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TIIVISTELMA

Mikromuovien ja eraiden haitallisten aineiden esiintymista hulevesissa
seka suotovesissa on tutkittu melko vahan. Taman pilottitutkimuksen
tarkoituksena oli selvittdd muovien ja niihin liittyvien haitallisten aineiden
yhtaaikaista esiintymista hulevesissa ja yhden vanhan suljetun
kaatopaikan suotovesissa. Lisaksi tyossa pyrittiin arvioimaan
mikromuovien ja naiden haitallisten yhdisteiden mahdollista kulkeutumista
meriymparistoon.

Haitallisten aineiden ja mikromuovien maaran selvittdmiseksi naytteita
otettiin kahdesta naytteenottopisteesta Lansi-Helsingissa joulukuussa
2015 ja huhtikuussa 2016. Ensimmainen edusti ainoastaan hulevetta ja
toinen paaasiassa vanhan suljetun kaatopaikan suotovetta. Molemmat
vedet purkautuvat suoraan ymparistoon. Naytteista analysoitiin
mikromuovien seka eraiden PAH-, PCB-, PBDE- ja PFAS-yhdisteiden
seka ftalaattien pitoisuudet.

Mikromuoveja ja haitallisia aineita 10ytyi jokaisesta tutkitusta naytteesta.
Mikromuoveista kuituja havaittin enemman hulevedesta kuin suljetun
kaatopaikan viereisesta Matajoesta, kun taas synteettisia partikkeleita oli
enemman Matajoessa. Suljettu kaatopaikka osoittautui PAH-, PFAS- ja
PCB-yhdisteiden lahteeksi. Korkeimmat PBDE- ja ftalaatti-pitoisuudet
havaittiin puolestaan Matajoessa.

Orgaanisen aineksen ja kiintoaineen maara voi vaikuttaa joidenkin
huonosti veteen liukenevien haitallisten yhdisteiden pitoisuuksiin erityisesti
hulevesissa. Lisaksi sateen vaikutus erityisesti suljetulta kaatopaikalta
huuhtoutuvien yhdisteiden pitoisuuksiin voi olla merkittava. Eraat PAH-
yhdisteet ylittivat kaatopaikan viereisessa Matajoessa seka Haagan
hulevedessa niille asetetut raja-arvot.

Asiasanat: PAH, ftalaatit, PCB, PBDE, PFAS, hulevedet, suotovedet,
mikromuovit
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ABSTRACT

Knowledge and studies on the occurrence of microplastics and certain
harmful substances in urban runoffs and landfill leachates is still scarce.
The aim of this pilot study was to estimate the simultaneous occurrence of
plastics and plastic related pollutants in urban runoffs and leachates in an
old and closed landfill located close to the shoreline. In addition, the role of
urban runoffs and landfill leachates as an emission source to marine
environment was estimated.

Samples were taken from two locations in western Helsinki in December
2015 and in April 2016. The first sampling point represented urban runoff
alone and the second sampling point mainly leachates from a former
landfill. The urban runoff and leachates are discharged directly into the
environment. Microplastics as well as certain PAHs, PCBs, phthalates,
PBDEs and PFASs were analyzed from these samples.

Microplastics and harmful substances were detected in all the samples.
Considering microplastics, fibres were found more in the urban runoff
samples than in the Matajoki brook next to the former landfill, where, on
the other hand, the concentration of synthetic particles was higher. The
former landfill turned out as a source of PAHs, PCBs and PFASSs to the
environment, whereas PBDEs and phthalates were detected with higher
concentrations in the Matajoki brook.

The amount of organic and solid material may affect on the concentrations
of certain substances of lower water solubility especially in the runoffs.
Moreover, the influence of heavy rain especially to the concentrations of
leachates can be significant. Certain PAH compounds exceeded certain
limit values in the urban runoff of Haaga and the Matgjoki brook next to the
former landfill.

Key words: PAH, phthalates, PCB, PBDE, PFAS, urban runoffs, landfill
leachates, microplastics
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1 INTRODUCTION

Plastic has become an essential material for the present, modern living. Its
cost-effectiveness with unique properties such as resistance in terms of
temperature, light and chemicals as well as mouldability with strenght
makes it suitable for a wide range of uses. The uses of plastic cover
products from the packaging and construction industry to a large variety of
household products. (Andrady & Neal 2009.)

Due to the above, plastic also poses some serious problems to the
environment, especially in the marine environment. Plastics are able to
fragment to smaller pieces in the environment but complete natural
biodegradation does not take place within any reasonable time scale.
(Rios, Moore & Jones 2007.) Plastic can end up to the oceans via various
routes. Land-based sources have been approximated to account up to
80% of the total litter in the oceans whereas the remaining part originates
from sea based activities such as fishing, transportation and aquaculture.
(Andrady 2011.) The most important land-based sources are insufficiently
managed landfills, waste dumping, littering and transportation via waste
water treatment plants, urban runoffs and rivers (UNEP 2005). Plastic can
end up to the environment as larger items and fragments called mega-
and macroplastics as well as smaller particles called microplastics
(Barnes, Galgani, Thompson & Barlaz 2009).

In the marine environment, in addition to physical harm such as
entanglement and ingestion, plastics are able to transport pathogens, alien
species and even hazardous substances for long ranges. It is assummed
that plastics can also enhance the bioaccumulation of certain hazardous
substances via animal ingestion. (Munne 2016.)

Many plastic polymers often require additives to improve their properties.
Additives can be used as plasticizers, stabilizers, colouring agents and
flame retardants. Phthalates are an example of one widely used plasticizer
whereas polybrominated diphenyl ethers (PBDE) were commonly used as

flame retardants in plastics. (Andrady & Neal 2009; Darnerud, Eriksen,



Jéhannesson, Larsen & Viluksela 2001.) Moreover, perfluorinated
alkylated substances (PFAS) are used as additives in plastic products
which require stain, water and grease repellent properties
(Miljedirektoratet 2013). In addition, plastic may contain other undesirable
substances such as polycyclic aromatic hydrocarbons (PAH), which can
be generated during plastic production as a byproduct (Bergmann, Gutow
& Klages 2015).

In addition to additives, the tendency of plastics to adsorb contaminants on
surfaces has created a new kind of concern (Bergmann et al. 2015.) Many
hydrophobic, hazardous substances belonging to the group of organo
chlorine pesticides (OCP), polychlorinated biphenyls (PCB) and PAHs
have been discovered to be adsorbed on plastics. These compounds may
eventually end up into the food webs via plastic ingestion (Rios et al.
2007). However, the recent findings have given only few answers on the
actual harm of plastic related contaminants, and actually raised more very
basic questions. For example, the knowledge on the simultaneous
occurrence of microplastics and harmful substances related to them in the

urban runoffs and landfill leachates still remains scarce.

This first pilot study contributes to Finnish national research on the
occurrence of plastic particles and hazardous substances in the urban
environment. The aim of the study is to clarify the simultaneous
occurrence of plastics and certain plastic related pollutants as well as the
significance of urban runoffs and leachates as a source and a pathway to

marine environment.



2 PRODUCTION OF PLASTIC

2.1 Production and lifespan of plastic

The production of existing plastic begun in the nineteenth century as the
development of modern thermoplastics started (Andrady & Neal 2009). In
the time period from 1950 to 2009, the global production of plastic has
increased annually approximately 9 per cent (PlasticsEurope 2010). In
2014, the global plastic production reached 311 million tonnes. The trend
of production is expected to grow even more in the future. (PlasticsEurope
2015; Statista 2016.)

In 2013, the largest sectors of plastic use of the total European demand
were packaging (39.6%) and building/construction (20.3%) together with a
sector which includes household and consumer appliances, furniture,
sport, safety and health (21.7%). The remaining share is comprised of
automotive (8.5%), electrical/electronics (5.6%) and agriculture (4.3%). In
2012, 62 % out of 25.2 million tonnes of post-consumer plastics in Europe
was either recycled or utilized as energy whereas the remaining 38 % was
landfilled. (PlasticsEurope 2015.)

It has to be taken into account that there are some challenges regarding
the recycling of plastic due to some additives considered as persistent
organic pollutants (POP) in certain articles. Incineration is the only way to
handle and destroy the POP content when certain limit values are
exceeded. Compounds classified as POPs, such as some of the flame
retardants (polybrominated diphenyl ethers, PBDE) and perfluorinated
alcylated substances (perfluorooctanesulfonic acid, PFOS), have been
used earlier in surface finishing chemicals and as additives in plastic-
based polymers. These compounds can be found for instance in furniture,

electronics and building materials. (Moliis & Myllymaa 2013.)

The global estimates of marine litter entering the ocean vary from 6.4 to 8

million tonnes annually. The role of proper waste management is a major



part of the problem as plastic can be carried by wind, rivers and runoffs
among the waste due to insufficient waste collection and landfill
maintenance. (UNEP 2005.)

2.2 Commodity plastics

Regardless of the great amount of plastic materials available on the
market, due to relatively low price and high volume, nearly 90 % of the
global plastic demand by weight is covered by low-density (LDPE) and
high-density (HDPE) polyethylene, polypropylene (PP), polyethylene
terephthalate (PET), polystyrene (PS) and polyvinyl chloride (PVC)
(Andrady & Neal 2009). Figure 1 presents demand of plastics in Europe by
polymer type in 2013.
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FIGURE 1. European demand of plastics by polymer type in 2013
(PlasticsEurope 2015)



2.2.1 Polyethylene

Polyethylene (PE) is the most common plastic resin class globally.
Considering the average densities of polyethylene, it is categorized in
different grades such as linear low density polyethylene (LLDPE), low
density polyethylene (LDPE), medium density polyethylene (MDPE) and
high density polyethylene (HDPE). The latter and LDPE are the most
commonly used. (Andrady & Neal 2009.) The average density of
polyethylene varies from 0.92 to 0.96 g/cm3 (Tripathi 2002). Nearly half of
the produced polyethylene resin is used in plastic film products, such as
carrier and freezer bags, cling wrap and irrigation hoses. Other common
applications include containers with a wide range of volume from
detergent and milk bottles to water and chemical barrels hundreds of litres
in size. It is also used in electronical cables as insulant. (Andrady & Neal
2009.) Additives are not common in polyethylene as products made of
polyethylene are very flexible, especially LLDPE and LDPE which are
commonly used in packaging. In a few applications demanding fire
resistant properties, such as cable insulations, flame retardants are added.

Also colorants are used. (Hansen, Nilsson, Lithner & Lassen 2013.)

2.2.2 Polypropylene

Polypropylene (PP) is the second most widely used thermoplastic due to
its cost-effectiveness as well as diversity in terms of mouldability and
formability. It is used especially in food industry as thin-walled containers,
barrier film pouches and stackable crates. It can be found in building
applications, for example as water pipes and geomembranes, and widely
in household and personal goods as bowls, kettles and combs. (Andrady
& Neal 2009.) The average density of PP is 0.90 g/cm® and therefore it is
the lightest of the commonly used thermoplastics (Tripathi 2002). As
polypropylene is not oxidation resistant, it is usually stabilized with
antioxidants. Other additives used are colorants and flame retardants.
(Hansen et al. 2013.)



2.2.3 Polyvinyl chloride

Polyvinyl chloride (PVC) is an exceptional plastic resin type due to its
chlorine content. Hence it is non-combustible and used only in long-lasting
products in buildings and furniture for example as piping and upholstery. It
differs from the other common plastic resins by its production process as it
is in the form of white powder which is afterwards blended with other
ingredients. (Andrady & Neal 2009.) The average density of polyvinyl
chloride is 1.4 g/lcm?® (Tripathi 2002). Polyvinyl chloride has flame retardant
properties and therefore flame retardants are not usually added. Other
additives used are colorants, stabilizers and plasticizers. (Hansen et al.
2013.)

2.2.4 Polystyrene

Polystyrene (PS) is mainly used as two different grades; for general
purpose and high-impact (HIPS) grade reinforced by polybutadiene for
more heavy-duty usage. Due to its mouldability and insulating capability
expanded polystyrene (EPS) is commonly used in consumer goods as
cups and trays as well as in buildings in insulation panels and industrial
packaging for example for TVs and washing machines. (Andrady & Neal
2009; Climate and Pollution Agency 2011.) The average density of
polystyrene varies from 1.04 g/cm®to 1.07 g/cm® (Hansen et al. 2013).
Colorants are used as additives in polystyrene. For example in building
insulation applications, flame retardants are added into expanded and
high-impact polystyrene. (Hansen et al. 2013.)

2.2.5 Polyethylene terephthalate

A few exceptional properties, such as transparency, lightweight and
carbon dioxide permeation makes polyethylene terephthalate (PET)
potentially suitable for bottles, and therefore it is the prevalent plastic resin
type in bottle production. In comparison to other common plastic resin
types its oxygen and carbon dioxide permeation ability is considerable.
(Andrady & Neal 2009.) The average density of polyethylene terephthalate



varies from 1.33 g/cm® to 1.4 g/cm® (Hansen et al 2013). Having high
chemical resistance only colorants are common additives in polyethylene
terephthalate (Hansen et al. 2013).



3 PLASTICS IN THE ENVIRONMENT

3.1 Degradability of plastics

Degradation of plastics is defined as any kind of deterioration of
properties. In practice, degradation of plastics is seen as fragmentation
into smaller particles and as weathering. In general, weathering occurs
especially in polymers which are used in outdoor applications when
exposed to high temperature conditions, UV radiation and oxygen.
Therefore, in order to obtain resistance against environmental impacts
such as light, heat and oxygen, stabilizers are used as additives in nearly
all polymers. (Yousif & Haddad 2013.) Consequently, the complete natural
biodegradation of plastic is a very slow process as commonly used
plastics are not particularly designed to naturally degrade in the
environment but conversely to be persistent (Webb, Arnott, Crawford &

Ilvanova 2012).

Degradation of plastic is known to take at least 20 years in landfill
environment. As thermo-oxidative degradation is the prevalent mechanism
of degradation in landfills the limited oxygen availability retards the
process. (Webb et al. 2012.) However, other circumstances of landfill such
as elevated temperatures, pH and physical compacting are factors which
contribute to more rapid plastic degradation (Sundt et al. 2014).

By the time a plastic object has fragmented into smaller particles it may
have undergone several different degradation mechanisms. Depending on
the circumstances, different degradation mechanisms may take place
simultaneously, and, therefore, affect considerably on the rate of
degradation. In the case of common polymers, the natural degradation
generally starts with photodegradation leading to thermo-oxidative
degradation. (Andrady 2011.) The resulting fragile particles continue
fragmenting until the molecular mass of the particles is low enough for
micro-organisms to metabolize (Gnanavel et al. 2012). In the marine
environment hydrolysis is not considered as a significant mechanism of

degradation (Andrady 2011). In fact, it has been shown that the



degradation process is retarded in the sea water in comparison to land

environment (Andrady, Pegram & Song 1993 as cited in Andrady 2011).

3.2 Degradation mechanisms of plastics

In photodegradation photons with wavelengths occurring in sunlight such
as visible light, UV light and infrared radiation, are being absorbed into
photodegradable molecule resulting polymer break down, free radicals
and decrease in molecular weight. This causes deterioration of mechanical
properties in polymers. In the presence of oxygen and elevated
temperatures photodegradative process may proceed as photo-oxidative
and thermo-oxidative degradation. (Yousif & Haddad 2013.)

Oxidation occurs at high temperatures for most polymers. Primary
products of oxidation of polyalkenes such as polyethylene and
polypropylene are hydroperoxides which with the presence of radicals
cause cleavage in the polymer chain. Thermo-oxidative degradation is
highly dependent on the plastic structure and therefore it differs between
plastic types. For example low-pressure polyethylene loses whole
mechanical strenght when exposed to 100 °C for 48 h in the presence of
air whereas polypropylene film degrades completely after short-term
heating at 100 °C. (Crompton 2010.)

In biodegradation polymers are decomposed biologically and the process
is initiated by enzymes of micro-organisms, mostly by bacteria. In
biodegradation the micro-organism attaches to the polymers surface and it
follows growth when micro-organism utilizes the polymer as a carbon
source. Eventually mineralization takes place as the polymer is degraded.
Biodegradation is dependent on the chemical structure of the polymer and
former degradation conditions and therefore the rate of degradation varies
on different polymer types. (Gnanavel, Mohana Jeya Valli &
Thirumarimurugan 2012.)
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3.3 Emissions and effects of plastics in the environment

3.3.1 Size classification of environmental plastics

Plastics in the marine environment can be coarsely classified in two main
groups based on their size: microplastics and macroplastics. The definition
of microplastics varies among researchers but according to a workshop
convened by the National Oceanic and Atmospheric Administration
(Arthur, Baker & Bamford 2009) they are defined as plastic particles less
than 5 mm in size. Consequently plastic pieces above 5 mm are
considered as macroplastics. (Arthur et al. 2009.) However, depending on
the researcher plastic particles less than the defined size are occationally
referred as microplastics (Andrady 2011). To be specific, the smaller
classified group of plastic particles are characterized smaller than 1 um in
size and termed as nanoplastics (Bergmann et al. 2015).

3.3.2 Origins and occurrence

Microplastics can be divided as primary and secondary microplastics.
Primary microplastics are intentionally produced microbeads or
microspheres used in consumer products for example in exfoliating
personal care products or in commercial or industrial products and
processes as abrasive media as well as in specialty chemicals and
medical applications. Also resin pellets used in plastic production are
classified as primary microplastics. Secondary microplastics cover
fragments of larger particles as well as fibres originated from textiles.
(Sundt et al. 2014.)

Considering urban runoffs, sources include plastic dust emissions
originating cities such as abrasion of tires, road paint and other paints
weathering from exterior surfaces. Moreover waste handling and recycling
creates microplastics. (Sundt et al. 2014.) Microsized particles easily end
up into the aquatic environments via runoffs and some cases even via
landfill leachates (Andrady 2011; Sundt et al. 2014).
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3.3.3 Effects in the marine environment

In general, the polymer types of smaller density than the seawater are
buoyant. The sea water density is mainly result from temperature and
salinity of the sea water, increasing with both of these variables. The
average seawater density is 1.03 g/cm?®. (Wright & Colling 1995.) Average
densities of common polymers are shown in Table 1. However, plastic
may sink when its density increases due to waterlogging or in adsorbtion
of epibiota and consequently plastic has been found globally on the
seabed. (Barnes et al. 2009.) It is estimated that only 15 % of the marine
litter that enters the sea floats, 15 % ends up to beaches and the
remaining 70 % sinks to the seabed (UNEP 2005).

TABLE 1. Average densities of common polymers (Tripathi 2002; Hansen
et al. 2013)

Polymer type Average density
Polyethylene (PE) 0.92-0.96 g/cm?
Polypropylene (PP) 0.90 g/cm®
Polyvinyl chloride (PVC) 1.4 g/cm’
Polystyrene (PS) 1.04-1.07 g/cm?
Polyethylene terephthalate (PET) 1.33-1.4 g/cm?

Hundreds of marine species are affected by marine debris, mainly plastics.
Main problems arising from encounter of plastic and marine organisms are
ingestion and entanglement. (Secretariat of the Convention on Biological
Diversity 2012.) The species affected by plastic covers all trophic levels
including invertebrates, fishes, reptiles, birds and marine mammals.
(NOAA 2014a.)

Entanglement causes physical troubles by disrupting feeding, decreasing
moving ability which may lead to serious injuries and eventually death
(NOAA 2014b). It has been reported that approximately 136 species suffer
from engtanglement worldwide, including sea turtles, marine mammals,

sea birds, fishes, crustaceans and squids (Laist 1997). On the contrary,
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ingestion of plastic by marine species is a problem which impacts are not
well enough known so far (NOAA 2014a). The rates of which plastic
ingestion has been reported to occur are relatively high: for example 86%
of sea turtle species (6 out of 7), 36% of sea birds and 23% of marine
mammals with total number of 177 species have been evinced to ingest

marine plastic. (Laist 1997.)

It is still being studied how contaminants attached to plastic really affect
organisms as a consequence of the plastic ingestion. There are some
species which have the ability to excrete debris from their system in a way
it passes not through their digestive system. However, regarding some
species plastic has been reported to pass through their digestive system
with extended time periods. (NOAA 2014a.) This may cause for example
reduction in food intake and gastrointestinal blockages (Barnes et al.
2009; Teuten, Saquing, Knappe, Barlaz, Jonsson, Bjorn, Rowland,
Thompson, Galloway, Yamashita, Ochi, Watanuki, Moore, Viet, Tana,
Prudente, Boonyatumanond, Zakaria, Akkhavong, Ogata, Hirai, lwasa,
Mizukava, Hagino, Imamura, Saha, & Takada 2009). It has been shown
that for example in some invertibrates transference through guts epithelial
lining into body tissues may occur (Browne, Dissanayake, Galloway, Lowe
& Thompson 2008). This arises major concern with regard to the
hazardous substances that plastic particle may transport inside the

organisms.

Research on effects of different plastic and contaminant mixtures is
required. It has been found that for example the duration of microbial
degradation of a certain PAH compound, phenantrene, differs between
polyethylene and polypropylene polymers. (Hatzinger & Alexander 1997).
Therefore it is difficult to study interactions between different contaminant
and plastic mixtures due to their complexity. Plastic can have an
increasing effect, among other things, on the environmental persistance of
the contaminants besides their transport abilities (Teuten et al. 2009).

Plastic related pollutants determined in the study are shown in Figure 2.
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Plastic related pollutants
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FIGURE 2. Adsorbed (PCB), ingredients (phthalates, PFAS, PBDE) and
byproduct (PAH) pollutants related to plastic determined in the study.
(Modified from the original figure from Bergmann et al. 2015; Kallenborn,
Berger & Jarnberg 2005; Barcelo, Al-Harbi, Karapanagioti, Ginebreda,
Llorca & Sanchis 2012)
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4 HAZARDOUS SUBSTANCES RELATED TO PLASTICS

4.1 Polycyclic aromatic hydrocarbons

Fundamentally hydrocarbons consist purely of hydrogen and carbon.
Hydrocarbons occur naturally in two forms: either nonaromatic or aromatic
with regard to its structure. Aromatic hydrocarbons are often composed of
multiple fused rings. (Walker 2009.) Phenantrene that belongs to the
group of polyaromatic hydrocarbons (PAH) is shown in Figure 3. Known
PAH compounds are more than 100 but Environmental Protection Agency
(EPA, US) has prioritized 16 PAH compounds based on their importance
(Lassen, Hoffmann & Thomsen 2011). These compounds are determined
in the study and they are listed in Table 2.

FIGURE 3. Chemical structure of phenantrene (ChemWiki 2016)

The main sources of PAHSs to environment are incomplete combustion of
organic compounds and crude oil discharges. The atmospheric PAH
emissions caused by combustion eventually ends up in surface waters
due to precipitation or diffusion of particles. (Walker 2009.) PAHs can be
found in plastic itself as byproduced for example in extender oils and
carbon black to improve a number of the properties of plastic (Bergmann
et al. 2015; Lassen et al. 2011). Products known to contain PAHs include
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for example tyres and other products which contain rubber as well as
variety of toys (Lassen et al 2011). Therefore, in addition to the direct
leaching, the disposal of waste containing PAHs might be a possible

emission source via leachates to marine environment as well.

The harmfulness of aromatic hydrocarbons to environment as well as
human health is due to their carsinogenic and mutagenic properties.
(Walker 2009.) As having low water solubility and high octanol-water
partition coefficients (Kow) PAHs are hydrophobic and therefore tend to
become adsorbed to aquatic organisms, and as recent studies (Fisner,
Taniguchi, Moreira, Bicego & Turra 2013; Rios et al. 2007) evinces, to
microplastics. (Walker 2009; Stogiannidis & Laane 2015.) The water
solubility, among other properties, is dependent on the molecular weight of
the compound and therefore lower molecular weight PAHs, such as
naphthalene (NAP), are more water soluble than PAHs with higher
molecular weight. On the contrary, the carsinogenic and mutagenic
properties occur mainly in the higher molecular mass PAHSs, such as
benzo[a]pyrene (BaP). (Stogiannidis & Laane 2015.) As being ingested,
some of the aquatic invertebrates biomagnify PAHs. However, higher in
the food chain organisms are able to metabolize them and therefore
biomagnification does not extend up the food chain. As having no
functional groups PAHs are chemically quite nonreactive but in the
presence of oxygen and UV radiation photodecomposition may occur
resulting oxidative products such as endoperoxines and quinones, which
can show significant toxicity to marine species, especially to fish. (Walker
2009.)
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TABLE 2. 16 PAH compounds determined in the study

Molecular CAS-

Name Abbreviation formula number
Naphthalene NAP CioHs 91-20-3
Acenaphthylene ACY Ci2Hs 208-96-8
Acenaphthene ACP C12H1o 83-32-9
Fluorene FLR Ci3Hio 86-73-7
Phenanthrene PHE CiaH1o 85-01-8
Anthracene ANT CiaH1o 120-12-7
Fluoranthene FLT Ci6H1o 206-44—-0
Pyrene PYR CisH1o 129-00-0
Benzo[a]anthracene BaA CigH12 56-55-3
Chrysene CHR CigH1z 218-01-9
Benzo[b]fluoranthene BbF CyoH12 205-99-2
Benzo[k]fluoranthene BkF CyoH12 207-08-9
Benzo[a]pyrene BaP CyoH12 50-32-8
Indeno[1,2,3-cd]pyrene IcP CyoHis 193-39-5
Dibenzo[a,h]lanthracene DhA CxHug 53-07-3
Benzo[ghi]perylene BgP CyoH1o 191-24-2

4.2 Polychlorinated biphenyls

Polychlorinated biphenyls (PCB) are a group of synthetic compounds used
widely in industry. In commercial use PCBs occur in various mixtures of
congeners manufactured by chlorinating biphenyls. (Walker 2009.)
Fundamentally PCBs consist of two phenyl rings with delocalized
electrons. This is shown in Figure 4.
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FIGURE 4. The fundamental structure of polychlorinated biphenyls (Trédi
2016)

Chlorine substitutes some of the hydrogens of the phenyl rings. The
resulting formation is called congener. If considering all the possible
variations of chlorine substitution, in theory PCBs has 209 different
congeners. Approximately 130 congeners have been found in commercial
products. The amount of chlorinated congeners indicates the chlorination
level of a PCB compound. (Walker 2009.)

The uses of PCBs are diverse: they are used for example in electronics as
insulators in capacitors and transformers, in transferring heat, in oil
production and as plastizicers mainly in paints (Walker 2009). In general
PCBs occur in mixtures of different congeners. In the present PCBs are
not produced due to their harmfulness but they are still released to the
environment via hazardous waste from landfills and irregular hazardous
waste sites as well as from PCB containing waste incineration. (U.S.
Department of Health and Human Services 2000.)

PCBs are chemically low reactive and stable compounds occurring in quite
high densities. In general PCBs are of low water solubility and high
lipophilicity. The water solubility decreases and octanol-water partition
coefficient (Kow) increases as the level of chlorination increases. (Walker

2009.) As being easily volatile PCBs may drift long distances from the
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original releasing point via air (U.S. Department of Health and Human
Services 2000). Consequently PCBs have been found widely in the
environment, including sea water and sediment. As being hydrophobic
they tend to become adsorbed to solid particles in the sea. Adsorption on
plastic has been found to occur for example in the case of plastic resin
pellets. (Endo, Takizawa, Okuda, Takada, Chiba, Kanehiro, Ogi,
Yamashita & Date 2005.) PCBs are listed as persistent organic pollutants
(POP) to the Stockholm Convention. They have been found toxic
especially to fish, and in addition they have been found to have harmful
effects on reproduction and immune system of various species.
(Stockholm Convention 2016.) They are found to bioaccumulate especially
in marine mammals and fish and therefore they extend up in the food
chain. (U.S. Department of Health and Human Services 2000.) PCB

congeners determined in the study are shown in Table 3.

TABLE 3. PCB congeners determined in the study

Name Abbreviation CAS-number
2,2',4,5,5'-Pentachlorobiphenyl PCB-101 37680-73-2
2,3,3',4,4'-Pentachlorobiphenyl PCB-105 32598-14-4
2,3,3',4',6-Pentachlorobiphenyl PCB-110 38380-03-9
2,3',4,4',5-Pentachlorobiphenyl PCB-118 31508-00-6
2,2',3,4,4',5'-Hexachlorobiphenyl PCB-138 35065-28-2
2,2',3,4',5',6-Hexachlorobiphenyl PCB-149 38380-04-0
2,2',4,4',5,5'-Hexachlorobiphenyl PCB-153 57465-28-8
2,3,3',4,4',5-Hexachlorobiphenyl PCB-156 38380-08-4
2,2',3,3',4,4' 5-Heptachlorobiphenyl PCB-170 35065-30-6
2,2',3,4,4',5,5'-Heptachlorobiphenyl PCB-180 35065-29-3
2,2',3,4',5,5',6-Heptachlorobiphenyl  PCB-187 52663-68-0
2,4,4'-Trichlorobiphenyl PCB-28 7012-37-5
2,4',5-Trichlorobiphenyl PCB-31 16606-02-3
2,2',5,5'-Tetrachlorobiphenyl PCB-52 35693-99-3
2,3',4,4'-Tetrachlorobiphenyl PCB-66 32598-10-0
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4.3 Phthalates

Phthalates are a group of substances consisting of phthalate esters
produced from oil by alcohol esterification. Phthalates are used in the
plastic production as additives, in general termed as plasticizers. (Cousins,
Remberger, Kaj, Ekheden, Dusan & Brorstrom-Lundén 2007.) The
function of plasticizers in plastics is to improve their workability and
flexibility (European Chemicals Bureau 2008). In the basic structure
another ring of the two original fused phenyl rings is occupied by four
oxygens of which two is bounded by double bonds. The structure is shown

in Figure 5.
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FIGURE 5. Fundamental structure of phthalate ester (Markes International
2013)

With regard to their prevalent additive usage in flexible PVC products
phthalates are very widespread. These products are produced for
industrial and consumer uses including a large amount of building
insulation products such as wires and cables, flooring, roof and wall
covering and sealants as well as clothing, car products, for example under
coatings and car seats, shower curtains and prints on textiles among other
products. (Hansen et al. 2013.) Especially, previously the most common
plasticizer, di(2-ethylhexyl) phthalate (DEHP), is known to be used in

polymers, mainly in polyvinyl chloride (European Chemicals Bureau 2008).
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It has been found that DEHP percentage by weight in flexible PVC-
products is typically 30 % (Kroschwitz 1998 according to European
Chemicals Bureau 2008). For example DEHP is assumed to remain
persistent during its attachment in the matrix. However, as plasticizers are
not chemically attached to the matrix of the polymer leaching occurs, in
addition to manufacturing, during usage and after the disposal of the
product. During the disposal the largests DEHP emissions originate from
landfills via leachates. (European Chemicals Bureau 2008.)

It has been shown that phthalates are not as biodegradative as was
previously understood (Beauchesne, Barnabe, Cooper & Nicell 2007).
Consequently bioaccumulation in organisms have emerged a new kind of
concern. The bioaccumulation appears to vary between the species and
depending on the plasticizer. Especially regarding DEHP, bioaccumulation
occurs seemingly more in invertebrates than vertebrates. In general,
DEHP is considered to be not very water soluble. (Oehlmann, Shulte-
Oehlmann, Kloas, Jagnytsch, Lutz, Kusk, Wollenberger, Santos, Paull,
Van Look & Tyler 2009.) However, the water solubility and octanol-water
partition coefficients (Kow) of DEHP have been reported to range widely.
(European Chemicals Bureau 2008). It has been shown that phthalates
affect on a large variety of species in marine environment including
annelids, molluscs, crustaceans and fishes. The effects are mostly
disturbances regarding development and reproduction such as larval
development disruption and reduction in offspring production. The species
have shown clear altering sensitivity to plasticizers such as DEHP,
dimethyl phthalate (DMP), dibutyl phthalate (DBP) and diisononyl
phthalate (DINP) with respect to the concentrations in the water. For
example the most effects of the named compounds for molluscs and
crustaceans occurred in the concentration range of ng/L to pg/L whereas
for fish the respective range was from pg/L to mg/L. (Oehlmann et al.
2009.) The determined phthalate compounds in the study are shown in
Table 4.
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TABLE 4. Phthalate compounds determined in the study

Name Abbreviation CAS-number
Dimethyl phthalate DMP 131-11-3
Diethyl phthalate DEP 84-66-2
Diisobutyl phthalate DiBP 84-69-5
Dibutyl phthalate DBP 84-74-2
Dipentyl phthalate DPP 131-18-0
Dihexyl phthalate DHP 84-75-3
Di-2-ethylhexyl phthalate DEHP 117-81-7
Benzyl butyl phthalate BBP 85-68-7
Dioctyl phthalate DOP 117-84-0
Diisononyl phthalate DINP 68515-48-0
Diisodecyl phthalate DIDP 68515-49-1

4.4 Polybrominated diphenyl ethers

Polybrominated diphenyl ethers (PBDE) are a group of substances, mostly

associated as plastic additives called brominated flame retardants which

were formerly used widely in the plastic production (Darnerud et al. 2001).

PBDEs are produced by brominating diphenyl ether. The fundamental

structure consists of two phenyl rings attached to each other via oxygen

bridge (Ministry for the Environment 2010). The structure is shown in

Figure 6.

Bro—-
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FIGURE 6. Fundamental structure of polybrominated diphenyl ethers
(Ministry for the Environment 2010)

Similar to PCBs, PBDEs occur in different congeners depending on the
amount and location of bromine atoms on the phenyl rings. In theory, the
possible amount of different congeners of PBDEs is 209. (Ministry for the
Environment 2010.) Congeners are further divided into 10 congener
groups called mono- to decabromidiphenyl ethers. Despite the large
theoretical number of congeners, the amount used in commercial products
is relatively small. (Darnerud et al. 2001.) The production of commercially
the most widely used pentaBDE and octaBDE has been banned in the EU
and the United States whereas decaBDE is still in use to a certain extent
(Axelrad 2009).

The flame retardant ability of PBDEs is based on chemical reduction and
retardation by thermal decomposition of the bromo-organic compound.
Therefore the higher bromination level indicates better flame retardant
properties. The typical concentrations added varies between 5-30% in
products, being commonly used for example in high impact polystyrene
(HIPS). Products containing PBDEs include circuit boards and cabinets in
televisions and computers, other electronics such as switches, capacitors
and cables, textiles and building materials. It has been found that PBDEs

leach out from the products during their use. (Darnerud et al. 2001.)

With regard to PBDEs use they are quite resistant in terms of physical,
chemical and biologic degradability. In general, PBDEs are lipophilic and
of low water solubility which is dependent on the amount of bromine
congeners in the mixture. The higher bromination rate of the compound
indicates smaller water solubility. High lipophilic ability and degradation
resistance follow up the detected accumulation of PBDEs in aquatic
organisms and habitats. The extent of accumulation is found to be inverse
in relation to the rate of bromination of the PBDE congener. Moreover,
PBDEs biomagnify in the food chain of various species. (Darnerud et al.
2001.) Hexa-, hepta-, tetra- and pentaBDEs are classified as POP
compounds by the Stockholm Convention. They are the main components
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of the commercial octa- and pentaBDEs and especially pentaBDEs have
been found to have toxic effects in species. (Stockholm Convention 2016.)
PBDEs have been found in several species including marine mammals,
fishes and invertebrates (Boon, Lewis, Tjoen-A-Choy, Allchin, Law, de
Boer, Tennhallers-Tjabbes & Zegers 2002). PBDEs determined in the

study are shown in Table 5.

TABLE 5. PBDEs determined in the study

Name Abbreviation = CAS-number
2,2',4,4',6-Pentabromodiphenylether BDE-100 189084-64-8
2,2',4,4',5,5'-Hexabromodiphenylether BDE-153 68631-49-2
2,2',4,4',5,6'-Hexabromodiphenylether BDE-154 207122-15-4
2,2',3,4,4',5',6-Heptabromodiphenylether BDE-183 207122-16-5
2,2'.3,3',4,4'5,5',6,6'-

Decabromodiphenylether BDE-209 145538-74-5
2,4,4'-Tribromodiphenylether BDE-28 41318-75-6
2,2',4,4'-Tetrabromodiphenylether BDE-47 5436-43-1
2,3',4,4'-Tetrabromodiphenylether BDE-66 189084-61-5
2,2',3,4,4'-Pentabromodiphenylether BDE-85 182346-21-0
2,2',4,4',5-Pentabromodiphenylether BDE-99 60348-60-9

4.5 Perfluoroalkyl substances

Per- and polyfluoroalkyl substances (PFAS) are compounds where fluorine
atoms are covalently bonded to carbon chains with various lengths.
Polyfluorinated compounds refer to a compound where fluorine atom has
replaced at least one of the hydrogen atoms whereas a compound is
perfluorinated when fluorine atoms have replaced all of the hydrogens
attached to carbon. (Buck, Franklin, Berger, Conder, Cousins, de Voogt,
Jensen, Kannan, Mabury & van Leeuwen 2011.) The structure of a typical
compound belonging to PFASs called perfluoro-octanoic acid (PFOA) is
shown in Figure 7. Due to the strong C-F bond, PFASs were initially
considered biologically inert until the late 1990s when increasing number
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of scientific publications showed their potential environmental hazard.
(Kallenborn et al. 2005.)
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FIGURE 7. Chemical structure of perfluoro-octanoid acid (Barcelo et al.
2012)

Before the concerns on the hazardous nature of PFASSs, especially PFOA
and perfluorooctanesulfonic acid (PFOS) were widely used in industrial
and household products, mainly in surfactants and polymers. In polymers
the uses include food-contact papers and materials in cooking, water
repellents, grease-proofs and textile stains. Surfactant uses include
aqueous film-forming foams (AFFFs) and a number of coatings for
example in water-proof purposes in textiles. (Miljgdirektoratet 2013.) There
are some regulations regarding PFASSs, for example perfluorooctane
sulfonate (PFOS) is included to the Stockholm Convention and its use in
fire fighting foams has been widely banned due to its harmfulness to the
environment (Regulation on persistent organic pollutants and amending
Directive 79/117/EEC 850/2004). Due to the hazardous nature and wide
use of especially longer chain PFASs such as PFOA and PFOS, they have
been started to replace by shorter chain PFASs (Biomonitoring California
2015).
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Due to their high persistency and wide use, PFASs have been found in the
environment, wildlife and humans (Miljgdirektoratet 2013). In the marine
environment PFASs have been detected in plastic pellets (Barcel6 et al.
2012). PFASs are both hydrophobic and lipophobic. (Kallenborn et al.
2005). Unlike other conventional persistent compounds PFASSs are not
sufficiently assessable by risk assessment tools such as octanol-water
partitioning coefficient (Kow) due to their strong surface-active properties.
Some of the compounds in PFAS group have turned out to be so toxic and
persistent that it has raised concerns among scientists and governments
on the possibility they might never completely degrade in the environment
(Kallenborn et al. 2005). PFASs determined in the study are shown in
Table 6.

TABLE 6. PFASs determined in the study

Carbon chain CAS-

Abbreviation

lenght number

Perfluorobutyric acid PFBA 4 375-22-4
Perfluoropentanoic acid PFPeA 5 2706-90-3
Perfluorohexanoid acid PFHxA 6 307-24-4
Perfluoroheptanoid acid PFHpA 7 375-85-9
Perfluorooctanoid acid PFOA 8 335-67-1
Perfluorononanoic acid PFNA 9 375-95-1
Perfluorodecanoid acid PFDA 10 335-76-2
Perfluoroundecanoid acid PFUdA 11 2058-94-8
Perfluorododecanoid acid PFDoA 12 307-55-1
Perfluorotridecanoid acid PFTrDA 13 72629-94-8
Perfluorotetradecanoid acid PFTeDA 14 376-06-7
Perfluorohexadecanoid acid PFHxDA 16 67905-19-5
Perfluorooctadecanoid acid PFODA 18 16517-11-6
Perfluorobutanesulfonic acid PFBS 4 29420-49-3
Perfluorohexanesulfonic acid PFHxXS 6 3871-99-6
Perfluoroheptanesulfonate acid  PFHpS 7 335-77-3
Perfluorooctanesulfonic acid PFOS 8 1763-23-1
Perfluorodecanesulfonic acid PFDS 10 13419-61-9
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5 SAMPLING

5.1 Sampling method and materials

5.1.1 Microplastics

Microplastic samples were collected by using a specific sampling device.
The device was built from three transparent tubes made of plastic
(diameter 60 mm) which were attached to one another by screwable
plastic connectors. To ensure strong attachment, O-rings made of rubber
were used between the connectors. Round shape filters (diameter 80 mm)
made of plankton net were placed between the connectors, the largest
mesh size on the top and the smallest at the bottom of the device. The
mesh sizes of the filters were 300 pm, 100 um and 20 ym. Motor-driven
pump (HondaWX15) was used to pump the water into the filter device from
the water stream. To measure the volume of the sample flow meter
attached to the pump was used. (Talvitie, Heinonen, Paakkdénen Vahtera,
Mikola, Setala & Vahala 2015.) The sampling device is shown in Figure 8.

SN

FIGURE 8. The sampling device for microplastics
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5.1.2 Water samples for the determination of hazardous substances

Samples were collected into glass jars directly from the urban runoff sewer
and leachate by placing the bottle opening against the stream. Sample
size was 1 liter excluding phthalate sample which required sample size of
2 liters. Phthalate sample jar was covered with aluminum foil in order to
prevent loss due to UV radiation. All samples were kept cold during
transportation.

5.2 Description and background of the sampling points

The samples were taken at two different locations in the western part of
Helsinki which are shown in Appendix 8. In Southern Haaga samples were
collected on the opening of an urban runoff sewer pipe. In the other
sampling site, the former landfill of Tali, the samples were taken from two
points close to each other: from the Matajoki brook and directly from the
landfill leachate running into the Matajoki brook from the former landfill of
Tali. The first samples for the determination of hazardous substances were
taken from both the Matajoki brook and from the leachate. PCBs were not
included in the runoff samples of Haaga. Collected samples by sampling
points and dates are described in Table 7.

TABLE 7. Sampling dates and collected samples by sampling points.

Haaga (runoff) Matajoki (brook) Tali (leachate)
Sampling date 60°12'41.5"N 60°12'47.6"N 60°12'47.6"N
24°53'59.8"E 24°51'03.6"E 24°51'03.6"E
PAH, PHTH, PAH, PHTH,
18.12.2015 PBDE, PFAS, MP PCB, PBDE, PFAS
PAH, PHTH, PCB,
21.12.2015 MP PBDE, PFAS
PAH, PHTH, PAH, PHTH, PCB,
18.4.2016 PBDE, PFAS, MP mP PBDE, PFAS
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5.2.1 Sampling point in southern Haaga

The samples were collected directly from the runoff water on the opening
of the sewer pipe where the rainwater system discharges into the
Haaganpuro brook. The location of the sampling point is shown in Figure
9.
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FIGURE 9. Location of the samplin‘g point of southern Haaga in western

Helsinki

Urban runoffs in Haaga district are collected to a rainwater system which
discharges into the Haaganpuro (former Matapuro) brook in southern
Haaga. The drainage area of the urban runoff system covers apartment

house areas, day care centers and schools, and the runoffs originate from
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paved areas such as streets, car parks and courtyards. The area includes
also a part of a railway zone. The areas in between the buildings consist

mainly of urban forests. (Airola, Nurmi & Pellikka 2014.) The drainage area
of the rainwater system is shown in Figure 10.

Pohjakartta: @ Helsingin kaupunkimittausosasto, alueen kunnat ja HSY, 2012
Hulevesiuomat: & Kaupunkimittausosasto, Helsinki 002/2013
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FIGURE 10. Map of the drainage area of the rainwater system (Airola et
al. 2014)

The Haaganpuro brook is a 11.6 km long urban brooke originating from
Maununneva in north-eastern of Helsinki. The drainage basin covers an

area of 10.7 km?% The Haaganpuro brooke discharges eventually into the
bay of Pikku-Huopalahti, Baltic Sea. (Saikku 2016.)
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FIGURE 11. The discharge pipe of the urban runoff system of Southern

Haaga

5.2.2 Sampling points in Tali

The sampling point was nearby the river mouth of the Matajoki brook,
approximately 400 meters away from the bay of Iso Huopalahti. The
samples were taken from the Matajoki brook and directly from the landfill
leachate discharged into the brook. The latter is seen in Figure 14. It is
known that there are several other leachate discharge points running into
the Matajoki brook from the landfill. Because microplastic analysis required
high volume of water to be filtered the samples were taken from the
Matajoki brook instead of straight from the leachate. The Matajoki brook
sample is therefore a mix of different waters from leachates, brook water,
urban runoffs to possibly sea water. The location of the sampling point is

shown in Figure 12.
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FIGURE 12. Location bf the sampling point of Tali in western Helsinki

The landfill of Tali (formerly landfill of Iso-Huopalahti) was in use during
1963-1979 and it was nearest the sea of the three large landfills in Helsinki
at the time. The landfill was not supervised but the fill is known to consist
of municipal, industrial and hazardous waste. Consequently PAHs and
heavy metals have been found on the site. (Toivola 2001 according to
Hovi 2013.) Moreover, it is known that while the landfill was in use the
industry in Helsinki has produced, among other types of waste, paint,
lacquer and solvent waste as well as PCBs, heavy metals, insecticides
and organic waste (Aluehallintovirasto 2015). Between the landfill and the
sea there is a construction waste and blasted stone zone as insulation.
The load capacity of the clay base beneath the landfill was exceeded and
therefore the oldest waste landfilled during 1960s has submerged below
the sea level. (Toivola 2001 according to Hovi 2013.) The amount of waste
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on the landfill is approximately 3.5 million m? within an area of 24 ha.
Currently there is no gas production on the site (Aluehallintovirasto 2015).
The location of the landfill with respect to the sampling point is shown in

Figure 13.
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FIGURE 13. Locations of the landfill and the sampling point in Tali

The Matajoki brook locates in both sites Helsinki and Vantaa. The total

drainage basin of the brook covers 24.4 km? and the area is inhabited by
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nearly 72,000 inhabitants. The brook originates from a marshy riverbed
located in Kaivoksela in Western Vantaa. Due to its large drainage basin
area, the brook floods easily during heavy rains. The main ditches of the
brook are Pajamaenoja, Malminkartanonoja, Hakuninmaanoja, Lassilanoja
and Konalanoja. (Helsingin kaupungin rakennusvirasto 2014.) Near its
rivermouth the Matajoki brook runs right next to the former landfill of Tali
where the samples were collected.

FIGURE 14. Sampling from the landfill leachate running into the Matajoki

brook

5.3 Sampling dates and weather conditions

The first sampling was conducted on 18" and 21°! of December in 2015.
During the sampling the precipitation was highest on 17™ (9.7 mm) and
18™ (3.0 mm) which was the first sampling day. On 20" the rainfall was 0.8
mm and on 21 which was the second sampling day, there was no rain.
The temperature varied approximately from 2 to 8 °C during the sampling
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days. The precipitation and the daily highest and lowest temperatures

around the sampling days are illustrated in Figure 15.

Weather conditions on sampling days 1 & 2 (Kaisaniemi, Helsinki)
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FIGURE 15. Weather conditions on sampling days 1 and 2 on December
2015 (llmatieteen laitos 2016)

The second sampling was conducted on April 18" in 2016. The
precipitation was highest on 17" (4.2 mm) and 18" (2.4 mm) which was
the sampling day. The temperature varied from 3.2 to 7.6 °C during the
sampling day. The precipitation and the daily highest and lowest
temperatures around the sampling day are illustrated in Figure 16.
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Weather conditions on sampling day 3 (Kaisaniemi, Helsinki)
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FIGURE 16. Weather conditions on sampling day 3 on April 2016
(Ilmatieteen laitos 2016)

The aim was to take the samples after the heavy rain event in order to

collect as much of the washed contaminants in the urban runoff water as

possible. However, different sampling times for urban runoffs and landfill

leachates has to be taken into consideration in the results as well as timing

of the sampling with respect to the beginning of the rain event.
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6 ANALYSIS

6.1 Microplastics

Microplastics were analyzed by Julia Talvitie. Stereomicroscope
(Fiberoptic — Heim LQ 1100, magnification x50) was used to identify and
count the microlitter. The analysis covered synthetic particles and fibres. In
order to avoid contamination, all the used equipment was rinsed using tap
water before the sampling. As room dust and fibres from the clothing are
potential contamination sources during transport and analyzing, three
blank samples were included in sampling in April 2016. In the case of
contamination, all the filters were rinsed and inspected with a microscope
before use. During the sampling, all the filters were kept in carefully sealed
petri dishes. (Talvitie 2016.) The characterization of the plastics was
defaulted and will be carried out afterwards. In order to obtain reliable
identification between synthetic and organic particles, FTIR (Fourier
transform infrared spectroscopy) is required but experienced microscope
user is able to identify general particles.

6.2 Polycyclic aromatic hydrocarbons

Concentrations of 16 PAH compounds were determined applying an
experiment report conducted by Brum et al. (2008). The samples were
extracted by liquid-liquid extraction method and analyzed using gas
chromatograph-mass spectrometer. The chemical structures of the

analyzed compounds are shown in Appendix 1.

6.2.1 Pretreatment of samples

All glassware was rinsed using acetone in order to remove organic
contaminants and residues. After removing the solvent, all glassware was
rinsed with extraction solvent hexane. Approximately 900 mL of ultra pure
water was analyzed among the samples at both analyzing times. All jars
with the samples and a blank sample of ultra-pure water were weighed
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and the weights were noted to determine the sample size accurately. 25
mL of hexane and 100 pL of internal standard were added into each
sample jar (Perkola 2016a). Therefore, the resulting internal standard
concentration was 400 ng/uL per sample. The samples were extracted in
the sample jars under magnetic stirring for 2 hours. After the extraction,
water and hexane phases were separated using a separating funnel, and
hexane was placed into erlenmeyer flasks.

In order to run the samples by gas chromatograph, the concentration of
the samples was to be decreased. Small water content in hexane was
removed using sodium sulfate. Water was absorbed into sodium sulfate,
and hexane was transferred into Kimax bottles for the following
evaporation. The original sample size being approximately 900 mL, the
samples were concentrated using nitrogen evaporator to the final
concentration of 0.9 mL and transferred into gas chromatograph bottles.
Samples were stored in freezer until the gas chromatographic analysis
was carried out. Pretreatment dates and sample weights are shown in
Table 8.

TABLE 8. Sample weights and pretreatment dates

Sample and sampling Sample Date of Bottle with Empty Sample
date code pretreatment sample (g) bottle (g) (g)

Runoff 18.12.2015 HP1 16.-18.3.2016 1473.6 572.8 900.8
Brooke 18.12.2015 HP2 16.-18.3.2016 1446.3 572.7 873.6
Leachate 21.12.2015 HP2.1 16.-18.3.2016 1499.4 572.2 927.2
Runoff 18.4.2016 HP3 20.-22.4.2016 1548.4 583.9 964.5
Leachate 18.4.2016 HP4 20.-22.4.2016 1527.0 496.1 1030.9
Blank 0-2 20.-22.4.2016 1460.1 504.1 956.0

6.2.2 Gas chromatograph-mass spectrometer analysis

Gas chromatograph with mass spectrometer (GC-MS) was used in the
analysis. Based on mass spectra, the method allows reliable and fast
determination of compounds separated by gas chromatograph. The

method applies for compounds which can withstand the elevated
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temperatures of gas chromatograph and are able to evaporate sufficiently.
(Jaarinen & Niiranen 2005.)

Shimadzu GCMS-QP2010 Ultra gas chromatography-mass spectrometry
with Shimadzu AOC-20i Auto injector was used in analysis. GC-MS

analysis conditions are shown in Table 9.

TABLE 9. GC-MS analysis conditions

GC-MS analysis conditions
Column Zebron ZB-5, 30m x 0.25mm x 0.25um
Injection 1L splitless for 1 min at 280 °C
Carrier gas | Constant flow helium at 0.91ml/min
Oven 80°C to 320°C at 10°C/min, hold for 5min
Detector QMS, source:200°C, Interface:280°C

A calibration solution series was prepared for the calibration (Rantalainen
2016). The series consists of solutions of desirable analytes in various
concentrations covering the calibration area and internal standard in
constant concentration. In the calibration signal values for the desirable
concentration areas of the analyte and internal standard are determined.
The obtained values are plotted by a relation of each concentration of
analyte and concentration of internal standard as a calibration curve.
(Jaarinen & Niiranen 2005.) An example of a calibration curve obtained

from the analysis is shown in Figure 17.
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FIGURE 17. Calibration curve of naphthalene
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The compounds separated by gas chromatography based on their
retention time are ionized in an ionization chamber of mass spectrometer.
Single ion monitoring (SIM) mode was used to acquire data for selected
masses characteristic to each analyte. The correct retention time verified
the existence of the analyte. (Jaarinen & Niiranen 2005.) The
chromatogram of analyzed PAH compounds is shown in Appendix 2 and
retention times and mass-to-charge ratios in Table 9.

TABLE 9. Retention times and mass-to-charge ratios (m/z) of analyzed
PAHs

Compound Retention time m/z
Naphthalene 5,48 128
Acenaphthylene 8,96 152
Acenaphthene 9,38 153
Fluorene 10,61 166
Phenanthrene 12,86 178
Anthracene 12,98 178
Fluoranthene 15,70 202
Pyrene 16,22 202
Benzo[a]anthracene 19,17 228
Chrysene 19,25 228
Benzo[b]fluoranthene 21,93 252
Benzo[k]fluoranthene 22,00 252
Benzo[a]pyrene 22,70 252
Indeno[1,2,3-cd]pyrene 24,64 276
Dibenzo[a,h]anthracene 24,69 278
Benzo[ghi]perylene 25,04 276

Blank sample of the pretreatment carried out in March 2016 was distorted
and therefore excluded because internal standard was not visible. The
blank sample of the pretreatment carried out in April 2016 was used in all
calculations. (Rantalainen 2016.)
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6.3 Polychlorinated biphenyls

The analysis of PCBs was based on SFS-EN ISO 6468 standard
(Nuutinen 2016). The analysis was conducted in the laboratory of the

Finnish Environment Institute.

6.4 Phthalates

Phthalates were analyzed by Ramboll Analytics. The analysis was carried
out modificating SFS-EN ISO 18856 standard (Vainio 2016).

6.5 Polybrominated diphenyl ethers

The analysis of PBDEs was carried out in the laboratory of the Finnish
Environment Institute. The used method is developed by the laboratory.
The extraction of the PBDE compounds was done by liquid-liquid
extraction. Hexane and dichloromethane were used as extraction solvents
and the duration of the extraction was 1 hour by using a magnetic stirrer.
Sodium chloride was added into the sample. After evaporation to smaller
volume the extract was cleaned up by using silica-H.SO4 and analyzed
according to LP-GC-EI-MS/MS method (Low-Pressure Gas
Chromatograph Electron lonization Tandem Mass Spectrometer). Gas
chromatograph tandem mass spectrometer was used in analyzing the
extract. The quantitation is based on the use of '*C labeled internal
standards. The identification of the compounds is based on retention time
and monitoring of MS/MS reactions that are characteristic for the

compounds (Multiple Reaction Monitoring). (Nuutinen 2016.)

6.6 Perfluorinated alkylated compounds

The analysis of PFASs was based on the ISO 25101 standard (Perkola
2016b). The analysis was carried out in the laboratory of the Finnish

Environment Institute.



7 RESULTS AND DISCUSSION

7.1 Microplastics

Fibres and synthetic particles were analyzed from the samples. The

results are shown in Figure 18.
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FIGURE 18. The concentrations of microplastics by samples
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Microplastics were found in all the samples. In general, fibres were more

prevalent than particles in all the samples. The concentrations of fibres

varied from 0.080 and 0.261 fibres/L, whereas the range of particles was

between 0.002 and 0.017 particles/L.
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Regarding the sampling times, the concentration of both microplastic types
was higher in the samples taken in December 2015. The heavy rain event
prior to the sampling in December 2015 contributes to the larger amount of
microplastics found in the samples in comparison to April 2016.
Considering fibres, they were found more in the runoff samples compared
to the Matajoki brook samples, whereas the amount of particles occurred

conversely.

As it has already been shown, the urban runoff waters can be quite a
significant pathway of microplastics to the marine environment and the
shoreline. In this case, the sampling times were not the most favourable
ones but still those fibers and particles could be detected. In the case of
Tali"s sampling point, some of the particles may assumably originate from
the leachates discharging from the landfill to the brook. In fact, in the brook
banks can also be seen a lot of old waste including plastic items, so the
formation of microplastic via weathering is definitely happening to some
extent, and those particles are flushed into the Matajoki brook.

7.2 Polycyclic aromatic hydrocarbons

Concentrations of 16 PAH compounds were determined from the water
samples. The results are shown in Figure 19.
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FIGURE 19. Determined PAH concentrations by samples

Among 16 analyzed compounds, 14 were detected in the samples.
Acenaphthylene (ACY) and dibenzo[a,h]anthracene (DhA) were not
present in any of the samples The total PAH concentration in the leachate
sample taken in April 2016 was 20.241 ug/L. Naphthalene (NAP, 8.472
pg/L), fluorene (FLR, 4.889 pg/L), phenantrene (PHE, 4.392 pg/L) and
acenaphthene (ACP, 1.591 pg/L) showed the highest concentrations in
that sample considering all the samples. The second highest
concentrations between the samples occurred in the Haaga runoff sample
taken in December 2015 where the total PAH concentration was 1.816
Mg/L. The highest concentrations were detected to benzo[ghi]perylene
(BgP, 0.678 pg/L), benzo[a]pyrene (BaP, 0.489 pg/L) and indeno[1,2,3-
cd]pyrene (IcP 0.286 pg/L) in that sample. The concentrations are
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tabulated in Appendix 3. Similar quantities to the leachate sample taken in
April 2016 have been detected in October 2015 for fluoranthene (FLT),
pyrene (PYR) and NAP on the same site but other concentrations, which
were analyzed mainly for lower molecular mass PAHSs, were considerably
lower in comparison to the sample taken in April 2016 (FCG, 2016). This is
most likely due to variation in the volume of the leachate discharging from
the landfill, which may be seen in comparison to the leachate sample
taken in December 2015 as well.

During the concentration of the samples taken in December 2015, the
colour of the samples altered from transparent to yellowish, whereas the
samples taken in April 2016 retained their transparency. The yellowish
colour may indicate a larger quantity of organic material in these samples
(Rantalainen 2016). The variation in the amounts of organic and other
solid material in the samples might be a result of different sampling times,

duration of rain event as well as seasonal changes.

This difference in the amounts of organic material may be seen in the
detected PAH compounds. The compounds with lower molecular mass, as
NAP, PHE and FLR are more water soluble, and, therefore may occur
more in the water phase, which can be seen in the samples taken in April
2016. The larger volume of the more concentrated leachate filtered from
the landfill due to heavy rain event after long dry period may contribute to
this. On the other hand, higher molecular mass PAHSs, as BgP, IcP and
BaP were not detected in neither of the samples taken in April 2016 but
they were found in the samples taken in December 2015. This may
contribute to the higher amount of organic and solid material in the
samples in comparison to the samples taken in April 2016.

The concentrations of PAHs and microplastics in the runoff samples taken
in December 2015 were higher than in the samples taken April 2016. The
higher concentrations in the runoff samples may contribute to the larger

emissions of organic and other solid material in the runoff waters due to a

longer rain period before the sampling time.
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The Water Framework Directive (2013/39/EU) sets environmental quality

standards (EQS) which include maximum allowable concentrations (MAC)

for six PAH compounds (Valtioneuvoston asetus vesiymparistolle

vaarallisista ja haitallisista aineista annetun valtioneuvoston asetuksen
muuttamisesta 868/2010, 12 §; 1308/2015, 10 §). In the brook sample

benzo[b]fluoranthene (BbF), benzo[k]fluoranthene (BkF), BaP and BgP
exceeded MAC-EQS values set for sea and other surface waters. In

addition, MAC-EQS values set for BaP and BgP were exceeded in the

runoff sample taken in December 2015. Some PAH concentrations in the

leachate sample taken in December 2015 exceeded MAC-EQS values as

well, but it has to be taken into account that leachates are not completely

comparable to these EQS values due to their origin and nature. MAC-EQS

values and concentrations of the samples are shown in Table 10.

TABLE 10. Maximum allowable concentrations of sea and other surface

waters for six PAH compounds set in the Water Framework Directive

Concentration pg/L MAC (pg/L)
PAH 18.12.2015 18.4.2016 18.12.2015 21.12.2015 18.4.2016

Runoff Runoff Brook Leachate Leachate

(Haaga) (Haaga) (Matajoki) (Tali) (Tali)
NAP <0.005 <0.005 <0.005 <0.005 8.472 130
FLT 0.097 0.016 0.012 0.036 0.371 0.12
BbF <0.021 <0.021 0.177 0.09 <0.021 0.017
BkF <0.021 <0.021 0.035 0.062 <0.021 0.017
BaP 0.489 <0.021 0.107 0.043 <0.021 0.027
BgP 0.678 <0.021 0.129 0.062 <0.021 0.00082

In addition, the Water Framework Directive classifies anthracene (ANT),

BaP, BbF, BgP, BkF and IcP as harmful and hazardous substances for

aquatic environment.

7.3 Polychlorinated biphenyls

The concentrations of 15 PCBs were determined from the water samples.

The results are shown in Figure 20.
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FIGURE 20. Concentrations of analyzed PCB congeners by samples

In the both leachate samples, altogether 11 PCB congeners were detected
from 15 analyzed congeners. There were no PCBs detected in the brook
sample. The total PCB concentrations were 2.45 ng/L in the sample taken
in December 2015 and 19.17 ng/L in the sample taken in April 2016. PCB-
31 (7.8 ng/L) and PCB-28 (7.1 ng/L) showed the highest concentrations
within all the analyzed compounds and they occurred prevalently in the
leachate sample taken in December 2015. The high concentrations of
these less chlorinated PCB congeners in the leachate may be due to
higher volume of more concentrated leachate from the landfill as PCBs of
lower rate of chlorination tends to be more water soluble. The
concentrations of more chlorinated congeners, as PCB-153, PCB-149 and
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PCB-138, were rather constant considering both samples which

contributes to this. The concentrations are tabulated in Appendix 4.

It is known that PCBs have been produced in Helsinki during the time the
landfill was in use (Aluehallintovirasto 2015). PCBs have been shown to
discharge from the landfill along leachates in the earlier studies as well
(FCG 2014). In October 2015 there has been detected higher
concentrations of PCBs on the same site the highest concentration being
58 ng/L in the case of PCB-28 (FCG 2016). Regardless the difference in
the concentrations in comparison to the samples analyzed in this study,
the same trend in the concentrations depending on the rate of chlorination
seems to occur. There are no limit values or environmental quality

standards set for PCBs.

7.4 Phthalates

The concentrations of 11 phthalate compounds were determined from the

water samples. The results are shown in Figure 21.
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FIGURE 21. Determined phthalate concentrations

Phthalates were detected in all the samples excluding runoff sample taken
in December 2015. Altogether six phthalate compounds were found.
Dibutyl phthalate (DBP), di-2-ethylhexyl phthalate (DEHP) and diisononyl
phthalate (DINP) occurred in prevalent concentrations considering all the
phthalate compounds included. Other compounds detected were diethyl
phthalate (DEP), diisobutyl phthalate (DiBP) and benzyl butyl phthalate
(BBP), in rather low concentrations. The total phthalate concentration of
the brook sample was 3.21 yg/L. DINP was found with the highest
concentration of 2.70 ug/L in that sample. Also DEHP occurred with the
concentration of 0.33 pg/L. The total concentrations of the leachate
samples were 1.46 pg/L in the sample taken in December 2015 and 1.314
Mg/L in the sample taken in April 2016. DINP was found prevalently also in
the leachate sample taken in December 2015 with the concentration of
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1.10 pg/L. In the samples taken in April 2016, the prevalent phthalate
compound was DBP which concentrations were 1.10 ug/L in the leachate
sample and 0.52 pg/L in the runoff sample. The phthalate concentrations
are tabulated in Appendix 5.

Distinction in the concentrations between the samples taken in December
2015 and April 2016 might be explicable by variation in the amount of
organic and solid material in the samples as well as water solubilities
within phthalate compounds. Water solubility of DBP is reported to be 10
mg/L whereas in the case of DINP it is 0.20 mg/L (U.S. Consumer Product
Safety Commission Directorate for Health Sciences, 2001; California
Environmental Protection Agency, 2010). Therefore, as water insoluble
DINP consequently tends to get adsorbed to solid material, larger amount
of organic and other solid material contributes to higher DINP
concentration in the samples taken in December 2015. This applies to the
high DINP concentration in the sample taken from brook as well, while
DINP was not present in either of the runoff samples. DBP occurred
mainly in the samples taken in April 2016, in leachate to larger extent.
DEHP was present in the brook and leachate samples only taken in
December 2015 with relatively low concentrations.

The Water Framework Directive classifies DEHP as harmful and
hazardous substance for aquatic environment. EQS values are not set for
DEHP. (Valtioneuvoston asetus vesiymparistolle vaarallisista ja
haitallisista aineista annetun valtioneuvoston asetuksen muuttamisesta
868/2010, 12 §;1308/2015, 10 §.)

As the effects of phthalates to marine species have been found to start in
the concentrations of ng/L, especially the high concentrations in the brook
raises concerns regarding the biota of the Matajoki brook and Iso-
Huopalahti where the brooke discharges to.
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7.5 Polybrominated diphenyl ethers

The concentrations of 10 PBDE compounds were determined from the
water samples. The results are shown in Figure 22.
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FIGURE 22. Concentrations of analyzed PBDE congeners

Among 10 PBDE congeners, seven were detected. The highest total
PBDE concentrations were in the brook sample (1.74 ng/L) and in the
runoff sample taken in December 2015 (1.60 ng/L). BDE-209 occurred
prevalently in all the samples, in the brook sample (1.40 ng/L) and in the
runoff samples with the highest concentrations. Also BDE-47 (0.47 ng/L)
and BDE-99 (0.17 ng/l) were found with relatively high concentrations
especially in the runoff sample taken in December 2015. The high
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concentrations of BDE-209 may be a result of its still ongoing use as
decaBDE in certain applications even though it is regulated in the EU. The
PBDE concentrations are tabulated in Appendix 6.

The Water Framework Directive (2013/39/EU) defines MAC-EQS value for
the sum of the concentrations of BDE-28, BDE-47, BDE-99, BDE-100,
BDE-153 and BDE-154 congeners for sea and other surface waters
(Valtioneuvoston asetus vesiymparistolle vaarallisista ja haitallisista
aineista annetun valtioneuvoston asetuksen muuttamisesta 868/2010, 12
§;1308/2015, 10 §). The sum of these congeners in the Matajoki brook
was 0.00022 ug/L, and, therefore the given MAC-EQS value of 0.014 pg/L
was not exceeded. The sums of the congeners in the runoff samples were
0.0007 pg/L in December 2015 and 0.00012 pg/L in April 2016 which were
not exceeded either. The Water Framework Directive classifies tetra-,
penta-, hexa- and heptaBDEs as harmful and hazardous substances to
aquatic environment. However, decaBDE group, which mainly consists of
BDE-209 congener, is not prioritized under the Water Framework
Directive.

7.6 Perfluorinated alkylated substances

The concentrations of 18 PFASs were determined from the water samples.
The results are shown in Figure 23.
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FIGURE 23. Determined PFAS concentrations by samples

Altogether 12 out of 18 PFASs were detected occurring prevalently in the
leachate samples. The total PFAS concentrations in the leachate samples
were 463.90 ng/L in the sample taken in April 2016 and 179.43 ng/L in the
sample taken in December 2015. Perfluorobutanoic acid (PFBA, 234
ng/L), perfluorooctanoic acid (PFOA, 60.40 ng/L), perfluorohexanoic acid
(PFHxA, 68.10 ng/L) and perfluoroheptanoic acid (PFHpA, 36.40 ng/L)
showed the highest concentrations in the leachate sample taken in April
2016. The same compounds occurred prevalently in the leachate sample
taken in December 2015 as well. The PFAS concentrations are tabulated
in Appendix 7.
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As the water solubility of PFAS increases when the carbon chain lenght
shortens it might explain the high concentrations of short chain PFASs
such as PFBA and PFHXxA in the leachate. Products containing PFOA may
contain shorter chain PFASs as well because they may be produced
unintentionally during the production process of PFOA. (Perkola 2016c.)

MAC-EQS value of sea and other surface waters is defined for PFOS (7.2
Mg/L) but it was not exceeded as the concentration in the Matajoki brook
was 0.00858 ug/L and in the urban runoffs 0.00567 pg/L in the sample
taken in December 2015 and 0.00648 pg/L in the sample taken in April
2016. PFOS is classified as harmful and hazardous substance for aquatic
environment. (Valtioneuvoston asetus vesiymparistolle vaarallisista ja
haitallisista aineista annetun valtioneuvoston asetuksen muuttamisesta
868/2010, 12 §;1308/2015, 10 §.)
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8 CONCLUSIONS

All the studied hazardous substances and microplastics were detected in
the samples to certain extent. The former landfill was found to be a source
of some of these pollutants to the environment. The highest
concentrations of PAHs, PFASs and PCBs were found in the leachate
samples. However, the prevalent occurrence of compounds with high
water solubility in the sample taken in April 2016 indicates larger volume of
more concentrated leachate infiltrated through the landfill. Therefore,
pollutants were released from the landfill increasingly in the spring in
comparison to autumn, most likely due to a heavy rain event after a longer

dry period and before the actual sampling in the spring.

A few individual compounds of phthalates (DINP) and PBDEs (BDE-209)
were found in the highest concentrations in the Matajoki brook. Phthalates
were present mainly in the leachate compared to the runoffs and therefore
the landfill seems to be a relevant source of these compounds to the
Matajoki brook as well. In addition to the leachate and the Matajoki brook,
PBDEs were found also in the runoffs in relatively high concentrations.
This indicates a wide range of potential emission sources for PBDEs along
with the drainage basin areas of both the urban runoff of Haaga and the
Matajoki brook.

In the water samples taken in December 2015, implications of higher
amount of organic and other solid material were seen in comparison to the
samples taken in April 2016. As low water soluble compounds tend to get
adsorbed in solid material, a higher concentration of certain compounds in
the samples of larger amount of organic material may contribute to the
occurrence of these compounds. PAHs of higher molecular mass as well
as DINP and DEHP of phthalates, which are known to be low on water
solubility, were increasingly found in the samples taken in December
2015.

In general, microplastic fibres were found more in the runoff samples

compared to the brook samples. On the contrary, larger amount of
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particles were found in the brook samples. As it was not possible to take
the microplastic samples directly from the leachate, a clear correlation
between the concentrations of pollutants and microplastics in the leachate
can not be made. However, PAHs, PFASs, PBDEs and microplastics were
all found in lower concentrations in the runoff samples taken in April 2016
in comparison to December 2015. This shows the significance of the
sampling time as the concentrations of both, microplastics and the harmful
substances, can vary depending on the season and weather conditions.

Certain PAH compounds exceeded the given MAC-EQS limit values for
sea and other surface waters in the Matajoki brook and the runoff of
Haaga. Other MAC-EQS values given for PFOS and the sum of certain
PBDE congeners were not exceeded. Even though the concentrations of
the certain POP compounds were rather low, it does not mean that they
are totally harmless. These compounds have impacts on the environment
and organisms even with very low concentrations, which is why all the
emissions and loads should be prevented. Also the high concentrations of
phthalates, especially DINP, in the Matajoki brook were close to the
concentrations that has been shown in earlier studies to cause harmful
effects on biota (Oehlmann et al. 2009).

As microplastics were found in both the runoff and the Matgjoki brook it
shows their capability to act as a source and a pathway of microplastics to
the marine environment. Leachates can be an emission source of harmful
substances, especially in the case of an old closed landfill without proper
surface structures and systems to collect and treat the leachates.

A renovation of Tali's old landfill will be carried out within the next few
years. The renovation covers the construction of solid surface structures
and the systems for collecting the leachate waters running from the landfill
to the sewer system. The leachates will be directed to the municipal waste
water treatment plant to be purified. The renovation is planned to be
conducted between the years of 2016 and 2018. (Aluehallintovirasto

2015.) The improvement is very welcome since it is important to prevent
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all the possible emissions and loads of POP compounds to the

environment.

However, the landfill has been discharging leachate into the brook for over
30 years, and the concentrations of the pollutants in the leachate and
therefore in the brook have been presumably higher before. Therefore, it
would be interesting to have more comprehensive study on certain
chemical emissions in order to estimate the actual loads.



57

SOURCES

Airola, J., Nurmi, P. & Pellikka, K. 2014. Huleveden laatu Helsingissa
[referenced 2.3.2016]. Available in:
http://www.hel.fi/static/ymk/julkaisut/julkaisu-12-14.pdf.

Aluehallintovirasto, Etela-Suomi. 2015. Paatés ymparistonsuojelulain
(86/2000) 35 §:n mukaisesta ymparistdlupahakemuksesta, joka koskee
Iso-Huopalahden kaatopaikan kunnostamista, Espoo ja Helsinki. Etela-
Suomen Aluehallintovirasto [referenced 27.4.2016]. Available:
http://espoo04.hosting.documenta.fi/lkokous/2015349515-7-1.PDF.

Andrady, A.L., Pegram, J.E. & Song, Y. 1993. Studies on Enhanced
Degradable Plastics, Il, Weathering of Enhanced Photodegradable
Polyethylenes Under Marine and Freshwater Floating Exposure. Journal of
Environmental Polymer Degradation, vol 1, no 2 [referenced 12.4.2016].

Andrady, A.L. & Neal, M.A. 2009. Applications and societal benefits of
plastics. Philosophical Transactions of the Royal Society B, 364, 1977—
1984 [referenced 12.1.2016]. Available:
http://rstb.royalsocietypublishing.org/content/royptb/364/1526/1977 .full.pdf.

Andrady, A.L. 2011. Microplastics in the marine environment. Marine
Pollution Bulletin, 62, 1596-1605 [referenced 14.1.2016]. Available:
http://www.sciencedirect.com/science/article/pii/S0025326X11003055.

Arthur, C., Baker, J. & Bamford, H. 2009. Proceedings of the International
Research Workshop on the Occurrence, Effects, and Fate of Microplastic
Marine Debris. NOAA Marine Debris Program, National Oceanic and
Atmospheric Administration [referenced 10.3.2016]. Available:
http://www.marinedebris.info/sites/default/files/literature/Proceedings %200
f%20the%20International%20Research%20Workshop%200n%20the %20
Occurrence%2C%20Effects%20and%20Fate %200f%20Microplastic%20M
arine%20Debris.pdf.

Axelrad, D. 2009. Brominated Flame Retadants: Regulatory Actions and
EPA Activities. National Institute of Standards and Technology [referenced



58

21.5.2016]. Available: http://www.nist.gov/el/fire_research/upload/1-
Axelrad.pdf.

Barcelo, D., Al-Harbi, N.A., Karapanagioti, H.K., Ginebreda, A., Llorca, M.
& Sanchis, J. 2012. Emerging risks in recycling and waste: Perfluorinated
compounds in plastic pellets and nanomaterials in contaminated soil.
Consejo Superior de Investigaciones Cientificas [referenced 17.4.2016].
Available: http://digital.csic.es/handle/10261/94554?|locale=en.

Barnes, D., Galgani, F., Thompson, R. & Barlaz, M. 2009. Accumulation
and fragmentation of plastic debris in global environments. Philosophical
Transactions of the Royal Society B, 364, 1985-1998 [referenced
8.4.2016]. Available:
http://rstb.royalsocietypublishing.org/content/royptb/364/1526/1985.full.pdf.

Beauchesne, I., Barnabé, S., Cooper, D.G. & Nicell, J.A. 2007. Plasticizers
and Related Toxic Degradation Products in Wastewater Sludges. BVSDE,
Sustainable Development and Environmental Health [referenced
5.4.2016]. Available: http://www.bvsde.ops-

oms.org/bvsaar/cdlodos/pdf/plasticizersandrelated231.pdf.

Bergmann, M., Gutow, L. & Klages, M. 2015. Marine Anthropogenic Litter
[referenced 21.3.2016]. Available:
http://link.springer.com/chapter/10.1007%2F978-3-319-16510-3_12#page-
2.

Biomonitoring California. 2015. Potential Designated Chemicals:
Perfluoroalkyl and Polyfluoroalkyl Substances (PFASs). Meeting of the
Scientific Guidance Panel, Biomonitoring California [referenced 4.5.2016].
Available:
http://www.biomonitoring.ca.gov/sites/default/files/downloads/PotenDesigP
FASs 031315.pdf.

Boon, J.P., Lewis, W.E., Tjoen-A-Choy, M.R., Allchin, C.R., Law, R.J., de
Boer, J., Tennhallers-Tjabbes, C.C. & Zegers, B.N. 2002. Levels of
Polybrominated Diphenyl Ether (PBDE) Flame Retardants in Animals



59

Representing Different Trophic Levels of the North Sea Food Web.
Environmental Science and Technology, 4025-4032 [referenced
3.5.2016]. Available: http://www.mindfully.org/Plastic/Flame/PBDE-North-
Sealoct02.htm.

Browne, M., Dissanayake, A., Galloway, T., Lowe, D. & Thompson, R.
2008. Ingested Microscopic Plastic Translocates to the Circulatory System
of the Mussel, Mytilus edulis (L.). Environmental Science and Technology,
42, 5026-5031 [referenced 11.4.2016]. Available:

https://www.researchgate.net/publication/23147322 Ingested Microscopic

Plastic Translocates to the Circulatory System of the Mussel Mytilus

edulis L.

Brum, D.A., Cassella, R.J. & Netto, A.D.P. 2008. Multivariate optimization
of a liquid-liquid extraction of the EPA-PAHs from natural contaminated
waters prior to determination by liquid chromatography with fluorescence
detection. Talanta, 74, 1392-1399 [referenced 15.3.2016]. Available:
http://www.sciencedirect.com/science/article/pii/S003991400700644 3.

Buck, R.C., Franklin, J., Berger, U., Conder, J.M., Cousins, |.T., de Voogt,
P. Jensen, A A., Kannan, K., Mabury, S.A. & van Leeuwen S.P.J. 2011.
Perfluoroalkyl and Polyfluoroalkyl Substances in the Environment:
Terminology, Classification, and Origins. Integrated Environmental
Assessment and Management, 7, 4, 513-541.

California Environmental Protection Agency. 2010. Dibutyl phthalate
(DBP). California Environmental Protection Agency, Air Resources Board
[referenced 13.5.2016]. Available:
http://www.arb.ca.gov/consprod/regact/2010ra/dbp84742.pdf.

ChemWiki. 2016. Polycyclic Aromatics. University of California, Davis
[referenced 21.5.2016]. Available:

http://chemwiki.ucdavis.edu/Core/Organic Chemistry/Hydrocarbons/Arene

s/Properties of Arenes/Polycyclic Aromatics.




60

Climate and Pollution Agency. 2011. Exploration of managements options
for Hexabromocyclododecane. Climate and Pollution Agency [referenced
21.5.2016]. Available:
http://www.miljodirektoratet.no/old/klif/publikasjoner/2818/ta2818.pdf.

Cousins, A.P., Remberger, M., Kaj, L., Ekheden, Y., Dusan, B. &
Brorstrom-Lundén, E. 2007. Results from the Swedish National Screening
Programme 2006, Subreport 1: Phthalates. Swedish Environmental
Research Institute. [referenced 5.4.2016]. Available:
http://www.ivl.se/download/18.343dc99d14e8bb0f58b7517/144551565984

1/B1750.pdf.

Crompton, T.R. 2010. Thermo-oxidative Degradation of Polymers.
Shawbury: Smithers Rapra.

Darnerud, P.O., Eriksen, G.S., Johannesson, T., Larsen, P.B. & Viluksela,
M. 2001. Polybrominated Diphenyl Ethers: Occurrence, Dietary Exposure,
and Toxicology. Environmental Health Perspectives, 109, 1, 49-68
[referenced 15.4.2016]. Available:
http://www.ncbi.nIm.nih.gov/pmc/articles/PMC1240542/pdf/ehp109s-

000049.pdf.

Endo, S., Takizawa, R., Okuda, K., Takada, H., Chiba, K., Kanehiro, H.,
Ogi, H., Yamashita, R. & Date, T. 2005. Concentration of polychlorinated
biphenyls (PCBs) in beached resin pellets: Variability among individual
particles and regional differences. Marine Pollution Bulletin, 50, 1103—
1114 [referenced 3.5.2016]. Available:
http://www.sciencedirect.com/science/article/pii/S0025326X05001517.

European Chemicals Bureau. 2008. European Union Risk Assessment
Report, bis(2-ethylhexyl)phthalate (DEHP) [referenced 5.4.2016].
Available: http://echa.europa.eu/documents/10162/e614617d-58e7-42d9-
b7fb-d7bab8f26feb.




61

FCG. 2016. Iso Huopalahden suljetun kaatopaikan vesien ja
kaatopaikkakaasun tarkkailu, Yhteenveto 2015. Helsingin kaupungin
rakennusvirasto [referenced 28.4.2016].

FCG. 2014. Iso Huopalahden suljetun kaatopaikan vesien ja
kaatopaikkakaasun tarkkailu, Laaja yhteenveto 2009-2013. Helsingin

kaupungin rakennusvirasto [referenced 28.4.2016].

Fisner, M., Taniguchi, S., Moreira, F., Bicego, M.C. & Turra, A. 2013.
Polycyclic aromatic hydrocarbons (PAHSs) in plastic pellets: Variability in
the concentration and composition at different sediment depths in a sandy
beach. Marine Pollution Bulletin, 70, 219-226 [referenced 12.2.2016].
Available: http://resodema.org/publications/publication13.pdf.

Gnanavel, G., Mohana Jeya Valli, VP. & Thirumarimurugan, M. 2012. A
Review of Biodegradation of Plastics Waste. International Journal of
Pharmaceutical and Chemical Sciences, 1, 1019-1022 [referenced
12.4.2016]. Available: http://www.ijpcsonline.com/files/20-159.pdf.

Hansen, E., Nilsson, N.H., Lithner, D. & Lassen, C. 2013. Hazardous
substances in plastic materials. COWI, Danish Technological Institute
[referenced 5.4.2016]. Available:

http://www.miljodirektoratet.no/old/klif/publikasjoner/3017/ta3017.pdf.

Hatzinger, P. & Alexander, M. 1997. Biodegradation of organic
compounds sequestered in organic solids or in nanopores within silica
crystals. Environmental Toxicology and Chemistry 16, 2215-2221
[referenced 11.4.2016]. Available:
https://www.researchgate.net/profile/Paul_Hatzinger/publication/22796321

8 Biodegradation of organic compounds sequestered in organic solid
s or in nanopores within silica particles/links/0912f511e3265dbed3000

000.pdf.

Helsingin kaupungin rakennusvirasto. 2014. Matajoen valuma-alueen
hulevesiselvitys ja suunnitelma. Helsingin kaupungin rakennusviraston
julkaisut, 3 [referenced 2.3.2016]. Available:



62

http://www.hel.fi/static/hkr/julkaisut/2014/matajoen hulevesiselvitys lowres

-pdf.

Hirai, H., Takada, H., Ogata, Y., Yamashita, R., Mizukawa, K., Saha, M.,
Kwan, C., Moore, C., Gray, H., Laursen, D., Zettler, E.R., Farrington, J.W.,
Reddy, C.M., Peacock, E.E. & Ward, M.V. 2011. Organic micropollutants
in marine plastics debris from the open ocean and remote and urban
beaches. Marine Pollution Bulletin 62, 1683-1692 [referenced 13.1.2016].
Available in Science Direct — database:
http://www.sciencedirect.com/science/article/pii/S0025326X1100316X.

Hovi, H. 2013. Ison-Huopalahden kaatopaikka [referenced 6.4.2016].
Available: http://www.kotikone.fi/~d628809/pkskps/iso-huopalahti.html.

liImatieteen laitos. 2016. Viimeisen 30 vuorokauden saa [referenced
18.4.2016]. Available: http://iimatieteenlaitos.fi/vimeisen-30-vrk-saa.

ISO 25101. 2009. Water quality, Determination of
perfluorooctanesulfonate (PFOS) and perfluorooctanoate (PFOA), Method
for unfiltered samples using solid phase extraction and liquid
chromatography/mass spectrometry. Geneva: International Organization
for Standardization. Available:
http://www.iso.org/iso/iso_catalogue/catalogue_tc/catalogue detail.hntm?cs
number=42742.

Jaarinen, S. & Niiranen, J. 2005. Laboratorion analyysitekniikka. Fifth
Edition. Helsinki: Edita Publishing Oy.

Kallenborn, R., Berger, U. & Jarnberg, U. 2005. Perfluorinated alkylated
substances (PFAS) in the Nordic environment. Copenhagen: Nordic
Council of Ministers. E-book available in ProQuest ebrary:
http://site.ebrary.com.aineistot.lamk.fi/lib/lamk/reader.action?doclD=10581
079.

Kroschwitz, J.I. 1998. Kirk-Othmer Encyclopedia of Chemical Technology.
Fourth Edition. New York: John Wiley and Sons.



63

Laist, D. 1997. Impacts of Marine Debris: Entanglement of Marine Life in
Marine Debris Including a Comprehensive List of Species with
Entanglement and Ingestion Records. New York: Springer-Verlag.
Available:

https://www.researchgate.net/publication/235768493 |Impacts_of Marine

Debris Entanglement of Marine Life in Marine Debris Including a Co

mprehensive List of Species with Entanglement and IngestiOn Recor
ds.

Lassen, P., Hoffmann, L. & Thomsen, M. 2011. PAHs in toys and childcare
products. Survey of Chemical Substances in Consumer Products No. 114.
The Danish Environmental Protection Agency [referenced 12.2.2016].
Available: http://www2.mst.dk/udgiv/publications/2012/01/978-87-92779-

49-6.pdf.

Markes International. 2013. Phthalates in toys — A continuing problem.
[referenced 16.4.2016]. Available:

http://www.markes.com/blog/Phthalates-in-toys-A-continuing-

problem.aspx.

Miljadirektoratet. 2013. Perfluorinated alkylated substances, brominated
flame retardants and chlorinated paraffins in the Norwegian Environment -
Screening 2013. Miljgdirektoratet [referenced 4.5.2016]. Available:
http://www.miljodirektoratet.no/Documents/publikasjoner/M-40/M40.pdf.

Ministry for the Environment. 2010. Appendix B Polybrominated Diphenyl
Ether (PBDE) structure and physical properties [referenced 15.4.2016].

Available: http://www.mfe.govt.nz/publications/hazards/executive-

summary/appendix-b-polybrominated-diphenyl-ether-pbde-structure-and.

Moliis, K. & Myllymaa, T. 2013. Palonesto- ja pintakasittelyaineina kaytetyt
POP-yhdisteet aiheuttavat haasteita jatteiden kierratykselle. Ymparisto ja
Terveys, 7, 44 [referenced 14.3.2016]. Available:
http://www.syke.fi/download/noname/%7BC3A151A9-CDF7-4A36-968E-
125EEC80DF20%7D/96010.




64

Moore, C.J. 2005. Synthetic polymers in the marine environment: A rapidly
increasing, long-term threat. Environmental Research, 108, 131-139
[referenced 12.1.2016]. Available:
http://www.sciencedirect.com/science/article/pii/S001393510800159X.

Oehlmann, J., Shulte-Oehimann, U., Kloas, W., Jagnytsch, O., Lutz, I.,
Kusk, K.O., Wollenberger, L., Santos, E.M., Paull, G.C., Van Look, K.J.W.
& Tyler, C.R. 2009. A critical analysis of the biological impacts of
plasticizers on wildlife. Transactions of the Royal Society B, 364, 2047-
2062 [referenced 2.5.2016]. Available:
http://rstb.royalsocietypublishing.org/content/royptb/364/1526/2047 .full.pdf.

Perkola, N. 2016a. RE: PAH-analytiikasta [e-mail]. Adressee Kilponen, J.
& Pulkkinen, M. Sent 11.3.2016.

Perkola, N. 2016b. RE: Standardeista [e-mail]. Adressee Kilponen, J. Sent
12.5.2016.

Perkola, N. 2016¢. PFAS:it [e-mail]. Adressee Kilponen, J. Sent 23.5.2016.

PlasticsEurope, Association of Plastics Manufactures, 2010. Plastics — the
Facts 2010 [referenced 13.1.2016]. Available:
http://www.plasticseurope.org/documents/document/20101006091310-
final_plasticsthefacts 28092010 _Ir.pdf.

PlasticsEurope, Association of Plastics Manufactures, 2015. Plastics — the
Facts 2014/2015 [referenced 13.1.2016]. Available:
http://www.plasticseurope.org/documents/document/20150227150049-
final_plastics_the facts 2014 2015 260215.pdf.

Pule, B.O., Mmualefe, L.C. & Torto, N. 2012. Analysis of Polycyclic
Aromatic Hydrocarbons in Soil with Agilent Bond Elut HPLC-FLD. Agilent
Technologies, Inc, 5990-5452 [referenced 2.5.2016]. Available:
https://www.agilent.com/cs/library/applications/5990-5452EN.pdf.

Rantalainen, A.-L. 2016. University Lecturer. University of Helsinki.
Discussion 27.4.2016.



65

Regulation (EC) No 850/2004 of the European Parliament and of the
Council of 29 April 2004 on persistent organic pollutants and amending
Directive 79/117/EEC. Available: http://eur-
lex.europa.eu/LexUriServ/LexUriServ.do?uri=0J:L.:2004:158:0007:0049:E
N:PDF.

Rios, L.M., Moore, C. & Jones, P.R. 2007. Persistent organic pollutants
carried by synthetic polymers in the ocean environment. Marine Pollution
Bulletin, 54, 1230-1237 [referenced 12.2.2016]. Available:
http://www.sciencedirect.com/science/article/pii/S0025326X07001324.

Secretariat of the Convention on Biological Diversity. 2012. Impacts of
Marine Debris on Biodiversity: Current Status and Potential Solutions.
CBD Technical Series No. 67. Available:
https://www.cbd.int/doc/publications/cbd-ts-67-en.pdf.

SFS-EN ISO 18856. 2005. Water quality, Determination of selected
phthalates using gas chromatography/mass spectrometry. Helsinki:
Finnish Standards Association, SFS. Available:
https://sales.sfs.fi/en/index/tuotteet/SFS/CENISO/ID2/1/13102.html.stx.

Statista, The Statistics Portal. 2016. Production of plastics worldwide from
1950 to 2014 [referenced 13.1.2016]. Available:
http://www.statista.com/statistics/2827 32/global-production-of-plastics-
since-1950/.

Stogiannidis, E. & Laane, R. 2015. Source Characterization of Polycyclic
Aromatic Hydrocarbons by Using Their Molecular Indices: An Overview of
Possibilities. Reviews of Environmental Contamination and Toxicology,
234 [referenced 25.5.2016]. Available:
http://link.springer.com/chapter/10.1007%2F978-3-319-10638-0_2.

Stockholm Convention. 2016. Listing of POPs in the Stockholm
Convention [referenced 27.5.2016]. Available:
http://chm.pops.int/TheConvention/ThePOPs/ListingofPOPs/tabid/2509/De

fault.aspx.




66

Sundt, P., Schulze, P-E., Syversen, F. 2014. Sources of microplastic-
pollution to the environment. Norwegian Environment Agency,
Miljadirektoratet [referenced 10.3.2016]. Available:
http://www.miljodirektoratet.no/Documents/publikasjoner/M321/M321.pdf.

Munne, P. 2016. Manuscript. Merten roskaantuminen, muovit, mikromuovit

ja haitalliset aineet. Suomen ymparistokeskus.

National Oceanic and Atmospheric Administration. 2014b. Entanglement,
Entanglement of Marine Species in Marine Debris with an Emphasis on
Species in the United States. NOAA Marine Debris Program Report
[referenced 11.4.2016]. Available:

http://marinedebris.noaa.gov/sites/default/files/publications-

files/Entanglement of Marine Species Emphasis Species in US.pdf.

National Oceanic and Atmospheric Administration. 2014a. Ingestion,
Occurrence and Health Effects of Anthropogenic Debris Ingested by
Marine Organisms. NOAA Marine Debris Program Report. [referenced
8.4.2016]. Available:

https://marinedebris.noaa.gov/sites/default/files/publications-

files/mdp ingestion.pdf.

Nuutinen, J. 2016. VS: Hulevesi_menetelmat_PCB_PBDE [e-mail].
Adressee Kilponen, J. Sent 23.5.2016.

Talvitie, J. 2016. Researcher. The Finnish Environment Institute, Aalto

University. Discussion 20.5.2016.

Talvitie, J., Heinonen, M., Paakkonen, J.-P., Vahtera, E., Mikola, A. &
Setala, O. 2015. Do wastewater treatment plants act as a potential point
source of microplastics? Preliminary study in the coastal Gulf of Finland,
Baltic Sea. Water Science & Technology, 72, 1495-1504.

Teuten, E., Saquing, J., Knappe, D., Barlaz, M., Jonsson, S., Bjorn, A.,
Rowland, S., Thompson, R., Galloway, T., Yamashita, R., Ochi, D.,
Watanuki, Y., Moore, C., Viet, P, H., Tana, T, S., Prudente, M.,
Boonyatumanond, R., Zakaria, M., Akkhavong, K., Ogata, Y., Hirai, H.,



67

lwasa, S., Mizukava, K., Hagino, Y., Imamura, A., Saha, M. & Takada, H.
2009. Transport and release of chemicals from plastics to the environment
and to wildlife. Transactions of the Royal Society B, 364, 2027-2045
[referenced 11.4.2016]. Available:
http://rstb.royalsocietypublishing.org/content/royptb/364/1526/2027 .full.pdf.

Toivola, T. 2001. Kaatopaikkojen ymparistovaikutuksia ja Helsingin
entisten kaatopaikkojen nykytilanne. Helsingin kaupungin
ymparistokeskus. Helsinki: Helsingin kaupungin ymparistokeskus.

Tredi. 2016. What are PCBs?. Tredi (referenced 16.5.2016]. Available:

http://tredi-pcb-treatment.com/what-are-pcbs/.

Tripathi, D. 2002. Practical Guide to Polypropylene. Shawbury: Smithers
Rapra. Available:
http://site.ebrary.com.aineistot.lamk.fi/lib/lamk/reader.action?doclD=10236
790.

UNEP. 2005. Marine Litter An analytical overview. UNEP [referenced
18.5.2016]. Available:

http://www.unep.org/regionalseas/marinelitter/publications/docs/anl oview.

pdf.

U.S. Consumer Product Safety Commission Directorate for Health
Sciences. 2001. Report to the U.S. Consumer Product Safety Commission
by the Chronic Hazard Advisory Panel on Diisononyl Phthalate (DINP).
Consumer Product Safety Commission [referenced 13.5.2016]. Available:

https://www.cpsc.gov/PageFiles/98260/dinp.pdf.

U.S. Department of Health and Human Services. 2000. Toxicological
Profile for Polychlorinated Biphenyls (PCBs). Agency for Toxic Substances
and Disease Registry [referenced 17.5.2016]. Available:
http://www.atsdr.cdc.gov/toxprofiles/tp17.pdf.

Vainio, J. 2016. Chemist. Ramboll Analytics. Discussion 13.5.2016.



68

Valtioneuvoston asetus vesiymparistolle vaarallisista ja haitallisista
aineista annetun valtioneuvoston asetuksen muuttamisesta 868/2010.
Available: http://www.finlex.fi/fi/laki/alkup/2010/20100868.

Valtioneuvoston asetus vesiymparistolle vaarallisista ja haitallisista
aineista annetun valtioneuvoston asetuksen muuttamisesta 1308/2015.
Available: http://www.finlex.fi/fi/laki/alkup/2015/20151308.

Saikku, M. 2016. Matapuro. Virtavesien hoitoyhdistys ry [referenced
16.5.2016]. Available:
http://www.virtavesi.com/index.php?upperCatld=23&catid=24.

Walker, C.H. 2009. Organic pollutants: an ecotoxicological perspective.
Second Edition. Boca Raton: Taylor & Francis Group.

Webb, H.K., Arnott, J. Crawford, R.J. & lvanova, E.P. 2013. Plastic
Degradation and Its Environmental Implications with Special Reference to
Poly(ethylene terephthalate). Polymers, 5, 1-18 [referenced 12.4.2016].
Available:
http://www.marinedebris.info/sites/default/files/literature/Plastic%20Degrad
ation%20and%20Its%20Environmental%20Implications%20with%20Speci
al%20Reference%20t0%20Poly(ethylene%20terephthalate).pdf.

Wright, J.M. & Colling, A. Seawater: Its Composition, Properties and
Behaviour. Second edition. Kidlington: The Open University, Walton Hall,
Milton Keynes, MK7 6AA, Pergamon.

Yousif, E. & Haddad, R. 2013. Phodegradation and photostabilization of
polymers, especially polypropylene: review. SpringerPlus, 2, 398
[referenced 14.4.2016]. Available:
http://springerplus.springeropen.com/articles/10.1186/2193-1801-2-398.




69

APPENDICES

APPENDIX 1 The chemical structures of 16 PAH-compounds
analyzed in the study (Pule et al. 2012)

APPENDIX 2 GC chromatogram of analyzed PAH compounds

APPENDIX 3 PAH result table

APPENDIX 4 PCB result table

APPENDIX 5 Phthalates result table

APPENDIX 6 PBDE result table

APPENDIX 7 PFAS result table

APPENDIX 8 Map of the sampling points



APPENDIX 1

o 0o oo oy oY o

Acenapthene Acenapthylene Anthracene Benzo[a]anthracene Benzo[a]pyrene Benzo[b]fluoranthene
Benzo[k]fluornthene Chrysene Dibenzo[ghi]perylene Naphthalene Pyrene

Q-0

Dibenzo[a, h]anthracene Fluoranthene Phenanthrene Fluorene Indeno[1,2,3-cd]pyrene




APPENDIX 2

5.0(x100.000)

45
40

2.
35
30

25-

5.0 6.0 7.0 8.0 9.0 100

1. Naphthalene

2. Acenaphthylene
3. Acenaphthene
4. Fluorene

1.0 120 130

5. Phenantrene
6. Anthracene
7. Fluoranthene
8. Pyrene

14.0

- 10.

15.0 16.0 17.0 18.0 19.0 200

9. Benzo[alanthracene
10. Chrysene

11. Benzo[b]fluoranthene
12. Benzo[k]fluoranthene

15.

11,12, 13. 16.

14.

210 20 230 240 250

13. Benzo[a]pyrene

14. Indeno[1,2,3-cd]pyrene
15. Dibenzo[a,h]anthracene
16. Benzo[ghilperylene

26.0



APPENDIX 3

Concentration pg/L

PAH Abbreviation 18.12.2015 18.4.2016 18.12.2015 21.12.2015 18.4.2016

Runoff Runoff Brook Leachate Leachate LoQ

(Haaga) (Haaga) (Matajoki) (Tali) (Tali)
Naphthalene NAP <0.005 <0.005 <0.005 <0.005 8.472 0.005
Acenaphthylene ACY <0.005 <0.005 <0.005 <0.005 <0.005 0.005
Acenaphthene ACP <0.005 <0.005 <0.005 <0.005 1.591 0.005
Fluorene FLR <0.005 0.007 <0.005 0.009 4.889 0.005
Phenanthrene PHE <0.005 0.008 <0.005 0.006 4.392 0.005
Anthracene ANT <0.005 <0.005 <0.005 <0.005 0.34 0.005
Fluoranthene FLT 0.097 0.016 0.012 0.036 0.371 0.005
Pyrene PYR 0.105 0.014 0.063 0.062 0.186 0.005
Benzo[a]anthracene BaA <0.016 <0.016 <0.016 0.019 <0.016 0.016
Chrysene CHR 0.161 <0.016 0.03 0.036 <0.016 0.016
Benzo[b]fluoranthene BbF <0.021 <0.021 0.177 0.09 <0.021 0.021
Benzo[k]fluoranthene BkF <0.021 <0.021 0.035 0.062 <0.021 0.021
Benzo[a]pyrene BaP 0.489 <0.021 0.107 0.043 <0.021 0.021
Indeno[1,2,3-cd]pyrene IcP 0.286 <0.021 0.103 0.052 <0.021 0.021
Dibenzo[a,h]anthracene DhA <0.021 <0.021 <0.021 <0.021 <0.021 0.021
Benzo[ghi]perylene BgP 0.678 <0.021 0.129 0.062 <0.021 0.021

216PAH 1.816 0.045 0.656 0.477 20.241

37PAH 1.55 0.016 0.563 0.345 8.843

Abbreviations: 216PAH, total PAH. 37PAH, sum of naphthalene, fluoranthene, benzo[b]fluoranthene,
benzo[k]fluoranthene, benzo[a]pyrene, indeno[1,2,3-cd]pyrene and benzo[ghi]perylene.




APPENDIX 4

Concentration ng/L

o 21.12.2015 18.4.2016

PCB Abbreviation Leachate Leachate LoQ

(Tali) (Tali)
2,2'.4,5,5'-Pentachlorobiphenyl PCB-101 <0.08 0.53 0.08
2,3,3',4,4'-Pentachlorobiphenyl PCB-105 <0.13 <0.13 0.13
2,3,3',4',6-Pentachlorobiphenyl PCB-110 0.12 0.58 0.08
2,3',4,4',5-Pentachlorobiphenyl PCB-118 <0.13 0.24 0.13
2,2',3,4,4',5'-Hexachlorobiphenyl PCB-138 0.23 0.13 0.11
2,2',3,4',5",6-Hexachlorobiphenyl PCB-149 0.22 0.42 0.11
2,2'.4,4',5,5'-Hexachlorobiphenyl PCB-153 0.30 0.34 0.11
2,3,3',4,4',5-Hexachlorobiphenyl PCB-156 <0.13 <0.13 0.13
2,2'3,3',4,4',5-Heptachlorobiphenyl PCB-170 <0.08 <0.08 0.08
2,2'.3,4,4',5,5'-Heptachlorobiphenyl PCB-180 0.18 <0.11 0.11
2,2'3,4',5,5",6-Heptachlorobiphenyl PCB-187 <0.11 <0.11 0.11
2,4,4'-Trichlorobiphenyl PCB-28 0.60 7.10 0.08
2,4'.5-Trichlorobiphenyl PCB-31 0.62 7.80 0.11
2,2',5,5'-Tetrachlorobiphenyl PCB-52 0.18 1.40 0.08
2,3',4,4'-Tetrachlorobiphenyl PCB-66 <0.11 0.63 0.11

Z15PCB 2.45 19.17

Z7PCB 1.49 9.74

Abbreviations: 215PCB, total PCB. ¥7PCB, sum of PCB
congeners 28, 52,101, 118, 138, 153 and 180.




APPENDIX 5

Concentration pg/L

T 18.12.2015 21.12.2015 18.4.2016 18.4.2016
Phthalate Abbreviation Brook Leachate LoQ Leachate Runoff LoQ
(Matajoki) (Tali) (Tali) (Haaga)

Dimethyl phthalate DMP <0.02 <0.02 0.02 <0.10 <0.10 0.10
Diethyl phthalate DEP <0.05 0.05 0.05 0.08 <0.05 0.05
Diisobutyl phthalate DiBP 0.07 <0.05 0.05 0.11 0.17 0.05
Dibutyl phthalate DBP 0.07 <0.05 0.05 1.10 0.52 0.05
Dipentyl phthalate DPP <0.01 <0.01 0.01 <0.01 <0.01 0.01
Dihexyl phthalate DHP <0.01 <0.01 0.01 <0.01 <0.01 0.01
DI-2-ethylhexyl phthalate DEHP 0.33 0.31 0.30 <0.30 <0.30 0.02
Benzyl butyl phthalate BBP 0.04 <0.02 0.02 0.02 <0.02 0.30
Dioctyl phthalate DOP <0.01 <0.01 0.01 <0.01 <0.01 0.01
Diisononyl phthalate DINP 2.70 1.10 1.0 <1.0 <1.0 1.0
Diisodecyl phthalate DIDP <1.0 <1.0 1.0 <1.0 <1.0 1.0




APPENDIX 6

Concentration ng/L

PBDE Abbreviation 18.12.2015 18.4.2016 18.12.2015 21.12.2015 18.4.2016
Runoff Runoff Brook Leachate Leachate | LOQ
(Haaga) (Haaga) (Matdjoki) (Tali) (Tali)
2,2',4,4' 6-Pentabromodiphenylether BDE-100 0.06 <0.03 0.03 <0.03 <0.03 0.03
2,2',4,4'5,5'-Hexabromodiphenylether BDE-153 <0.03 <0.03 <0.03 <0.03 <0.03 0.03
2,2',4,4'5,6'-Hexabromodiphenylether BDE-154 <0.03 <0.03 <0.03 <0.03 <0.03 0.03
2,2'.3,4,4'5',6-Heptabromodiphenylether BDE-183 <0.03 <0.03 0.04 <0.03 <0.03 0.03
2,2',3,3',4,4',5,5',6,6'-Decabromodiphenylether BDE-209 0.82 0.66 1.40 0.54 0.32 0.03
2,4,4'-Tribromodiphenylether BDE-28 <0.03 <0.03 <0.03 <0.03 <0.03 0.03
2,2',4,4'-Tetrabromodiphenylether BDE-47 0.47 0.06 0.10 0.04 0.09 0.03
2,3',4,4'-Tetrabromodiphenylether BDE-66 0.05 0.05 0.05 0.04 0.05 0.03
2,2',3,4,4'-Pentabromodiphenylether BDE-85 0.03 0.03 0.03 0.03 0.03 0.03
2,2',4,4' 5-Pentabromodiphenylether BDE-99 0.17 0.06 0.09 0.05 0.06 0.03




APPENDIX 7

Concentration ng/L

PEAS Abbreviation 18.12.2015 18.4.2016 18.12.2015 21.12.2015 18.4.2016

Runoff Runoff Brook Leachate Leachate LoQ

(Haaga) (Haaga) (Matajoki) (Tali) (Tali)
Perfluorobutyric acid PFBA 5.53 4.85 3.21 68.4 234.0 0.50
Perfluoropentanoic acid PFPeA 15.0 8.92 2.30 8.6 18.3 0.10
Perfluorohexanoid acid PFHxA 9.14 7.16 2.48 22.2 68.1 0.10
Perfluoroheptanoid acid PFHpA 4.02 3.26 1.40 12.0 36.4 0.10
Perfluorooctanoid acid PFOA 5.31 6.06 3.92 28.2 60.4 0.10
Perfluorononanoic acid PFNA 0.73 1.05 0.61 0.59 <0.10 0.10
Perfluorodecanoid acid PFDA 0.38 0.36 0.68 0.46 <0.10 0.10
Perfluoroundecanoid acid PFUdA <0.10 0.15 0.22 0.48 <0.10 0.10
Perfluorododecanoid acid PFDoA <0.50 <0.50 <0.50 <0.50 <0.50 0.50
Perfluorotridecanoid acid PFTrDA <0.50 <0.50 <0.50 <0.50 <0.50 0.50
Perfluorotetradecanoid acid PFTeDA <0.50 <0.50 <0.50 <0.50 <0.50 0.50
Perfluorohexadecanoid acid PFHxDA <0.50 <0.50 <0.50 <0.50 <0.50 0.50
Perfluorooctadecanoid acid PFODA <0.50 <0.50 <0.50 <0.50 <0.50 0.50
Perfluorobutanesulfonic acid PFBS 1.28 1.45 0.93 4.46 12.3 0.10
Perfluorohexanesulfonic acid PFHxS 1.69 2.20 2.59 15.0 22.2 0.10
Perfluoroheptanesulfonic acid PFHpS 0.21 0.23 0.18 0.34 0.40 0.10
Perfluorooctanesulfonic acid PFOS 5.67 6.48 8.58 18.7 11.8 0.10
Perfluorodecanesulfonic acid PFDS <0.20 <0.20 <0.20 <0.20 <0.20 0.20
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