Chemistry, Project Work, 15 Credits

Determination of polyoxymethylene (POM) – water partition
coefficients for alkylated polycyclic aromatic hydrocarbons by use of
GC/MS

Malin Bergman
Supervisor: Maria Larsson

Abstract
Methods to measure the concentration of freely dissolved PAHs in pore water have been developed
and are based on the usage of passive samplers, in this case polyoxymethylene (POM). Spiked
samples (containing PAHs with 4-5 rings, methylated PAHs with 2-5 rings and dibenzothiophenes in
three different concentrations) were placed on an end-over-end shaker for 28 days, to obtain
equilibrium between the amount of PAHs accumulated on the POM strips and the amount of PAHs
freely dissolved in the water. Four samples (medium concentration) were removed from the shaker
after 7 and 14 days, respectively, and after 28 days were 12 samples (low, medium and high
concentrations) removed. The variance of the average log(KPOM) values obtained from medium
concentration were statistically tested, and showed that the coefficients for all compounds did not
differ significantly over time. The coefficient difference between the three concentrations for the
methylated PAHs were greater amongst the more hydrophobic compounds; 7,12Dimethylbenz(a)anthracene had log(KPOM) of 5.64, 2.77 and 3.71 (low, medium, high). The hydrophilic
compounds had coefficients that were more similar in the three concentrations; 1,6Dimethylnaphthalene had log(KPOM) of 3.80, 2.62, and 3.39 (low, medium, high). Previous studies
have determined log(KPOM) for several PAHs, and merged log(KPOM) for alkylated isomeric PAHs. The
coefficients from the lowest concentration of serval methylated PAHs and Benzo(e)pyrene were
similar to log(KPOM) values obtained for those compounds in an earlier study. The accuracy of risk
assessments of PAH contaminated areas will increase when analysing individual methylated PAHs
and using individual KPOM values for methylated PAHs, as in this study, instead of merged coefficients.
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1. Introduction
Polycyclic aromatic hydrocarbons (PAHs) and their alkylated derivatives are a group of toxic
environmental pollutants. They are persistent in the environment and can accumulate in
contaminated sediments and soils (Alexander, 2000). The toxicity of a contaminant is depending on
the bioavailability. Bioavailability refers to the fraction of the contaminant that can be taken up by
organisms and thereby has the possibility to affect organisms living in soils or sediments (Alexander,
2000). Most risk assessment of PAH-contaminated areas is based on exhaustive extraction methods,
which results in no information of the contaminants’ availability, aging or biological effects. The
bioavailability is important to investigate since it indicates the fraction of the PAHs, which can affect
biological organisms (Alexander, 2000).
By determining the pore water concentration, one can obtain the amount of contaminants that can
be dispersed to surface and ground water and also the amount that is available for uptake in
organisms (Josefsson et al., 2015). Methods of measuring the concentration of freely dissolved PAHs
in pore water have been developed but few studies have been performed on alkylated derivatives.
One way of measuring the freely dissolved concentration is by use of passive sampling. The passive
sampler could preferably be a polymer, such as polydimethyl siloxane (PDMS), polyethylene with low
density (LDPE) or as in this study polyoxymethylene (POM), which with water and soil or sediment is
shaken until equilibrium is reached (Josefsson et al., 2015). After equilibrium is obtained the freely
dissolved concentrations of PAHs in the contaminated soils or sediments can be calculated by watersampler partition coefficients (KPOM) developed for the analytes (Hawthorne et al., 2011).
The interest in this method, i.e. measuring pore water concentration in contaminated soils or
sediments, has led to increased discussions of the current guidelines’ accuracy (Josefsson et al.,
2015). The risk of PAH-contaminated areas might not be correctly estimated by determination of the
total concentration by use of exhaustive extraction methods, which raises the question if it still is an
approved method to use (Alexander, 2000). This also enlightens the difficulties in risk assessments
and more studies have to be done in order to find out if measuring pore water concentrations, and
thereby the available fraction, should be standardized in guidelines of measuring hydrophobic
organic contaminants in polluted soils and sediment in the future (Josefsson et al., 2015).

1.1 Objective
The aim of this study is to produce water-POM partition coefficients, KPOM, for 5 PAHs, 18 methylated
PAHs and 4 dibenzothiophenes. The coefficients, KPOM, can then be used to measure the available
amount of PAHs, alkylated PAHs and dibenzothiophenes in soils or sediments that can be dispersed
in the environment and consequently become a health risk to biological organisms. The coefficients
will be determined by performing an equilibrium experiment in a system with the chemicals and the
passive sampler (POM), immersed in water. The freely dissolved PAHs in the water phase and the
aliquot accumulated on the POM stripes will be analyzed and quantified by gas chromatography
coupled with mass spectrometry (GC/MS).

2. Background
2.1 PAHs
PAHs are a group of organic chemicals that consists of at least two aromatic rings fused together
(Figure 1) (Baird & Cann, 2008). PAHs are formed as a by-product in incomplete combustion
processes of organic material (e.g. wood, coal and garbage). The benzene rings bind to each other
due to structural rearrangements of the molecule during thermal treatment, leading to its
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decomposition (Baird & Cann, 2008). They are environmental pollutants due to their toxic effects,
which can be mutagenic or genotoxic (Achten & Andersson., 2015b).
PAHs are persistent hydrophobic compounds with low water solubility (Josefsson et al., 2015). They
have high boiling and melting points and exist as pale or colourless solids (Baird & Cann, 2008). PAHs
with fewer than four aromatic rings are in gaseous form in the air and degradation in air begins
already during the first day in which a free-radical reaction is initiated. Larger PAHs with more than
four rings fused together have lower vapour pressure and do not exist in gaseous phase in the air at a
significant period of time. They will condense and absorb to ash and soot particles in the air, which
often are small enough to breathe in to the lungs (Baird & Cann, 2008).
It has also been proved that several PAHs are carcinogenic, which implicates a health risk since PAHs
have been identified in water, soil and air matrices (Thea et al., 2015). Ingestion of food that contains
PAHs, skin contact and inhalation are routes of human exposure of PAHs (Wang et al., 2015). A study
revealed that there is an elevated risk of developing cancer in the bladder, skin or lungs when
humans are exposed to PAHs on a daily basis (Wang et al., 2015). The toxicity of PAHs increases with
the number of aromatic rings, but little is known about the toxicity of PAHs with more than 7 rings
fused together (Achten & Andersson., 2015a).
There are also PAHs in which one or more hydrogen atoms have been substituted with alkyl groups.
These compounds are referred to as alkylated PAHs, and many of them are more toxic than their
parent molecules (Figure 1) (Achten & Andersson., 2015a). When increasing the level of alkylation,
the hydrophobicity increases. Another group of pollutants are dibenzothiophenes (Figure 1), which
have a sulphur atom in its aromatic structure and can have branched or straight alkyl side chains.
(Harner et al., 2013). Dibenzothiophenes belong to a group of compounds called NSO-PACs, where S
indicates the substitution of a carbon in the ring to a sulphur atom and PAC is the abbreviation of
polycyclic aromatic compounds. The sulphur atom makes dibenzothiophenes more water-soluble.
Both alkylated PAHs and dibenzothiophenes are formed in the same way as PAHs, or they could be
produced from parent PAHs by chemical reactions in the atmosphere or metabolic reactions in
organisms (Achten & Andersson., 2015a).

Figure 1. Examples of chemical structures of compound groups analyzed in this study. Perylene (C20H12), 2-methylnaphtalene
(C11H10) and Dibenzothiophene (C12H8S). (Royal Society of Chemistry, ChemSpider, 2015).

2.1.1 Emission sources
PAHs and its derivatives can be released in the environment by both anthropogenic and natural
sources (Wang et al., 2015). Emission from combustion processes is one of the most significant
anthropogenic sources (Sarria-Villa et al., 2016). PAHs are found in high levels at old industrial sites;
such as former gas stations, wood impregnation sites or coal tar production facilities (Larsson et al.,
2013). PAHs could they be transported and spread easily in the environment since they are persistent
compounds. Emission from traffic is contributing to dispersal of PAHs (Sarria-Villa et al., 2016).
Sources of PAHs can be either pyrogenic or petrogenic. Examples of pyrogenic sources are emissions
from vehicles using gasoline or diesel fuel as well as thermal treatment techniques. These sources
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mostly contain parent PAHs with four to six benzene rings, which are high molecular weight PAHs
(Miki et al., 2014). Burning of fossil fuels also emits PAHs but because it is well known, those
processes are controlled in developed countries (Sarria-Villa et al., 2016).
Oil, which is a natural source of PAHs, could contain up to 4000 different aromatic hydrocarbons
(Sarria-Villa et al., 2016). Crude oil is a petrogenic source and is dominated by alkylated derivatives as
a constituent. Petrogenic PAHs are small molecules with less than four benzene rings fused together
and often alkylated with a number of methyl groups. Alkylated PAHs are thermodynamically unstable
in comparison with their parent PAHs and when found in the environment they indicate a petrogenic
source such as oil spill (Miki et al., 2014). Dibenzothiophenes and their alkylated derivatives are also
indicators of petrogenic emission sources and are for example constituents in asphalt (Harner et al.,
2013). The degree of alkylation in methylated PAHs depends on environmental circumstances.
Processes like photodegradation and biodegradation affect the substitution level of the aromatic
rings (Achten & Andersson., 2015b).

2.1.2 Toxicity and regulations
The discovery of the effects of PAHs and their derivatives has led to legal restrictions all over the
world (Achten & Andersson., 2015b). Even though there are a great number of toxic PAHs, only 16
compounds have been classified by the U.S. Environmental Protection Agency (EPA) and are referred
to as “priority pollutants”. These PAHs are used to analyse the quality, and to control the pollution
level in matrices like water, soil, air and food. U.S. EPA created the list in 1976 and scientists still uses
these 16 PAHs in environmental analysis, which is beneficial for comparison of amounts over time.
The problem is that these 16 “priority pollutants” will not represent other PAHs or their derivatives.
Analysis of only these compounds could result in an underestimation of the amount of PAHs at a
contaminated site (Achten & Andersson., 2015b; Larsson et al,. 2013). For the alkylated PAHs, it
could be of interest to include these on a list of toxic PAHs since some of them are known to be up to
20 times more toxic than their non-alkylated homologue (Abid, 2015).
The higher level of knowledge, and the more conscious countries become of these environmental
contaminants, the more regulations are established. For example, the amount of PAHs in diesel fuel
globally is not allowed to be more than 2% (Abid, 2015). Dibenzothiophenes and their derivatives are
components in diesel fuel and gas oil, in which the sulphur content also has been regulated (Abid,
2015). Both industrial and environmental hazards could occur as a result from dibenzothiophenes
and its derivatives occurring in diesel fuel. The emissions could lead to these chemicals contributing
to acid rains, corrosion in pipes or catalytic poisoning (Nazal et al. 2013).
The European regulation (Directive 2009/30/EC) of sulphur in diesel fuel were 2000 parts per million
by weight (ppmw) in 1991, but were decreased to 10 ppmw in 2009 (Nazal et al. 2013). The
possibility of removing sulphur compounds, such as dibenzothiophenes, from diesel and gasoline
fuels are investigated. It is difficult to remove these compounds due to their chemical structure and
steric limitations. Methods of reducing the sulphur content down to 500 ppmw have been developed
and are referred to as hydrodesulphurization. These amounts are on the other hand still above the
allowed level of 10 ppmw. For lower concentrations than 500 ppmw, higher temperature and
pressure needs to be applied, which makes the technique expensive and decreases the level of
octane in the fuel (Nazal et al. 2013).

2.2 Passive sampling
One way of measuring the amount of freely dissolved hydrophobic organic contaminants at a
contaminated site is by use of passive sampling (Baird & Cann, 2008). Only a fraction of PAHs found
in watercourses are freely dissolved in the water. Instead they are bound to soil and sediments, due
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to their hydrophobic character. High molecular weight PAHs have the ability to bio-accumulate in
marine organisms’ fatty tissues due to their lipophilic properties, which in turn could lead to tumour
development in these species (Baird & Cann, 2008). Studies have shown that there is a correlation
between the concentrations of freely dissolved hydrophobic contaminant (such as PAHs) in the pore
water in polluted sediments/soils, and the aliquot of contaminants that have the capacity to
accumulate in biological organisms (Josefsson et al., 2015).
Methods to indirectly measure these concentrations have been developed and are based on the
usage of passive samplers (Beckingham & Ghosh, 2013). Passive sampling utilizes a polymer such as
polyoxymethylene, POM, and its chemical properties to measure the distribution of hydrophobic
pollutants over time. To calculate the amount of the pollutants e.g. the concentration of PAHs in
pore water, one need to measure the amount of PAHs that have been sorbed to the polymer (POM)
when the system is in equilibrium. With this information, and polymer specific water-sampler
partition coefficients (KPOM) for the analytes, the freely dissolved concentration of PAHs can be
calculated. Due to the low cost and great reproducibility, passive sampling is widely used to measure
the bioavailability of organic contaminants in contaminated sediments in the environment
(Beckingham & Ghosh, 2013). One of the reasons of having the passive sampler system in equilibrium
is because the equilibrium partitioning is more distinct than in a kinetic uptake system, especially if
there are complex sediment matrixes involved. Another reason is the reproducibility, which is better
when operating in equilibrium and results in better precision (Mayer et al., 2014).

2.3 Polyoxymethylene (POM)
Polyoxymethylene (POM) is a polymer with chemical properties suitable for usage in industrial
products instead of using alloys or metals (Pielichowska, 2015). The polymer is useful in such
products since it is resistant to corrosion and rigid in its structure. POM is originally a homopolymer
(h-POM), i.e. the polymer chain consists of one monomer. It is a naturally unstable molecule due to
depolymerization; hydroxyl-terminated h-POMs are affected by thermal and thermooxidative
degradation, which un-zips the polymer chain. This is catalyzed by either acidolysis or hydrolysis
processes that contributes to an increased degradation rate (Pielichowska, 2015).
POM, as an industrial material, has great dimensional stability (Pielichowska, 2015). Techniques of
stabilizing the h-POM molecule have been developed. The methods to obtain stability are
copolymerization and “end-capping”. Copolymerization is the technique of which a scarce number of
units in the homopolymer chain are substituted by another monomer. (Archodoulaki et al., 2005).
The other modification, end-capping, is performed by acetylation which removes the unstable
hydroxyl groups at the ends of the chain (Pielichowska, 2015). POM could be synthesized in two ways
and result in either the homopolymer or the copolymer. Homopolymers are synthesized by
polymerization of formaldehyde and copolymers are synthesized by copolymerization of trioxane
and ethylene oxide (Masamoto et al., 2000).

Figure 2. The chemical structure of h-POM and c-POM (Plastics Europe, Association of Plastic Manufactures).

There is a third form of POM, the block copolymer that is produced by the presence of a chain
transfer agent in the polymerization process of formaldehyde (Masamoto et al., 2000). In order to
produce commercially available POM block copolymers, the unstable hydroxyl groups at the ends
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must be stabilized using acetic anhydride, a process referred to as acetylation. It is desirable to have
both terminated hydroxyl groups thermally stable and this can be achieved using the proper chain
transfer agent, such as methyl stearyl formal and distearyl formal, in the polymerization of trioxane
(Masamoto et al., 2000).

2.3 Liquid-liquid extraction
Liquid-liquid extraction is a suitable technique for recovery of organic analytes, such as PAHs, from
aqueous samples (Dean, 1998). The method is based on the sample matrix and the analytes different
solubility. This results in a separation of analytes with different solubility. The extraction method is
accessible due to the wide availability of pure solvents. The theory of liquid-liquid extraction involves
the terms distribution coefficient and distribution ratio. The distribution coefficient is an equilibrium
constant and refers to the distribution of the analytes between the two immiscible phases. The
distribution ratio refers to the analytes chemical activity in the two phases (Dean, 1998).
In order to obtain a quantitative recovery, new solvent should be added at least two or three times.
If the analyte is to be analyzed by gas chromatography coupled with mass spectrometry (GC/MS), it is
better to perform a discontinuous extraction and to isolate the analyte in the organic phase. The
discontinuous extraction uses a separation funnel and a suitable amount of an organic solvent, such
as dichloromethane, is added. The funnel is shaken properly for a few minutes to enable maximum
mass transfer of the analyte. During shaking it is important to release the formed pressure and then
leave it for 10 minutes before collecting the organic phase in a flask (Dean, 1998).

2.4 GC/MS
Gas chromatography (GC) is an analytical technique that is easy to use and relatively inexpensive in
operation cost (McMaster Marvin, 1998). The volatile analytes are injected into a stream of inert gas
(the mobile phase) and lead in to a column. The column is coated with a stationary phase and the
separation of the analytes is based on their affinity and absorptive interaction to either the
stationary phase or the inert gas phase. The analytes have different chemical properties and
interaction time in the column, which results in separation of the analytes due to different retention
times. One weakness with GC is if the analytes have the same retention time and thereby co-elute,
which will affect the confidence of the analysis (McMaster Marvin, 1998).
A mass spectrometer (MS) is often coupled with the GC, which together form a powerful analytical
tool (McMaster Marvin, 1998). The principle of the MS is based on the ionization of the analytes,
which then are separated due to differences in their mass to charge ratio (m/z). The energy applied
to ionize the molecules is often larger than needed to only ionize the molecules. The excess energy is
used to fragment the ions, which is a useful tool in the identification process of unknown analytes.
The data received from the analytes are spectra of the molecular ion and its fragments. These
spectra can be interpreted and the information used to identify unknown compounds (Barker, 1999).

3. Materials and method
3.1 Experimental design
The experimental design was based on literature of a previous studies, in order to obtain comparable
coefficients (Josefsson et al., 2015). The extraction methods were based on a critical review of
different POM methods by Arp et al., 2015. Two POM stripes were added in each 40 mL amber glass
jar, together with ultrapure water that were ionized with a bactericide (NaN3) and CaCl2. Standard
solutions containing PAHs, methylated PAHs and dibenzothiophenes were added in three different
concentrations, which were prepared in triplicates (Tables 1 and 2). The 28 samples were placed on
an end-over-end shaker and kept there for 28 days, in order to obtain equilibrium between the
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amount of PAHs accumulated on the POM strips and the amount of PAHs freely dissolved in the
water. To monitor the equilibrium process, four samples of medium concentration were removed
from the shaker after 7 and 14 days, respectively. After 28 days, 12 samples were removed from the
shaker. These samples were in low, medium and high concentrations. The PAHs in the water were
extracted using liquid-liquid extraction with dichloromethane and the POM strips were extracted
with acetone:n-hexane (1:1) in an ultrasonic bath for 3 hours and then for one more hour with fresh
solvent. All samples were spiked with internal standards (IS) prior extraction. After the samples been
evaporated they were spiked with recovery standard (RS) and then analyzed with GC/MS running in
SIM mode.

3.2 Chemicals and standards
The standards used were of highest purity and supplied from Sigma-Aldrich, Chiron Laboratory and
LGC Standards. The test standard solutions and the quantification standards were prepared from a
standard mixture PAH/Dibenzothiophenes containing PAHs, methylated PAHs and
dibenzothiophenes, a mixture (abbreviated Methyl PAH6 in Table 1) containing six alkylated PAHs
standards and 2,3-Dimethylanthracene. The internal standards (IS) used were deuterium-labelled
compounds; a mixture with the 16 priority PAHs (abbreviated PAH 9-mix in Table 1) and a mixture
with two alkylated PAHs and Dibenzothiophene (abbreviated IS 3-mix in Table 1). The IS solution
were added in the amounts of 50-500 ng. All standards were stored in -18 °C. Further information
about the standards is available in Table 1.
The organic solvents used were n-hexane (SupraSolv from Merck) with 98% purity, acetone
(Chromasolv from Sigma-Aldrich) with 99.8 % purity and dichloromethane (Fluka Analytical from
Riedel-deHaën) with 99.8 % purity, which all were of analytical grade. The 96% ethanol used was
Spektro European Pharmacopeia from Solveco. The toluene used was Fluka Analytical from RiedeldeHaën.
The salts used were CaCl2 (Fisher Scientific GTF from Sharlau) with 95% purity, Na2SO4 (Emsure from
Merck) with 99% purity and NaN3 (Fluka from Sigma-Aldrich) with 99% purity. The polyoxymethylene
(POM) film 12" x 590.40 used in the experiment was manufactured from CS Hyde Company (Lake
Villa, IL, USA) and 76 µm thick.
Table 1. List of standards with additional information of the suppliers, the purity of the compounds, CAS-number and the
mass over charge ratio (m/z), which were the monitored mass of the compounds in the GC/MS analysis.
(m/z)

Chemical name

CAS-number

Purity

Supplier

Standards **

PAH/Dibenzothiophenes Mixture

Various

n/a*

Chiron

QS PAH/dibenzo

142

2-Methylnaphthalene

91-57-6

n/a*

Chiron

QS PAH/dibenzo

142

1-Methylnaphthalene

90-12-0

n/a*

Chiron

QS PAH/dibenzo

156

1,6-Dimethylnaphthalene

575-43-9

n/a*

Chiron

QS PAH/dibenzo

170

2,3,5-Trimethylnaphthalene

2245-38-7

n/a*

Chiron

QS PAH/dibenzo

184

Dibenzothiophene

132-65-0

n/a*

Chiron

QS PAH/dibenzo

192

2-Methylphenanthrene

2531-84-2

n/a*

Chiron

QS PAH/dibenzo

198

2-Methyldibenzothiophene

20928-02-3

n/a*

Chiron

QS PAH/dibenzo

206

2,4-Dimethylphenanthrene

15254-64-5

n/a*

Chiron

QS PAH/dibenzo

212

2,8-Dimethyldibenzothiophene

1207-15-4

n/a*

Chiron

QS PAH/dibenzo

216

1-Methylfluoranthene

25889-60-5

n/a*

Chiron

QS PAH/dibenzo

220

1,2,8-Trimethylphenanthrene

20291-75-2

n/a*

Chiron

QS PAH/dibenzo

220

1,2,6-Trimethylphenanthrene

30436-55-6

n/a*

Chiron

QS PAH/dibenzo

9

226

2,4,7-Trimethyldibenzothiophene

216983-03-8

n/a*

Chiron

QS PAH/dibenzo

228

Benzo[c]phenanthrene

195-19-7

n/a*

Chiron

QS PAH/dibenzo

228

Triphenylene

217-59-4

n/a*

Chiron

QS PAH/dibenzo

242

1-Methylchrysene

3351-28-8

n/a*

Chiron

QS PAH/dibenzo

252

Benzo[j]fluoranthene

205-82-3

n/a*

Chiron

QS PAH/dibenzo

252

Benzo[e]pyrene

192-97-2

n/a*

Chiron

QS PAH/dibenzo

252

Perylene

198-55-0

n/a*

Chiron

QS PAH/dibenzo

256

6-Ethylchrysene

2732-58-3

n/a*

Chiron

QS PAH/dibenzo

206

2,3-Dimethylanthracene

613-06-9

99,80%

LGC

QS

266

7-Methylbenzo[a]pyrene

63041-77-0

98%

Sigma

QS met. PAH

242

7-methylbenz(a)anthracene

2541-69-7

n/a*

Sigma

QS met. PAH

256

7,12-dimethylbenz(a)anthracene

57-97-6

99,9

Sigma

QS met. PAH

242

1-methylchrysene

3351-28-8

99,10

Sigma

QS met. PAH

242

3-Methylchrysene

3351-31-3

99,30%

Sigma

QS met. PAH

242

2-Methylchrysene

3351-32-4

99,30%

Sigma

QS met. PAH

204

9-Methylanthracene-d12

6406-97-9

98 atom% D

Chiron

IS 3-mix

152

1-Methylnaphthalene-d10

38072-94-5

98,8 atom% D

Chiron

IS 3-mix

192

Dibenzothiophene-d8

33262-29-2

98,7 atom% D

Chiron

IS 3-mix

Various

PAH-Mix 9 (100 ng/μl in Cyclohexane)

Various

n/a*

LGC

PAH 16-IS

264

Perylene-d12

1520-96-3

98%

LGC

RS

* n/a = not available. **Standards = QS are the abbreviation of quantification standard, IS of internal standard and RS of
recovery standard

3.3 Sample preparations
The POM sheet was cut into 10 x 15 mm sections and the weight of the 60 stripes were recorded.
The stripes were washed in a 250 mL jar with n-hexane and placed in an ultrasonic bath for 2 hours.
The solvent was changed to methanol and the POM strips were washed for 2 more hours. The POM
strips were rinsed with Milli-Q, placed on an aluminum foil and dried under nitrogen gas. The weight
of the POM stripes was recorded again to see if there had been any degradation of the polymer
during the washing step. All equipment used after the washing step was rinsed with solvent (ethanol,
n-hexane and dichloromethane) before further usage.
The 28 amber glass jars of 40 mL that the equilibrium experiments were performed in were labelled
and two POM strips were placed in each jar. A water solution (2 L) was prepared in a round flask. To
obtain the correct ionic strength of the water, 0.001 M CaCl2 and 0.015 M NaN3 were added to the
ultra-pure water in amounts of 0.22 g CaCl2 and 1.95 g NaN3. Then 30 mL of the water solution were
added to each of the 28 jars. All water samples were spiked with the quantification standards
PAH/Dibenzothiophenes mix, Methyl PAH6-mix and 2,3-dimethylanthracene, presented in Table 1.
The concentrations used in the experiment were low, medium and high, which were different for the
different standards (Table 2). The PAH/Dibenzothiophenes mixture and the Methyl PAH6-mixture
were added in the amounts 1 µg, 4 µg and 6 µg for the samples with low, medium and high
concentrations. 2,3-Dimethylanthracene was added in the amounts of 1 µg and 2 µg for the low and
medium concentrations. The volumes of the standards added in each sample can be seen in Table 2.
The medium and high concentrations were added in two batches (Table 2 in brackets) to avoid the
POM strips to be oversaturated. The samples were placed on an end-over-end shaker for 28 days.
Ten samples started leaking under the equilibrium process. Samples with low leak were tighten and
the other were replaced with new sample vials.
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Table 2. Volumes (µL) of added standards to each sample and the percentage of solvent in each sample.
6 µg (High)
75
(40 + 35)
30
(15 +15)

1 µg (Low)

4 µg (Medium)
50
(25 + 25)
20
(10 +10)
2 µg (Medium)

2,3-Dimethylanthracene (40 ng/µL)

25

50

-

Total volume (µL)

42.5

120

105

% solvent (Toluene)

(42.5/37500)*100 = 0.11

(120/37500)*100 = 0.32

(105/37500)*100 = 0.28

PAH/Dibenzothiophenes mix (80
ng/µl)
Methyl PAH6-mix (200 ng/µL)

1 µg (Low)
12.5
5

3.4 Extraction
3.4.1 Water phase
The water samples were liquid-liquid extracted three times with 10 mL of dichloromethane (DCM).
Each water sample was transferred to the separation funnels with a Pasteur pipette. The samples
that had leaked were first transferred to a graduated cylinder to measure the remaining volume. To
ensure that no sample was left in the jars, 10 mL DCM was added in the jars and the walls were
washed with a Pasteur pipette and transferred to the separation funnels. Before extraction, the
samples were spiked with internal standards, (50-500 ng) presented in Table 1. The samples were
shaken for 3 minutes and left for 10 minutes to stratify. The organic phase was collected in a round
flask of 100 mL and the extraction process was repeated again. The third time, the samples were
transferred to 100 mL amber glass jars and placed on a shaking plate over night to obtain maximal
interaction of the molecules. After that, the samples were shaken for 3 minutes and the organic
phase collected once again.
To purify the samples and get rid of water, small NaSO4 columns were used. The glass columns were
loaded with glass wool in the bottom and 2-3 cm of NaSO4. The samples were filtered through the
columns into 100 mL round flasks to get rid of plastic particles and water. The purified samples were
put in the freezer until evaporation.

3.4.2 POM stripes
The POM strips were removed and washed twice with ultrapure water. They were then dried on a
Kleenex tissue and placed in small vials. The POM strips were put in the freezer for storage until
extraction. Upon extraction, the POM strips were transferred to 50 mL amber glass jars and 20 mL
acetone:n-hexane (1:1) were added in each jar. The jars were placed in an ultrasonic bath for 3
hours. The first extracts were collected in 100 mL round flasks. Additional 20 mL acetone:n-hexane
were added in each jar and the POM stripes were sonicated for 1 more hour. After sonication the 20
mL extracts were transferred to the round flasks.

3.4.3 Evaporation
All samples were evaporated to approximately 2 mL by use of a Rotavapor. The DCM extracts from
the liquid-liquid extraction were evaporated in 41°C, at initially 1000 mbar and then 750 mbar. The
POM extracts (acentone:n-hexane) were evaporated in the same temperature but at 470 mbar. After
that, the extracts were transferred to 8 mL vials and the round flasks were washed (three times) with
toluene that were pipetted on the walls to get all analytes. The final evaporation step was under a
gentle stream of nitrogen gas to a volume of approximately 400 µl. In the last step the samples were
transferred to GC vials, which were spiked with 500 ng recovery standard (RS) in each vial.
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3.5 Analysis
Since the PAHs, methylated PAHs and dibenzothiophenes are volatile and hydrophobic compounds
was GC/MS an appropriate analysis technique. The compounds were quantified by use of an Agilent
7890A gas chromatograph coupled to a 5975C low-resolution mass spectrometer, and equipped with
a Select PAH column (30 m×0.25 mm, 0.15 μm film thickness; Agilent, Part number CP7462).
Constant helium flow of 2 mL/min was used. The temperature program of the GC oven was; 90 °C
(hold 1 min), 8 °C/min to 300 °C (hold 4 min), 25 °C/min to 325 °C (hold 5 min). The injector
temperature was 250 °C, and 1 μl of the extracts were injected in splitless mode. Detection was
made in single ion monitoring (SIM) mode, scanning for the molecular ion monitoring the mass over
charge (m/z) of the compounds presented in Table 1.

3.6 Quality control and assurance
Quantification of the analytes was performed by the isotope dilution method using deuterium
labelled internal standards (IS). Internal standards nearest in retention time were used to calculate
the relative response factor (RRF) for compounds lacking labelled standards. The deuterium labelled
recovery standard (RS) was used to calculate the recovery of the compounds, which should be in a
range of 50-120%. To obtain maximum selectivity, the GC/MC was run in SIM mode. Quantification
standards (QS) were analyzed after every eighth sample. One procedure blank was analyzed together
with every triplicate of samples.
The limit of detection (LOD) was defined as mean concentration in blanks + 3 times the standard
deviation. The limit of quantification (LOQ) was defined as mean concentration in blanks + 10 times
the standard deviation. The analytes were quantified by the use of a four-point calibration curve in
the concentrations of 10 ng, 50 ng, 500 ng and 6000 ng. The calibration curves should have r2 values
>0.997 for PAHs. The relative standard deviations (RSD) of the RRF values were calculated for the
analytes and should be maximum 15% for PAHs. No such value is available for the methylated PAHs
or the dibenzothiophenes. Since the samples were made from Milli-Q and standard solutions, there
was low risk of interferences.

3.7 Calculations
3.7.1 Calculation of water-POM partition coefficients, KPOM
The water-POM partition coefficients for the analytes, KPOM were calculated by use of the following
formula:
𝐾𝑃𝑂𝑀 = 𝐶𝑝𝑜𝑙𝑦𝑚𝑒𝑟 /𝐶𝑤𝑎𝑡𝑒𝑟
Where Cpolymer is the concentration of the compound sorbed to the POM stripes, and Cwater is the
concentration of the compound in the water phase.

3.7.2 Statistical Tests
Statistical tests of the coefficients obtained from the different time points (7, 14 and 28 days) were
performed in MiniTab 17. The mean log(KPOM) of the coefficients were tested with a two-sided
ANOVA followed by Tukey test at 5% significance level in order to determine if the coefficients
differed over time or not.

4. Results
The results from the calibration standards’ linearity and relative standard deviation (RSD) are
presented in Figure A1 and A2. The linearity for the methylated PAHs were 0.999 for all compounds
except 7,12-Dimethylbenz(a)anthracene that was 0.993 (Figure A2). The RSD for the methylated
12

compounds RRF values were in the range of 5 - 27 % where 2-Methylphenanthrene had 20%, 2Methylanthracene had 19%, 2,3-Dimethylanthracene had 21% and 7,12-Dimethylbenz(a)anthracene
had 27% (Figure A1). The linearity for the dibenzothiophenes was 0.999 and the RSD of the RRF
values in the range of 6 - 11 %. The linearity for the PAHs was acceptable and the RSD for the PAHs
RRF values were in the range of 3 - 7%. The recovery of the internal standards for the POM extracts
were in average 97% and for the DCM extracts 101%.
The concentrations of analytes in the blanks were low and far below the concentrations in the
samples. The blanks for the water extracts had detectable peaks in the chromatograms for some
compounds with an average amount from 0.5 ng to 17.8 ng, 0.7 - 23.9% of the lowest average
sample amount and 0.04 - 1.5 % of the highest average sample amount. For the POM extract the
average amount in the blanks was in a range from 0.3 to 9.1 ng, 0.1 - 2.7% of the lowest average
sample amount and 0.04 - 1.1 % of the highest average sample amount. The relative standard
deviation for the triplicates of the PAHs were in a range of 0.1 - 23.3%. The relative standard
deviation for the triplicates of the methylated PAHs were in a range of 0.2 - 26.7%. The relative
standard deviation for the triplicates of the dibenzothiophenes were in a range of 0.3 - 22.4%. A
chromatogram of a POM extract obtained from the GC/MC analysis is presented in Figure A6.

4.1 Equilibrium
Logarithmic values of KPOM based on the medium concentrations as a function over time are
presented in Figures 3, 4 and 5. The variance of the average log(KPOM) was tested with a two-sided
ANOVA test and a Tukey test at 5 % significance level. The coefficients for all compounds showed no
statistical significant difference over time (Table A4). The interval plot and the Tukey test for 2Methylnaphtalene are presented in Figure A4 and A5. One can see a trend of higher log(KPOM) after
14 days of exposure for all compounds. There is also a trend that the coefficients decrease between
14 and 28 days (Figure 3-5). For example 2,8-Dimethyldibenzothiophene had a log(KPOM) of 2.77 after
7 days of exposure, then 3.00 after 14 days of exposure and finally 2.55 after 28 days (Figure 3). This
trend of 2,8-Dimethyldibenzothiophene represents the coefficients over time for most compounds in
the equilibrium experiment (Table A5-A7) .
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Figure 3. Average log(KPOM) for Dibenzothiophenes at three different time points and medium (4µg) concentration. Standard
deviation of Dibenzothiophene is also presented.
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Figure 4. Average log(KPOM) for methylated PAHs at three different time points and medium (4µg) concentration. Standard
deviation of 2,4-dimenthylphenanthrene is also presented. All coefficients of the methylated PAHs are presented in Figure
A3.
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Figure 55. Average log(KPOM) for PAHs at three different time points and medium (4µg) concentration. Standard deviation of
Triphenylene is also presented.

4.2 Log(KPOM) for different concentrations
The log(KPOM) values for the dibenzothiophenes, methylated PAHs and PAHs obtained at different
concentrations (low, medium and high) are presented in Figures 6, 7 and 8. In general higher
log(KPOM) values were obtained from the lowest concentration, and lower log(KPOM) values were
obtained from the medium concentration. Log(KPOM) for Dibenzothiophene (Figure 7) was 3.08 in the
low concentration, 2.69 in the medium concentration and 3.57 in the highest concentration. The
more hydrophobic 2,8-Dimethyldibenzothiophene had coefficients that differed more depending on
the concentrations, and the log(KPOM) values in the low, medium and high concentration were 4.79,
2.55 and 3.64 respectively.
The coefficient difference between the three concentrations for the methylated PAHs were greater
amongst the more hydrophobic compounds. For example, the hydrophobic 7,12Dimethylbenz(a)anthracene had log(KPOM) of 5.64, 2.77 and 3.71 in the low, medium and high
concentrations. The hydrophilic compounds, such as low molecular weight PAHs, had coefficients
that were more similar in the three concentrations. For example, 1,6-Dimethylnaphthalene had
log(KPOM) of 3.80, 2.62, and 3.39 in the low, medium and high concentrations. The PAHs in this study
had more hydrophobic characters and were not low molecular PAHs, which explains why the
log(KPOM) differed between the three concentrations for these compounds.
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Figure 6. Average log(KPOM) for Dibenzothiophenes in low*, medium and high concentrations, based on coefficients obtained
after 28 days of shaking. 1: Dibenzothiophene, 2: 2-methyldibenzothiophene, 3: 2,8-dimethyldibenzothiophene, 4: 2,4,7dibenzothiophene. Standard deviation for all compounds in medium and high concentration are also presented. *Low
concentration is calculated based on one replicate due to leakage during the equilibrium experiment.
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Figure 7. Average log(KPOM) for methylated PAHs in low*, medium and high concentrations, based on coefficients obtained
after 28 days of shaking. 1: 2-Methylnaphthalene, 2: 1-Methylnaphthalene, 3: 1,6-Dimethylnaphthalene, 4: 2,3,5Trimethylnaphthalene, 5: 2-Methylphenanthrene, 6: 2-Methylanthracene, 7: 2,4-Dimethylphenanthrene, 8: 2,3Dimethylanthracene, 9: 1-Methylfluoranthene, 10: 1,2,8-Trimethylphenanthrene, 11: 1,2,6-Trimethylphenanthrene, 12: 7Methylbenz(a)anthracene, 13: 3-Methylchrysene, 14: 2-Methylchrysene, 15: 1-Methylchrysene, 16: 6-Ethylchrysene, 17:
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7,12-Dimethylbenz(a)anthracene, 18: 7-Methylbenzo(a)pyrene. Standard deviation for all compounds in medium and high
concentration are also presented. * Low concentration is calculated based on one replicate due to leakage during the
equilibrium experiment.
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Figure 8. Average log(KPOM) for PAHs in low*, medium and high concentrations, based on coefficients obtained after 28 days
of shaking. 1: Benzo(j)fluoranthene, 2: Benzo(c)phenanthrene, 3: Triphenylene, 4: Benzo(e)pyrene, 5: Perylene. Standard
deviation for all compounds in medium and high concentration are also presented. * Low concentration is calculated based
on one replicate due to leakage during the equilibrium experiment.

4.3 Comparison of log(KPOM) for PAHs, Methylated PAHs and Dibenzothiophenes
The PAHs, methylated PAHs and dibenzothiophenes had similar log(KPOM) values in medium
concentration, even though they have differences in their molecular structures. The coefficients
based on the lowest concentrations followed the same trend; more hydrophobic compounds
generated higher log(KPOM) and more hydrophilic compounds generated lower log(KPOM). The
coefficients for the PAHs were similar to the more hydrophobic methylated PAHs and the most
alkylated dibenzothiophene.

5. Discussion
The purpose of this study, to produce water-partition coefficients, KPOM, for a number of PAHs,
methylated PAHs and dibenzothiophenes was done by usage of passive polyoxymethylene samplers
and GC/MS analysis. The results from the GC/MS analysis were considerably reliable due to linearity
(except for 7,12-Dimethylbenz(a)anthracene that had r2 < 0.993) and RSD of the calibration standards
RRF that were in the allowed range for the PAHs and below 27 % for the methylated PAHs and the
dibenzothiophenes. The GC/MS method had the specificity needed for detecting and quantifying the
different analytes. The experimental set-up had its limitation, such as the equilibrium time and the
usage of the end-over-end shaker that did not work properly all the time.
Equilibrium time is depending on the chemical properties of the compounds, and less hydrophobic
PAHs reach equilibrium faster (Josefsson et al., 2015). To confirm that all compounds reached
17

equilibrium during 28 days of shaking, more time would have been needed in order to determine
when log(KPOM) gets constant. However, the trend of decreasing coefficients between 14 and 28 days
supports the thesis that the system reached equilibrium (Table A5-A7). The log(KPOM) value becoming
constant with time is an indication of equilibrium.
Since the majority of previous studies have been performed on the priority PAHs, there are few
log(KPOM) in the literature that can be used for comparison. When comparing the results in this study
to previous studies, the log(KPOM) values based on low concentrations are used, because the medium
and high concentration in the equilibrium experiment might have been too high considering the
water solubility of some compounds. Most likely, the medium and high concentrations had a greater
impact on the log(KPOM) values for the more hydrophobic (and larger) compounds than the smaller
and more hydrophilic compounds. The hydrophobicity increases with increasing numbers of rings
and increasing alkylation of the side chains. These larger compounds have low solubility in water,
leading to less analytes solved in the water phase and consequently unsolved crystalized compounds.
As a result, the KPOM values are lower than expected, especially for the hydrophobic compounds in
the higher concentrations. To make sure that the majority of the spiked analytes were soluble in the
water phase it would have been more beneficial to use 1µg as the highest concentration and two
lower concentrations.
The log(KPOM) values obtained from the lowest concentration were used for all compounds in
comparisons with coefficients from other studies. The log(KPOM) values for the methylated PAHs in
this study were similar to the values in a study by Hawthorne et al. (2011). 2-methylnaphtalene in
this study had log(KPOM) 3.06, compared with log(KPOM) 3.36 in the other study. 1-methylnaphtalene
in this study had log(KPOM) 3.43, compared with log(KPOM) 3.32 in the other study. Merged log(KPOM)
values for naphthalenes substituted with two or more methyl groups from the study by Hawthorne
et a. 2011 correspond well with log(KPOM) for 1,6-dimethylnaphtalene and 2,3,5Trimethylnaphthalene determined in this study. Log(KPOM) for dimethylated (C2) naphtalenes were
3.59 in the other study, compared with 3.80 for 1,6-dimethylnaphtalene in this study. Log(KPOM) for
trimethylated (C3) naphtalenes were 3.64 in the other study, compared with 3.87 for 2,3,5Trimethylnaphthalene in this study. The values in the study by Hawthorne et al. 2011 are based on
contaminated soil or sediment samples collected in the field and spiked with a creosote solution,
which can explain the smaller differences in log(KPOM) values. Log(KPOM) for Benzo(e)pyrene (5.67) in
the study by Hawthorne et al. (2011) was similar to this study (5.38).
The log(KPOM) values of dibenzothiophenes in this study were similar to the log(KPOM) values of
oxygenated PAHs (oxy-PAHs) in an earlier study (Josefsson et al., 2015). For example, 2Methyldibenzothiophene in this study had log(KPOM) 3.10 compared with 3.13 for 9-Fluorenone in the
other study. These two compounds are referred to as polar polycyclic aromatic compounds and have
the same parent PAH.
The lowest standard deviations of log(KPOM) for all compounds were found amongst the coefficients
obtained after 7 days, and the largest deviations were found amongst the coefficients obtained after
14 and 28 days of exposure (Table A1-A3). The standard deviation was greatest for the coefficients
obtained from the highest concentration, for all compounds (Figure 7-9). It is more likely that the
equilibrium experiment was an uncertainty factor in the measurement rather than the extractions,
since the extractions showed good recoveries, which were 97% and 101%, respectively. One reason
why the standard deviations of log(KPOM) were great, could possibly be explained by the ten samples
that leaked during the equilibrium experiment. The two-sided ANOVA analysis showed evidence of
no statistical difference between log(KPOM) in the three exposure times for all compounds, since p >
0.05 (Figure A4, Table A5). The coefficients used from 7 days in these tests were based on only 2
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replicates, which slightly may impact the reliability of the test. The statistical ANOVA test gave
further proof that the samples used for comparison of the coefficients over time should have been
based on the low concentration.
The method of measuring the available amount of hydrophobic organic contaminants with a passive
polymer sampler is useful and convenient. Producing more water-POM coefficients for toxic
compounds will increase the accuracy of risk assessment of contaminated areas. This study produced
water-POM coefficients for 18 individual methylated PAHs, 4 dibenzothiophenes with different levels
of alkylation and 5 native PAHs, which are not included in the 16 priority compounds. Studies have
shown that the toxicity can differ between isomeric PAHs, and also depending of alkylation. For
example; adverse effects of the alkylated 5-methylchrysene and 6-methylpyrene, have been shown
(Achten & Andersson, 2015). It is better to analyse individual compounds and determine individual
KPOM for isomeric methylated PAHs since these compounds can deviate in toxicity.
One way to proceed with this study, would be to test field samples. Since the coefficients are
determined, only the POM stripes have to be extracted instead of performing a liquid-liquid
extraction on the water phase as well. The equilibrium time is only needed to know the amount of
time the polymer should be exposed to the soil or sediment samples, in order to determine the freely
dissolved concentration in the pore water.

6. Conclusions
The log(KPOM) values determined in this study are most accurate in the lowest concentrations due to
the analytes low water solubility. The log(KPOM) values based on low concentrations for the
methylated PAHs are in a range of 3.06 to 5.64, for the dibenzothiophene in a range of 3.98 to 4.79
and for the PAHs in a range of 4.11 to 5.77. These log(KPOM) values can be used in studies of
sediments and soils to measure the freely dissolved concentrations of those compounds. It will
increase the accuracy of risk assessments of contaminated areas when using individual KPOM values
for methylated PAHs, instead of merged coefficients. A change in the standardized guidelines and
regulations of measuring PAHs in contaminated soils and sediments is needed.
There is a risk of underestimating the amount of contaminants when only analysing the 16 priority
pollutants. Another risk is the usage of exhaustive extraction methods, which results in the total
concentrations of the analysed compounds in the soils or sediments. The danger with determination
of the total concentration is the potential overestimation of the risk, which could lead to a
prohibition to use the contaminated area even though the pollutants cannot be dispersed in the
environment or be harmful to organisms. US. EPA legalized the list of the priority PAHs 40 years ago
so it might be time for some changes and new methods, to accurately evaluate the pollution level
and the contaminants’ availability in contaminated areas. The most important question of them all,
on the other hand, is the one concerning the energy sources and fuels we will use in the future and if
we can find appropriate methods of reducing the emission of PAHs, methylated PAHs and
dibenzothiophenes in the environment.
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Table A1. Average log(KPOM) for the methylated PAHs and the standard deviation (SD) of the logarithmic coefficients for each
compounds in three time points.
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days
3.05

SD

0.36

28
days
2.57

1-Methylnaphthalene

2.81

0.03

3.05

0.36

2.58

0.36

1,6-Dimethylnaphthalene

2.94

0.06

3.22

0.50

2.62

0.40

2,3,5-Trimethylnaphthalene

2.98

0.13

3.23

0.55

2.60

0.40

2-Methylphenanthrene
2-Methylanthracene

2.78

0.05

3.06

0.46

2.62

0.39

2.70

0.04

2.91

0.42

2.52

0.38

2,4-Dimethylphenanthrene

2.76

0.04

2.98

0.42

2.60

0.38

2,3-Dimethylanthracene

2.75

0.01

2.90

0.38

2.51

0.38

1-Methylfluoranthene

2.78

0.02

3.00

0.40

2.63

0.37

1,2,8-Trimethylphenanthrene

2.74

0.01

2.94

0.38

2.58

0.38

1,2,6-Trimethylphenanthrene

2.73

0.00

2.91

0.39

2.57

0.38

7-Methylbenz(a)anthracene

2.71

0.02

2.90

0.38

2.54

0.37

3-Methylchrysene

2.78

0.02

2.96

0.37

2.60

0.37

2-Methylchrysene

2.79

0.02

2.97

0.38

2.62

0.36

1-Methylchrysene

2.83

0.02

3.00

0.36

2.64

0.36

6-Ethylchrysene

2.75

0.04

2.96

0.36

2.60

0.38

7,12-Dimethylbenz(a)anthracene

2.77

0.08

3.10

0.23

2.77

0,32

7-Methylbenzo(a)pyrene

2.73

0.02

2.95

0.33

2.65

0.36
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0.37

Table A2. Average log(KPOM) for the Dibenzothiophenes and the standard deviation (SD) of the logarithmic coefficients for
each compounds in three time points.
SD

Dibenzothiophene

7
days
2.87

0.07

14
days
3.22

2-Methyldibenzothiophene

2.79

0.05

2,8-Dimethyldibenzothiophene

2.77

0.01

2,4,7-Trimethyldibenzothiophene

2.71

0.01

SD
0.46

28
days
2.69

SD

3.07

0.46

2.56

0.39

3.00

0.42

2.55

0.38

2.90

0.38

2.50

0.37

0.39

Table A3. Average log(KPOM) for the PAHs and the standard deviation (SD) of the logarithmic coefficients for each
compounds in three time points.
SD

Benzo(j)fluoranthene

7
days
2.88

0.00

14
days
3.05

Benzo(c)phenanthrene

2.78

0.01

Triphenylene

2.82

0.00

Benzo(e)pyrene

2.88

Perylene

2.91

SD
0.37

28
days
2.74

SD

2.96

0.35

2.72

0.35

2.99

0.33

2.66

0.35

0.03

3.25

0.39

2.72

0.36

0.02

3.21

0.39

2.75

0.38

0.35

ANOVA statistical analysis
Null hypothesis, H0: All means are equal
Alternative hypothesis, H1: At least one mean is different
Significance level, α = 0,05

Figure A4. Tukey test at 5% significance level for 2-methylnaphtalene at the three different time points (7, 14 and 28 days).
The coefficients from 7 days are based on only 2 replicates.
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The pooled standard deviation is used to calculate the intervals.

Figure A5. Interval plot for 2-methylnaphtalene at the three different time points (7, 14 and 28 days). The coefficients from 7
days are based on only 2 replicates.
Table A4. P-values obtained from statistical two sided ANOVA tests of variance for each compound over time, at 5%
significance level. Since p > 0.05 was the null hypothesis accepted, showing evidence that all means were equal over time.
Compound

p-value

2-Methylnaphthalene

0.286

1-Methylnaphthalene

0.279

1,6-Dimethylnaphthalene

0.276

2,3,5-Trimethylnaphthalene

0.285

Dibenzothiophene

0.308

2-Methyldibenzothiophene

0.346

2-Methylphenanthrene

0.431

2-Methylanthracene

0.466

2,8-Dimethyldibenzothiophene

0.373

2,4-Dimethylphenanthrene

0.480

2,4,7-Trimethyldibenzothiophene

0.418

2,3-Dimethylanthracene

0.442

1-Methylfluoranthene

0.466

1,2,8-Trimethylphenanthrene

0.483

1,2,6-Trimethylphenanthrene

0.525

Benzo(c)phenanthrene

0.690

Triphenylene

0.548

7-Methylbenz(a)anthracene

0.476

3-Methylchrysene

0.475

2-Methylchrysene

0.467

1-Methylchrysene

0.456
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6-Ethylchrysene

0.454

7,12-Dimethylbenz(a)anthracene

0.282

Benzo(j)fluoranthene

0.558

Benzo(e)pyrene

0.486

Perylene

0.573

7-Methylbenzo(a)pyrene

0.536

Table A5. The log units in difference of KPOM between 7 and 14 days of shaking, and 14 and 28 days of shaking for
dibenzothiophenes. The compounds are listed in an order with increasing hydrophobicity.
14 minus 7

28 minus 14

Dibenzothiophene

0.35

0.53

2-Methyldibenzothiophene

0.29

0.51

2,8-Dimethyldibenzothiophene

0.23

0.45

2,4,7-Trimethyldibenzothiophene

0.19

0.40

Table A6. The log units difference of KPOM between 7 and 14 days of shaking, and 14 and 28 days of shaking for methylated
PAHs. The compounds are listed in an order with increasing hydrophobicity.
14 and 7

28 and 14

2-Methylnaphthalene

0.24

0.48

1-Methylnaphthalene

0.25

0.48

1,6-Dimethylnaphthalene

0.28

0.60

2,3,5-Trimethylnaphthalene

0.25

0.63

2-Methylphenanthrene

0.28

0.44

2-Methylanthracene

0.21

0.39

2,4-Dimethylphenanthrene

0.23

0.38

2,3-Dimethylanthracene

0.15

0.39

1-Methylfluoranthene

0.23

0.38

1,2,8-Trimethylphenanthrene

0.21

0.36

1,2,6-Trimethylphenanthrene

0.18

0.34

7-Methylbenz(a)anthracene

0.19

0.36

3-Methylchrysene

0.18

0.35

2-Methylchrysene

0.18

0.36

1-Methylchrysene

0.17

0.36

6-Ethylchrysene

0.22

0.37

7,12-Dimethylbenz(a)anthracene

0.34

0.33

7-Methylbenzo(a)pyrene

0.21

0.29
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Table A7. The log units difference of KPOM between 7 and 14 days of shaking, and 14 and 28 days of shaking for PAHs. The
compounds are listed in an order with increasing hydrophobicity.
14 and 7

28 and 14

Benzo(j)fluoranthene

0.16

0.30

Benzo(c)phenanthrene

0.18

0.24

Triphenylene

0.16

0.33

Benzo(e)pyrene

0.37

0.53

Perylene

0.30

0.46
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Figure A6. Chromatogram of a POM extract sample analyzed in GC/MS.
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