.84 258 230 

6H-Benzo[cd]pyren-6-one 3074-00-8 25.49 254  
     

Azaarenes      

Quinoline 91-22-5 ~6 129 102 

Benzo[h]quinoline 230-27-3 ~14.1 179 151 

Carbazole 86-74-8 ~15 167 139 

Acridine 260-94-6 ~15 179 151 
     

IS for PAHs     

[2H8] Naphthalene  5.34 136  

[2H8] Acenaphthylene  9.27 160  

[2H10] Acenaphthene  9.72 164  

[2H10] Fluorene  11.21 176  

[2H10] Anthracene  14.13 188  

[2H10] Pyrene  18.10 212  

[2H12] Chrysene  21.76 240  

[2H12] Benzo[k]fluoranthene  24.72 264  

[2H12] Benzo[ghi]perylene  28.69 288  
     

IS for oxy-PAHs and azaarenes     

[2H8]Anthracene-9,10-dione  ~16.4 216 188/160 
     

Recovery Standard (RS)     

[2H10]Fluoranthene  17.47 212  
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Calculations 

In this study, sample concentrations were calculated using Equation 1 and 2. Since only one standard 

was used for the sample calculation, it was based on a one-point-calibration, i.e.  a calibration line 

drawn between the measured point and the origin of the coordinates. Slope (k) of the one point 

calibration line passing through the origin was calculated by using the formula as equation 1. 

                         
  

   
        

  

   
         

  

   
     

 

Where,  An was the area of native compounds in the standard, AIS was the area of internal standards in 

the standard, Cn was the concentrations of native compounds in the standard, CIS was the 

concentrations of internal standards in the standard, Mn was the amount of native compounds in the 

standard (ng) and MIS was the amount of internal standards in the standard (ng).  

 

The factor is then used to calculate the amount of contaminants in the samples using the formula given 

in equation 2.  

                         
  

   
            

  

   
        

 

 

Where, An was the area for contaminants in the sample, AIS was the area of internal standard in the 

sample and MIS was thr amount of internal standard in the sample (ng). Amount of contaminants in the 

sample (Mn) was then calculated.  All the amounts were calculated in ng 

  

Factors (k) for polar PACs in the PAHs fraction were calculated using the amount of RS instead of IS. 

Since the IS of polar PACs ended up in the polar PACs fraction it could not be used to estimate the 

amount of polar PACs that ended up in the PAHs fraction. Instead, the RS was used as internal 

standard (or syringe spike) for these, even if this assumes a 100% recovery. However, amount of the 

IS of polar PACs was used to estimate the amount of polar PACs in the polar PACs fraction. 

Furthermore, amounts of polar PACs in PAHs- and polar PACs fractions were added together. 

Amounts of all the standards used and also the amount of PAHs and polar PACs were calculated in ng. 

Again, the size of the sampling area was measured in m
2
. Therefore, concentrations were calculated 

dividing the amount of contaminants by the size of the corresponding sampling area (ng/m
2
). Per day 

deposition rate was then calculated by dividing the concentration by the days of deposition 

(ng/m
2
/day). Results were not blank corrected.  
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Multivariate Modeling 

Principal component analysis (PCA), a multivariate analytical tool, was applied to reach an overview 

of the PAHs and polar PACs profiles in the dust samples including groups of observations, outliers 

and trends. As a multivariate analytical tool, PCA reduces a set of original variables and extracts a 

small number of latent factors that analyses relationships among the observed variables. In the 

modeling part of this project, measured PAHs and polar PACs were used as input to extract a small 

number of principal components. Data were arranged in a matrix having each column representing 

individual PAHs and polar PACs and each raw representing one single sample. Initially, all 

concentrations were log-transformed and scaled to unit variance.   

RESULTS AND DISCUSSIONS 

Method Development 

In the method development part, the most important modifications from the previous method available 

for soil sample were the use of larger extraction cells, activated silica gel, a range of temperature as 

well as different solvent systems varying the polarity. The larger (22ml) extraction cells were both 

used to increase the sample capacity (and give enough space for the wiping tissue) and to facilitate the 

use of larger amounts of silica gel and thereby improve the separation capacity Activated silica gel 

was tested as a replacement of deactivated silica. Aim of using activated silica was to have improved 

ability to separate the compound classes by increasing the retention time of polar PACs and thereby 

increase the robustness. Furthermore, the use of activated silica gel would simplify the method by 

avoiding the deactivation step. Different solvents and temperatures were also tested to optimize the 

extraction, clean up and fractionation. (Table 3). 

Among the methods tested in this study, results from two different methods are shown in Figure 4. 

Figure 4(a) shows the recovery of IS by using cyclohexane:toluene solvent system and 2% deactivated 

silica gel and Figure 4(b) shows the recovery of IS by using cyclohexane:ethyl acetate solvent system 

and activated silica gel. The method presented in Figure 4(a) achieved satisfactory recoveries, more or 

less 60% to 140%. But only 1% of the polar PACs was recovered even though 2% deactivated silica 

gel was used instead of activated silica gel. Deactivated silica gel has less interaction to the 

compounds than activated silica gel. More or less similar recoveries were also achieved by the method 

shown in Figure 4(b). However, the method extracted the polar PACs in the PAHs fraction which was 

undesirable.  

Temperatures from 120°C to 150°C was also tested in the study. Stable temperature condition was 

attained at 120°C for both the PAHs and polar PACs extractions. Moreover, different extraction 

solvents were tested to check the possibility to avoid dichloromethane.  
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Figure 4: Recoveries of IS using (a) Cyclohexane:Toluene solvent system with 2% deactivated silica gel and  

(b) Cyclohexane:Ethyl Acetate solvent system with activated silica gel. 

Most satisfactory result in terms of separation of the compound classes as well as recoveries were 

obtained by cyclohexane/dichloromethane solvent system when 2% deactivated silica gel was used 

(Table 3; No. 10). About 60% recoveries for most of the PAHs and 80% recoveries for the polar PACs 

were accomplished (Figure 5). Separation of the compound classes was also much better than other 

methods tested in this study. 9:1 cyclohexane/DCM for the extraction and fractionation of PAHs 

fraction and 1:3 cyclo/DCM for polar PACs fraction were found most efficient as compared to other 

solvent systems tested in this study. Cyclohexane/dichloromethane solvent systems was previously 

used by Lundstedt et al. (36) for the analysis of soil samples.  

   

Lower recoveries for the low molecular weight PAHs were obtained due to their relatively high 

volatility.  Recovery exceeding 100% was obtained for pyrene. This might be due to the co-elution of 

interferences that increased the area of the chromatographic peak for pyrene. During evaporation of 

solvents, there was a risk to loss of the investigated compounds. Internal standard, used to compensate 

the loss of polar PACs, was in the middle of the range of their molecular weight. Therefore, it might 

not be compensating both these low and high molecular weight polar PACs completely. It is then 

suggested to use more than one Internal standards. 

Figure 5: Recoveries of IS using Cyclohexane:Dichloromethane solvent system when 2% deactivated silica gel was 

used. 9:1 cyclohexane/DCM and 1:3 cyclohexane/DCM were used for extraction of PAHs and polar PACs fractions 

respectively. 
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The SPLE method finally chosen to extract and fractionate the dust samples within this study was: 

22ml of extraction cells, 2% deactivated silica gel and an extraction temperature of 120°C for both 

fractions. PAHs were first extracted using cyclohexane/DCM (9:1) followed by extraction of polar 

PACs using  cyclohexane/DCM (1:3).  

Soil Sample from the site 

Soil samples from the contaminated site had previously been analyzed was studied by Lundstedt et al. 

(20), who found high levels of PAHs and polar PACs in the soil. The concentration of PAHs and polar 

PACs in the soil sample are shown in the Figure 6. Fluorantherene and pyrene were found as the most 

dominating PAHs with the concentration about 650 and 380 µg/g respectively. Among the polar 

PACs, 4H-cyclopentaphenanthrenone was the most dominating having the concentration more than 

100 µg/g. It is clearly evident in the Figure 6 that polar PACs levels were much less than that of PAHs.  

 

Figure 6: Concentration of polycyclic aromatic hydrocarbons (PAHs) and oxidized polycyclic aromatic hydrocarbons (oxy-
PAHs) in the soil sample collected from the remediation site (20). 

PAHs deposition rate 

To compare the levels of PAHs and polar PACs at the site (S), at about 100 m from the site (Tr), and 

in the garden about 200 m from the site (V), rate of deposition of PAHs and polar PACs were 

measured in ng per square meter per day. Rate of deposition at S found much higher during week 46 

and 48 (Figure 7). These higher deposition rates might be correlated with the activities at the site. The 

excavations started already during week 41, but during week 46-48 it was continued at a more 

contaminated part of the site, according to the remediation company’s log-book. Again, deposition rate 

was different between week 46 and 48, 396 and 876 ng/m
2
/day respectively. This difference might be 

due to the variation in the levels of contamination in different portions within the highly contaminated 

part of the site. However, the deposition rate dropped significantly after week 48 when the remediating 

company stopped to excavate that highly contaminated part and moved to a less contaminated part of 

the site (according to the log). Considerable deposition rate also being observed on week 18. It might 

be due to the presence of bird feces on the sampling surface on that particular week. Bird feces were 

tried to avoid during sampling. Still, some bird feces might have adsorbed on sample tissue. Bird feces 

could have some dust particles naturally adsorbed and/or from the food eaten by the birds. 
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Figure 7: Rate of deposition of PAHs per day at the contaminated site (S). Sample code SW-35 means the sample at 

collected at S on week 35. 

Similar pattern for the deposition rate per day were found also at Tr (Figure 8). Higher deposition 

rates were found on weeks 46 and 48 and then dropped in the weeks after. Again, deposition rate on 

week 48 was found to be higher than that on week 46. All these might caused from the same reasons 

as explained for S. On week 18, there were lots of bird feces on the sampling surface at Tr, as it was 

also found at S on that week. It could explain the higher deposition rate on that week. However, per 

day deposition rates on week 46 and 48 at Tr were comparatively lower than that at S. That might be 

because of heavy rain. Heavy rain during these weeks might have deposited contaminated dust 

particles mostly at S. Some other sources, like traffic exhaust, can have some contribution to the rate 

of deposition at Tr and S.  

 

Figure 8: Rate of deposition of PAHs per day under the tree (Tr), about 100m from the site. Sample code TrW-35 

means sample collected at Tr on week 35. 
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Considerable rate of deposition at V was observed only on week 46, as 202 ng/m
2
/day (Figure 9).  It 

might have contribution from the dust generated by the excavation of the contaminated site. It might 

also be from barbecue activities and/or wood burning at/near V. However, rate of deposition at V 

varied mostly between 60 to 120 ng/m
2
/day during the whole sampling period, even before the start of 

the remediation. Considerable rate of deposition before the start of the remediation indicates the 

presence of some background sources of PAHs. Possible background sources of PAHs-deposition at V 

might be wood burning, nearby harbor, coal combustion chamber and traffic exhausts. Comparing 

with the rate of deposition per day before the remediation started, the deposition rate at V was not 

significantly changed after the start of the remediation. This implies that remediation at the 

contaminated site did not affect the private garden that much.  

 

Figure 9: Rate of deposition of PAHs per day at the private garden (V), about 200m from the site. Sample code  

VW-35 indicates sample collected at V on week 35. 

While the influence from the remediation activities on the deposition rate at V seemed to be low, there 

was some seasonal variations observed (Figure 9). Starting from a lower level during early autumn, 

the deposition rate increased as winter was approaching and dropped again during spring. Most 

important reason for these variations might be due the extension of wood burning during winter. Also, 

the seasonal factors like rainfall, variations in sunlight availability, variations in wind flows as well as 

changes in humidity might cause the overall variation. For example, rainfall might have accelerated 

the deposition of the dust particles.  

Polar PACs deposition rate 
On week 46 and 48, also higher deposition rates of polar PACs were observed at S (Figure 10), 97 and 

271 ng/m
2
/day, respectively. The ration of week 46/48 for polar PACs is almost identical to that of 

PAHs. Therefore, it is clearly evident that their sources were also identical. So, as the sources of PAHs 

mentioned above, the source of polar PACs might also be the dust from the contaminated site. When 

the remediating company moved to a less contaminated part of the site, the rate of deposition also 

decreased, i.e. 20 ng/m
2
/day on week 50. Differences in the deposition rates during week 46 and 48 

might be due to the variations in the polar PACs levels in the dust produced during these weeks. The 

dust produced during week 46 might had less amount of polar PACs than that in the dust produced 

during week 48.  
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Figure 10: Rate of deposition of polar PACs at the site (S). Sample code SW-35 means the sample collected at S on 

week 35. 

The deposition rate of polar PACs at Tr varied in the same manner as it varied at S (Figure 11). 

Higher deposition rate observed on week 46 and 48 and got reduced on the weeks after. Similar 

pattern explains that mostly the contaminated dust from the site contributed in the deposition rate at 

Tr. In addition to the contaminated dust from the site, traffic vehicles might also have some 

contributions to the deposition rate at Tr, since it was situated close to the road side. Sudden drop of 

deposition rate at Tr on week 49 might have happened due to the identical reason as mentioned for S. 

The level of depositions at Tr were also observed as lower than that at S during week 46 and 48. 

Heavy rain during week 46 and 48 might also caused the level of the deposition rate lower at Tr, by 

accelerating the deposition of the dust particles mostly at S. However, that was the view based on total 

deposition of polar PACs at S and Tr. Some individual polar PACs had been observed to be 

comparatively higher on week 46 than that on week 48.  

 

Figure 11: Rate of deposition of polar PACs under the tree (Tr), about 100m from the site. Sample code TrW-35 

means the sample collected at Tr on week 35. 

Comparing the deposition rates of PAHs and polar PACs at both S and Tr, especially during week 46 

to 48, we have seen that polar PACs levels were much less than that of PAHs. Lower levels of polar 

PACs than PAHs levels were also observed in the soil samples from the same site previously studied 

by Lundstedt et. al. 2007 (Figure 6). Since the dust was generated mostly from the excavation of the 

soil of the contaminated site, the levels of polar PACs was expected to be lower than PAHs levels in 

the dust samples.  
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Figure 12: Rate of deposition of polar PACs at the private  garden (V), about 200m from the site. Sample code VW-35 

means the sample collected at V on week 35. 

Considerable deposition rates of polar PACs (Figure 12) at V were observed during the initial weeks 

even when the remediation did not start. These initial deposition rates might be a result of 

transformation of background PAHs to polar PACs via photooxidation, as this was during the summer 

time when the sunlight still was strong. However, much higher deposition rate was observed 

particularly on week 35. Higher individual concentrations of two azaarenes, Quinoline and Carbazole 

were found at V on that week. It was not quite clear about the sources of these two azaarenes on that 

particular week.  

When the remediation started, no considerable change in the deposition rate of polar PACs at V was 

observed. There was no considerable impact on weeks 46 and 48, when the excavation of highly 

contaminated area of the site was going on. The deposition rate was more or less similar to the levels 

observed before the remediation started. This indicates that, in terms of polar PACs deposition rate, no 

considerable effect from the remediation of the contaminated site was observed at V. Possibly lower 

levels of polar PACs were observed in the spring as compared to that during autumn. 

Integrated samples 
Samples collected from G, B, E, Tu, R and C were one-time-samples collected on surfaces that were 

not previously cleaned or wiped. These samples were termed as “Integrated samples”. Integrated 

samples were chosen to cover all wind directions. Some integrated samples at V were collected from 

two other surfaces, than the usual sampling surface. Concentrations (ng/m
2
) of PAHs and polar PACs 

in these integrated samples are shown in Figure 13 and 14 respectively. 
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Figure 13: Total PAHs concentrations in the integrated samples. Samples W-23-a and W-23-b were collected on the 

same day but from two different sampling surfaces. 

Among the integrated samples, highest concentration was found at R, which was the recycling station 

of household wastes (Figure 13). There was an old channel underneath the recycling station that 

previously had been used to discharge the wastes from the wood preservation site. Also the area at the 

recycling station was used to be a storage area for impregnated wood. Thus, the soil of that recycling 

station was also highly contaminated. However, the sample at R was collected before the start of the 

excavation of the soil there. Dust particles at R might have distributed from the site since the 

excavation was going on at the site and R was very close to the site. Car-parking close to the station 

might also have some contribution to PAHs concentration at R. When people keep their car engine 

turned on while the staffs were emptying the bins and some people were visiting the site for short 

time, it might produce dust containing considerable amount of PAHs. The car traffic at the recycling 

station might also caused dusting from the ground to some extent. Moreover, the sampling surface was 

very dirty with lots of dust particles deposited over a long period of time. This might have resulted the 

higher concentration at R. Among the other integrated samples, also V on week 44 contained 

considerable concentration of PAHs. Mostly, surrounding background sources might be responsible 

for that higher concentration at V. A decreasing trend in the PAHs concentrations with the distance 

from the site can be seen on week 44, although all these sampling spots were not on the same wind 

directions and the deposition time also varied somewhat.  

 

Figure 14: Total concentrations of polar PACs in the integrated samples. Samples W-23-a and W-23-b were collected 

on the same day but from two different sampling surfaces. 
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Similar pattern also observed for polar PACs concentration in the integrated samples (Figure 14). 

Again, the polar PACs concentration was highest at R. Lower concentration at C, 100m from the site 

was observed due to deposition of lower amount of dust on the steel surface of the lid of sewage 

drainage system. Also, it was difficult to collect all the dust on this surface due to its irregular design. 

A decreasing trend of polar PACs concentration were also observed with the distance from the site 

regardless of the directions. 

PAHs and polar PACs Patterns 
We also investigated the pattern of the PAHs and polar PACs (Figure 15 and 16 respectively) in three 

major sampling spots – S (at the remediation site), Tr (about 100 m from the site) and V (about 200 m 

from the site) and compared with each other as well as with that in a soil sample from the remediation 

site (20). Concentration (µg/g, dry soil) of polycyclic aromatic hydrocarbons (PAHs) and oxygenated 

PAHs (oxy-PAHs) in the soil sample from the remediation site is shown in Figure 6. 

 

 

Figure 15: Comparison of the PAHs patterns in the three major sampling spots as well as the same pattern from the 

Soil sample from the contaminated site studied by Lundstedt et. al. 2007 (20).  

Relative levels of PAHs in the three main sampling spots were seen as more or less comparable to 

each other. Phenanthrene, Anthracene and Fluoranthene were seen as dominating PAHs. However, the 

relative levels in the soil was somewhat different. Three particular PAHs -Fluorene, Phenanthrene and 

Anthracene were seen to have comparatively higher relative levels in the dust samples. It implies the 

possibility of additional sources for these PAHs. But it was not clear about their sources.   
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Figure 16: Comparison of the polar PACs patterns in the three major sampling spots as well as the same pattern from 

the Soil sample from the contaminated site studied by Lundstedt et. al. 2007.  

Relative levels of Polar PACs in the three main sampling places are compared in Figure 16. Unlike the 

PAH relative levels, the relative levels of polar PACs differed more between the dust samples and the 

soil samples as well as among the dust samples. 9.10-Anthraquinone was found to have higher relative 

level at S and V. Lower relative level of 9,10-Anthraquinone in the soil sample indicates presence of 

its addition sources at S and V. Reason for higher relative level of 4H-Cyclopentaphenanthrenone in 

soil sample than in the dust samples was unclear. 2-Methylanthraquinone was also observed to have 

higher relative level at V, indicating possible contribution from additional sources. Its relative level in 

the soil sample was similar to that in dust samples at S and Tr. Other high molecular weight oxy-

PAHs were seen to have similar relative levels in both the soil and dust samples. Among the 

azaarenes, higher relative levels of Quinoline and Carbazole at V indicate additional contribution from 

some other sources. 

Anthraquinone to Anthracene ratio 
The ratio of Anthraquinone to Anthracene was studied with time as well as with the distance from the 

contaminated site. Anthracene undergoes transformation into its oxidized derivative more readily than 

other PAHs (38). Therefore, the ratio was considered to be a potential marker to investigate the 

variations in the oxy-PAH/ PAHs ratio in this project.  
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Anthraquinone (AnthrQ) to Anthracene (Anthr) ratio was observed as higher during the initial 

sampling period in autumn and also to some extent in later stages of the project, i.e. in the spring 

(Figure 17). UV radiation from the sunlight is probably the main driver for the transformation of Anthr 

to AnthrQ. Samples collected in the late autumn and in the winter were thus seen to have lower 

AnthrQ to Anthr ratio. The ratio was also observed to increase to some extent with the distance from 

the contaminated site. Because, as like many other PAHs, anthracene readily undergoes photochemical 

oxidation to form anthraquinone resulting predominant anthraquinone in the atmospheric particles 

(38). Thus, the distance might allowed more Anthr adsorbed on the dust particles to be transformed to 

AnthrQ.  

Multivariate modeling 
In PCA, generally a few components explain majority of the variances and the rest of the components 

explain small amount of the variances. In our data, there were 16 PAHs and 14 polar PACs (10 oxy-

PAHs and 4 azaarenes). Initially, PCA was applied on the PAHs in the dust samples and the soil 

sample (studied by Lundstedt et. al. (20)). In that initial PCA model, there were two components and 

81% of the variances was explained by these components. Figure 18 and 19 represents the score and 

loading plot of the initial PCA model respectively. Few dust samples are seemed to be outliers in the 

score plot. The model is checked excluding these dust samples and no considerable change is 

observed. Since their exclusion did not affect the model that much, they are counted as weak outliers 

and PCA model is drawn with all of these samples. 

In the score plot (Figure 18), many V-samples are seen to have a separate group and positioned apart 

from the soil sample. These V-samples forming a group in the score plot have similar PAHs patterns. 

Since these V-samples are distributed apart from the soil sample, they have PAH-patterns dissimilar to 

that of the soil sample. Dissimilar patterns indicate differences of their sources. Samples other than the 

V-samples, are also distributed a bit apart from the soil sample. Dust samples collected from the site 

(for example, SW-16, SW-18) and at about 100 m from the site (for example, TrW-18 and TrW-48) 

have not observed to have closer position to the soil sample in the score plot. Rather, some of the dust 

samples (for example, TrW-49, TrW-46) are seen to be positioned far apart from the soil sample. 

Thus, the pattern of the soil matches neither with the profile of the dust samples collected from the site 

Figure 17: Anthraquinone to Anthracene ration at the three major sampling spots. 
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(S) nor with the dust samples at about 100 m from the site (Tr). According to the score plot, soil 

sample represents something in between the V-samples and the other samples at S and Tr. Plausible 

reason for this dissimilarity might be the transformation of the PAHs during the wind transport of the 

dust particles. Moreover, the soil sample might not be the true representative of the soil from the 

contaminated site. 

In the score plot (Figure 18), it is observed that most of the dust samples collected during spring (for 

example, SW-16, TrW-18, VW-23) are positioned in the lower part and the dust samples collected in 

autumn (for example, SW-48, TrW-49, VW-43) are positioned in the upper part. This is clear 

representation of seasonal variations.  

 

Figure 18: Score plot for the two components generated from the PCA model of PAHs concentration in both soil and dust 
samples. Color codes were used by sampling places (At the site (S), at about 100m from the site (Tr) and at about 200m 
from the site (V)). 

To explain the distribution in the score plot, loading plot (Figure 19) was evaluated. Since the soil 

sample positioned close to the origin, it represents an average type of profile. The V-samples, formed 

a group in the score plot, are seen to have higher proportions of low molecular weight PAHs e.g. 

naphthalene, acenaphthylene, acenaphthene, fluorene, phenanthrene as well as anthracene according to 

the loading plot. These V- samples also have lower proportions of high molecular weight PAHs such 

as benzo[a]anthracene, chrysene, benzo[g,h,i]perylene, benzo[b]fluoranthene, benzo[a]pyrene, 

benzo[k]fluoranthene and indeno[c,d]pyrene. Having similar patterns among these V-samples 

indicates possible similarities in their sources. However, these V-samples are observed to be apart 

from the soil sample which indicates the difference of their PAH-patterns. On the other hand, the 

samples at S and Tr are observed to be more or less scattered in the score plot. Furthermore, no 

samples at S and Tr is close to the soil sample, which also implies that the profile of the soil sample is 

somewhat different from the profile of the samples at S and Tr. These samples at S and Tr might have 

dust generated from the soil of the contaminated site as well as from other different sources.  

From the loading plot (Figure 19), it is also observed that samples positioned in the lower part of the 

score plot (VW-18, VW-19, VW-23, TrW-18, SW-19, for example) have higher relative levels of 

indeno[c,d]pyrene, benzo[g,h,i]perylene, benzo[b]fluoranthene, crysene, benzo[a]pyrene, 

benzo[k]fluoranthene and benzo[a]anthracene. These are the samples collected during spring. These 

samples are also observed to have lower relative levels of naphthalene, acenaphthene, fluorene, 
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phenanthrene, anthracene, pyrene and fluoranthene. Thus, the loading plot showed that the spring 

samples (positioned at the lower part of the score plot) have relatively lower levels of low molecular 

weight PAHs and relatively higher levels of high molecular weight PAHs. Relatively lower levels of 

low molecular weight PAHs indicate their possible evaporation to some extent due to relatively 

warmer weather in spring.  

 

Figure 19: Loading plot for the two components generated from the PCA model of PAHs concentrations in the dust 

samples and the soil sample.  

 

Figure 20: Score plot for the two components generated from the PCA model of polar PACs concentrations in the 

dust samples. Color codes were used by sampling places (At the site (S), at about 100m from the site (Tr) and at about 

200m from the site (V)). 
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Since data for the azaarenes in the soil sample were not available, the soil sample was not included in 

the PCA model for polar PACs. Initial PCA model for polar PACs in the dust samples showed one 

sample (SW-46 in Figure 20) as probable outlier which was observed as weak outlier in the PCA 

model computed for PAHs. As like in the case of PCA model for PAHs, no considerable change is 

observed in the PCA model for polar PACs when the model is computed without the particular 

sample. Therefore, PCA model for polar PACs is computed without excluding any sample. The PCA 

model resulted in two components model and these two components explained 67.5% of the model 

variances. The score plot for polar PACs (Figure 20) showed that many V-samples are separated in the 

form of a group. These V-samples forming a separate group have similar patterns for polar PACs. 

Samples at S and Tr are observed to be more or less randomly distributed in the score plot. However, 

SW-16 and SW-18 are observed to have similar polar PACs pattern since these samples positioned 

close to each other in the same coordinate in the score plot. Thus, Polar PACs pattern is also be similar 

between TrW-18 and TrW-19. Furthermore, being positioned in the opposite coordinate indicates that 

the polar PACs higher in one sample are lower in the other samples positioned in the opposite 

coordinate. Thus, SW-18 and SW-16 have reverse pattern of that of VW-36. Also, SW-48 and VW-

18 have patterns reverse to each other. 

 

Figure 21: Loading plot for the two components generated from the PCA model of polar PACs concentrations in the 

dust samples.  

Loading plot (Figure 21) for polar PACs was evaluated to explain the distribution in the score plot. V-

samples that were observed as a group in the score plot are seen to have relatively higher levels of two 

to four rings polar PACs e. g. 9.10-anthraquinone, 9-Fluorenone, 7H-Benz[de]anthracen-7-one, 4H-

cyclopenta[def]phenanthrenone, 2-methylanthracenedione  and benz[a]anthracene-7,12-dione as well 

as benzo[h]quinoline, acridine and carbazole. The similarities in the patterns are also indicates the 

similarities of the sources of these V-samples. On the other hand, the samples at S and Tr are observed 

to be distributed more or less randomly in the score plot for polar PACs and therefore, the 

corresponding loading plot explains the pattern-similarity only for few samples collected at these two 

sampling spots. For example, SW-16 and SW-18 have similar patterns. However, random distribution 

of the samples at S and Tr indicates the differences of their sources. Furthermore, most of the spring 

samples (positioned mostly in the lower part in the score plot) are observed to have higher relative 

levels of high molecular weight polar PACs. These spring samples are also observed to be clearly 

separated from the autumn samples (positioned mostly in the upper part in the score plot) which are 

observed to have higher relative levels of low molecular weight polar PACs. This separate distribution 

indicates the seasonal variations among the dust samples in terms of their polar PACs patterns. 



25 
 

CONCLUSIONS 
A method was successfully developed based on the selective PLE with the aid of 22ml extraction 

cells, cyclohexane/dichloromethane solvent system as well as deactivated silica gel. Satisfactory 

recoveries and separation of the compound classes were achieved by the method. The method analysed 

the PAHs quite well. However, there were more uncertainty in the results of polar PACs. Therefore, 

further optimization of the method is needed reduce the uncertainty as well as to make it robust. PAHs 

and polar PACs were found to be deposited mostly at the site and at about 100m from the site. This 

deposition was higher during two particular weeks when the remediating company was excavating a 

highly contaminated part of the site. No significant effect of the remediation process has observed in 

the private garden, 200 m from the site, in terms of increased PAHs and polar PACs deposition. 

Contaminants deposited in the garden were consequently assumed to mostly originate from various 

background sources. Seasonal variations were observed in the deposition rate at the private garden. 

Although the proportions of some PAHs in the dust samples varied, the PAH patterns were relatively 

constant over the sampling period. Larger variations were observed in the polar PACs patterns in the 

samples.  The ratio Oxy-PAHs to PAHs was found to be higher in the beginning of the sampling 

period, which indicates more favorable transformation conditions during these weeks. Direct 

deposition of the oxy-PAHs and PAHs with less transformation occurred in the middle of the sampling 

period that resulted in lower ratios. The ratio was also observed to be increased with the distance from 

the site. Moreover, no significant impact of the remediation process was observed probably due to the 

measures like irrigation and watering, taken to  prevent the spreading of the dust. Finally, PCA model 

showed that the dust samples collected at the site (S), at about 100 m from the site (Tr) and at about 

200 m from the site (V) have PAH-profile different from that of the soil sample. This might be due to 

changes of the profile of PAHs during their transportation with the aid of the dust particles. In 

addition, PCA model for both PAHs and polar PACs showed more or less clear seasonal variations. 

Samples collected in autumn and spring are observed to be separated from each other. 
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Appendix A 
 

 

CODE Date Places Naphthalene Acenaphthylene Acenaphthene Fluorene Phenanthrene Anthracene Fluoranthene Pyrene Benzo(a)anthracene Chrysene Benzo(b)fluoranthene Benzo(k)fluoranthene Benzo(a)pyrene Indeno(c,d)pyrene Dibenz(a,h)anthracene Benzo(g,h,i)perylene Total PAHs

V01 22/08/2011 W-34 Villagatan 8. 141.499 10.781 22.394 35.509 194.676 12.318 220.205 151.974 44.770 96.787 87.303 47.891 50.546 44.979 19.193 78.073 1258.900

V02 29/08/2011 VW-35 Villagatan 8 56.666 8.323 12.976 23.707 61.257 7.602 75.385 72.253 14.802 32.411 32.220 13.432 18.751 10.792 7.353 26.899 474.829

V03 05/09/2011 VW-36 Villagatan 8 59.495 1.125 10.938 22.995 46.856 32.913 39.074 48.330 8.052 16.446 22.337 6.618 11.662 8.976 2.728 25.318 363.862

V04 20/09/2011 VW-38 Villagatan 8 95.061 10.509 20.186 31.494 83.712 8.261 39.661 48.715 12.778 19.063 19.766 14.653 11.296 7.249 6.517 19.255 448.176

V05 26/09/2011 VW-39 Villagatan 8 82.500 23.202 28.156 34.681 105.693 10.387 90.161 74.424 19.265 30.573 28.473 18.614 15.606 12.486 8.771 28.341 611.332

V06 03/10/2011 VW-40 Villagatan 8 59.344 5.652 14.259 31.478 129.452 73.952 195.032 122.529 18.216 39.572 24.630 12.006 12.243 7.108 5.043 21.531 772.047

V07 10/10/2011 VW-41 Villagatan 8 55.831 1.745 8.797 22.493 62.639 9.029 54.157 48.679 11.632 25.192 33.471 29.781 10.580 8.638 3.114 25.838 411.615

V08 18/10/2011 VW-42 Villagatan 8 98.070 23.047 14.481 97.409 177.361 280.960 112.694 103.758 24.244 60.191 33.212 54.476 21.872 13.683 7.502 43.386 1166.347

V09 24/10/2011 VW-43 Villagatan 8 75.781 2.171 16.064 44.234 127.072 119.438 120.777 81.441 16.695 30.589 22.463 9.497 10.527 7.682 3.189 15.808 703.428

V10 31/10/2011 W-44-1 Villagatan 8. 189.552 46.188 36.026 106.438 515.807 142.397 459.844 348.775 77.597 204.324 188.428 96.878 80.942 105.437 21.427 177.730 2797.789

V11 31/10/2011 VW-44 Villagatan 8 54.295 2.126 9.339 23.759 59.706 21.438 50.592 46.950 15.542 29.044 36.140 32.156 10.551 10.877 2.256 20.448 425.218

E00 31/10/2011 W-44 Electicity box 66.154 15.258 12.379 55.189 307.003 104.909 140.618 92.525 19.140 62.705 226.973 109.045 23.163 10.090 7.469 28.065 1280.685

C00 31/10/2011 W-44 Close to crossing pathways 49.311 3.861 8.788 17.231 39.742 26.561 31.121 26.622 8.576 17.293 16.709 6.013 7.617 4.615 2.594 10.152 276.808

G00 31/10/2011 W-44 Ljumviken 63.484 6.129 9.708 21.445 71.216 8.838 24.337 25.659 7.269 8.900 12.511 3.564 6.405 2.967 3.435 6.365 282.231

B00 31/10/2011 W-44 Bridge 35.956 2.125 8.067 21.396 81.288 45.677 102.680 64.691 13.293 37.907 37.998 33.808 10.980 11.969 3.538 22.640 534.015

Tu00 31/10/2011 W-44 Tourist station 405.753 25.733 37.697 105.977 213.207 80.930 152.983 164.941 55.597 103.892 96.783 34.523 50.318 38.144 12.238 72.764 1651.481

R00 31/10/2011 W-50 Recycling stations 187.538 29.150 84.219 250.699 971.669 291.387 1505.280 883.911 154.037 549.416 382.099 200.122 129.831 144.138 27.579 178.232 5969.308

V12 07/11/2011 W-45-1 Villagatan 8. 108.941 2.725 23.350 64.277 236.367 65.312 200.563 146.206 30.304 73.755 88.204 51.948 48.494 72.682 6.433 89.541 1309.100

V13 12/11/2011 VW-45 Villagatan 8 53.759 19.479 9.376 34.097 117.762 67.867 100.691 66.423 15.357 27.358 21.853 11.264 16.031 16.146 20.619 16.804 614.888

V14 14/11/2011 VW-46 Villagatan 8 50.256 1.484 8.724 20.083 55.930 18.145 49.236 41.701 15.961 29.049 32.265 28.708 10.243 13.704 3.207 27.057 405.752

S01 19/11/2011 SW-46 Under the sign at site 344.651 48.591 67.916 293.356 1196.316 1589.614 1386.016 858.821 217.686 469.803 298.876 158.479 162.884 170.436 35.609 229.321 7528.375

Tr01 19/11/2011 TrW-46 Under the tree 73.629 23.566 19.078 66.764 241.881 266.356 548.191 380.802 135.936 280.089 208.867 118.538 110.211 103.855 21.193 144.674 2743.632

V15 22/11/2011 VW-47 Villagatan 8 54.202 6.521 11.246 33.987 151.405 99.987 142.300 103.107 20.331 44.386 45.987 37.415 13.868 17.246 15.105 33.340 830.433

S02 28/11/2011 SW-48 Under the sign at site 99.878 28.623 39.617 665.966 1267.952 2697.785 978.211 543.210 296.794 488.519 289.964 142.324 104.957 88.112 8.370 145.877 7886.159

Tr02 28/11/2011 TrW-48 Under the tree 37.776 8.202 15.051 61.655 193.515 248.270 224.302 135.385 46.977 107.719 135.289 120.373 33.496 37.830 10.293 60.736 1476.869

V16 28/11/2011 VW-48 Villagatan 8 72.522 6.957 8.883 32.582 85.252 73.260 55.991 48.301 20.542 46.867 38.098 12.232 12.680 13.652 9.937 28.516 566.275

Tr03 08/12/2011 TrW-49 Under the tree 29.305 2.359 5.963 20.251 55.651 43.182 39.441 30.893 5.573 9.398 7.423 3.216 2.897 2.522 3.542 3.456 265.074

S03 15/12/2011 SW-50 Under the sign at site 18.874 3.643 4.562 10.215 43.644 22.752 56.436 33.724 13.406 34.490 38.088 33.888 8.020 10.840 2.086 14.421 349.088

Tr04 15/12/2011 TrW-50 Under the tree 20.152 3.823 6.562 17.111 49.665 20.342 51.658 32.580 11.465 23.546 23.782 11.595 9.353 19.226 2.876 20.224 323.962

V17 15/12/2011 VW-50 Villagatan 8 71.862 16.004 8.958 26.207 57.101 54.691 57.325 41.566 15.818 26.632 23.216 9.342 8.891 10.779 6.832 17.170 452.395

S04 16/04/2012 SW-16 Under the sign at site 30.910 9.140 8.191 24.821 137.317 65.189 167.995 104.566 33.305 130.643 113.022 91.954 29.078 27.799 11.470 56.106 1041.506

Tr05 16/04/2012 TrW-16 Under the tree 31.422 1.191 3.553 10.868 25.197 10.045 24.475 20.309 6.528 29.736 32.187 26.187 7.469 12.297 4.889 17.568 263.920

V18 16/04/2012 W-16 Villagatan 8. 76.244 22.313 7.161 27.152 167.142 17.622 193.819 134.348 40.924 113.688 110.664 63.969 64.813 56.381 19.622 77.709 1193.572

S05 23/04/2012 SW-17 Under the sign at site 60.883 3.137 20.974 31.702 102.355 14.237 145.753 78.859 15.212 59.142 35.120 18.678 14.497 13.175 4.291 24.707 642.721

Tr06 23/04/2012 TrW-17 Under the tree 24.709 1.267 4.431 13.190 41.729 19.673 25.801 21.342 6.670 27.345 16.861 6.514 5.303 12.027 3.820 18.279 248.961

V19 23/04/2012 VW-17 Villagatan 8 74.465 11.614 17.524 47.213 232.544 19.694 202.500 128.640 31.800 95.176 93.010 42.212 38.850 40.066 11.790 60.091 1147.190

S06 29/04/2012 SW-18 Under the sign at site 9.058 10.062 7.424 14.581 69.507 35.028 217.579 132.158 34.952 115.585 65.731 37.638 65.143 26.146 6.321 57.008 903.921

Tr07 29/04/2012 TrW-18 Under the tree 12.108 4.661 4.828 9.674 47.746 12.575 70.922 50.908 17.530 62.079 36.339 18.743 12.388 17.469 9.070 33.926 420.964

V20 29/04/2012 VW-18 Villagatan 8 8.896 4.866 5.432 8.313 14.304 6.594 35.670 28.302 12.750 29.278 21.944 14.228 15.753 13.858 7.480 17.170 244.839

S07 07/05/2012 SW-19 Under the sign at site 14.310 6.743 4.713 9.451 63.791 20.753 109.073 65.579 21.067 57.618 38.906 19.503 17.592 16.924 5.380 41.586 512.990

V21 07/05/2012 VW-19 Villagatan 8 10.709 7.912 3.397 7.065 14.038 6.854 48.238 42.083 20.420 44.413 42.253 20.519 24.758 35.007 6.081 65.070 398.818

V22 07/05/2012 W-19 Villagatan 8. 50.467 7.136 7.293 14.969 70.710 10.032 79.217 68.257 19.408 52.732 51.768 26.811 30.095 38.092 6.633 65.989 599.611

Tr08 07/05/2012 TrW-19 Under the tree 9.277 3.500 1.709 4.348 7.559 4.205 35.573 39.780 15.222 48.213 41.838 18.011 28.900 42.475 6.092 77.243 383.944

V23 04/06/2012 W-23 Villagatan 8. 9.797 4.769 3.482 7.914 48.257 7.945 74.357 52.120 17.158 40.977 38.702 15.342 17.877 17.431 5.413 28.565 390.106

V24 04/06/2012 VW-23 Villagatan 8 14.331 7.367 4.995 10.353 62.142 10.661 94.420 68.407 21.195 61.940 47.383 30.918 23.096 22.319 6.865 39.270 525.664

V25 04/06/2012 W-23 Villagatan 8. 76.421 18.984 7.290 30.096 168.930 30.454 176.963 112.104 27.786 93.114 102.016 65.600 50.321 51.234 9.581 69.998 1090.890

Table 1 Individual concentrations (ng/m2) of PAHs at different sampling spots. “Places” mean sampling places. Each column represents the concentrations of one PAHs measured in ng/m2.  
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CODE Date Week Places 1-Indanone 9-Fluorenone 9,10-Anthraquinone4H-Cyclopentaphenanthrenone2-MethylanthraquinoneBenzo[a]fluorenoneBenzanthrone BenzanthraquinoneNaphthacenequinone Benzo[cd]pyrenoneQunoline Benzo[h]quinoline Acridine Carbazole Total Oxy-PAHs (ng/m2)

Soil Soil 0.380 16.000 15.000 134.000 4.900 21.000 4.100 7.600 17.000 22.000

V01 22/08/2011 VW-34 Villagatan 8. 1.501 54.293 152.715 29.122 76.967 48.904 65.721 25.878 22.431 73.144 0.115 15.764 14.004 1.407 581.964

V02 29/08/2011 VW-35 Villagatan 8 34.512 13.969 74.267 9.995 70.527 13.134 18.574 77.151 26.115 8.991 3.798 4.587 12.663 2.005 370.288

V03 05/09/2011 VW-36 Villagatan 8 25.433 7.470 35.342 2.770 250.120 5.525 6.717 21.292 6.328 9.111 302.311 7.196 10.744 704.338 1394.697

V04 20/09/2011 VW-38 Villagatan 8 2.262 14.987 94.291 8.743 55.502 17.489 14.606 3.815 4.337 11.453 8.941 4.981 13.674 4.502 259.583

V05 26/09/2011 VW-39 Villagatan 8 12.879 10.532 133.549 13.819 50.121 13.852 29.824 10.733 11.355 31.132 2.081 5.077 9.573 2.126 336.652

V06 03/10/2011 VW-40 Villagatan 8 3.946 9.447 31.016 9.667 21.644 14.324 5.233 4.489 6.313 24.179 232.204 12.069 9.585 23.308 407.423

V07 10/10/2011 VW-41 Villagatan 8 3.929 3.349 19.919 2.016 20.356 6.046 4.901 4.667 3.236 13.969 105.100 3.865 16.819 0.552 208.725

V08 18/10/2011 VW-42 Villagatan 8 1.676 18.498 150.899 14.096 53.033 15.652 29.129 3.670 20.740 19.091 0.430 38.981 13.105 89.620 468.621

V09 24/10/2011 VW-43 Villagatan 8 3.005 6.927 29.292 5.259 18.924 7.822 5.869 2.570 4.881 31.189 369.516 13.732 8.637 50.677 558.301

V10 31/10/2011 VW-44-1 Villagatan 8. 4.641 82.640 319.019 44.297 23.895 87.438 84.686 63.778 58.843 175.890 7.915 36.085 25.236 74.097 1088.460

V11 31/10/2011 VW-44-2 Villagatan 8 5.476 1.559 29.962 0.713 15.661 5.839 5.708 4.038 3.237 6.910 113.380 5.692 9.970 8.659 216.806

E00 31/10/2011 W-44 Electicity box 4.360 35.254 226.872 86.509 45.052 25.351 21.324 3.280 74.028 20.903 0.968 17.901 17.420 34.071 613.292

C00 31/10/2011 W-44 close to crossing pathways 1.404 1.725 16.166 2.226 10.523 5.954 0.615 2.619 8.553 8.875 21.062 3.753 2.854 14.215 100.543

G00 31/10/2011 W-44 Ljumviken 6.616 1.034 78.774 5.458 37.635 5.676 16.851 9.110 12.293 8.324 0.107 11.251 8.838 0.747 202.714

B00 31/10/2011 W-44 Bridge 2.085 10.834 40.704 4.597 22.187 8.825 5.448 3.236 4.900 5.311 92.811 6.316 14.988 33.244 255.486

Tu00 31/10/2011 W-44 Tourist station 31.984 12.419 94.010 209.994 33.306 32.951 31.548 7.720 44.404 55.044 162.478 21.159 46.543 53.077 836.638

R00 31/10/2011 W-50 Recycling stations 48.007 122.990 815.699 74.329 185.555 142.832 199.060 95.857 87.868 128.600 1197.892 61.028 40.297 36.332 3236.346

V12 07/11/2011 VW-45-1 Villagatan 8. 3.273 20.211 40.881 41.965 110.169 12.073 13.832 3.209 4.075 19.273 411.476 8.966 4.207 18.512 712.123

V13 12/11/2011 VW-45-2 Villagatan 8 2.236 0.830 47.186 53.218 42.830 11.010 17.092 6.635 33.477 31.837 4.204 10.010 5.742 27.174 293.481

V14 14/11/2011 VW-46 Villagatan 8 3.130 3.812 24.233 1.289 6.448 6.816 4.932 5.002 6.401 9.736 86.690 5.227 15.736 8.906 188.358

S01 19/11/2011 SW-46 Under the sign at site 8.311 64.297 329.202 55.052 188.552 157.353 114.175 153.116 233.711 195.083 11.391 230.960 10.224 91.648 1843.075

Tr01 19/11/2011 TrW-46 Under the tree 5.447 23.631 74.478 24.055 43.674 66.718 36.391 20.794 64.340 33.168 145.308 34.825 52.300 118.523 743.652

V15 22/11/2011 VW-47 Villagatan 8 3.083 12.950 29.025 4.652 24.240 16.346 9.159 12.541 20.232 20.255 5.527 12.682 10.273 34.020 214.986

S02 28/11/2011 SW-48 Under the sign at site 6.442 41.983 314.524 48.189 52.335 88.437 26.329 43.923 129.569 23.882 132.839 362.922 577.474 590.516 2439.366

Tr02 28/11/2011 TrW-48 Under the tree 4.582 13.835 77.912 13.640 22.292 22.514 13.236 9.544 21.152 12.832 36.090 34.329 12.598 103.978 398.534

V16 28/11/2011 VW-48 Villagatan 8 3.592 6.899 28.658 3.215 13.119 14.942 7.010 1.849 24.446 8.954 12.687 7.539 5.575 30.218 168.703

Tr03 08/12/2011 TrW-49 Under the tree 2.343 2.123 15.722 27.221 8.439 4.765 3.238 0.883 5.865 4.428 50.609 7.303 6.347 8.219 147.506

S03 15/12/2011 SW-50 Under the sign at site 0.770 4.021 20.873 2.026 6.651 7.703 5.126 6.950 4.919 4.524 31.789 3.222 4.355 3.278 106.207

Tr04 15/12/2011 TrW-50 Under the tree 1.223 3.104 25.433 35.086 15.312 10.359 9.192 6.527 5.695 8.781 2.743 2.895 3.515 16.389 146.254

V17 15/12/2011 VW-50 Villagatan 8 2.822 5.451 30.313 3.400 9.978 12.736 10.623 8.741 6.095 12.074 0.097 6.594 4.070 25.218 138.211

S04 16/04/2012 SW-16 Under the sign at site 0.478 18.419 48.824 16.644 20.166 46.782 18.749 5.286 65.982 21.489 0.051 11.925 2.471 29.022 306.286

Tr05 16/04/2012 TrW-16 Under the tree 1.379 6.256 13.038 2.062 26.674 12.723 7.662 20.348 20.748 5.417 0.120 1.560 1.041 11.457 130.485

V18 16/04/2012 VW-16 Villagatan 8. 1.913 17.864 59.484 12.347 7.844 38.910 27.330 13.632 22.819 21.927 0.195 7.370 7.463 9.764 248.864

S05 23/04/2012 SW-17 Under the sign at site 0.808 15.548 16.082 8.347 14.310 13.982 1.390 1.161 13.805 14.928 0.030 3.936 4.133 0.253 108.712

Tr06 23/04/2012 TrW-17 Under the tree 1.985 0.103 8.038 1.765 8.482 7.070 1.191 6.470 7.887 80.474 0.074 3.998 6.987 3.733 138.257

V19 23/04/2012 VW-17 Villagatan 8 0.533 19.837 47.974 11.574 93.780 19.256 21.665 14.771 17.560 48.522 0.054 4.910 6.603 1.250 308.289

S06 29/04/2012 SW-18 Under the sign at site 0.186 8.486 27.197 9.032 7.777 36.174 9.250 14.527 20.758 318.969 2.171 7.038 1.280 16.493 479.337

Tr07 29/04/2012 TrW-18 Under the tree 0.164 5.340 13.769 4.616 8.402 17.933 4.896 8.342 29.641 17.190 0.000 1.979 1.043 3.852 117.167

V20 29/04/2012 VW-18 Villagatan 8 0.775 0.635 13.184 1.933 10.360 8.838 2.109 0.668 9.651 4.319 0.294 1.848 1.073 0.165 55.852

S07 07/05/2012 SW-19 Under the sign at site 0.190 1.710 8.559 1.899 6.491 8.772 2.988 3.157 9.749 7.584 0.028 3.251 0.119 7.194 61.692

V21 07/05/2012 VW-19 Villagatan 8 0.347 2.068 12.810 2.287 9.760 12.019 12.082 2.014 7.629 16.966 0.098 1.328 1.485 3.710 84.604

V22 07/05/2012 VW-19 Villagatan 8. 0.911 0.310 28.615 6.690 16.599 15.915 17.443 3.435 6.145 13.479 0.166 3.635 2.936 1.277 117.554

Tr08 07/05/2012 TrW-19 Under the tree 0.129 1.493 9.037 1.724 20.101 11.013 11.590 7.916 23.997 22.913 0.301 1.610 1.810 0.718 114.351

V23 04/06/2012 VW-23 Villagatan 8. 0.555 4.081 20.354 4.926 6.870 15.142 5.613 5.653 4.844 7.932 0.938 6.560 0.955 1.285 85.709

V24 04/06/2012 VW-23 Villagatan 8 1.016 15.956 124.149 9.472 36.978 15.020 18.385 1.217 16.437 13.364 0.070 4.998 3.699 10.310 271.070

V25 04/06/2012 VW-23 Villagatan 8. 0.247 21.519 62.990 54.330 18.124 26.098 26.799 32.058 4.313 19.439 0.797 6.856 5.638 22.569 301.776

Table 2 Individual concentrations (ng/m2) of polar PACs at different sampling spots. Note: “Places” mean sampling places. Each column represents the concentrations of one polar PAC measured in 

ng/m2.  
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Appendix B 

 

Figure 1: Structures of selected polycyclic aromatic hydrocarbons (PAHs). 

 
 

 

Figure 2: Structures of selected oxidized polycyclic aromatic hydrocarbons (oxy-PAsHs). 
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Figure 3: Structures of selected azaarenes. 

 

Figure 4: Sampling spot, Electric Box, E. 

 

Figure 5: Sampling spot, Bridge, B. 
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Figure 6: Sampling spot, the remediation site, S. Samples were collected wiping the surface of a metal plate. 

 

 

 

Figure 7: Sampling surface under the tree, Tr. Samples were collected by wiping the surface of the metal plate. 
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Figure 8: Sampling surface close to the crossing path, C. 

 

 

Figure 9: Sampling surface at the Private garden, V. Sample was collected by wiping the wood surface. 
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Figure 10: Sampling spot, the tourist station, Tu. 
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