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Summary

In Trondheim most of the excess snow from the city and areas around are dumped directly
into the fjord from piers in the harbour. Snow contain pollutants from sources in the city, and
will therefore be polluted with compounds such as heavy metals and organic pollutants (PAHs
and PCBs). How this contribution affects water and sediment quality in the areas used for
snow dumping is not studied to a large degree, and was therefore studied in this thesis, on

request from Trondheim Municipality.

The study area was pier 68, as this was the only area it was allowed to dump snow in the
harbor during the winter of 2015 and 2016. A total of 16 sediment samples of the top layer 0-
2 cm were taken at increasing distances from the pier in three different directions, as well as
down in the sediment 0 ~ 16 cm in the sampling points in one of the directions. In addition, a
core sample was taken 195 cm into the sediment at @stmarka, to represent background levels.
The samples were decomposed in UltraClave and analysed for selected heavy metals in ICP-
MS. Manual water samples (in total 39 samples) was taken in the surface water before, during
and after the snow dumping at pier 68, and at Ringve as background levels. All the samples
got filtered. In the water column DGTs were out during and after the snow dumping. Both the
manual water samples and the DGTs were analysed for the selected heavy metals in ICP-MS.
3 sediment traps were out in the fjord at increasing distances (41 m, 89 m, and 136 m) from
pier 68 in direction North East during almost the whole snow dumping period in 2016 and
collected sedimenting material. The material was analysed for both selected heavy metals and
PAHSs. POMs were attached on the sediment traps to measure PAHs and PCBs in the water
column. Snow samples from Trondheim center were also taken and both dissolved and
particulate fraction were analysed for selected heavy metals on ICP-MS. The selected heavy
metals were As, Pb, Cd, Cu, Cr, Hg, Ni and Zn for all the samples.

The results were compared with the Klifs guideline for metals and organic pollutants in
coastal waters and marine sediments. The guideline specifies levels of pollution in the water
and sediment and goes from level I to V, where level I is equivalent to background level and
level V is highly polluted, and have increased risk of harm on water- and sediment-dwelling
organisms. In addition, the deposition of fine and coarse particles in the sediment and were

most of the sedimenting material deposit were studied.



The results showed that there was only a small impact in the water and sediment in the studied
area. In the surface water only Pb and Cr were found in higher concentrations during snow
dumping, and in the water column Cd, Cr and Zn were found higher during snow dumping.
Pb, Cd and Cr were found to be higher in the surface water than in the water column. The
concentrations of the metals in the surface water and the water column were low (level I and
I1) during snow dumping, except for Cu and Zn that had one or more concentrations in level
Il and IV. Cu was also high after the snow dumping (level 111 and 1V). The highest increase
of Cr and Pb in the surface water was unexpected out from the results from the snow samples,
which showed highest concentrations of Zn, Cu and Ni in the dissolved phase. In the

particulate material in the snow samples Zn, Cu and Cr were found in highest concentrations.

The PAHSs was found in level 11 in the water column except for in POM2 where acenaphthene,
phenanthrene and fluoranthene were found in level 111 and pyrene in level V. It is uncertain
whether these high concentrations were due to the snow dumping as the concentrations differ
significantly from the other two POMSs and other sources may have affected. Any further
investigation is proposed. For the PCBs, PCB-28 and PCB-52 were found in the water

column.

The sedimenting material was found to have low concentrations (level | for the metals, and
level I and Il for the PAHS) and to be deposited in decreasing amounts with increasing
distances from the pier, with most of the material sedimenting within around 100 m from the
pier in direction North East. The amount of sedimenting material were significantly higher
than the natural sedimentation (found in the harbour in other studies), and will increase the

need for dredging in the area outside pier 68.

Also in the top layer (0-2 cm) in the sediment the condition seemed to be good, as all the
concentrations were found in the level I and Il. No large differences were seen in the
concentrations in the various directions. The fine particles seemed to be concentrated around
50 m and 150 m from the pier in the direction North East, 100 m and 200 m in the direction
North and 150 m in the direction North West. Coarse particles from the snow dumping was

seen in sample point 250 m in the direction North East.



In the samples taken deeper down in the sediment, some higher concentrations of Cu (level
IV) and Hg (level V) were found, but else level I and Il dominated. The concentrations in
these layer were also found to have higher concentrations than the background concentrations
in the core sample from @stmarka. Except for Ni and Cr, which are naturally high in

Trendelag, this reflects inputs from anthropogenic sources outside pier 68.



Sammendrag

| Trondheim dumpes det meste av overskuddssngen fra byen og omegn direkte i fjorden fra
kaier i havna. Sng tar opp forurensninger fra kilder i byen, og vil dermed veere forurenset med
stoffer som bla. tungmetaller og organiske miljagifter (PAH og PCB). Hvordan denne
tilfarselen av forurensninger pavirker vann og sediment kvalitet i omradet utenfor
dumpestedet er ikke studert i noen stor grad tidligere, og ble derfor undersgkt i denne

oppgaven, med gnske fra Trondheim Kommune.

Undersgkelsesomradet var pir 68, da dette var det eneste omradet det var lov til & dumpe sng i
havna vinteren 2015 og 2016. Totalt 16 sedimentprgver av topplaget 0-2 cm ble tatt i gkende
avstand fra piren i tre ulike retninger, samt nedover i sedimentet 0~16 cm i prgvepunktene i
en av retningene. | tillegg ble en kjerneprave tatt 195 cm ned i sedimentet ved @stmarka, for a
representere bakgrunnsnivaer. Pravene ble dekomponert i UltraClave og analysert for utvalgte
tungmetaller i ICP-MS. Manuelle vannprgver (totalt 39 praver) ble tatt i vannoverflaten for,
under og etter sngdumpingen ved pir 68, samt ved Ringve som bakgrunnsnivaer. Alle prgvene
ble filtrert. 1 vannkolonnen stod DGT er ute under og etter sngdumpingen. Bade de manuelle
vannprevene og DGT ene ble analysert for utvalgte tungmetaller i ICP-MS. 3 sedimentfeller
stod ute i fjorden i gkende avstand (41 m, 89 m, og 136 m) fra pir 68 i retning nord gst under
omtrent hele sngdumping-perioden 2016 og samlet opp sedimenterende materiale. Materialet
ble analysert for bade utvalgte tungmetaller og PAH’er. POM’er var festet pa sedimentfellene
for 4 mile PAH er og PCB’er i vannkolonnen. Sngprgver fra Trondheim sentrum ble ogsa
tatt, og bade lgst (17 prever) og partikuler fase (3 praver) ble analysert for utvalgte
tungmetaller i ICP-MS. De utvalgte tungmetallene for alle prevene var As, Pb, Cd, Cu, Cr,
Hg, Ni og Zn.

Resultatene ble sammenlignet med Klif’s tilstandsklasser for metaller og organiske miljagifter
i kystvann og marint sediment. Tilstandsklassene angir forurensningsgraden i vann og
sediment og gar fra klasse I til V, hvor klasse | tilsvarer bakgrunnsniva og klasse V er svert
forurenset, og gkt fare for risiko for vann- og sediment levende organismer. | tillegg ble det
sett pa hvor i sedimentet fine og grove partikler sa ut til & avsettes og hvor mesteparten av det

sedimenterende materialet avsettes.

Resultatene viste at det kun var en liten pavirkning i vannet og sediment i det undersgkte

omradet. | vannoverflaten var det kun Pb og Cr som viste seg a vaere hgyere under

\



sngdumpingen, og i vannkolonnen ble Cd, Cr og Zn funnet hgyere under sngdumpingen. Pb,
Cd og Cr ble funnet hgyere i vannoverflaten enn i vannkolonnen. Konsentrasjonene av
metallene i bade vannoverflaten og i vannkolonnen var lave (i klasse | og I1) under
sngdumpingen, unntatt for Cu og Zn som hadde en eller flere konsentrasjoner i klasse 111 og
IV. Cu var hgy ogsa etter sngdumpingen (klasse 111 og IV). Hayest gkning av Cr og Pb i
overflatevannet var uventet ut ifra resultatene fra sngprgvene, som viste hgyest
konsentrasjoner av Zn, Cu og Ni i lgst fase. | partikuleert materiale i sngprevene ble Zn, Cu og

Cr funnet i hgyeste konsentrasjoner.

PAHene ble funnet i klasse Il i vannkolonnen foruten om i POM2 hvor acenaften, fenantren
og fluoranten ble funnet i klasse I11 og pyren i klasse V. Det er usikkert hvorvidt disse haye
konsentrasjonene skyldes sngdumpingen da verdiene skiller seg betydelig fra de to andre
POM ’ene, og andre kilder kan ha pavirket. Eventuell videre undersgkelse foreslas. For
PCB’ene, ble PCB-28 og PCB-52 ble funnet i vannkolonnen.

Det sedimenterende materialet ble funnet til & vere lite forurenset (klasse | for metallene, og
klasse 1 og 1l for PAHene) og til & avsettes i avtagende mengder utover fra piren, med det
meste av materialet innenfor omtrent 100 m fra piren i retning nord gst. Mengden
sedimenterende materiale var betydelig hgyere enn den naturlige sedimenteringen (funnet i

havna i andre studier), og vil kunne gke behovet for mudring i omradet utenfor pir 68.

Ogsa i topplaget (0-2 cm) i sedimentet sa tilstanden ut til & veere god, da alle konsentrasjonene
ble funnet i klasse 1 og Il. Ingen store forskjeller ble sett i konsentrasjonene i de ulike
retningene. De fine partiklene sa ut til & konsentrere seg i omradet rundt 50 m og 150 m fra
piren i retning nord gst, 100 m og 200 m i retning nord og 150 m i retning nord vest. Grove
partikler fra sngdumpingen ble sett i prevepunktet 250 m i retning nord est.

| pravene tatt lengre nede i sedimentet ble det funnet noen hgyere konsentrasjoner av Cu
(klasse 1V) og Hg (klasse V), men ellers var ogsa konsentrasjonene dominert av klasse 1 og I1.
Konsentrasjonene i dette laget ble ogsa funnet til a ha noe hgyere konsentrasjoner enn
bakgrunnsverdien i kjerneprgven fra @stmarka. Utenom for Ni og Cr, som er naturlig hgye i

Trendelag, gjenspeiler dette antropogen tilfarsel utenfor pir 68.

Vi



Abbreviations

DGT
DBL
DL

DW

Cl
GC-MS
ICP-MS
IDL
ISO

Klif
MS
m/z
MQ
MW
M.U.
NEA
NGI
NTNU
PAH
PCB
POM
PPM
PPT
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RSD
SFT

Diffuse Gradient in Thin films

Diffusive Boundary Layer

Detection Limit

Dry Weight

Confidence Interval

Gas Chromatography-Mass Spectrometry
Inductively Coupled Plasma Mass Spectrometry
Instrumental Detection Limit

International Organization for Standardization

The Norwegian Climate and Pollution Agency (now under NEA)
Mass Spectrometer

mass to charge ratio

Milli —Q-water

Molecular Weight

Measurement uncertainty

the Norwegian Environment Agency

the Norwegian Geotechnical Institute

the Norwegian University of Science and Technology
Polycyclic Aromatic Hydrocarbons

PolyChlorinated Biphenyl

PolyOxyMethylene

Parts Per Million

Parts Per Trillion

PolyPropylene —vials (used for ICP-MS analysis)
Relative Standard Deviation

The Norwegian Pollution Control Authority (Now NEA)
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1. Introduction

Cities receiving snow during the winter months must remove excess snow to maintain
accessible roads and safety. Many cities have snow dumping sites on land while other dump
their excess snow in the marine environment, such as rivers, lakes, or the ocean. In
Trondheim, Norway, excess snow from the city and areas around are mainly dumped from the
piers in the harbor and into the Trondheimsfjord. Urban snow contains pollutants such as
heavy metals, PAH, PCB, and oil that will enter the fjord with the snow. In this way the snow

dumping contributes with pollutants to the water and sediment.

In recent years there has been an increased focus on the pollution in water and sediment in
coastal areas in Norway. The Norwegian Pollution Control Authority stated in 2000 that
“polluted fjord areas is one of our biggest remaining local environmental concerns in
Norway” (SFT, 2000). 17 coastal areas in Norway have been selected as priority areas by the
Norwegian Environment Agency (Miljgdirektoratet, 2013). Trondheim harbour was one of
these. The reason was that the sediments were highly polluted in many areas in the harbour
(NGI, 2011b). As a result, the project “Cleaner harbour” was initiated that aimed to clean up
the polluted sediment in the harbour and identify active pollution sources. The City Council in
Trondheim Municipality adopted some goals for the harbour basin, and one of the goals is
read as follows: “Direct discharges to sea from businesses along the basin should if possible
be stopped, or the emissions must be reduced to a level that does not provide an unacceptable
environmental or health risk” (NGI, 2011b).

How the snow dumping contributes with pollutants to the water and sediment in the harbor
has not been studied to a large degree, and the comprehensive action plan for Trondheim
harbour basin states that the snow dumping should be studied further to evaluate the discharge
of pollutants to the sediments (NGI, 2011b, DNV and NGI, 2011). In a previous study by
GeoSubSea AS in 2007, on behalf of Trondheim Municipality, sediment sample were taken
outside each pier used for snow dumping (see appendix A). In 2007, Trondheim Municipality
took samples from trucks with snow that were to be dumped in the harbor (Stgver et al.,
2007), and sediment samples have further been taken outside the piers used for snow dumping
in other contexts. These are very limited studies and doesn’t say anything about the spread in
the sediment or how the snow dumping affects the water column. The PAH concentrations are

found in high concentrations in the sediment outside piers used for snow dumping, and for



one of the piers it was assumed to originate from the snow dumping (NGI, 2011a) (see

appendix A).

In other cities in Norway, where the contribution of pollutants from the snow dumping into
rivers and fjords have been estimated, the conclusions have mostly been that the snow
dumping only have marginal effect on water and sediment quality. It is despite this need to
study the contribution at each location individually as the recipients are different. Trondheim
Municipality have for a long time wanted a study on the contribution of pollutants from the
snow dumping to the water and sediment outside piers used for snow dumping, especially

now since there is a focus on a cleaner harbour.

1.1 Aim of the study

The aim of this thesis is to study the degree of contamination in sediment and water in the

area used for snow dumping in Trondheim harbour. The study area will be pier 68.

The focus is mainly on the heavy metal(loid)s: arsenic (As), lead (Pb), chromium (Cr), copper
(Cu), cadmium (Cd), nickel (Ni), sink (Zn), and mercury (Hg), but also selected PAHs (sum
PAH-16) will be measured in some of the samples, and PCBs in the water column.

Samples will be taken during snow dumping to measure the concentrations of heavy metals,
PAHs and PCBs in the water during dumping. Heavy metals will also be measured before and
after the snow dumping. Sediment traps will be used to collect sedimenting material. Samples
of the sediment will be taken to check the condition in the sediment in the area. In addition,
samples in the sediment will be taken at increasing distances from the pier to study the spread

of heavy metal(loid)s from the pier.
The following sampling and sampling methods will therefore be performed:

e Snow, sediment and surface water samples
e Sediment traps to collect sedimenting material
e DGTs to measure heavy metal(loid)s in the water column

e POMs to measure PAHs and PCBs in the water column

The results will be compared with Klif’s guideline to evaluate the contamination state in the

water and the sediment. The thesis is in collaboration with Trondheim Municipality.
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2. Theory

2.1 Marine pollution

Coastal areas, especially sheltered estuaries, fjords, bays and harbors, close to industrialized
and urbanized areas around the world are highly polluted due to emissions from industry and
other human activities (SFT, 2000). Coastal areas have for a long time been exposed to
different pollution sources, and pollutants have accumulated in the sediment many places.
However, the pollution from industrial point sources have been reduced during the last
decades (Breedveld et al., 2010). But many of the Norwegian fjords are still polluted. Fjord

areas are important feeding and growth areas for many marine organisms (SFT, 2000).

The elevated concentrations of pollutants can harm organisms and hence the marine
ecosystem, with dramatic effects such as species loss, restriction of fishing and dietary
restrictions on seafood as a consequence (SFT, 2000). Consumption of fish and shellfish from
several places have been restricted due to high amounts of pollutants (SFT, 2000). Among the
pollutants of concern in marine pollution are heavy metal(loid)s, petroleum hydrocarbons,
pesticides and plastic (Zitko, 2000), and organic pollutants, such as PAH, PCB and TBT.

2.2 Snow dumping

Cities in the northern hemisphere can receive a lot of snow during the winter. The snow has to
be removed from streets and be disposed somewhere (Viklander, 1997). Where to dispose the
snow is a big issue in many cities, as there is often large amounts of snow and little available
place inside the city. In addition there are issues regarding to costs, safety, noise,
esthetics/public acceptance and effects on the recipient (Reinosdotter et al., 2003, Viklander,
1997). The snow disposal practices vary between different cities, but the most common
practices are to dump it on land and/or in the marine environment, such as rivers, lakes or the
ocean. For cities close to the ocean, lakes etc. it might be convenient to dump the snow in the
water as it is close and no extra space to store snow are needed. The snow is most often
dumped directly, without any treatment of the snow. With an increased focus on marine

pollution, snow dumping in water is restricted many places. Dumping in the marine



environment have declined over the last years and is not so widespread as before, due to

environmental concern and public acceptance (CH2M, 2006).

In several of the Norwegian cities, excess snow is or have been dumped in fjords or rivers
(Hansen, 2015, Ranneklev et al., 2013)(personal communication Ivar Kaski 16.04.04, Dag
Ivar Andreassen 16.04.04). However different practices exist; in Tromsg all the excess snow
is dumped in the harbor (personal communication Dag Ivar Andreassen 16.04.04), while in
Harstad it is not allowed to dump snow that is more than 2 weeks old from areas with high
traffic and 4 weeks old from areas with less traffic, it is not allowed to dump ice clumps, and
not allowed to dump snow during daytime from the pier in the centre. In addition: all the
snow has to be logged (where it is from, amount and how old the snow is) (Hansen, 2015).
Oslo have a snow melting machine, that melts and clean the snow before it is released out in
the fjord (NCC).

2.3 Heavy metals and metal(loid)s

Heavy metals are often referred to those metals with atomic mass above 5 g/cm?, especially
the transition metals such as lead (Pb), cadmium (Cd), and mercury (Hg). Metalloids, non-
metals that have the appearance and/or some of the properties as metals, e.g., arsenic (As), are
also often included in the term heavy metals. If metalloids are included the term is considered
misleading and the term heavy metal(loid)s should be used (Duffus, 2002, Alloway, 2013).

The heavy metal(loid)s occur naturally in the environment in trace amounts (Alloway, 2013),
but their concentrations have been elevated many places due to anthropogenic activity (SFT,
2000). The natural sources are volcanoes, and weathering of rocks and sediment. They cannot
be degraded or metabolized (Sansalone and Buchberger, 1997), they can therefore accumulate

in the environment.

The heavy metal(loid)s are known for their potential toxicity to organisms. However, some
heavy metal(loid)s are cofactors or part of cofactors in enzymes and structural elements in
proteins, and are thus needed in small amounts by plants, animals and humans for vital

biological processes (Alloway, 2013).



The most environmentally important heavy metal(loid)s are As, Cd, chromium (Cr), cobalt
(Co), copper (Cu), Hg, Pb, manganese (Mn), nickel (Ni), selenium (Se) and zinc (Zn)
(Alloway, 2013).

2.4 Polychlorinated biphenyls (PCBs)

Polychlorinated biphenyls (PCBs) are a group of chlorinated organic compounds. PCBs have
serious health effects (toxic and carcinogenic) even in low concentrations. They have been
used in different products, but have been forbidden to use in Norway since 1980. They are
however still found in the environment, leaking out from products and buildings
(Miljgdirektoratet, 2015).

There exists over 200 different PCBs. 7 common PCBs to measure when studying PCBs in
the environment are: PCB-28, PCB-52, PCB-101, PCB-118, PCB-153, PCB-138 and PCB-
180, referred to as PCB?7.

2.5 Polycyclic aromatic hydrocarbons (PAHS)

Polycyclic aromatic hydrocarbons (PAHS) are organic compounds consisting of two or more
aromatic (benzene) rings fused together. There exist several hundred PAHSs, with different
molecular weights (MW) and arrangements. PAHSs are naturally compartments in fossil fuels
(petrogenic PAHSs). They can also be formed during incomplete combustion of organic
material, such as wood and fossil fuel (pyrogenic PAHS). It is common to divide the PAHs
into low molecular weight PAHSs (2 and 3 rings) and high molecular weight PAHs (more than
3 rings). The low molecular weight PAHs have a significant acute toxicity, while the
carcinogenic PAHs are found among the high molecular weight PAHs. PAHSs are degradable,
but the degradation can be slow and they therefore tend to accumulate in organisms. The
PAHs are usually found together in nature as a mixture of two or more (Viskari et al., 1997,
Witt, 1995, Neff, 1979)



Sum PAH-16

Environmental studies usually focus on some of the PAHSs. United States Environmental
Protection Agency and World Health Organization have chosen 16 of the PAHSs to be
“priority pollutants”, termed sum PAH-16. These are chosen due to their toxicity and because
they are common in the environment (Bruzzoniti et al., 2010). The 16 PAHSs can be seen in

Figure 1.
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Figure 1. The 16 PAHSs chosen by US EPA and constitutes sum PAH-16 (Bruzzoniti et al.,
2010).



2.6 Urban snow

Urban snow has a porous structure and are therefore a trap for pollutants (Sansalone and
Buchberger, 1996, Sansalone et al., 2003). The pollutants deposit in the snow through dry or
wet deposition, or through gas adsorption. The sources can be local or long distance sources,
and can be naturally or anthropogenic (Viklander, 1997). However, local anthropogenic
sources are most important, even though snowflakes are effective scavengers of pollutants
from the atmosphere (Sansalone and Glenn, 2002). Pollutants typically found in urban snow
are heavy metal(loid)s, nitrogen, phosphorus, salt, organic compounds (PAH and PCB), oil
and particles. In addition, snow can contain different types of litter, such as plastic, cigarette
stumps etc. Snow will contain about 30-50 % water, depending on the density of the snow
(Baekken, 1994).

Snow quality

Pollutants will continuously deposit in the snow. The
residence time of the snow is therefore important for
the snow quality. Baekken (1994) found the new snow
to be as polluted as the old snow after 1 week. Other
factors that affect the snow quality are site specific
sources (industry, heating sources etc.),
meteorological conditions, amount of traffic and
winter road maintenance practices (Viklander, 1997).
The geographical position can also have an effect on
the snow quality; higher atmospheric deposition rates
are for example detected in southern Norway than in
the middle and north of Norway (Aamot et al., 1996).

In the snow the pollutants are dissolved or particulate

Picture 1. Polluted urban snow in Trondheim
(Ranneklev et al., 2013, Baekken and Tjomsland, Photo: Hilde A Hammer.

2001). When the temperature rises above 0°C the

bound, and are highly heterogeneously distributed

dissolved fraction can leave the snowpack with the melt water, while the particulate bound
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fraction stays in the snow. Heavy snowfall can lead to a dilution of the concentrations
(Viklander, 1997).

Traffic and winter road maintenance are the most important sources (Bakken, 1994, Bjgrgaas,
2010). The highest amount of pollutants are therefore most often found in snow close to
highly trafficated roads, and when salt and/or sand is used as a part of winter road

maintenance.

2.6.1 Heavy metal(loid)s in urban snow

Many of the heavy metal(loid)s are found in urban snow. Fe, Zn, Cr, and Cu are most often
found in highest concentrations (Larsen et al., 2003, Sandefjord, 2005, Baekken, 1994). The
concentrations are usually significantly higher than the reference stations. Bakken (1994)

found for instance Cu to be almost 700 times higher than the reference station.

The heavy metal(loid)s are mostly particulate bound in the snow (Sansalone et al., 2003).
Viklander (1997) found that less than 1 % of the Pb, 10 % of the Cu and 18 % of the Zn were
in the dissolved phase in snow samples. In new snow the dissolved fraction of metals tends to
dominate, then over time when the particle content in the snow increases, the particulate
bound fraction tends to dominate. Other factors that will affect the partitioning are redox,
hardness, pH and alkalinity (Glenn and Sansalone, 2002, Sansalone and Buchberger, 1997).

2.6.2 PAHSs in urban snow

All of the 16 PAHSs in sum PAH-16 have been found in snow. The PAHs usually found in the
highest concentrations in urban snow are pyrene, phenanthrene, fluoranthene, chrysene, and
benzo(a)anthracene (Staver et al., 2007, Viskari et al., 1997, Larsen et al., 2003, Ranneklev et
al., 2013, Baekken, 1994). Baekken (1994) found the concentration of PAHSs in urban snow to
be 1000 times higher than the reference sample. Average concentrations of the PAHS in sum
PAH-16 found in a snow sample from Tromsg and from snow samples in Trondheim can be
seen in Table 1. The sample in Tromsg was taken from a parking lot and the samples in
Trondheim were taken from 17 trucks with snow that were going to be dumped in the
harbour.



Table 1. Concentrations of PAHSs in snow sample(s) from Tromsg and Trondheim
(Larsen et al., 2003, Staver et al., 2007).

PAHs Unit Sample Tromsg  Samples Trondheim
Naphthalene Mo/l <0.13 0.32
Acenaphthylene Mg/l 11 0.11
Acenaphthene Mg/l 5.0 0.60
Fluorene Mg/l 3.1 0.69
Phenanthrene Ho/L 15 41
Anthracene Mo/l 3.3 0.90
Fluoranthene Mg/l 43 17
Pyrene Mg/l 130 17
Benz(a)anthracene Mg/l 6.9 4.1
Chrysene Mg/l 43 5.3
Benzo(b)fluoranthene ha/L ) 1.7
Benzo(k)fluoranthene Mo/l ) 1.8
Benzo(a)pyrene ha/L ) 2.2
Indeno(1,2,3-cd)pyrene Mg/l 1 0.60
Dibenzo(a,h)anthracene Mg/l 3.3 0.16
Benzo(ghi)perylene hg/L 25 0.45
SUMPAH-16 Ho/L 290 57



2.6.3 Sources of heavy metal(loid)s and PAHs

Vehicles/traffic

Vehicles/traffic is an important source due to exhaust (see below), and wear of different
compartments of vehicles. An overview over which heavy metal(loid)s that comes from
different compartments of vehicles can be seen in Table 2. In tires the metals are found in the
rubber and in the steel wires on the outside of the tire, and will wear of during driving.
Especially Zn and Fe are dominant in tires (Hagya and Aabge, 2004), Also PAH:s are also
found in tires. A prohibition against tires with high-aromatic oils with more than 20 mg
PAH/kg have been set from 2010 (Ottesen et al., 2011).

The vehicle will also wear of particles from the asphalt, that can deposit in the snow,
especially if studded tires are used. Asphalt contain both metals and PAHs (Amlo and Bakke,
2010). Staver et al., (2007) performed a factor analysis which showed that around 80 % of the
PAH in their snow samples most likely came from asphalt and up to 15 % most likely came
from tires and diffuse sources such as combustion of wood. Also others have ranked asphalt
to be the main source (Sansalone and Buchberger, 1997, Baekken, 1994). Oil leakage from
vehicles can also be a source of PAHs (Neff, 1979).

Use of salt as a part of winter road maintenance can increase the amount of metals in the snow

due to increased corrosion of vehicles (Viklander, 1997).

Table 2. Compartments leading to heavy metal(loid)s and PAHSs in snow (Hagya and Aabge,
2004, Ottesen and Langedal, 2006, Davis et al., 2001, Sansalone and Buchberger, 1997).

Compartment  Source of:

Tire Zn, Fe, Cd, Cr, Co, Cu, Pb, Ni, As,

Hg (only minor amounts), PAHs

Brake Cr, Cu, Pb, Cd, Zn
Engine Cr, Cu, Ni,
Frame Cr, Fe, Zn, Fe
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Incomplete combustion

Incomplete combustion in industry, heating, exhaust, fires and waste incineration are sources
of metals and PAHSs (Ottesen and Langedal, 2006). The metals and PAHs are emitted to the
air as particles or vapour (Manahan, 2010). Which PAHSs that forms during incomplete
combustion depends among other factors on the composition of the fuel, temperature and the
duration of the combustion (Neff, 1979). In general, high- temperature combustion mainly
generates high molecular weight PAHs, while low molecular weight PAHs mainly derive
from lower temperature combustion of fossil fuels (Fernandes et al., 1997). Removal of Pb in

petrol have led to less emission of Pb close to roads (Alloway, 2013).

Buildings and structures

Paint can contain metals such as Zn, Cr, Pb and Cd that can wear off with time and deposit in
the snow (Viklander, 1997, Ottesen and Langedal, 2006). In a study of outdoor paint on
buildings in the city center of Trondheim, Ti, Pb, Zn and Fe were found most frequent and in
highest concentrations (Andersen et al., 2009). Galvanized roofs and other structures can be a
source of Zn and Cu (Alloway, 2013). PAHSs have also been found in paint, and roofing
membrane (Amlo and Bakke, 2010).

Picture 2. Important sources of heavy metal(loid)s and PAHSs in the urban environment
(Ottesen, not dated).
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2.6.4 Particles in urban snow

Particles have many of the same sources as heavy metal(loid)s and PAHs and can therefore be
water soluble components, oil fractions, soot, rubber, stone dust and metal parts (Baekken and
Tjomsland, 2001). Other sources of particles are construction work and the use of sand/gravel
as a part of the winter road maintenance (Stgver et al., 2007, Reinosdotter and Viklander,
2006).

The particles can be of different sizes and range from soluble to insoluble particles (Bakken
and Tjomsland, 2001). Particles from combustion reactions are generally smaller than
particles from for example asphalt. The combustion particles are usually less than 0.1 um, but
they can aggregate together to become larger (FHI, 2005, Qian et al., 2014).

Smaller particles have a larger relative surface area and are often found to contain the highest
concentration of pollutants (Sansalone et al., 2003, Miler and Gosar, 2009, Viklander, 1997),

Concentration of particles in snow have been found between 0.01 — 7.8 g/L (Ranneklev et al.,
2013, Bjgrgaas, 2010, Baekken and Tjomsland, 2001) and up to 73 g/L (Bakken, 1994).

Since traffic is an important source of particles (and heavy metal(loid)s and PAHs) most of
the pollutants deposit on or close to roads, and the amount are found to increase with traffic
load (Baekken, 1994, Sansalone et al., 2003, Baekken and Tjomsland, 2001, Ranneklev et al.,
2013). The amount and type of particles, will also be dependent on factors such as driving
pattern (accelerating, stops, speeding), congestion, type and condition of the vehicle, use of
studded tires, type of tires, and the durability of the asphalt (Snilsberg et al., 2008, Baekken,
1994).

2.6.5 PCB in snow

PCBs have been found in snow (Ranneklev et al., 2013, Baekken and Tjomsland, 2001).
(Ranneklev et al., 2013) found between 9 — 10 ng/L in snow samples from 4 different
locations in Drammen. The source(s) of PCBs in snow is a bit unclear. PCBs are not typically
related to traffic, but Baeekken (1994) found an association between amount of PCB and
traffic. Larsen et., al (2003) concluded that PCB in the snow samples in Tromsg most likely

came from long distance transport, rather than local sources.
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2.7 Sea water

Sea water consist of major, minor and trace elements. The major ions, such as chloride (CI°),
sodium (Na®), sulfate (504%), and magnesium (Mg?*) constitute more than 99 % of the
dissolved ions in sea water. These ions have a long residence time and relatively constant
concentrations (conservative) in sea water. Minor and trace elements have a shorter residence
time and hence much more variable concentrations in sea water (non-conservative). Their
concentration varies from place to place due to differences in inputs (pollution) and reactivity
of the elements. Heavy metal(loid)s and PAHs are among the minor and trace elements. They

usually have concentrations in pg/L in sea water (Kennish, 2000).

2.7.1 Heavy metal(loid)s in sea water

Sources

Anthropogenic sources of heavy metal(loid)s in sea water are river inflow, atmospheric
deposition, antifouling paints from boats, urban runoff, wastewater from industry or
municipality, sewage and other nonpoint sources (Kennish, 2000, Stumm and Morgan, 1996).
Pb, Cu and Cr are often used in paint on boats, and Cu are also widely used as antifouling
agent on boats and nets, which can leak out in the water (SFT, 2000, Jartun and Volden,
2005).

Speciation

In sea water the metals can exist in different forms (species), see Figure 3. Metals bound to
water molecules (free metal ions), or complexed with dissolved organic or inorganic ligands
represent the dissolved fraction, while metals bound to suspended particles (colloids and
solids) represents the particulate fraction. The particles can be colloids (0.001 — 1 pum in

diameter) or larger particles ( > 1 um) in suspension (Manahan, 2010).
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Figure 2. Different types of speciation of metals in water (Stumm and Morgan, 1996).

Ligands are molecules or anions that contains free pairs of electrones (bases) where metal
cations can bind. Examples of ligands are CO3% and OH". Especially CI" is an important
ligand in sea water. The binding of a ligand to a metal cation can generally as seen in equation
1.

Me(HZO)% L =¥ Me(H,0),,_,L™" + H,0 (1) (Stumm and Morgan, 1996),

where Me is the metal cation and L is the ligand.

Particles contain functional groups, such as —OH, -SH and —COOQOH on their surface. These
functional groups contain ligand atoms (similar as the dissolved ligands) and the mechanism
for binding on the solid surface is therefore the same as for the complex formation in the

dissolved phase, see equation 2 and 3 (Stumm and Morgan, 1996).
In solution: RCOOH + Me?* <> RCOOMe" + H* (2)
On the surface: =S-OH + Me?* <> =S-OMe* + H* (3)

Particles in water can be minerals (oxides, carbonates, sulfides), humic substances,
macromolecules, biological debris, and biological surfaces (such as algae and bacteria)
(Kennish, 2000, Stumm and Morgan, 1996, Manahan, 2010).
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The speciation will have a big influence on the fate, transport and bioavailability of the metal
(Manahan, 2010).

Bioavailability

The free metal ions are most bioavailable, i.e. easiest taken up by organisms, and hence more
acute toxic to aquatic organisms (Florence et al., 1992). Complexed metals and particulate-
bound heavy metal(loid)s are less bioavailable and pose a more long-term chronic toxicity
impact (Sansalone and Buchberger, 1996). However, the uptake, storage, detoxification, and

removal will vary between the organisms (Kennish, 2000).

Removal from water

Metal(loid)s are removed from the sea water by active uptake in organisms or passive when
scavenged by living or non-living particulate material and deposited in the sediment (Bruland
and Lohan, 2003).

2.7.2 PAHSs in sea water

Sources

Anthropogenic sources of PAHs in sea water are oil spills, petroleum products from boats,
domestic and industrial wastewater, riverine input, atmospheric deposition and urban runoff
(Neff, 1979, Kennish, 2000). A common source of PAHSs in the coastal marine environment is
creosote which is used on wooden structures (Zitko, 2000, SFT, 2000).

Solubility

PAHSs have a nonpolar hydrophobic nature and have therefore low solubility in water. The
solubility will generally decrease with increasing number of rings, hence the high molecular
weight PAHs are less soluble than the low molecular weight PAHs. The molecular
arrangement will also affect the solubility. Angular arrangements will be more soluble than

linear arrangement (Neff, 1979).
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PAHs can solubilize by associating with the hydrophobic core of micelles, or with the polar
surface of micelles, or both. Another way that PAHSs can solubilize is by the introduction of
organic compounds such as, humic and fulvic acids, and other degradative products of

biological materials in the water (Neff, 1979).

Removal from sea water

Since the PAHSs are hydrophobic they readily bind to particles. The high molecular weight
PAHs are more associated with particles than the low molecular weight PAHs, and will to a
higher degree sink to the sediment (Neff, 1979).

PAHs can be degraded in sea water, and low molecular weight PAHs are more easily
degraded than the high molecular weight PAHs (Neff, 1979, Kennish, 2000). However, the
degradation is slow, especially during the winter (Fernandes et al., 1997). The low molecular
weight PAHs can also escape from the sea surface due to volatilization. Another way of
removal is by uptake in organisms (Neff, 1979).

2.8 Snow melting in sea water

Snow is more similar to fresh water than sea water, and will hence float on the surface of the
sea water, before it melts. The floating snow will spread with surface currents, where stronger
currents and wind will lead to a more spread of the snow. With time the snow melts and the
pollutants are distributed between the water column and the sediment (Bakken and
Tjomsland, 2001, Ranneklev et al., 2013).

The distribution will depend on several factors such as: the type of pollutant, the movement in
the water, how strong the currents are, whether the pollutants are particulate bound or
dissolved, amount and type of particles/ligands present in the water and particle size.
Generally, the particulate bound pollutants will sink to the sediment, while the dissolved
pollutants (and the smallest particles) will stay in the water column. Pollutants not bound to
particles in the snow can bind to particles in the water and deposit in the sediment. Especially
high molecular weight PAHs will quickly adsorb to organic and inorganic particles in the

water and sink to the sediment to escape from the water (Neff, 1979).
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2.9 Sedimentation of particles

The sedimentation rate of particles depends on the size of the particle and the movement in
the water (currents etc.). Larger particles tend to sink faster to the sediment than smaller
particles. The smaller particles will be more affected by motion in the water and will be
transported more horizontally than vertically in the water, and will hence be transported
further away before they might sediment. For the smallest particles, the water has to be in
order for them to settle. The smallest particles therefore tend to be suspended in the water

column and drifts with currents (Schindl et al., 2005).

Suspended clay-sized particles can flocculate together and become larger aggregates,

especially with increasing salinity. This increases the deposition rate (Neff, 1979).

2.10 Marine sediment

Sediment consist of minerals and inorganic particles of different sizes, ranging from clay <
silt < sand < gravel. The diameter of the particle is commonly used to distinguish between
different particle sizes, see Table 3. The finer particles (silt and clay) are usually more
contaminated, due to their larger relative surface area, while sand and gravel usually have less
contamination. However, porosity of the particle may confound this assumption that the

relative surface area increase as the particle size decreases (White, 2005).

Table 3. Particle sizes according to 1SO 14688-1:2002.

Size range Name

2—63 mm Gravel
63 pym — 2 mm Sand
2—-63um Silt
=2 pm Clay

New sediment comes from sedimenting particles from the overlaying water. In fjords much of
these particles comes from rivers and atmospheric deposition (Bakken, 2000), in addition to

anthropogenic activity. The sediments are in this way a respiratory for particulate bound
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pollutants (Kennish, 2000). The pollutants can also be re-suspended into the water column
again due to turbulent forces from waves, currents, propellers on boats, discharges into water,

dredging or sediment dwelling organisms (bioturbation) (Schindl et al., 2005, Kennish, 2000)

As most of the pollutants will accumulate in the sediment, organisms living in or spend much
time near the sediments are particularly exposed (Kennish, 2000). In the sediment the
bioavailability is dependent on factors such as type of compound, organic matter in the
sediment, particle sizes, redox conditions and more (Laugesen et al., 2003). PAHSs tend to
accumulate in sediment due to their hydrophobic character, and their slow degradation (SFT,
2000).

As new material builds up in the sediment over time the vertical profile of the sediment can
show a historical trend (Ottesen, 2015).

2.11 Klifs guideline

The previous Norwegian Climate and Pollution Agency (KIif) (now under Miljgdirektoratet)
made guidelines for classification of metals and organic contaminants in sea water and marine
sediments. The latest guideline is “Guidelines on classification of environmental quality in
fjords and coastal waters — A revision of the classification of water and sediments with
respect to metals and organic contaminants TA-2229-2007 ” (Bakke et al., 2007). The
guideline provides limits for different levels of pollution and are meant to be a common tool
for assessment of the environmental state of the water and sediment. The limits are based on

ecological effects in form of risks of harm on living organisms in water and sediments.

In total there are five levels, and the risk of harm on organisms is expected to increase with
increasing level. Level | represent the background level, but can however have loads from
local sources. All the levels above | will therefore indicate that there are one or more point
sources polluting the studied area. In this way the guideline can be used to identify if areas are
affected by local pollution (Bakke et al., 2007).

In sea water, the guideline is meant for water where the salinity is above 5 and is based on
non-filtered water samples. The guideline for metal(loid)s in sea water can be seen in Table 4.

For marine sediments the guideline is based on samples taken 0-10 cm down in the sediment.
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Table 4. Klifs guideline for metal(loid)s in sea water (Bakke et al., 2007).

Level I I I v V
- Good Moderate --
Arsenic (ug As/L) <2 2-4.8 48-85 8.5-85 > 85
Lead (pg Pb/L) <0.05 005-22 22-29 29-28 > 28
Cadmium (ug Cd/L) <0.03 0.03-0.24 0.24-15 15-15 > 15
Copper (ug Cu/L) <03 03-064 064-08 08-77 >7.7
Chromium (pg Cr/L <0.2 0.2-34 3.4-36 36 - 360 > 360
Mercury (ug Hg/L) <0.001 0.001 — 0.048 — 0.071 - > 0.14
0.048 0.071 0.14

Nickel (1g Ni/L) <05 05-22 22-12  12-120 > 120
Zinc (ug Zn/L) <15 15-29 29-6 6 —60 > 60

The classification only say something about the risk of harm on living organisms in sediment,
and nothing about for example spread of the pollutants from the sediment or the
bioavailability of the pollutants (Laugesen et al., 2003). The effect on the marine organisms
from the pollutants are complex due to many factors affecting the bioavailability (SFT, 2000).

2.12 Total fraction, and separation of dissolved and particulate fraction

A common way to separate the dissolved fraction from the particulate fraction is to filter the
solution through a 0.45 pm filter. The solution that goes through the filter is termed the
dissolved fraction. However, the smallest colloids are small enough to pass though this filter
and lead to that the solution termed “dissolved” can also contain small particles and are hence
not the true dissolved fraction (Stumm and Morgan, 1996). A newer method is to use 0.2 um
filters to get a better separation (Bruland and Lohan, 2003). The concentration of the
compound in the dissolved fraction and the particulate fraction constitutes the total
concentration of the compound in the solution. Hence the total concentration doesn’t say

anything about the speciation of the metal.
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2.13 Diffuse gradient in thin films (DGT)

Diffuse gradient in thin films (DGT) quantitatively measures the average concentrations of
dissolved labile species in an aqueous solution in situ over a time period (Zhang and Davison,
1995, Zhang and Davison, 1994). It can also be used in sediment and soil (Reasearch, 2015).
The DGT technique was introduced in 1994 and have since then been widely used. The
technique is applicable to any inorganic or organic diffusing species in a non-acid aqueous

medium (Zhang and Davison, 1994).

The sampler consists of a filter, a layer of diffusion gel and an ion-exchange resin embedded
in a plastic casing, see Figure 3. Outside the filter, there is an opening to the aqueous solution.
The opening is 2.5 cm in diameter. The filter is 100 um thick and have pore sizes of 0.45 um
(Zhang and Davison, 1994).

Exposure window _
_ Cap of plastic
(20 mm diameter) casing
Filter membrane
(0.45 pm)
Diffusion gel
Chelex-100 resin
binding gel
Base of plastic
casing

Figure 3. lustration of DGT assembly (Wagner, 2004).

When the DGT is placed out in water, ion small enough to pass through the filter, will diffuse
through the diffusion gel by molecular diffusion, and reach the ion-exchange resin. Here ions
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in the resin will be exchanged by the new ions. The ion-exchange resin therefore functions as
a binding gel where the ions become permanently immobilized (Zhang and Davison, 1995,
Zhang and Davison, 1994).

The mass transport of the ions in the diffusive gel needs to be controlled for the technique to
provide quantitative measurements. The mass transport in the diffusive gel layer is controlled
by using a gel of known thickness, Ag. This known gel thickness controls the overall rate of
mass transport, meaning it will control over for instance hydrodynamics such as the velocity

of water in the aqueous solution (Zhang and Davison, 1994).

Between the diffusive gel and the bulk solution (the aqueous solution), there is assumed to be
a layer called diffusive boundary layer (DBL), see Figure 4, that has the thickness 8. Here the
transport of ions are solely by molecular diffusion (Zhang and Davison, 1995)(Zhang and
Davison, 1995)(Zhang and Davison, 1995)(Zhang and Davison, 1995)(Zhang and Davison,
1995)(zZhang and Davison, 1995)(Zhang and Davison, 1995). The thickness of the DBL can
be neglected as it is assumed that the thickness of this layer is much smaller than the layer of

the diffusive gel layer (Zhang and Davison, 1994).
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Figure 4. lllustration of the diffusive boundary layer (DBL), diffusive gel layer and the resin
in receiving gel (Zhang and Davison, 1995).
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When the mass (M) in the resin-gel is analysed, the concentration in the bulk solution (Cp) can

be calculated by using the following equation 4.
Cb=MAg /DAt (4)

Where D is the molecular diffusion coefficient, A is the exposure surface area of the
membrane and t is time (Zhang and Davison, 1995). The molecular diffusion coefficient is a

well-defined factor specific for each metal and can be found in a Table.

The diffusion gel is usually a polyacrylamide hydrogel, which consists of 2-5 nm pores. The
type of binding gel is dependent on what analyte is to be measured. When measuring trace
metals, Chelex100 is often used as an ion-exchange resin. This resin is selective for trace
metals and is normally around 150 pm thick (Zhang and Davison, 1994, Zhang and Davison,
1995).

The uptake and binding continues until the binding gel has reached full capacity (fully
saturated), or the DGT is taken up from the water. The sampler can be out for about 3 months
in contaminated coastal waters before it reaches saturation (Zhang and Davison, 1994).

Advantages

DGT can measure average concentrations over time, in contrast to single water samples where
only the concentrations at the time of sampling are measured (Vrana et al., 2005). Use of
DGT will also avoid the problem with distribution change of chemical species during
sampling and storage and gives a more reliable measurement of trace species in water (Zhang
and Davison, 1994).

Another advantage is that it measures the readable (labile) fraction that are able to transport
across bio membranes, and are hence the most bioavailable fraction that can be taken up by

organisms (Florence et al., 1992).

Disadvantages

Since DGT gives the average concentration over a time period it won’t be able to show how

the concentrations varies during a period and episodic pollution events (Vrana et al., 2005).

The sampler can be subjected to biofouling, which can affect the area of the exposure
window, leading to less ions being taken up (Zhang and Davison, 1994).
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2.14 Polyoxymethylene (POM)

Polyoxymethylene (POM) is a plastic material used as a passive sampling method for organic
pollutants, such as PAH and PCB. It can be used in water, air and sediment/soil, where it
establishes equilibrium with the surroundings. When used in water, POM establishes
equilibrium with the dissolved fraction of the organic pollutants, usually within 3-4 weeks.
The concentrations measured in POM together with established coefficients, can be used to
calculate the concentrations in the water. The concentrations represent the average
concentrations in the water for the last 3-4 weeks of the sampling period. The detection limits
are as low as 0.1 ng/L for PAH and 0.1 pg/L for PCB. Two types of POM exist; POM-76
(sheet) and POM-55 (strips, see picture 3) (wag solutions, not dated, NGI, 2010).

Picture 3. POM strips (wag solutions, not dated).

Advantages

POM can detect concentrations that are below detection limits in traditional water sampling
(Pettersen and Breedveld, 2009). Traditional water sampling is also time consuming and
requires a lot of water samples to be taken. Using POM is a much more efficient and time
saving method (NGI, 2010).

Disadvantages

As POM shows the average concentration over a period, it won’t show how the concentration

varies during time (Vrana et al., 2005).
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2.14 Sediment traps

Sediment traps are passive samplers that collect sedimenting material in water. The
sedimenting material can be taken out and analyzed. The values will represent a time
integrated average (NGI, 2011a). The traps can have different designs; one of them are
cylindrical tubes mounted on a tripod and placed vertically in the water column, see Figure 5.
The tubes are open at the top and closed at the bottom, so that the sedimenting material is
trapped inside the tube. The tripod is bound to a mooring at the bottom, to keep it in place,

and to a buoyancy buoy at the top to make it stay upright in the water.

® Sea surface

Sedimenting
® matenal

Tubes for
sedimenting matenal

! I Sea bed

Figure 5. lllustration of sediment trap, with two tubes, mooring in the bottom and buoyancy
buoy in the top. Figure modified from (NGI, 2015).

Advantages

The trap can collect both new material and/or material suspended from the bottom sediment,
depending on where it is placed in the water column (NGI, 2011a). If it is placed higher up in
the water column only new sedimenting material will be collected, and only the new supply of

material can be studied. By placing the trap lower in the water column suspended material
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from the bottom sediment can sediment in the trap and i.e. the spread of the sediment can be
studied. Compared with sediment samples, where the fine material can be lost during
sampling, the sediment traps avoid this (Schindl et al., 2005). Even with low sedimentation,
the material in the trap can be analysed. The method has therefore high sensitivity (Pettersen
and Breedveld, 2009).

Disadvantages

Material from the sediment can be swirled up and deposit in the trap, is a disadvantage if only

new material is the goal of the measure.

2.15 UltraClave

UltraClave is used to decompose samples. It is based on microwaves that heat and digest the
samples within a chamber. Inert gas is used to pre-pressurize the chamber to avoid the
samples from boiling. Closed chamber and sample tubes prevent the volatile compounds to
escape. A temperature program can be applied to offer different temperatures during the

digestion (Milestone, not dated).

The direct microwave heating in a high pressure reactor gives a very high performance. It is
possible to decompose 40 samples at once, leading to same pressure and temperature on all
the samples. Since the samples are decomposed inside the tubes, no cross-contamination

occurs (Milestone, not dated).

2.16 GC-MS

In gas chromatography-mass spectrometry (GC-MS) the two separate techniques gas
chromatography (GC) and mass spectrometry (MS) are combined. It can be used to determine
molecular weights and elemental composition in complex mixtures, especially for qualitative
and guantitative determination of volatile and semi-volatile organic compounds, such as
PAHSs. The GC separates the compounds, while the MS detect them Detection limit can be
down in the sub-ng area. The GC-MS was developed in the mid 1950’s and is now a widely

used technique around the world (Sneddon et al., 2007).
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2.17 ICP-MS

Inductively coupled plasma mass spectrometry (ICP-MS) is an analytical method with very
low detection limits, down in the sub parts per trillion (ppt) range and to the high parts per
million (ppm) level, and is therefore a suiTable method for analyzing trace metals. The
analysis is fast and it is possible to perform multi element analysis. ICP-MS is one of the

fastest growing trace element techniques (Thomas, 2004).

Principle

The principle is to generate positively charged ions in a plasma, which then are separated by
mass-to-charge ratio in a mass spectrometer and detected in an ion detector. The different

components of the ICP-MS can be seen in Figure 6.
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Figure 6. The different components of ICP-MS (Thomas, 2004).

The sample, normally in liquid form, is first pumped into the nebulizer. The pump is a
peristaltic pump that ensure constant pumping, pressure and flow regardless of differences in
viscosity between the samples, standards, and blanks and pump at a rate of 1 mL/min. In the

nebulizer, a gas, usually argon gas, breaks the liquid into smaller droplets and creates a fine
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aerosol. After the aerosol generation, the largest droplets are separated from the smaller
droplets. The amount of fine droplets depends on the matrix and the method of introduction of
the sample, but constitute usually about 1-2 % of the sample. This separation occurs in the
spray chamber. The spray chamber also smooths out nebulization pulses produced by the

peristaltic pump (Thomas, 2004).

The fine aerosol then reaches the plasma torch, which usually is argon plasma. The aerosol
leaves the spray chamber in such a velocity that it creates a hole horizontally through the
center of the plasma. The argon plasma consists of highly energized argon ions, which can
remove electrons from the atoms outer shells, and positively charged ions are created, see
Figure 7 (Thomas, 2004).
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Figure 7. The plasma has different heating zones and as a result the sample is dried,
vaporized, atomized, and then ionized, and changes from liquid aerosol to solid particles, and
then into gas (Thomas, 2004).

The energy available in the argon plasma is around 15.8 eV and is high enough to ionize most
of the elements in the periodic Table as most of the elements of the periodic Table have first
ionization potential between 4 and 12 eV. It is this large production (and detection of these)

ions that gives ICP-MS its characteristic low-ppt/ultra trace detection capability.

The ions then reach the interface region of the MS, where the ions are efficiently and
consistently transported with electrical integrity from the plasma to the MS. The interface

region is kept at a vacuum of 1-2 torr by a mechanical roughing pump and consists of two
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metallic cones; a sampler and a skimmer cone. The interface housing is cooled with water to
reduce effects of the high-temperature plasma on the cones. From the interface region the ions
reach the ion optics. The ion optics are a series of electrostatic lenses which focus the ion
beam electrostatically towards the mass separation device; while photons, particulates, and
neutral species are prevented from reaching the detector. Before the detector there is a mass
separation device. There exist different types of mass separation devices, such as quadrupole,
magnetic sector systems, and time-of-flight technology, but they all separate the ions
according to their mass-to-charge (m/z) ratio and ensure that only analyte ions of particular

m/z ratio is sent through to the detector (Thomas, 2004).

In the detector the ions generate electronic signals. The magnitude of the signal will
correspond to the number of analyte ions present in the sample and can be converted into
analyte concentration by using a data-handling system and ICP-MS calibration standards
(Thomas, 2004).

Calibration

In quantitative analysis the ICP-MS has to be calibrated for each of the analytes of interest, to
be able to find the concentrations of the analytes in the samples. One type of calibration is
external standardization. During this type of calibration, a set of samples (called calibration
standards) with known concentrations of the analytes of interest are analyzed to measure their
intensity. Also a blank (sample with the same matrix, but without the analytes of interest) is
used. The concentration range of the calibration standards represent the concentration range
likely to be encountered in the unknown samples. The intensity found for each of the analytes
in the calibration standards are plotted against the concentrations in a calibration curve. When
the intensity in the unknown samples is measured, the concentration can be found from the

curve.

Spectral interferences

Elements can occur naturally in several isotopes (same atomic number, but different atomic
masses). When non-analytes have the same mass as the analytes they will give signal at the
same mass and lead to spectral overlap. Spectral interferences are a serious type of

interferences in ICP-MS. The most common type of spectral interferences is polyatomic or
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molecular spectral interferences. These occur when two or more atomic ions bind and the
new compound have the same mass as one of the analytes. Argon ions in the plasma can for
instance bind to other ions or species, i.e. from the sample or the acid used, and form new
species with the same mass as the analytes. One example is the formation of “°Ar®CI*, when
hydrochloric acid is used. *°Ar®>CI" interfere with the only isotope of arsenic at mass 75. Also
ions from the matrix or solvent can combine and form new species that lead to spectral
overlap. In analysis containing sea water, which have high concentration of sodium, Na-ion
can combine with Ar-ion and form “°Ar?®Na* molecular ion. This molecule interferes with the
most abundant isotope of Cu at mass 63. Many other polyatomic spectral interferences exist.
Another type of spectral interference is isobaric overlap, which is when isotopes of different
elements have the same mass, and hence give a signal at the same mass (Thomas, 2004).

Ways to reduce spectral interferences are mathematical corrections, use of cool plasma

conditions, and use of a high-resolution mass analyzer (Thomas, 2004).

Non-spectral interferences

The matrix itself can suppress the signal of the analytes. It can influence the droplet formation
in the nebulizer, droplet size selection in the spray chamber or it can affect the ionization
condition in the plasma. The degree of suppression depends on the level of the components in
the matrix. The matrix induced interferences can be corrected for by using internal
standardization (Thomas, 2004).

2.18 Quality assurance

Quality assurance is a way to ensure that the quality of the samples and the analysis is good
enough for the intended use (Harris, 2010a). Collecting representative and enough samples,
make sure that the analyte(s) are preserved in the samples after sampling, reduce sources of
errors, and use of suiTable sampling material are some factors in the sampling process which
are important to increase the quality of the samples. In the analysis, use of acids and solvents

which gives little interferences in the instrument can increase the quality of the analysis. Often
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ISO standards are used/followed. The ISO standards are international documents providing

guidelines regarding sampling, sample preservation and preparation, and analysis.

The quality of the analytical analysis (or to check if the method is accepTable for its intended
use) can be checked by method validation. Important validation parameters are accuracy and
precision (Harris, 2010a).

Accuracy is a measure of how close the measured value is from the true value. To test the
accuracy of the analytical method, certified reference material can be used. Certified reference
material is a material with known concentrations of the analyte(s). The result of the analysis
of the certifies material should be acceptably close to the certified level to have sufficient
accuracy of the method (Alloway, 2013, Harris, 2010a). If the analysed value is the same as in
the reference material the accuracy is 100%, see equation 5, but most often the accuracy is
considered good when it is between 85 — 115 %.

d val
Accuracy = mensrrec va e -100% (5)

value in reference material

Precision is the spread of the measured values. If the samples are analysed under same
conditions (by same person, same lab, same day etc.) the precision is a measure of the
repeatability of the analysis. The repeatability is usually expressed as a standard deviation,
which gives information about how close the values are around the mean. It is usually written
as: mean value * standard deviation. A low standard deviation therefore means that the
precision is better and the measured values are closer to each other. The standard deviation is
dependent on the confidence interval (CI) chosen. The confidence interval states how certain
it is that the true value lies within the interval that the standard deviation gives. Often a 95 %
Cl is used, which represent 2 standard deviations and means that there is a 95 % chance that
the true value is within the interval the standard deviation gives. If one standard deviation is
chosen, the CI is around 67 %. (Harris, 2010b, Harris, 2010a, Alloway, 2013).

Standard deviation can also be expressed in % as relative standard deviation (RSD), see

equation 6. o is the standard deviation and X is the average measured value (Alloway, 2013).

The RSD value should be as low as possible to have less spread in the results.
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RSD = x 100

=

(6)

If the samples are analysed under different conditions (different person, lab, day etc.) the

precision is referred to as reproducibility. The reference material can also be used to check the

reproducibility (Harris, 2010a).

2.19 Errors and uncertainty

Error is the difference between the measured value and the “true value”. Many factors,
referred to as sources of errors, can affect the analytical result leading to a different value than
the true value. Examples of sources can be seen in Figure 8. Known errors can be corrected
for in the results, but most often the errors are of unknown values, leading to uncertainty in
the results (Bell, 2001).
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Figure 8. Showing factors affecting the analytical result (Thomas, 2004).
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Blanks can correct for some of the errors. Blanks are samples of same or similar
material/matrix as the samples and contain the same compounds as the real samples but do not
contain the analyte(s). Blanks that have been through all the steps as the real samples from
sampling to analysis are field blanks. Blanks that only have been through the same steps in the
sample preparations are called method blank and blanks that has not been through the
preparation steps are called a reagent blank (Harris, 2010a). The blanks are then analysed at
the same time as the samples, and if there is any contamination or the analyte(s) are present in

the matrix or the material this can be corrected for in the samples.

2.20 Detection limit

The lowest concentration that can be measured of a analyte and which is significantly
different than the blank is referred to as the detection limit (also sometimes called lower limit
of detection) (Harris, 2010a).
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3. Previous studies

In this section previous studies of snow dumping are mentioned in section 3.1 and previous

studies at pier 68 in section 3.3.

3.1 Snow dumping

Analysis of snow samples to estimate the contribution of pollutants from snow dumping and
the quality in water and sediment in areas used for snow dumping have been performed
several places in Norway over the years. A short overview of some of them and what they

concluded are seen below.

Bispevika, Oslo

The sediments in the area used for snow dumping in Bispevika in Oslo’s inner harbour were
severely polluted with heavy metals, PAH and PCB. It was assumed that the pollutants came
from the snow dumping. Samples of snow were taken from 5 different roads in Oslo in 1994
to estimate the amount of pollutants from the snow. Together for the whole winter season of
1993/1994, which was a very snow rich winter, 43,000 loads/trucks with snow were dumped
in Bispevika. The contribution of pollutants from snow were estimated to be 1000 tons’ of
particles, 60 kg zinc, 29 kg lead, 20 kg copper, 20 kg chromium, 5 kg nickel, 0.4 kg cadmium,
8.3 kg PAHSs, 0.8 kg KPAH, 21 g PCB and 7.5 tons of oil. This contribution was low
compared to the contribution from sewerage and watercourses during one year. The
conclusion was therefore that the snow dumping did not contribute significantly to the
pollution state in the sediment in Bispevika, but it does however contribute with particulate
material so that the need of dredging increased. The amount of particles contributed the winter
1993/1994 would lead to an increase of the sediment of 1-1.5 cm (Baekken, 1994).
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Drammen 2001

Snow samples were taken from 4 different roads in the center of Drammen and at a reference
place and simulations were performed to check the impact on water and sediment quality in
the river Drammenselva due to snow dumping. The model estimated the spread and gave
distributions of concentrations in the river. The model took the speed of the water, turbulence
and substance sedimentation into account, but assumed idealized conditions such as constant
current, continuous emission and that the snow melted immediately after dumping. Different
spreading patterns (high and low water flow, with and without sedimentation) with very
contaminated snow (4 weeks old) were performed to check "worst case" scenario. The
simulations showed that the concentrations of the different substances (metals, PAHs and
PCBs) in river water was low outside the dumping site. The water quality was in level | and
the concentrations in the sedimented material in snow samples corresponded to " negligible "
or " moderate " contaminated sediments. The conclusion was therefore that it was unlikely
that the snow dumping contributed substantially to contaminated sediments in the river
Drammenselva and to the Drammensfjord. It was however pointed out that Cu and PAHs
should be followed up due to that they had occasionally high concentrations that could cause
elevated concentrations of "negligible polluted " or " moderately polluted " by SFTs sediment
criteria if long term snow dumping continued and with little dispersion in the river (Baekken
and Tjomsland, 2001).

Drammen 2013

A similar survey as in 2001 (see above) was conducted in Drammen in 2013. Snow samples
were taken, and the spread and dilution in the river Drammenselva were modeled. Also here
simulations with highly contaminated snow (4 weeks old) were performed and showed that

the concentrations only increased marginally above the background level (level I and I1) for
metals at the dumping site. Furthermore, the simulations showed that the substances and the
particles were well spread out over a large area. The conclusion was therefore that the snow
dumping only had a marginal effect on water and sediment quality, for both metals and

organic pollutants (Ranneklev et al., 2013).
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3.2 Pier 68

Sediment samples have been taken outside pier 68 by NGI in 2009 (NGI, 2011b), GeoCore in
2000 (Ottesen et al., 2001) and GeoSubSea AS in 2007 (see appendix A). An overview of the

sampling points can be seen in Figure 9.

@ NGI 2009
- GeoCore 2000
. GeoSubSea AS 2007

Figure 9. Overview over previous sampling points in the sediment outside pier 68 (NGI,
2011b).

In sample points 26 and 40 the top layer (0-2 cm) were analysed, while in the other sampling
points the layer 0-10 cm were analysed. The samples from 2000 was re-analysed by NGI in
2009 and adjusted (NGI, 2011b).

The concentrations found in the samples are compared with Klifs guideline for marine
sediment from 2007 (see appendix B) and can be seen in Table 5. The concentrations were
mostly in level I and Il for the metals, but PAHs have been found in high levels (level V) in

some of the samples.
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Table 5. Concentrations found in previous sediment samples taken at pier 68. Samples
taken by NGI, GeoCore and GeoSubSea (Ottesen et al., 2001, NGI, 2011b)(appendix A).

Sampling point | GO7 26 40 T136 T138 | TK177 | TK178 | T139

Layer in the
sediment (cm)

As
Pb
Cd
Cu
Cr
Hg
Ni

Zn
SumPAH-16
B(a)P
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4. Snow removal and dumping in Trondheim

Different companies are in charge for snow removal in Trondheim. Trondheim Bydrift is in
charge of the snow removal of the municipalities roads. The road network is around 805 km
The removal from the main streets, pavements, bicycle lanes and residential streets starts
when the snow reaches 5 cm (Trondheim Kommune, 2016). The snow removed from the

roads is first stored in piles around in the city (see picture 3), before they are further removed.

Picture 4. Snow piles in Trondheim, winter 2016. Photos: Hilde A. Hammer.

There have previously been snow disposal sites on land (one at Iladalen and one at Heimdal),
but these are no longer in use, and all the excess snow is dumped from piers in the harbour.
Three piers have been used as snow dumping sites in the last years; pier 30 in lla, pier 68 at
Brattgra and pier 57 at Nyhavna, see Figure 10. During the last two winters only pier 68 have
been allowed for snow dumping. During the winter of 2013/2014 and 2014/2015 about 1000
m3 snow were dumped per year (personal communication Rolf Magne Bradreskift 16.04.14).
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Figure 10. Present and previous snow dumping sites in Trondheim harbour. During the
winter of 2014/2015 and 2015/2016 only pier 68 was allowed for snow dumping.

4.1 Winter of 2016

The winter of 2016 was a very snow rich winter. From January to March, 190.7 mm fell down
as precipitation at the observation station at Voll gard (Meteorologisk institutt, 2016). This is
30.7 mm more than the average. A lot of snow was therefore dumped from pier 68. Despite
that only pier 68 was allowed for snow dumping, some snow was also dumped from pier 30 in
Ila. It has not succeeded in getting an overview over total amount of snow dumped from pier
68 as there are several companies and the snow dumping is not logged. Trondheim Bydrift
however, dumped around 40,700 m® of snow (personal communication Rolf Magne
Bradreskift 16.04.14). Both sand and salt were used as a part of winter road maintenance in
Trondheim in 2016 (Trondheim Kommune, 2015).

Most of the snow was dumped from the right short side of pier 68 (see picture 5), only a few
trucks dumped on the other side of the pier. The snow float mostly straight out in North East
direction from the pier, but also the other directions were observed, and the snow spread far

out on the fjord over a relative large area (see picture 6).
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Picture 5. Snow dumping at pier 68 winter 2016. Photo: Hilde A. Hammer

Picture 6. Spread of the snow on the surface water. Photo: Hilde A. Hammer
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5. Study area

5.1 Trondheim Harbour

Trondheim harbour lies in the Trondheimsfjord and stretches from Hgvringen in west to
Ladehammeren in east. It is a big transport harbor with together 68 piers. There are industries
several places in the harbor, especially in the areas Nyhavna and Ila. The main surface current
in the harbour goes from west to east and is around 1-10 cm/s, with max values of 50-100

cm/s (Laugesen et al., 2003 and references therein).

5.2 Pier 68

Pier 68 lies in the subarea Brattgra North, in the middle of Trondheim harbor, see Figure 11.
This pier is also called the Tourist ship quay; as large cruise ships arrive to this pier. Most
cruise ships arrive during the summer. The area is mainly a harbor area, and not a recreation
area (NGI, 2011b). The water depth around the pier is mostly shallower than 20 m (see
appendix C).

OPPGAVER OVER KAER OG GATER

MV I TRONDMEIM HAVNEDS TRIKT

e

Figure 11. Trondheim harbour, with pier 68 marked with a circle. Figure from:
http://trondheimhavn.no/uploads/bilder/havna/Kart+Trondheim+havn.jpg
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6. Method

The method chapter is divided into the following sections: 6.1 preparations before sampling,
6.2 sampling, 6.3 sample preparations before analysis, 6.4 analysis, 6.5 quality assurance and
6.6 data handling.

6.1 Preparations before sampling

Only the DGTs needed preparation before sampling, and are described in section 6.1.1.

6.1.1 Preparation of DGTs

The DGTs had to be made before the sampling. The binding gel and the diffusive gel used
were pre made and pre cut as hydrated disks from the manufacturer, DGT Research Ltd, and
were ready to be used. Chelex 100 gel was used as a binding gel. This gel is 0.40 mm thick,
while the diffusive gel is 0.78 mm thick. First, the Chelex gel was placed on top of the bottom
part of the DGT. The gel has two sides, and were tried to be placed with the rough side up
(which was a bit difficult to see)(see picture 7). Then the diffusive gel was placed on top of
the Chelex gel and the filter placed on top of the diffusive gel. A plastic tweezer was used for
placing the layers. In the last step the cap was put on and the filter was moistened with MQ-

water.

The completed DGTs were placed in a zip bag with a few drops of the liquid from the
diffusive gel bottle and stored in a refrigerator (temperature around 4 °C), until the sampling.

All the steps were performed in a LAF bench, and gloves were used during the preparation.
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Picture 7. The bottom part of the DGT with the rough side of the Chelex gel can be seen.
Photo: Hilde A. Hammer

Picture 8. A completed DGT can be seen. Photo: Hilde A. Hammer.
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6.2 Sampling

Most of the sampling took place between January — April 2016. In this section each of the
samplings are described, and is divided into the following sections: section 6.2.1 Snow,
section 6.2.2 Sediment, section 6.2.3 sedimenting material section 6.2.4 water column

(DGT), section 6.2.5 surface water, and section 6.2.6 water column (POM).

6.2.1 Snow

Snow samples were collected at four different locations in the city during January 2016. The
samples were collected by shoving 50 mL plastic tubes into the snow. Both snow that
appeared white and snow which was more brown was sampled. In total 17 samples was
collected, see Table 6. After the sampling the tubes were put in a freezer (-23 °C) until the

sample preparation.

Table 6. Overview over the snow samples taken.

Location Sampling date  No. of samples Type of area

L1 24.01.16 5 Pedestrian zone (but open for driving
27 01.16 1 with permission)

L2 24.01.16 6 Close to highly trafficated road.
27.01.16 1

L3 24.01.16 3 Close to highly trafficated road.

L4 27.01.16 1 Close to highly trafficated road.
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Picture 9. One of the sampling sites for the snow samples (location L2). Samples were of both
the white and brown part. Photo: Hilde A. Hammer.

6.2.2 Sediment

Sediment samples were taken outside pier 68 in October 2014, May 2015 and February 2016.
The samples from 2014 and 2015 were taken in increasing distance from the long side of the
pier, while the samples taken in 2016 was taken with increasing distance from the short side
of the pier, see Figure 12. All the samples were taken with a box corer from NTNUSs boat
Gunnerus, and the top layer (0-2 cm) was sampled. In October, samples from different depths
in the sediment were also taken at all the sample points (the depths varies from 8-16 cm down

in the sediment).
A core sample was also taken at @stmarka at 195 cm depth, see Figure 13.

After the sampling the samples were freeze dried (-23°C).
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Figure 12. Map showing the approximately sampling points for the sediment samples
taken. The map is just for illustration and does not show the accurate positions. Samples in
North West direction were taken in October 2014, samples in North direction were taken in
May 2015 and samples in North East direction were taken in February 2016.
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Picture 10. Sediment sampling with box corer 02.02.16. Photos by: Hilde Alida Hammer.
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6.2.3 Sedimenting material

Three sediment traps were out in the fjord from January 22 to March 15 2016 (53 days). The
traps were placed about 41, 89 and 136 meters in the North East direction of pier 68, due to
that most of the snow floats in this direction. The approximately positions can be seen in
Figure 14 (exact positions can be seen in appendix D). The traps used were similar to the one
described in section 2.14. The tubes were 1-meter-long and had a diameter of 105 mm, and
were placed 5 meter above the sediment, to ensure that particles from the sediment were not

sedimenting in the traps.

Figure 14. The location of the sediment traps that were outside pier 68 can be seen. The
traps were placed about 41 (trap 1), 89 (trap 2) and 136 (trap 3) meters North East of pier
68.

When the sediment traps were taken up as much as possible of the water above the material in
the tubes were removed, and the remaining water and the material were held over into sample
boxes. Both the output and the uptake of the traps were done by using Trondheim Harbours
boat Munkholmen I1 and performed by Anita Witlock Nybakk from NGI and with help from
the staff onboard.
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Picture 11. To the left: out put of sediment trap. To the right: Sediment and the remaining
water in the tubes poured over into the sampling boxes by Anita W. Nybakk. Photo by: Hilde
Alida Hammer.

6.2.4 Water column (DGT)

DGTs were out in the water from January 21 to February 21 2016 and from April 7 to April
19 2016. They were attached inside an equipment, seen in picture 12, which was standing at
the bottom, approximately 1 m above the sediment. The sampling point was approximately

68.5 meters in line-of-sight from where the snow is dumped, see location in Figure 15.

For the first sampling round (January — February 2016) three DGTs were out at the same time
before they were replaced by three new DGTSs. In total 15 DGTs were out. For the second
sampling round (April 2016) only two DGTSs were out at the same time, due to one of the
DGT sampling holders got broken. In total six DGTs were out.

The time the DGTs were out variated from 2-10 days, and were noted down, see appendix E.
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Picture 12. The equipment the DGTs were inside during sampling.

(Snow dumping

Figure 15. Location of the DGT sampling.

When the DGTs were taken up, they were opened and the Chelex-gel was carefully
transferred, by using a plastic tweezer, to a PP-vial containing acid (1 M HNOg, about 1 mL).
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6.2.5 Surface water

Surface water samples were taken at 4 different places, Figure 16. The samples were taken by
using a plastic bottle tied to a rope. The bottle was thrown out on the surface water, left for
some minutes for the water to flow into the bottle, and then taken up. An overview over

number of samples can be seen in Table 7.

The sea water was filtrated through 0.45 pm filters into PP-vials (about 10 mL) to get the
dissolved fraction, which is the most bioavailable fraction. After filtration, acid was added (3
drops of 65% HNO:3).

Figure 16. The sampling sites where surface water samples have been taken.
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Table 7. Overview over surface water samples taken. *Place 3 is the same location as the

DGT sampling.
Place Period No. of samples ~ Comments:
1 Jan-Mar. 2015 8 No snow dumping during time of sampling.
2 Jan-Mar. 2015 6 Background.
3* Jan-Feb. 2016 6 During snow dumping / snow in surface
April 2016 16 water.
After snow dumping.
4 February 2016 3 During snow dumping, samples taken with

increasing distance from the pier.

6.2.6 Water column (POM)

POM (55 um) strips were attached on the sediment traps, see picture 13 . They were out in the
same period as the sediment traps, and at the same locations, see section 6.2.3 When taken up

they were put inside aluminum foil and sent to NGI Environmental lab for analysis.

Picture 13. POM strip attached to the sediment trap. Photo: Hilde Alida Hammer.
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Seen during sampling:

Picture 14. Buoyance buoys from the sediment traps covered with grease after uptake. Photo: Hilde A.
Hammer.

Picture 15. Polluted snow seen on the water. Photo: Hilde A. Hammer.
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6.3 Sample preparation before analysis

The surface water samples didn’t have any further treatment after the sampling described in
section 6.2.5. For the sediment, snow and DGT samples the preparations were done at NTNU
and are described in section 6.3.1 for the sediment samples, in section 6.3.2 for the snow
samples and in section 6.3.3 for the DGT samples. The preparation of the material from the

sediment traps and the POMs are described in section 6.4.2 and 6.4.3, respectively.

6.3.1 Sediment samples

Between 200-300 g. of the freeze dried sediment samples (see picture 16) was weighted into
separate UltraClave tubes and nitric acid (HNOs, 50%, 9 mL) was added. They were then run
in UltraClave to be decomposed. The UltraClave were administered by Syverin Lierhagen,

chief engineer at Institute of Chemistry at NTNU.

Picture 16. The freeze-dried sediment samples from February 2016 (direction North East). Photo: Hilde
Alida Hammer.
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After the decomposition in the UltraClave, the content in the UltraClave tubes were poured

over into a Teflon bottle and diluted with Milli-Q (MQ)-water until the weight showed 109.8
+ 0.5 g. This was done for all the samples separately. If the weight went outside this interval,
the weight was noted and corrected for in the calculation of the results. About 15 mL of each

of the samples were held over into PP-vials and ready for analysis on ICP-MS.

The samples from the different sampling rounds were prepared at different days (and the

samples from October 2014 were decomposed by master student Tony Helmersen Johansen).

6.3.2 Snow samples

Dissolved fraction

7!}.- «,;-l ""‘ .

The snow samples from January 24 (batch 1) were left on the R
. . e

bench to melt in room temperature. After melting the sample had -

partitioned into a sedimented part and an aqueous part, see picture )

15. A fraction of the aqueous part was filtrated through a 0.45 pm
filter into a PP-vial. After filtrating, acid was added to the vials (3
drops of 65% HNO3). This was done for all the 14 snow samples,
and about 10 mL of melted snow was filtrated from each sample.

For the three other snow samples (samples from January 27, batch

2); they were melted in room temperature and shaken (to mix the

particulate- and the dissolved phase). A fraction of the mixed Picture 17. One of the melted
snow samples. The sedimented

phase was filtrated through a 0.45 pm filter and into a PP-vial. As  (particulate) material can clearly
by seen in the bottom of the tube.

much as possible of the melted snow was filtrated before the filter Photo: Hilde A. Hammer.

got clogged. The sample was then diluted with MQ-water to about
10 mL (weight noted down) and added acid (3 drops of 65% HNO3).
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Particulate fraction

The filters used for the three last snow samples were inside capsules that could be opened so
that the filters could be taken out. The filters were weighted before the filtration. The filters
with the particulate material were dried in an oven at x °C overnight to evaporate the water
from the sediment. The filters were again weighted after the drying, to find the dry weight of
the particulate material. Then they were put into UC-tubes and added acid (HNOs, 50%, 9
mL), before they were run in UltraClave. After the UltraClave the samples was treated the

same way as after the UltraClave in section 6.3.1.

The amount of deposited particulate material varied between the three samples, see picture 18.
The weight of the particulate material and the amount of filtrated snow can be seen in

appendix F.

Picture 18. The particulate material deposited on the filters after filtrating melted snow
samples from batch 2. From left to right: sample 1, 2 and 3.

6.3.3 DGTs

The Chelex-gel was laying in the acid for 12-24 hours so that protons from the acid had time
to replace metal ions in the Chelex-gel (picture 19, to the right). The liquid, referred to as
eluate, were then poured over into 15 mL PP-vials on a weight (see picture 19, to the left) and
diluted about 10 times with MQ-water. As much as possible of the eluate was poured over.
The weight of the eluate, and the weight after dilution, were noted, and can be seen in
appendix G.
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Picture 19 (to the left). Weighting of eluate during DGT preparation. Picture 20 (to the right) Chelex-
gel laying in acid. Photos: Hilde Alida Hammer.

6.4. Analysis

The analysis of the snow, surface water, sediment and DGT samples are described in section
6.4.1, the analysis of the material from the sediment traps are described in section 6.4.2 and

the analysis of the POMs are described in section 6.4.3.

6.4.1 Snow, surface water, sediment and DGT samples

The snow, sea water, sediment, and DGT samples were analysed for the selected heavy
metal(loid)s on ICP-MS at NTNU, by Syverin Lierhagen. The sea water samples were diluted
10x and acidified to 0.1M with Scan Pure HNO3 before analysis. The other samples did not

have any further treatment after the sample preparations described in section 6.3.

The ICP-MS used was a ELEMENT 2 from Thermo Electronics, and is a High Resolution
ICP-MS (HR-ICP-MS). The MS device is a magnetic sector systems technology which has a
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high resolving capability. The high resolving capability is efficient in removing interferences
due to spectral overlap, but leads to a lower sensitivity (Thomas, 2004). The instrument can
still also be run in low and medium resolution. All the samples were scanned 3 times, and

both low, medium and high resolution were used depending on the metal.

6.4.2 Sediment traps

The material from the sediment traps was sent to Eurofins Environment Testing Norway AS.
The material from each of the two tubes from the same sediment trap, were mixed together as
one sample and analysed for the selected heavy metal(loid)s and PAHs. For the material from

trap 1, particle fractionation was also performed (as there was enough material in this trap).

The material was first homogenised by mixing it well together. Then different parts of the
sample were taken out for the different parameters (heavy metals, PAHs and particle
fractionation). For the analysis of heavy metals, acid (7M, HNO3) was added and the samples
were heated before they were analysed on the instrument. Type of instrument used for the
analysis of the different heavy metals and the 1SO followed can be seen in Table 8. For the
PAHSs the sample was shaken together with a solvent (n-Hexane) for up to 2 hours to extract
the PAHSs from the particles and into the solvent. The extract was then analysed with GC-MS
and ISO EN 12880 was followed.

Table 8. The different analysis instruments used for the analyses of heavy metals in the
material from the sediment traps, and the 1SO standard used.

Metal  Analytical instrument used ISO standard followed
As ICP-MS NS EN ISO 17294-2
Pb ICP-MS NS EN ISO 17294-2
Cd ICP-MS NS EN ISO 17294-2
Cu optical emission spectrometry (ICP) NS EN ISO 11885
Cr ICP-MS NS EN ISO 11885
Hg Atomic absorption spectrometry (AAS) NS EN ISO 12846
Ni ICP-MS NS EN ISO 11885
Zn ICP-MS NS EN ISO 11885
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6.4.3 POM

The POMs were sent to the NGI Environmental laboratory and analysed for PAHs and PCBs.
The lab is accredited by Norwegian Accreditation in accordance with NS-EN ISO/IEC 17025.

At the lab POM got cleaned, added 15 mL heptane and 20 uL internal standard, and shaken
for three days. Then the heptane was reduced to about 1 mL in a vacuum centrifuge and
purified on a silica column. The sample was then reduced again to the desired volume and
analysed for PAHs and PCBs on GC-MS. The experiment was performed at room

temperature (20 £ 5 ° C). The method is not accredited.

6.5 Quality assurance

During sampling and sample preparation

As a quality assurance during sampling and sample preparation the same procedure was
followed every time for each of the sampling types (except for the DGTSs) and preparations of
samples from each sampling round were done at the same day and place (except for the
DGTs). Ultra-pure nitric acid (HNOz) was used because it is a strong acid that dissolves most
elements and gives little interferences in the ICP-MS. The sea water and DGT samples were
kept in a refrigerator prior to analysis. The filters used when filtrating the sea water and the
melted snow samples were filtrated through before collecting the sample. Certified PP-vials
were used and acid was added to the filtrated sea water and snow samples to avoid metals
being adsorbed on the inside of the tube. Gloves were used during sampling and sample

preparation.

For the surface water and snow samples 1ISO 5667-3:2012 (water quality — sampling — part 3:
Preservation and handling of water samples) was followed, and for the sediment samples ISO
5667-15:2009 (Water quality Sampling Part 15: Guidance on the preservation and handling of

sludge and sediment samples) was followed.
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Method validation

At NTNU the accuracy of the ICP-MS is checked by using certified reference material, and
the reproducibility is checked by repeated analyses of certified reference material. The
machine is also involved in ring tests (and was best in a Nordic ring test where 15 laboratories
was involved a few years ago (pers. Communication Syverin Lierhagen 29.04.16). In ring
tests certified material is analysed by different labs to check which labs are within the

accepTable values.

During analysis

The samples analysed on the ICP-MS at NTNU were scanned 3 times, as mentioned in
section 6.4. Some of the samples were scanned additionally 3 times (repeating test). In

addition, blanks and reference material were used for some of the sample types, see Table 9.

Table 9. Overview over blanks, reference material and repeating tests for the samples
analysed at NTNU.

Sample type Blanks (no.) Reference Repeating test
material
Snow samples Filtrated MQ water (method | None None
(dissolved fraction) blank)(3).
Method blank: empty filters | None None
following the same steps after
Snow samples filtrating to analysis (3).

(particulate fraction) Reagent'method blank: acid

following the same steps

from UC to analysis (3).
Accuracy tested | 3 samples
Surface water samples | None against Nass-5
and Cash-3.
Sediment samples Reagent blanks: acid (50% Soil GBW- None
HNO3 w'w, 9mL) 07408
DGTs None None 1 sample
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The reference material Soil GBW-07408 (see picture 21) is soil with certified concentrations
of a range of metals and have the similar matrix as the sediment samples. The material was
prepared following the same procedure as the preparation of the sediment samples described
in section 6.3.1.

Picture 21. Reference material Soil GBW-07408.

6.6 Data handling

Results from analysis

For the results from the ICP-MS analysis at NTNU the average value of the three scans were
used directly in the results and calculations, as they are corrected for blanks and dilutions
where applicable. For the repeating scans the average value of the two scans were used. The
values from the analysis were given with more than 3 significant digits, but 3 significant
digits were chosen to be given in the presentation of the results. The uncertainty will thus be
in the last digit due to round-off. The spread in the three scans are given as a RSD-value. This
is the instrument spread and represent 1 standard deviation (~67 % CI).
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For the results from NGI (POMs) and Eurofins (sediment traps) the concentrations given in
the analysis reports are used directly in the results and calculations. The results from NGI
(POMs) were given with 3 significant digits so also here were 3 significant digits used in the
presentation of the results, while the results from Eurofins (sediment traps) were given with 2

significant digits, and hence 2 significant digits are presented in the results.

NGI and Eurofins report measurement uncertainty (M.U.) which is given by:
M.U. = c*RSD*x,

where ¢ = coverage factor, RSD = relative standard deviation and x is the measured value.
Usually a coverage factor of 2 is used, which represent a 95 % CI (personal communication,
Ada Kristoffersen, Eurofins, 16.04.29).

Results under detection limit (DL) and negative values are written as ‘< DL value’. In

calculations; values equal to ¥2 DL was used for concentrations below DL.

Calculation of concentrations from the DGTSs

The concentrations from the DGTs were found by inserting values for deployment time,
temperature, concentration measured in ICP-MS, dilution factor and sample volume into pre-
made excel files, see appendix H. The temperature was set to 4 degrees Celsius, as this
temperature have been measured in the fjord during winter time earlier and is most likely
representative as the temperature is quite stable. Gel volume, diffusion constant, diffusive gel
thickness, filter thickness, membrane area and elution factor were already in the file, their
values can be seen in appendix. The diffusion constant is the only factor varying for the
selected metals. Since no good elution factors exist for Hg and As, they were not calculated
from the DGTs. Concentrations were also calculated by hand for some of the concentrations

to check if the results were the same. Example of calculation can be seen in appendix H.
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Statistics

As a statistical handling p-values were calculated by using program in Excel. Two tailed t-test
with different variances was chosen. And a Cl 95 % was chosen, meaning that if the p-value
is lower than 0.05 the two values are significant different with a 95 % certainty (confidence),
and when the p-value were higher than 0.05 the two values are not significant different. When
the p-values was below 0.05 the conclusion were drawn that the concentration that had the
highest value were significant higher than the other (lower) value, even though it is strictly a

two sided test.
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7. Results

In this section the results from the sample analyses are presented. The results are presented in
the following order: 7.1 snow samples, 7.2 sediment traps, 7.3 sediment samples, 7.4 surface
water samples, 7.5 DGT samples 7.6 POM (PAHSs) and 7.7 POM (PCBs).

RSD ranges for the metals are given for some of the results, and for the sediment traps and

POM the measurement uncertainty (M.U.) are given.
All the results from the analyses can be seen in appendix I-K.
Overview over the detection limits in the ICP-MS can be seen in appendix L.

For the results compared with Klifs guideline the colours seen in Figure 17 is used to mark
the levels. The guideline used is guideline TA-2229-2007 (Bakke et al., 2007). All the Tables

in the guideline can be seen in appendix B.

I II I11
Good Moderate

Figure 17. Levels (I-V) and corresponding colours used when comparing concentrations with Klifs
guideline.

The guideline for sea water is meant for non-filtrated samples (see section 2.11). As the sea
water samples are filtrated and the DGTs measure the labile fraction these samples will show
lower concentrations than if the total concentrations of the metals were measured, and hence
can fall into a lower level in the guideline. The dissolved fraction is besides this the most

bioavailable fraction.

Both level I and Il are considered as clean levels. Level 111 is also considered relatively good.
It is when the concentrations are up in level IV and V they are considered as polluted.

Trondheim Municipality have set level 111 as their goal when cleaning up in the sediments.
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7.1 Snow samples

The results for the dissolved phase from the snow samples are presented in section 7.1.1, and
the results for the particulate material are presented in section 7.1.2.

7.1.1 Dissolved phase

Batch 1

The concentration ranges and the average concentrations found for the heavy metal(loid)s in
the dissolved phase in the melted snow samples from batch 1 can be seen in Table 10. The
result shows highest average concentration of Zn, then follows (in decreasing order): Cu, Ni,
Cr, As, Pb, Cd and Hg.

Table 10. Concentration ranges and average concentrations heavy metal(loid)s in the

dissolved phase snow samples, batch 1. (n = 14). RSD-values: Cu and Zn: 0.6 — 8 %, As, Pb, Cr,
Ni, and Hg:0.6 — 22.6 %, Cd: 5.8 — 29.9 %.

Heavy metal(loid) Concentration range Average concentration
(ng/ L melted smow) (ng/ L melted snow)
As = 0.025-0239 0.0937
Pb = 0.002 -0.078 0.0103
Cd = (0.002 -0.0209 0.0053
Cu 1.03 — 883 295
Cr 0.0295-0.749 0.110
Ni 0.0536-1.26 0.414
Zn 0.178-27.0 4.65
Hg = 0.001 -0.0392 0.00519
Batch 2

The concentrations found for the heavy metal(loid)s in the dissolved phase in the melted snow
samples from batch 2 can be seen in Table 11.
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The result shows highest average concentration of Zn, then follows (in decreasing order): Cu,
As, Ni, Cr, Pb, Cd and Hg.

Table 11. Concentrations of heavy metal(loid)s in the dissolved phase snow samples, batch

2
As Pb cd Cu Cr Hg Ni Zn
wegl |pgl |ugl |pgl |pwgl |pgl |pgl |pel
melted | melted | melted | melted | melted | melted | melted | melted
SNOowW SNowW SNnow Snow snow SNOowW SNOowW SNOowW
Sample 1\ 025 | 0.0125 | <0002 | 0254 | 00184 | <29 | 00233 | 138
Sample 2 = (0.002 < (.001
0.127 | 0.0428 159 | 0.0784 0.0985 | 2.03
Sample 3 = (0.002 = (.001
0.131 | 0.0379 192 | 0.0844 0.133 | 240
Average 0.001 0.0005
0.0902 | 0.0311 125 | 0.0604 00849 | 1.94

7.1.2 Particulate material

The concentrations found for the heavy metal(loid)s in the particular material in the melted

snow samples from batch 2 can be seen in Table 12.

The result shows highest average concentration of Zn, then follows (in decreasing order): Cu,
Cr, Ni, Pb, As, Cd and Hg.

Table 12. Concentrations of heavy metal(loid)s in the particulate material snow samples,
batch 2. (DW = dry weight). RSD-values: Pb, Cr, Ni, Cu and Zn: 0.2 - 3.4 %, As: 1.7 -8.1
%, Cd: 4.9 -9.10 % and Hg: 2.5 —10.3 %.

As Pb cd Cu Cr Hg Ni Zn
mgke | mgke | mgke | mghke | mgke | mgks | mgks | mgke

DW DW DW | DW | DW | DW DW DW

Sample 11 4 o5 141 | 0128 | 114 108 | 0.0248 | 475 283

Sample 2| ) gg 110 | 0.0909 | 103 797 | 00255 | 329 220

sample3 | 4 56 132 | 0128 | 132 107 | 0.0188 | 466 297

Average | 5 g3 128 | 0116 | 116 | 982 | 00230 | 423 267
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7.2 Sediment traps

The results for analysis of the sedimenting material from the sediment traps are presented in
section 7.2.1 for the heavy metal(loid)s and in section 7.2.2 for PAHs.

7.2.1 Heavy metal(loid)s

The concentrations found for the heavy metal(loid)s in the sediment traps can be seen in
Table 13. The concentrations are compared with Klifs guideline for marine sediments, as no
guideline exists for sedimenting material. The average value for each metal and the
measurement uncertainty (M.U.) can also be seen in the Table.

The result shows that all the heavy metal(loid)s were found in concentrations in level 1 in all
the traps. The traps don’t show much differences in concentrations for each metal, except for
Pb (which is around twice as high in trap 2 compared to trap 1 and 3). Zn, Cu and Cr have the

highest average concentrations and Cd and Hg have the lowest average concentrations.

Table 13. Concentrations of heavy metal(loid)s in the sediment traps. (DW = dry weight)

Heavy metal(loid)s Sediment trap no.

(mg/kg DW) 1 2 3 Average  MU. (%)
As 30
Pb 40
Cd 40
Cu 30
Cr 30
Hg 20
Ni 30
Zn 25
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7.2.2 PAHs

The concentrations found for PAHSs in the sediment traps can be seen in Table 14. The
concentrations are compared with Klifs guideline for organic pollutants in marine sediment,

as no guideline exists for sedimenting material.

Table 14. Concentrations of PAHSs in the sediment traps. (DW = dry weight). All PAHs
under the detection limit are set to level I.

Sediment trap no.:
PAHs (mg/kg DW) 1 2 3
Naphthalene
Acenaphthylene
Acenaphthene
Fluorene
Phenanthrene

Anthracene

Fluoranthene

Pyrene
Benz(a)anthracene
Chrysene
Benzo(b)fluoranthene
Benzo(k)fluoranthene
Benzo(a)pyrene
Indeno(1,2,3-cd)pyrene
Dibenzo(a,h)anthracene

Benzo(ghi)perylene

The result shows that all the concentrations were in level 1 and I1. The low molecular weight
PAHSs (naphthalene to anthracene) were below detection limit (0.010 mg/kg dry weight),

except for phenanthrene which was found in level 1l in all the traps. Among the high
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molecular weight PAHSs, fluoranthene, pyrene, benz(a)anthracene, chrysene and
benzo(a)pyrene were found in level 1l in all the traps, and benzo(b)fluoranthene was found in
level I in all the traps. For the rest of the high molecular weight PAHSs they were both below
and above the detection limit, and in level I and 11, depending on which sediment trap.
Benzo(k)fluoranthene and dibenzo(a,h)anthracene were below the detection limit in all the
traps.

The concentrations are generally a bit lower in trap 2.

7.2.3 Amount

Trap 1 had most material within the tubes, see picture 22. The amount in trap 2 were a little

lower, and trap 3 had lowest amount of material.

The average height of the material in trap 1 were about 2 cm (on average), in trap 2 about 1.5
cm and in trap 3 only a few mm The material in trap 1 was skewed and were lower on the

other side (not shown in the picture).

7

il

Picture 22. From left to right: the material in sediment trap 1, 2 and 3, respectively, can be

seen. Substantially less amount was seen in trap 3, and most in trap 1. Photos: Hilde A.
Hammer
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The exact weight of the material is not known, but out from the amount needed for the
analysis of the different parameters (metals, PAHs and particle fractionation) the amount in
trap 1 were at least 410 g. dry weight and the amount in trap 2 and 3 were at least 160 g. dry
weight, see Table 15.

Table 15. Estimated amount of material in the sediment traps.

Sediment trap Estimated weight of
no.: material
1 > 410 g. dry weight
2 > 160 g. dry weight
3 > 160 g. dry weight

7.2.4 Particle fractionation

The results from the particle fractionation from the material from trap 1 can be seen in Table
16.

Table 16. Particle fractionation in trap 1.

Particle size (wiw)
<2 um 3.1%
<63 um 4.2 %

7.3 Sediment samples

The results from the top layer 0-2 cm in the sediment are presented in section 7.3.1. The
results from the deeper layers (0~16 cm) taken in North West direction are presented in
section 7.3.2 and the results from the core sample from @stmarka are presented in section
7.3.3. All the concentrations are compared with Klifs guideline for marine sediments. The

RSD-ranges are shown in the Table texts.
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7.3.1 Top layer 0-2 cm

The concentrations found for the metals in the samples from the top layer (0-2 cm) for the
directions North West, North and North East can be seen in Tables 17, 18 and 19,
respectively. The concentrations were mostly found in level I, but also some concentrations in
level 11, especially for Cr.

Table 17. Concentrations of the heavy metal(loid)s in the sediment samples from direction
North West (box-corer, top layer 0-2 cm). DW = dry weight. RSD-values: Hg, Cr, Cu, Zn, Pb: 0.7
—4.9 %, As: 10.2 — 13.5 %, Cd:3.9 — 34.6 %.

Distance from 100 m 150 m
pier:

Point 1 Point 2 Point 3 Point 4 Point 5 Point 6

As mgl/kg
DW
Pb  mg/kg
DW
Cd mgl/kg
DW
Cu mgl/kg
DW
Cr  mg/kg
DW
Hg mg/kg
DW
Ni  mg/kg
DW
Zn  mg/kg
DW
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Table 18. Concentrations of the heavy metal(loid)s in the sediment samples from direction
North (box-corer, top layer 0-2 cm). DW = dry weight. RSD-values: Hg, Cr, Ni, Cu, Zn, Pb:
0.2-3.5%, As: 3.5-8.9 %, Cd: 3.3 -37.7 %.

As
Pb
Cd
Cu
Cr
Hg
Ni
Zn

mg/kg DW
mg/kg DW
mg/kg DW
mg/kg DW
mg/kg DW
mg/kg DW
mg/kg DW
mg/kg DW

Distance from pier

25m 100 m 200 m 500 m

Table 19. Concentrations of the heavy metal(loid)s in the sediment samples from direction
North East (box-corer, top layer 0-2 cm). DW = dry weight. RSD-values: Cr, Cu, Zn, Pb: 0.6 —
3.5 %, Hg, Ni, As: 2.2 - 9.6 %, Cd:16.2 — 34.3 %.

As
Pb
Cd
Cu
Cr
Hg
Ni

Zn

mg/kg DW
mg/kg DW
mg/kg DW
mg/kg DW
mg/kg DW
mg/kg DW
mg/kg DW
mg/kg DW

Distance from pier.

50m 100 m 150 m 200 m 250 m 500 m
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7.3.2 Deeper layers direction North West

The concentrations of heavy metal(loid)s found in the deeper layers in sampling point 2, 4 and
5 in direction North West can be seen in Tables 20, 21 and 22, respectively. The results from
the other sampling points can be seen in appendix O The concentrations in each layer are

compared with Klifs guideline for marine sediments. The top layer 0-2 cm is also included.

The results show that the concentrations were mostly found in level I and I1, but Cu had some
concentrations in level 111 and IV, and Hg in level 1l — V. The concentrations in the other

points (seen in appendix O) were all in level 1 and 11.

Table 20. Concentrations of heavy metal(loid)s in the layers 0-10 cm in the sediment in the
direction North West, sampling point 2. DW = dry weight.

Depth Hg Cr Ni Cu Zn Cd Pb As

(cm) mg/kg mg/kg mg/kg mg/kg mg/kg mg/kg mg/kg mg/kg
DW DW DW DW DW DW DW DW

0-2
2-4
4-6
6-8
8-10
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Table 21. Concentrations of heavy metal(loid)s in the layers 0-12 cm in the sediment in the
direction North West, sampling point 4. DW = dry weight.

Hg Cr Ni Cu Zn Cd Pb As

mg/kg mg/kg mg/kg mg/kg mg/lkg mg/kg  mg/kg  mg/kg
DW DW DW DW DW DW DW DW

0-2
2-4
4-6
6-8
8-10
10-12

Table 22. Concentrations of heavy metal(loid)s in the layers 0-16 cm in the sediment in the
direction North West, sampling point 5. DW = dry weight.

Depth Hg Cr Ni Cu Zn Cd Pb As

(cm) mg/kg mg/kg mg/kg mg/kg mg/lkg mg/kg mg/kg  mg/kg
DW DW DW DW DW DW DW DW

0-2
2-4
4-6
6-8
8-10
10-12
12-14
14-16
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7.3.3 @stmarka

The concentrations of heavy metal(loid)s found in the core sample from @stmarka can be seen
in Table 23.

The result shows that As, Pb, Cd, Cu, Hg and Zn had concentrations in level I, Cu in level Il

and Ni in level IlI.

Table 23. Concentrations of heavy metal(loid)s in the core sample from @stmarka. DW =
dry weight.

Depth As Pb Cd Cu Cr Hg Ni Zn

(cm) mg/kg mg/kg mg/kg mg/kg mg/lkg mg/kg mg/kg  mg/kg

DW DW DW DW DW DW DW DW

7.4 Surface water

The results from the surface water samples from Ringve can be seen in section 7.4.1 and for
pier 68 in section 7.4.2. All the concentrations are compared with Klifs guideline for marine
water. The RSD-ranges are shown in the Table texts. The surface sampling can be seen in

section 6.2.5.

7.4.1 Ringve

The concentrations found in the surface water samples taken at Ringve in 2015 are seen in
Table 24. The result shows that As, Cr and Ni had concentrations in level I, Pb and Zn in
level 1 and Il, and Cu in level Il. Cd and Hg had concentrations below the detection limit in all

the samples. Pb were found above the detection limit in only one sample.
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Table 24. Concentrations of heavy metal(loid)s in the surface water samples from Ringve,
2015. The numbers in the first row are the sampling dates.

22.01 17.02 28.02 06.03 14.03 21.08 Average

As Mo/l
Pb Mo/l
Cd pa/L
Cu Mo/l
Cr pa/L
Hg Ho/L
Ni po/L
Zn pa/L
7.4.2 Pier 68
2015

The concentrations found of the heavy metal(loid)s in the surface water samples taken at pier
68 in 2015 are seen in Table 25.

The result shows that most metals had concentrations in level I. Cu and Zn had concentrations
in level 1 and Il, and Pb, Cd and Hg had concentrations below the detection limit in all the

samples.

2016
January and February

The concentrations found of the heavy metal(loid)s in the surface water samples taken at pier
68 in January and February 2016 are seen in Table 26.

The result shows that As and Cd had concentrations in level I. Ni had concentrations in level |
and Il, Zn in level I-111 and Cu in level 11-1V. Pb and Cr had all their concentrations in level 1.
Hg had concentrations below the detection limit in all the samples.
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Table 25. Concentrations of heavy metal(loid)s in the surface water samples from pier 68,
January - March 2015. The numbers in the first row are the sampling dates.

Metals
(Lg/L)

As
Pb
Cd
Cu

Cr
Hg
Ni

Zn

22.01

05.02 13.02 17.02

28.02 06.03 14.03 21.03 Average

Table 26. Concentrations of heavy metal(loid)s in the surface water samples from pier 68,
January-February 2016. The numbers in the first row are the sampling dates.

As
Pb
Cd
Cu
Cr

Hg
Ni
Zn

Ha/L
Ha/L
Ho/L
Ha/L
Ho/L

Ho/L
Ho/L
Ho/L

21.01 26.01 02.02

/8

08.02 18.02 21.02  Average




Out on the fjord

The concentrations found of heavy metal(loid)s in the surface water samples taken out on the
fjord outside pier 68 in February 2016 can be seen in Table 27. The concentrations were
found in level 1 — IV. As had concentrations in level I, Pb and Cr in level Il, and Cu in level
IV in all the samples. Cd and Ni had concentrations in level 1 and Il and Zn had
concentrations in level 1 — I1I.

Hg was below the detection limit in all the samples and are hence set to level I.

Table 27. Concentrations of heavy metal(loid)s in the surface water samples out on the
fjord, 2016.

Metals Unit Point 1 Point 2 Point 3 Average
As ug/L
Pb ug/L
Cd pg/L
Cu ug/L
Cr pg/L
Hg Ho/L
Ni ug/L
Zn pg/L

April

The concentrations found of the heavy metal(loid)s in the surface water samples taken at pier
68 in April 2016 can be seen in Table 28. The result shows that the concentrations were
mostly found in level 1. As, Cd, and Cr had concentrations in level I in all the samples. Ni and
Znin level I and 11, and Cu had concentrations in level 11 and Il1.

Hg and Pb had concentrations below the detection limit in all the samples and are hence set to
level I.
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Table 28. Concentrations of heavy metal(loid)s in the surface water samples from pier 68,
April 2016. The numbers in the first row are the sampling dates.

Metals Unit 12.04 15.04 17.04 19.04 Average
As Mo/l
Pb Mo/l
Cd Mo/l
Cr Mo/l
Hg Ho/L
Ni po/L
Zn pa/L
7.5 DGTs

January and February 2016

The average concentrations for the DGTs that were out in each period in January and

February can be seen in Table 29.

The result shows that Cd, Cr, Ni and Zn had average concentrations in level I in all the
periods. Pb had also most of the average concentrations in level I, except for the period
between 08.02-18.02 were it had an average concentration in level Il. Cu had average
concentration in level V in the first period and level IV in the rest of the periods, and were
found in highest concentrations of the metals.

April 2016

The results from all the DGTs that were out in April can be seen in Table 30. All the
concentrations are compared with Klifs guideline for metals in sea water.

The first two DGTs had concentrations of Pb, Cd, Cr and Ni in level I, Zn in level Il and Cu

in level 1V. DGTs 4-6 shows some high values in level IV and V, and are most likely
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contaminated and do not represent concentrations in the water during that periods (see
discussion in section 8.9.4).

Table 29. Average concentrations in the DGTs from January-February 2016. Most of the
RSD-values are under 5 %, except for Cr which have more of the values between 5 — 10 %.

Period Period Period Period Period

Metal Average
(ug/L) 21.01-26.01 26.01-02.02 02.02-08.02 08.02-18.02 18.02-21.02

Pb
Cd
Cu*
Cr
Ni
Zn

*could be contamination, see section 8.9.4.

Table 30. Results all DGTs from April 2016*. RSD-values Pb and Cu: 0.4 — 4.2 %, Zn: 3.5 —
5.7 %, Ni:7.4 —15.5 %, Cd: 11.8 -35.8 % and Cr: 1.5 — 29 %.

DGT Period Pb Cd Cu Cr Ni Zn

ne: Ho/L Ho/L Ho/L Ho/L Ho/L  po/L

1 07.04 —15.04
2 07.04 —15.04
3* 15.04 - 17.04
4* 15.04 -17.04

5 17.04—19.04

6* 17.04 - 19.04

*Contamination is suspected in the four last DGTs, see section 8.10.4 for further discussion.
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7.6 POM: PAHSs

The concentrations of PAHs in POM can be seen in Table 31. The concentrations are
compared with Klifs guideline for PAHSs in sea water.

The result shows that in POM1 and POM3 all of the detected PAHs were in level 1I.
Indeno(1,2,3-cd)pyrene, dibenzo(a,h)anthracene and benzo(ghi)perylene were not detected in
POM1 and POM3. In POM2 most of the concentrations were in level 11, except for
acenaphthylene, phenanthrene and fluoranthene that were found in level 111 and pyrene in
level V. Indeno(1,2,3-cd)pyrene and dibenzo(a,h)anthracene were not detected in POM2
either, but benzo(ghi)perylene was detected.

Table 31. PAH concentrations found in the POMSs. Measurement uncertainty = 20 %. n.d.
= not detected.

PAHs (ng/L) POM1 POM2* POMS3
Naphthalene

Acenaphthylene

Acenaphthene
Fluorene

Phenanthrene
Anthracene

Fluoranthene 231
Pyrene

Benz(a)anthracene

Chrysene

Benzo(b)fluoranthene

Benzo(k)fluoranthene

Benzo(a)pyrene

Indeno(1,2,3-cd)pyrene n.d. n.d. n.d.
Dibenzo(a,h)anthracene n.d. n.d. n.d.
Benzo(ghi)perylene n.d. n.d.
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7.7 POM: PCBs

The results for the PCBs can be seen in Table 32. PCB-28 and PCB-52 were detected in all
the POMs. PCB-138 was only detected in POM 2. PCB-101, -118, -153 and -180 were not
detected.

Table 32. Results PCBs from the POM:s.

POM 1 POM 2 POM 3
PCB-28 po/L 10.9 6.26 6.18
PCB-52 pg/L 3.50 1.87 0.171
PCB-101 po/L n.d. n.d. n.d.
PCB-118 po/L n.d. n.d. n.d.
PCB-153 po/L n.d. n.d. n.d.
PCB-138 po/L n.d. 0.477 n.d.
PCB-180 po/L n.d. n.d. n.d.
SUM PCB pg/L 14.4 8.61 7.88
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8. Discussion

In the discussion the results presented in section 7 will be discussed. The main focus in the
discussion is to evaluate if the water and the sediment are affected by the snow dumping with

regard to the analysed metals and PAHSs.

First the different sample types will be discussed separately, but links between them will be
drawn. Dissolved and particulate phase snow samples are discussed in section 8.1, heavy
metals in sedimenting material in section 8.2, concentrations of heavy metals in the sediment
in section 8.3, concentrations of heavy metals in water in section 8.4 and PAHSs in the water

column and in the sediment in section 8.5.

The deposition of fine and coarse particles in the sediment and deposition of the sedimenting
material are discussed in section 8.6. PCB will be discussed shortly in section 8.7. In section
8.8 some of the results from this study are compared with measurements from other areas in

the harbour. Possible contribution from other sources will be discussed in section 8.9.

In the end (section 8.10) method will be discussed with focus on sample size RSD-values,

accuracy, possible sources of errors and sampling methods.
In the discussion the heavy metal(loid)s will be refered to as ‘metals’ (including As).

All the p-values calculated can be seen in appendix N.

8.1 Dissolved and particulate phase snow samples

In total 17 snow samples (14 in batch 1 and 3 in batch 2) were melted and filtrated to get the
dissolved phase (see section 6.3.2) and the particulate material from batch 2 was also analysed
(also see section 6.3.2). First the dissolved phase will be discussed and then the particulate
phase, before relating the concentrations and patterns found in the snow samples to snow

quality and other studies.
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Dissolved phase

Cu and Zn seems to dominate with highest concentrations in the dissolved phase in the snow
samples, as seen in Figure 19. They also have the highest average concentrations (2.95 and
4.65 pg/L, respectively). It can therefore be assumed that these two metals will be contributed
in highest concentrations of the studied metals to the water during snow dumping. A t-test
showed that Cu and Zn were not significant different with a 95 % CI (p-value 0.446). After
Cu and Zn, Ni seems to be contributed most. And Cr, As, Pb, Cd and Hg will most likely be
contributed in lowest concentrations (average values below 0.0110 ug/L), with lowest

contribution from Cd and Hg, as they had the lowest concentrations in the snow samples.

Snow samples dissolved phase
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Figure 18. Concentrations found in dissolved phase from the melted snow samples in batch 1.

The samples from batch 2 were not much different from batch 1, with regard to pattern in
average concentrations. Zn and Cu also had the highest average concentrations in these
samples (1.94 and 1.25 pg/L, respectively).
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Particulate phase

In the particulate material (the particles in the melted snow samples from batch 2) in the snow
samples, Zn was found with the highest average concentration (267 mg/kg dry weight), see
Figure 20. Zn is significantly higher than the other metals with a 95 % CI (p-values below
0.05). It may therefore be suggested that Zn most likely have the highest concentrations in the
particulate material in the snow and might therefore be contributed in highest concentration in
the particulate fraction during the snow dumping. Next the contribution will most likely be
highest from Cu and Cr, which had about the same average concentrations (116 and 98.2
mg/kg dry weight, respectively) and are not significant different with a 95 % CI (p-value
0.223).

The average concentrations then follow (in decreasing order) Ni > Pb > As > Cd > Hg, see
Figure. The concentrations are significant different with a 95 % CI (p-values below 0.05). It
might therefore be suggested that the contribution of concentrations in the particulate material
in the snow will follow the sequence mentioned above, with highest concentrations from Ni

and lowest from Hg.

Particulate material snow samples
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Figure 19. Average concentrations, particulate phase in the snow samples (batch 2). The
error bars show £ ‘one standard deviation’.
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Both in the dissolved phase and particulate material the contribution seems to be highest from
Zn and Cu, but also Ni and Cr, and lowest from Cd and Hg. The concentrations are
considerably higher in the particulate phase than in the dissolved phase for all the metals, as
expected from the theory (see section 2.6.1). Most of the metals are therefore particulate

bound in the snow.

Snow quality and other studies

These findings fits well with previous studies of snow samples from urban areas (see section
2.6.1), where also Zn, Cu, Ni and Cr are most often found in highest concentrations. The
results from these snow samples therefore seems to be representative for which metals that
will be contributed in highest concentrations to the water during snow dumping. This can also
indicate that traffic is most likely the dominant source to the metals in the snow, since Zn and
Cu are typical traffic related metals (see section 2.6.3) and the other studies also concluded

that traffic is a major source (Bakken, 1994, Bjgrgaas, 2010).

The concentrations in the dumped snow will however show variations to what is found in the
snow samples analysed, as this is only a small fraction of the snow from the city (about 10 mL
of melted snow in each sample) and the samples were only taken from 4 locations at two
different days. Since the snow quality will vary both with time and location (Bjgrgaas, 2010),
snow from other places in the city, ands at different times, can have different concentrations
than found in these samples. In addition, these samples were taken from the outer layer of the
snow pile which is exposed to the sources. Deeper in the snow pile the concentrations of
metals are most likely be lower. Large visual variations were seen in the dumped snow (from

partly brown snow to pure white snow), that most likely indicate differences in snow quality.

8.2 Heavy metals in the sedimenting material

3 sediment traps were out at increasing distances (41, 89 and 136 m) from the pier in the
North East direction for 55 days (see section 6.2.3) to collect sedimenting particles in the area
during snow dumping. The material was then analysed for the selected metals and PAHSs, as
described in section 6.4.2). In this section the heavy metals in the sedimenting material will be
discussed (the PAHs will be discussed in section 8.5.2).
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The concentrations were found in level | for all the metals in all the traps (see section 7.2.1).
The sedimenting material therefore seems to have low concentrations of the selected metals,
even though most of the metals are particulate bound in the snow (Sansalone et al., 2003).

The material in the traps show a similar distribution between the metals as found in the
particulate material in the snow samples, see Figure 21. This is not unexpected as the snow
dumping was the main activity in this area during the period the traps were out, and have
therefore contributed with most particles. Other possible sources are discussed in section 8.9.
It also again indicates (see section 8.1) that the pattern found in the particulate material in the

snow samples seem to be quite representative for the particulate material in the dumped snow.
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Figure 20. Average concentrations found in the sediment traps and in the particulate material
in the snow samples. The error bars show + ‘one standard deviation’.

The concentrations found of the metals in the sediment traps are however lower than the
concentrations in the particulate material in the snow samples (Figure 21). This could be due
to that only the finer particles were analysed in the particulate material in the snow samples
(see section 6.3.2), while both fine and coarse particles were analysed in the material from the
traps (see section 6.4.2). Since the metals mostly adsorb to the surface of particles, smaller

particles can bind more metals per mass than larger particles (Sansalone et al., 2003). In the
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analysis the coarser particles contribute with more mass to the overall total mass, leading lead

to a dilution in the concentrations.

Picture 23. Material in the sediment traps. Both fine and coarser particles were analysed.
Photo: Hilde A. Hammer.

Higher concentrations could therefore be expected in the finer particles in the trap. How much
higher is difficult to give exactly, as the amount of material in the traps and the amount of
coarser particles are unknown. But since the since the concentrations in the sediment were
mostly found in level I and Il (see section 8.3.1) the sedimenting material don’t seem to

contribute much with high concentrations.

8.3 Concentrations of heavy metals in the sediment

In total 17 samples were taken of the top layer (0-2 cm) of the sediment in 3 different
directions from pier 68; North West (6 samples), North (4 samples) and North East (6
samples) (see section). In direction North West, samples were also taken from deeper layers
(down to 8-16 cm). In addition, a sample was taken from 195 cm depth at @stmarka (see
section 6.2.2). The concentrations found in the top layer will be discussed first in section
8.3.1, and be compared with the concentrations found of heavy metals in the particulate

material in the snow in section 8.3.2. Then the deeper layers will be discussed and compared
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with the concentrations found in the sample from @stmarka in section 8.3.3. Differences in

concentrations between the sampling points will be discussed in section 8.6.2.

8.3.1 Top layer, 0-2 cm

In the sediment samples taken from the top layer (0-2 cm) in the sediment outside pier 68, all
the metals were found in level I and 1l (see section 7.3.1). The sediment therefore seems to be
in good condition in this layer with regard to the metals analysed. However, since the
sediment can be quite inhomogeneous, higher concentrations might be present in areas not
sampled. As the concentrations in the previous sediment samples taken at pier 68 (see section
3.2) also showed most of the concentrations in level I and Il, the assumption that these levels

seem to dominate is strengthened.

The highest concentration found for each metal are well below the limit for level Il for most

of the metals, see Table 33.

Table 33. Highest concentrations found in the samples from the top layer (0-2 cm) in the
sediment (except sampling points 500 m out) and the limits between level 11 and 111, and 111
and I. The concentrations are shown with the RSD-values. Cu are marked due to its close
concentration to level 111 and IV.

Highest concentration Limit between level  Limit between level

found in the sediment I1and I1I Il and IV
(mg/kg DW) (mg/kg DW) (mg/kg DW)

As 52 76

Pb 83 100

Cr 120+ 3 560 5900

Cu 489+16 51 55

Cd 0.305 + 0.012 2.6 15

Hg 0.197 + 0.002 0.63 0.86

Ni 372124 46 120

Zn 200+ 3 360 590
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For Cu however, the highest concentration found (48.9 mg/kg dry weight) is close to the level
I1 limit. Level 111 is still considered as an acceptable level in the harbour, but there is also a
low concentration difference between level 111 and IV for Cu (see Table 32). This could
indicate that Cu is prone to higher levels than level Il in the sediment. As also was pointed out
by Baekken and Tjomsland (2001)in their conclusion that Cu should be followed up due to
that it had occasionally high concentrations in the sediment.

It could be expected that the sediment in the direction North East have higher concentrations
than the other two directions, as most of the snow floats in this direction (see section 4.1).
Besides higher concentrations of Cu and Cr in sampling point 50 m from the pier in the
direction North East (see section 8.6.2), this direction were found not to be significant
different with a 95 % CI from the other two directions (all p-values > 0.05, see appendix N)

with respect to concentrations. This can also be seen in Figure 22.
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Figure 21. Average concentrations in the sediment samples from the top layer (0-2 cm) for
each of the directions. Sampling points 500 m are not included. The error bars show + ‘one
standard deviation’.

The samples were also taken at different times of the year; the samples taken in North West
direction were taken in the month of October, the samples taken in North direction were taken
in the month of May and the samples taken in North East direction were taken in the month of
February. The samples taken in direction North East were therefore more affected by the

snow dumping, but despite this the concentrations in this direction were not different from the
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other directions, again indicating that the snow dumping don’t seem to contribute with very
polluted masses.

8.3.2 Comparison of concentrations in the particulate material in snow and in the sediment
(top layer, 0-2 cm)

In Figures 23, 24, and 25 the average concentrations found in the particulate material in the
snow samples and the average concentrations found in the sediment samples from the top
layer (0-2 cm) (except for sampling points 500 m out) from all the directions can be seen.

Discussion follows under the Figures.
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Figure 22. Average concentrations of Cu, Cr, Ni and Zn in particulate material snow
samples and in the sediment samples (except sediment samples taken 500 m out). The error
bars show + ‘one standard deviation’.
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Figure 23. Average concentrations of As and Pb in particulate material snow samples and
in the sediment samples (except sediment samples taken 500 m out). The error bars show +
‘one standard deviation’.
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Figure 24. Average concentrations of Cd and Hg in particulate material snow samples and
in the sediment samples (except sediment samples taken 500 m out). The error bars show *
‘one standard deviation’.
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Cuand Zn

For Cu and Zn it is found significant lower average concentrations with a 95 % CI in the
sediment samples than in the particulate material in the snow samples (p-values 0.0054 and
0.0061, respectively). Indicating that the concentrations found in the sediment will mostly be
lower than in the particulate material in the snow. This could mean that Cu and Zn are well

spread in the sediment.

As, Cd, Ni, Cr

As, Cd, Ni and Cr have not significantly different average concentration with a 95 % Cl in
the sediment samples and in the particulate material in the snow samples (p-values 0.11, 0.53,
0.095 and 0.26, respectively). This indicates that the concentrations found in the particulate

material in the snow don’t distinguish much from the concentrations in the sediment.

It can also be noted that Cr has a significant higher average concentration with a 95 % CI (p-
value 5.8*10%%) than Cu in the sediment samples, which is different from the pattern found in
the particulate material in the snow samples, where the average concentrations were not
significant different (see section 8.1). This can be explained by that Cu have a significant
lower average concentration with a 95 % CI in the sediment samples, while Cr is not

significantly lower in the sediment samples (see Figure 23).

Pb, Hg

Pb and Hg have a significant higher average concentration with a 95 % CI (p-values 0.00082
and 0.00010, respectively) in the sediment samples than in the particulate material on the
snow samples. The reason for this can be due to that both Pb and Hg are used to a lesser
degree now than earlier (Alloway, 2013). They have therefore most likely lower
concentrations in the snow now than earlier, but are still found in higher concentrations in the

sediment, as the sediment can still contain particles from previous sources.
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8.3.3 Deeper layers North West direction

In the sediment samples taken down to 8-16 cm in the sediment in the same sampling points
as the top layer (0-2 cm) in direction North West, the concentrations seem to be a bit higher
than in the top layer (0-2 cm) for all the metals. Most of the concentrations are however in
level 1 and II, except for Cu and Hg which have some concentrations in level 1l and IV, and
I11 to V, respectively (see section 7.3.2 and appendix O). This could mean that the
concentrations from the snow dumping are lower now than earlier. However, the layer 2-16
cm which the samples were taken from are strictly not deep enough to see any historical trend,
as this layer is still considered as a part of the top layer. A lot of changes can still occur in
these layers; metals can diffuse up and down the layers, redox-reactions can happen, they can
be affected by organisms and be swirled up due to boats, currents etc. (Laugesen et al., 2003,
Manahan, 2010, Kennish, 2000). In addition, the amount of material from the snow dumping
will vary from year to year and other sources also contribute with particles to the sediment,
which makes it even more difficult to see any trend in the layers.

What however can be seen is that the layers have higher average concentrations than the
concentration found in the sediment sample from @stmarka for all the metals, except for Cr
and Ni, see Table 34. The concentrations are just compared directly without any t-test, as it

was only 1 sample from @stmarka.

Table 34. Concentrations found in the core sample from @stmarka (195 cm down in the
sediment) and the average concentrations of the different layers in the samples taken at
direction North West at pier 68 (from 2 — 8 and 16 cm down in the sediment).

Hg Cr Ni Cu Zn Cd Pb As
mg/kg mg/kg  mg/kg | mg/kg mg/kg mg/kg mg/kg mg/kg
DW DW DW DW DW DW DW DW
@stmarka - 132 55.6
Pier 68 0.268 85.0 314 314

Since the sediment sample taken at @stmarka is deep enough (depth = 195 cm) to represent
background levels, this can indicate that Hg, Cu, Zn, Cd, Pb and As have been contributed
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to the sediment outside pier 68 and reached higher concentrations than the natural background
concentrations, especially Hg and Pb which are found in one level higher in the sediment
outside pier 68. Ni and Cr have been contributed with lower concentrations than the natural
background concentrations, and are thus lower than the background concentrations. This is
explained by that Cr and Ni are naturally high in the sediment in Trondheim (Andersson et
al., 2011). The snow dumping are therefore an anthropogenic source of pollutants to the
sediment outside pier 68, but the concentrations are within acceptable values (below level 1V).

8.4 Concentrations of heavy metals in the water

Samples were taken both in the surface water (manual water samples) and in the water
column (using DGTs) (see section 6.2.5 and 6.24, respectively). The results will first be
discussed separately, surface water in section 8.4.1 and water column in section 8.4.2, and
then a comparison of the concentrations in the surface water and in the water column will be
done in section 8.4.3. In section 8.4.4 the concentrations found in the surface water and in the
water column will be compared with the concentrations found in the dissolved phase in the

snow samples.

8.4.1 Surface water

Manual samples were taken of the surface water outside pier 68 in January and February 2015
and 2016, and in April 2016. Samples were also taken at Ringve in 2015. The samples taken
at pier 68 in 2016 was taken at the same location, but the samples from 2015 was taken at a

different location at pier 68 (see section 6.2.5).

In 2015

In 2015 there was very little snow dumping at pier 68 (see section 4). The concentrations in
the samples from the surface water at pier 68 are also quite similar to the concentrations found
at Ringve, see Figure 26. By performing a t-test the average concentrations were found not to
be significantly different between the two sites with a 95 % CI (p-values below 0.05, see

Appendix N). The concentrations at Ringve were meant to represent background levels (not
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affected by snow dumping or the activities in the harbour). It therefore seems likely that the
samples taken at pier 68 in 2015 are not very affected by the snow, and can therefore
represent concentrations at pier 68 when there is no snow dumping. The concentrations may
therefore be suggested to be mostly in level | for As, Pb, Cr, Hg, Cd and Ni, in level 1 and 1l

for Zn and level Il for Cu at pier 68 when there is no/little snow dumping.
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Figure 25. Concentrations in surface water in samples taken at Ringve and pier 68 in 2015.
The error bars show + ‘one standard deviation’.

During snow dumping

During snow dumping As, Cd, Hg, and Ni were still found with average concentrations in
level I, see Table 35. Zn had an average concentration in level | during snow dumping,
compared to level Il in 2015 (without snow dumping). Pb, Cr and Cu were found with
average concentrations in higher levels during snow dumping, level 11 for Pb and Cr and
level 1V for Cu. Concentrations in level 1V is high and might therefore have a higher risk of

harm on aquatic organisms. Studies have shown however, that much of the dissolved Cu is
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not bioavailable (Neff, 2002) and might therefore not necessarily pose a risk to organisms.
But it should anyway be avoided having concentrations in this level in the water to maintain a
good quality.

Table 35 Average concentrations in surface water samples taken at pier 68 in 2015 and
during snow dumping and change in %.

Metals 2015 During snow Change Significantly

i [0)
(/L) dumping (%) different

(p-value < 0.05)

As -25% X
Pb ~ 1590 % X
Cd ~253% X
Cu 228 %

Cr 1618 % X
Hg -

Ni 29 %

Zn -19 %

Except for Cu (and one concentration found in level 111 for Zn (see section 7.4.2)), the quality
in the surface water seemed to be in good condition during snow dumping with regard to
these metals as all the concentrations of the other metals were found in level I and 11 (see
7.4.2). The average concentrations are also well below level 111, see Table 36. Only the

average concentration of Zn is near the limit to level Il1.
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Table 36. Average concentrations in the surface water samples taken at pier 68 during
snow dumping and the limits for level 111 (all metals except Cu) and level V (for Cu).

Metals Measured values during Limit level 111
snow dumping (Lg/L)
(Hg/L)
As 4.8
Pb 2.2
Cd 0.24
Cr 3.4
Hg 0.048
Ni 2.2
Zn 2.9
Cu 1.7

By performing a t-test it was found that As, Pb, Cd and Cr had significant different average
concentrations with a 95 % CI between the two periods (p-values below 0.05, see Appendix
N). As had therefore lower average concentration during snow dumping, while Pb, Cd and
Cr had higher average concentrations during snow dumping, compared to the concentrations
found in 2015. Cr and Pb had the highest change in % between the two periods, 1618 % and
1590 %, respectively, and Hg and Zn the lowest (see Table 35). Cu had a lower change (see
Table 35) in average concentrations than Pb and Cr, but reached several concentrations in
level 111 and 1V (see Table 35). This reflects the small concentrations ranges between the

different levels for Cu in the guideline (see appendix B).
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Whether the concentrations in the surface water before the snow dumping in 2016 were
similar to the concentrations found in 2015 is uncertain, as the samples are taken in different
years and also at different locations (see section 6.2.5). It may be that the concentrations were
generally higher in the water in 2016, so the increase/decrease was not so great, or that the
concentrations were lower in surface water so that the increase/decrease during snow
dumping was actually higher. Variations in concentration between years could be due to
different factors, such as amount of particles present in the water, pH, tidal, temperature,
contribution from other sources, and influence of river water. They can also vary in

concentrations as they are non-conservative in water (Kennish, 2000).

Which of the metals that were significantly higher/lower during snow dumping can be more
confirmed by comparing the concentrations with the concentrations found in the samples
taken after the snow dumping. These samples are taken closer in time and also at the same
location, which will strengthen the assumptions. When comparing the average concentrations
for these two periods (during and after snow dumping) only Pb and Cr were found to be
significantly different with a 95 % CI (p-values 0.00054 and 4.0-10°, respectively), meaning

they had significant higher average concentration in the surface water during snow dumping.

After the snow dumping

Pb and Cr had average concentrations in level | again after snow dumping, see Table 37. Cu,
however, had average concentration in level I11 after the snow dumping. This average
concentration is significantly higher with a 95 % CI (p-value 0.0027) than the average
concentration in 2015. This could mean that Cu is still high from the snow dumping. It can
also be that Cu is in level 111 in this area, independent of the snow dumping. Since no samples

were taken at this place before the snow dumping it’s not known.
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Table 37. Average concentrations of metals in the surface water at pier 68 during snow
dumping and after snow dumping, and their change in %.

During snow After snow Change | Significant

Metals dumping dumping (%) different
(ug/L) (p-value < 0.05)

As -22%

Pb ~94 % X

Cd 38 %

Cr 96 % X

Hg -

Ni -14%

Zn -32%

*Cu also had concentrations in level I, see section 7.4.2.

In Figure 27 and 28, a total overview over the average concentrations found in the different
periods can be seen. It can clearly be seen that Cr and Pb are significantly higher in the
surface water during the snow dumping. Cu have one higher value (5.17 pg/L)(see section
7.4) leading to a large standard deviation. But even without this value, Cu is not significantly

higher with a 95 % CI during snow dumping compared to after (p-value 0.36).
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Figure 26. Average concentrations in the surface water samples taken at pier 68. The error
bars show £ ‘one standard deviation’.
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Figure 27. Average concentrations in the surface water samples taken at pier 68. The error
bars show £ ‘one standard deviation’.
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Out on the fjord

In the samples taken out on the fjord (see section 6.2.5), it seems that the average
concentrations of all the metals are slightly higher than closer to land (where the other
samples were taken) see Figures 29 and 30. Only Cr was found to be significantly different
with a 95 % CI (p-value 0.03). The concentrations of the studied metals were therefore not

found significantly higher concentrations in the samples taken further out, except for Cr.
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Figure 28. Average concentrations of Cu, Cr, Ni and Zn in the surface water samples taken
out on the fjord close to pier 68 (n=3). The error bars show £ ‘one standard deviation’.
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Figure 29. Average concentrations of As, Pb and Cd in the surface water samples taken out
on the fjord close to pier 68 (n=3). The error bars show = ‘one standard deviation’.

104



8.4.2 Concentrations in the water column

In the water column during the snow dumping the average concentrations of Pb, Cd, Cr, Ni,
and Zn were found in level I, see Table 38. The condition in the water column during the
snow dumping therefore seemed to be good with regard to these metals. Cu was found with
average concentration in level 1V during the snow dumping, which is considered as high, and
might therefore have a higher risk of harm on aquatic organisms (as mentioned in section

8.4.1).

Table 38. Average concentrations in the water column during (n = 15) and after (n = 2)
snow dumping at pier 68.

Metal During snow After snow % change Significant
(Lg/L) dumping dumping different
H9 (p-values < 0.05)
Pb 50 %
Cd +53 % X
Cu 25 %
Cr 70 % X
Ni +78 %
Zn +75% X

After the snow dumping the average concentration of Cr were significant lower with a 95 %
ClI (p-value 0.010), while Zn and Cd had significantly higher average concentrations with a
95 % CI (p-values 0.0023 and 0.048, respectively). This indicates that Cr had significantly
higher average concentration in the water column during snow dumping, while Zn and Cd
hade significantly lower average concentrations. Pb, Cu and Ni did not have significant
different average concentrations during and after snow dumping, indicating that the
concentrations of these were not affected by the snow dumping. See Figures 31 and 32. The
average concentration of Cr (which were found significantly higher) was however in level |

both during and after snow dumping, so the impact from the snow dumping was not so large.

Cu had still average concentration in level 1V after the snow dumping. Cu might be in level
IV in this area independent on the snow dumping, or it is still high after the snow dumping. It

could also be a possibility that there is a contamination in the DGTSs.
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Figure 30. Average concentrations of Cu, Zn and Ni in the water column during and after
snow dumping at pier 68. The error bars show + ‘one standard deviation’.
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Figure 31. Average concentrations of Pb, Cr and Cd in the water column during and after
snow dumping at pier 68. The error bars show + ‘one standard deviation’.
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8.4.3 Surface water compared with water column

When comparing the average concentrations found in the samples of the surface water during
snow dumping with the average concentrations found in the water column during snow
dumping, the concentrations seemed to be lower in the water column, see Table 39. This is
most likely explained by that snow were lying in the surface water during sampling of the
surface water, which lead to higher concentrations in the surface water samples. As the snow

melted, the metals most likely spread in the water column, and the concentrations got diluted.

Table 39. Average concentrations in surface water and DGT (water column) during snow
dumping, and % lower concentrations in DGT.

Metal Surface water | Water column | % lower in the | Significant different
(ug/L) samples water column (p-values < 0.05)

Pb 0.169 71 % X

Cd 69 % X

Cu -231 %

Cr 97 % X

NI 42 %

Zn 18 %

The average concentrations of Pb, Cd, and Cr are significantly different with a 95 % CI (p-
values 0.002, 0.03 and 4.4*107°, respectively) in the surface water and in the water column,
meaning they were significantly lower, with a 95 % confidence, in the water column than in
the surface water. This seems likely, especially for Pb and Cr which had significantly higher
average concentration in the surface water during snow dumping (see section 8.4.1) and are
therefore lower in the water column. This could also indicate that these metals to a larger
degree stays in the surface water than the other metals, which were not find to be significantly

higher in the surface water and in addition, not significantly lower in the water column.

Cu on the other hand, have higher average concentration in the water column with a 95 % CI
(4.90 pg/L) than the surface water (1.48 pg/L), and most of the concentrations measured in
the water column were higher than in the surface water samples (see Table 26 and 29). It
could be that the concentrations are generally higher in the water column for Cu. However,
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the average concentrations are not significant different with a 95 % CI due to the large

standard deviation in the surface water samples (p-value 0.051).

8.4.4 Trend seen in water compared with the dissolved phase snow samples

The highest increase of Pb and Cr, and not of Zn, Cu and Ni, found in the surface water
during snow dumping were unexpected as Zn, Cu and Ni were expected to have the highest
increase due to higher concentrations in the snow samples (see section 8.1). The explanation
for this is unclear, but could as mention in section 8.4.3 be that Pb and Cr to a larger degree
stays in the surface water than the other metals Zn, Cu and Ni, and are therefore found in
higher concentrations. It could also be due to inhomogeneity of the metals in the surface water
during sampling, different binding affinity for particles (and hence not measured in the
filtrated water samples), or variations in the concentrations in the water (and only the lower

concentrations were sampled).

8.5 PAHSs in the water column and in the sedimenting material

PAHSs were measured in the water column using POMs (see section 6.2.6) and in the
sedimenting material from the snow dumping by analysing the material from sediment traps
(see section 6.2.3). The POMs were attached on the sediment traps and both sampling types
were therefore out in the water in the same time period (53 days). But POM, which is based
on equilibrium with the concentrations in the surroundings (wag solutions, not dated) will
represent the 3-4 last weeks of the sampling period. The sediment traps and the POMs, where
located 41, 89 and 136 m out from pier 68 in the North East direction, and are referred to
sediment trap 1, 2 and 3, and POML, 2 and 3, respectively.

In this section the concentrations found in the water column will be discussed in section 8.5.1,
and the concentrations found in the sedimenting material in section 8.5.2. In section 8.5.3 the
distribution of PAHs between water and particulate phase will be discussed and the

distribution of the PAHs will be compared with snow samples in section 8.5.4.
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8.5.1 PAHs in the water column

Both in the area around 50 m out and 140 m out from the pier in direction North East the all
the PAHs were found in level Il (see section 7.6). Around 100 m out most of the PAHs were
also found in level 11, but acenaphthylene, phenanthrene and fluoranthene were found in level
[11 and pyrene in level V (also see section 7.6). The high concentrations found around 100 m
out are much higher than around 50 m and 140 m out and lies outside the measurement
uncertainty, see Figure 33. They are also much higher than concentrations measured in POMs
that were out at different areas in the harbour January to March 2015 in a study performed by
NGI (see section 8.8.2)(NGI, 2015).
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Figure 32. Concentrations found in each POM for naphthalene to pyrene. The error bars
show the measurement uncertainty (20 %). POM2 show significantly higher concentrations of
some of the PAHs.

To find such high concentration differences considering that the POMs were in the same area
is a bit strange, but could be due to a very local impact (for instance oil leakage from a boat

that accumulated in the area around POM2) or an error in the analysis. Another explanation
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can be that most of the PAHs follows the snow out to the area around 100 m, leading to
higher concentrations in this area, but the concentrations seems to be too high to be solely

from the snow. The reason is therefore unclear.

POM3 seem to show some higher concentrations than POML1, see Figures 34 and 35. The
concentrations of acenaphthene, fluorene, phenanthrene, fluoranthene, pyrene and

benzo(a)pyrene seem to be higher.
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Figure 33. Concentrations found in POM1 and POM3 for naphthalene to benzo(a)pyrene.
The error bars show the measurement uncertainty (20 %). POM1 was about 50 m out from
pier 68 in the direction North East, and POM3 was about 140 m out from pier 68 in the
direction North East.
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Figure 34. Concentrations found in POM1 and POM3 for chrysene to benzo(a)pyrene. The
error bars show the measurement uncertainty (20 %). POM1 was about 50 m out from pier
68 in the direction North East, and POM3 was about 140 m out from pier 68 in the direction
North East.

In the water column, the concentrations of these PAHs (mentioned above) therefore seem to
be higher in the area around 150 m than 50 m out from pier 68 in the direction North East.
One explanation for this can be that more of the PAHSs follow the snow out to this area before
the snow melts, or it could be affected by a source that have not affected POM1 to the same
degree.

As PAHSs in the water column only were measured during snow dumping and not before
and/or after, it is not known how much PAHSs the snow dumping contributes with. But the
concentrations of dissolved PAHSs in the water column during snow dumping seems to not
reach higher concentrations than level Il around 50 m and 140 m out from the pier. The high

concentrations around 100 m is uncertain whether it is from the snow.
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8.5.2 PAHs in the sedimenting material

Since the sedimenting material had concentrations of PAHSs in level | and 11 (see section
7.2.2), the snow dumping seems to contribute with low concentrations of PAHSs to the
sediment. How much the snow dumping has contributed to the high levels of PAHSs in the
sediment outside pier 68 is difficult to know as other sources can have contributed as well
(see section 8.9). But it might be that the PAHs from the snow dumping have accumulated in

the sediment over the years, as PAHs are slowly broken down in the sediment (SFT, 2000).

8.5.3 Distribution of PAHSs between water and sediment

In the water column the low molecular weight PAHs were found to dominate, while in the
sedimenting material the high molecular weight PAHs were found to dominate, see Figure 36.
This agrees well with the theory (see section 2.4) that the low molecular weight PAHSs are
more soluble (and were therefore more present in the water column) and the high molecular
weight PAHs are more bound to particles (and were hence more present in the sedimenting
material). The high molecular weight PAHs will therefore to a higher degree affect the

sediments than the low molecular weight PAHSs, which tend to stay more in the water column.
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Figure 35. Average concentrations of PAHSs in the sediment traps (n=3) and in the water
column (n=2)(except POM2). The x-axis shows an increasing molecular weight of the PAHSs.
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Phenanthrene was the only low molecular weight PAH found above detection limit (0.010
mg/kg dry weight) in the sediment trap. It is not necessarily more hydrophobic than the other
low molecular weight PAHSs (and therefore found in higher concentrations in the sediment
traps). Out from the molecular arrangement phenanthrene could actually be expected to be
more soluble than fluorene and anthracene (which were found below detection limit, 0.010
mg/kg dry weight), as it has an angular structure, see Figure 37. The reason is most likely that
phenanthrene is found in higher concentrations in snow than the other low molecular weight
PAHSs, as found by Staver et al. (2007) and Larsen et al. (2003), see section 2.6.2.
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Figure 36. Molecular arrangements of fluorene, phenanthrene and anthracene.

High molecular weight PAHs were also detected in the POMs, which shows that despite being
generally more hydrophobic than the low molecular weight PAHs (Neff, 1979), they can be
dissolved in the water phase. Especially fluoranthene and pyrene were present in relatively
high concentrations compared to the other high molecular weight PAHSs (see section 7.6,
Table 31). This can be explained by that they are the two PAHS present in higher
concentrations in snow (see section 2.6.2) and that they are the lightest of the high molecular
weight PAHs. The other high molecular weight PAHSs, were found in lower concentrations in
the POM s as they have lower concentrations in snow and are also more hydrophobic. Even in
the sediment traps some of the high molecular weight PAHs were found low or below

detection limit, reflecting their lower abundancy in snow.
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8.5.4 Compared with snow samples

When comparing the distribution of PAHSs found in the water column with the distribution
found in the sedimenting material with the distribution of PAHSs found in the snow samples
taken in Trondheim by Staver et al. (2007), the distribution of PAHSs in the sedimenting
material fits best, see Figure 38.
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Figure 37. Distribution of PAHs in snow samples from Staver et al. (2007) compared with
the distribution in the sedimenting material in this study.

This can therefore indicate that most of the PAHSs in snow are particulate bound. The PAHs
found in highest concentrations in the sedimenting material are also the PAHs found in
highest concentrations in analysed snow samples in other studies (Stever et al., 2007, Viskari
etal., 1997, Larsen et al., 2003, Ranneklev et al., 2013, Baekken, 1994), and are pyrene,
fluoranthene, chrysene and phenanthrene. The snow therefore seems to contribute most with
these PAHSs in the particulate phase, but the concentrations are not high, since the

concentrations in the sedimenting material were found in level I and Il (see section 7.2.2).

In the water column naphthalene and phenanthrene seemed to have the highest concentrations,
see Figure 36. In the snow samples Stgver et al., (2007) and Larsen et al. (2003) analysed,
naphthalene was found to be in lowest concentration and phenanthrene in highest

concentration of the low molecular weight PAHs. So to what degree naphthalene comes from
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the snow is uncertain. When comparing the concentrations found in this study with the
concentrations found in the water column in other areas in the harbour (using POM) in
another study (see section 8.8.2) naphthalene was found in higher concentrations in the water
column during snow dumping than in any of the other areas, which seems like a strong

indication of that naphthalene mostly comes from the snow.

8.6 Deposition of the particles from the snow dumping

Sediment traps were placed in increasing distances from the pier (41, 89 and 136 m, see
section 6.2.3) to study the degree of decrease in sedimenting material away from the pier, and
samples from the top layer (0-2) in the sediment were taken in increasing distances out from
the pier in 3 directions (see section 6.2.2) to study where the particles from the snow dumping
seems to deposit. Since it was only 1 sample from each distance from the pier, p-value could
not be calculated (except for the samples in direction North West) and the assumptions were
therefore based on where the concentrations seemed to be higher. It was tried to estimate
where most of the sedimenting material from the snow dumping deposited in the sediment, in
section 8.6.1, and where the fine and coarse particles seem to deposit in the sediment, in

section 8.6.2. In section 8.6.3 the deposition of PAHSs in the sediment are discussed briefly.

8.6.1 Sedimenting material

As it was most material in trap 1, less in trap 2 and least in trap 3 (see section 7.2.3), most
material will sediment nearest the snow dumping site and the amount of sedimenting material
will decrease with increasing distance from the pier. Within what distance most of the
material will deposit is difficult to say exactly since traps were only out at 41, 89 and 136 m
from the pier. But as it was substantially less material in trap 3 than in trap 1 and 2, it can be
assumed that most material sediment within 100 m from the dumping site in the direction
North East. Bekken and Tjomsland (2001) also found a similar assumption in their study of
deposition in the river Drammenselva (see section 3.1) and suggested that most material

would settle within 100 m from the dumping site.
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The amount of particles less than 2 um (clay size) were found to constitutes only a very small
part of the weight in trap 1, only 3.1 % (see section 7.2.4). The material therefore seems to be
dominated by coarser particles in the trap, which also were seen (see section 8.2).

8.6.2 Deposition of coarse and fine particles

Coarse particles

Coarse particles about 0.5 cm in diameter in the sediment are expected to originate from the
snow, due to gritting of winter roads. Coarse particles were seen in all the sampling sites up to
250 m in the North East direction, with substantially most in sampling point 50 m out (see
picture 24). This indicates that most of the coarser material sediment closer to the pier, but
also out to about 250 m (see picture 25). In the sampling point 500 m out, very little coarse
particles were seen (see picture 26). In the sampling points North West and North, the
presence and amount of coarser particles are not known (as this was not checked during the
sampling).

Picture 24. Coarse particles seen at sampling point 50 m out from pier 68 in the North East
direction. Most coarse particles were seen at this sampling point.

116



Picture 25. Coarse particles seen at sampling point 250 m out from pier 68 in the North East
direction.

Picture 26. Very few coarse particles were seen at sampling point 500 m out from pier 68 in
the North East direction.

Fine particles

Fine particles are here referred to particles smaller than 0.6 mm in diameter. The fine particles
are excepted to be transported further out than the coarser particles, before they deposit (see
section 2.9). Since the finer particles can contain more metals per mass (Sansalone et al.,
2003), it can be assumed that most of the finer particles have deposited where the

concentrations are highest in the sediment.
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In the direction North East it seems that the concentrations are highest around 50 m and 150
m from the pier, with highest concentrations around 50 m for all the metals (except Pb). See
Figure 39 for Cu, Ni and Pb (the graphs for the other metals can be seen in appendix Q). It
therefore seems that most of the finer particles sediment in an area around 50 m from the pier,
and a large part also sediment around 150 m out. Leading to that these areas can be more
prone to higher concentrations of metals. The sedimentation and the concentrations might be
even higher closer to the pier if assuming that more of the material sediment closer to the
dumping site. In one of the earlier sediment samples taken at pier 68 (see section 3.2), Cu was
found in level 111 (51.8 mg / kg dry weight) in the sediment right outside the dumping site.

Sediment 0-2 cm, East
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Figure 38. Pb, Ni and Pb in the top sediment (0-2 cm) North East direction. The
concentrations seem to be a bit higher in the sampling points 50 m and 150 m from the pier.

In the sediment North of the pier, more variations were observed. Ni, Zn, Cr (see Figure 40)
and Cu (see Figure 41) seem to have highest concentrations in the sample taken 200 m from
the pier (Cu had also high concentration in the sample taken at 25 m) and Cd seem to have
highest concentration in the sample taken 100 m from the pier. Pb and Hg increased in
concentration for each sampling point, and As were almost the same in the samples taken 100,
200 and 500 m out, but seems to be higher here than 25 m out. Graphs for Ni, Zn, Cd, Pb, Hg
and As can be seen in appendix Q.
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Figure 39. Concentrations of Cr found in the samples from top sediment North direction.
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Figure 40. Concentrations of Cu found in the samples from top sediment North direction.
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In the direction North West, Pb, Cu, Cr and Ni have significant higher average concentrations
in the samples taken 150 m out than the samples taken 100 m out (p-values < 0.05, see
appendix N). Graphs for Cu and Pb can be seen in Figure 42. The average concentrations for
As, Cd, Hg and Zn were not significant different between the two sites (p-values > 0.05, see

appendix N).
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Figure 41. Cu and Pb in the top sediment North West direction.

Figure 43 shows an overview of where the different metals seems to have higher

concentration in the sediment. It must be emphasised that the differences in concentrations are
not large in reality, as the concentrations are in level I and Il, which are considered as low
concentrations. In addition, the sediment can be quite inhomogeneous that lead to a high

degree of uncertainty.
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Figure 42. Overview over where in the sediment the metals seems to be in highest
concentrations in the different directions. Pb, Cu, Cr and Ni had significantly higher average
concentrations in the samples taken at 150 m than 100 m with a 95 % ClI in the direction
North West.

It might be that the particles deposited somewhere else originally, but have been swirled up
due to forces in the water, transported in the water and then deposited away from the original
location. In the directions North West and North the cruise ships arriving to the pier can affect
the sediment. The ships are very large leading to a lot of forces in the water during
manoeuvring. Re-suspension due to propellers are believed to be a source of spread of
sediment in areas shallower than 20 m (Daae and Rye, 2011). Since the depth is not much
deeper than 20 m in the area outside the pier (see appendix C), the sediment will most likely
be affected by the cruise ships. Especially the fine particles, that swirls up more easily
(Schindl et al., 2005). The forces might also affect the sediment closest to the pier in the
direction North East. The snow dumping itself can also lead to that sediment swirls up in the

area outside the dumping site, and deposit further out. This could explain why high
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concentrations was seen both at 50 and 150 m out. The particles that deposit right outside the
dumping site, might be swirled up due to the forces from the dumped snow and deposited
again around 50 m out, while most of the fine particles in the area 150 m out have deposited
from the melting snow.

The fine particles can also flocculate together and become larger(Neff, 1979)(Neff, 1979) and
hence deposit faster in the sediment. Influence of river water can contribute with particles, but
can also reduce the flocculation, due to lower salinity in the water (Neff, 1979). In addition,
can currents and tidal affect the deposition. Many factors are therefore affecting the

deposition of particles in the water.

8.6.3 Deposition of PAHSs in the sediment

Since PAHs were not measured in the sediment samples, the deposition of PAH in the
sediment is difficult to know anything about. But when looking at the concentrations found in
the sediment traps, it looks like the concentrations of the detected PAHSs are lower in trap 2,
see Figure 44. The differences are not large, but some of them are outside the measurement

uncertainty.
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Figure 43. Concentrations of PAHs in the sediment traps. The error bars show the
measurement uncertainty, which is 25 % for all the PAHs found above the detection limit.
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This can indicate that particles sedimenting around 100 m from pier 68 in direction North East
(where the trap was) can contain lower concentrations of PAHs, and some higher
concentrations in the areas around 50 and 140 m from the pier.

8.7 PCBs

PCBs was measured in the water column by the POMs. Only 3 of the 7 PCBs were found
above the detection limit, see Figure 44. The PCBs found in highest concentrations, and in all
the traps were PCB-28 and PCB-52. The PCBs detected seems to be higher in POM1, which
means in the area around 50 m from the pier in the direction North East. As for the PAHSs in
POMs, it is difficult to know how much that comes from the snow dumping, but as there
seems to be highest concentration in POM1 (which is closer to the dumping site) this could
indicate that the snow has affected.

PCBs in POM
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Figure 44. PCBs found in the water column.
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8.8 Comparison with results from other areas in the harbour (other
studies)

In this section the results from this study are compared with concentrations found in other

areas in the harbour in previous measurements.

The section is divided into 8.8.1 Sedimenting material, 8.8.2 PAHs in the water column.

8.8.1 Sedimenting material

Amount

NGI had sediment traps out at different places in the harbour in 2009/2010 for 70 days and
found the natural sedimentation to be 0.68 — 2.56 mm/year (NGI, 2011a, NGI, 2011b).
Meaning that the sediment will have an increase of 0.68 — 2.56 mm each year due to natural
sedimentation. As the material in the sediment traps were found to be 1.5-2 cm in height in
the area within 100-120 m from the pier in the North East direction (see section 7.2.3) the
snow dumping contributes with significantly more sedimenting material than the natural
sedimentation in this area. Regarding mass, the weight of material from traps that were out at
different places in the harbour from January — March 2015 (locations can be seen in appendix
R) varied from 4.6 — 79 g. dry weight (NGI, 2015), while in the traps from the snow dumping
the weight were more than 160 g. dry weight for trap 2 and 3, and more than 410 g. dry

weight for trap 1 (see section 7.2.3). Again the mass from the snow dumping is larger.

With higher sedimentation, the need for dredging to maintain sufficient water depth increases.
On the other hand, since the sediment is not very polluted in this area this eases the dredging
process. Dredging in polluted sediment is much more demanding with respect to spread
during the process and where to put the masses after dredging (pers. Communication Silje
Salomonsen 16.05.12). On the long side of the pier the amount of sedimenting material is
most likely less, and the cruise ships will contribute with spread of the sediment outside the
pier.
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Concentrations

When comparing the concentrations in the traps, the material in the traps that were out in
other areas in the harbour in other studies, have mostly higher levels than found in the
sediment traps in this study, see Tables 40 and 41. In the tables the average concentrations
from the sediment traps outside pier 68 during snow dumping (this study) is shown to the
right. The traps from 2009/2010 represent the natural sedimentation in the harbour around the
traps (NGI, 2011b) and the traps from 2015 were meant to represent background

concentrations in the “Cleaner harbour” project.

It can be seen from the tables that the concentrations found in the sediment traps during the
snow dumping (this study) seem to have lower concentrations than found in the other traps.
This can indicate that the material from the snow dumping have lower concentrations of

metals than the natural sedimentation and background sedimentation in the studied areas.

Table 40. Sediment traps in different areas in the harbour November 2009 to January 2010
(70 days) (NGI, 2011a, NGlI, 2011b)(DW = dry weight).

Sediment traps other areas in the harbour (NGI, 2011a, NGI, | This
2011b) study
F1 | F2 F3 F4 F5 |F6 |F8 |F9 F11 Pier 68
As (mg/kg
DW)
Pb (mg/kg
DW)
Cd (mg/kg
DW)
Cu (mg/kg
DW)
Cr (mg/kg
DW)
Hg (mg/kg
DW)
Ni (mg/kg
DW)
Zn (mg/kg
DW)
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Table 41. Sediment traps in different areas than pier 68 in the harbour January to March
2015 (NGI, 2015)(DW = dry weight).

Sediment traps other areas in the harbour (NGI, 2015) This
study
Bl 11 12 N K1 K2 K3 Ref Pier 68
As | mg/kg DW
Pb | mg/kg DW
Cd | mg/kg DW
Cr | mg/kg DW
Cu | mg/kg DW
Hg | mg/kg DW
Zn | mg/kg DW .
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PAHSs

The concentrations of PAHSs in the traps from the other areas in the harbour were also higher

than in the traps during the snow dumping, see Table 42. Indicating that the snow don’t

contribute with very high concentrations of PAHSs to the sediments, but as mentioned in

section 8.5.2, the PAHSs can accumulate in the sediment over time.

Table 42. Sediment traps other places in the harbour (in studies from (NGI, 2015)) compared
with the average concentrations found in the sediment traps outside pier 68 during snow

dumping. The levels for the PAHs below detection limits in the traps from the other areas are set to
level 11 (but might also be in level 1).

Sediment traps other areas in the harbour (NGI, 2015)

PAH (mg/kg
DW)

Naphthalene

Acenaphthylene

Acenaphthene

Fluorene

Phenanthrene

Anthracene

Bl (N 12 N K1 K2 K3 Ref

Fluoranthene

1,2

Pyrene

Benz(a)anthrace
ne

Chrysene

Benzo(b)-
fluoranthene

Benzo(k)-
fluoranthene

Benzo(a)pyrene

Indeno(1,2,3-
cd)-
pyrene

Dibenzo(a,h)-
anthracene

Benzo(ghi)-
perylene

0.;32
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8.8.2 PAHs in the water column

Compared with POMs that were out at different areas in the harbour in January to March
2015 (see locations in Appendix R) the concentrations found in the POMs outside pier 68

during dumping were in the same level (level 1l) for all the 16 PAHS, see Table 43.

Naphthalene was however observed to be higher in the POMs that were out during the snow
dumping than in the other POMs, and POM 3 shows higher concentrations of acenaphthene,
fluorene, fluoranthene and pyrene. This could indicate that the higher concentrations originate
from the snow dumping, as it seems that lower concentrations are generally more common in

the harbour.

Table 43. POMs from (NGI, 2015) compared with POMs this study.

Average Concentrations | Concentrations
concentrations measured in measured in
other areas in this study this study
the harbour (POM1) (POM3)
Naphthalene ng/L 17.6 +2.7 164 + 33 148 + 30
Acenaphthylene gL | 3134031 | 1214024 | 1244025
Acenaphthene ng/L 4.4 +0.47 6.25 + 1.3 57.0 + 11
Fluorene "ol 6084057 | 7.66+15 381+7.6
Phenanthrene oL | 1gg+49 333+6.7 149 + 30
Anthracene "L ga55+024 | 05464011 | 3.25+0.65
Fluoranthene ol 378413 758+ 15 375+75
Pyrene ng/L 329+ 1.4 6.10+1.2 18.8 + 3.8
Benz(a)anthracene 9L | 01164010 | 0.180+0.036 | 0.393 +0.079
Chrysene "L 03114016 | 0780+0.16 | 0.881+0.18
Benzo(b)fluoranthene | "L | 0.198+0.13 | 0.286+0.057 | 0.306 + 0.061
Benzo(k)fluoranthene ng/L 0.151+0.11 0.174+0.035 | 0.158 + 0.032
Benzo(a)pyrene ng/L 0.0628 + 0.053 | 0.307 £0.061 | 0.0821 + 0.016
Indeno(1,2.3-cd)pyrene | "9'" | 0.0356 + 0.020 n.d. n.d.
ng/L | 0.0101 £ n.d.
Dibenzo(a,h)anthracene 0.0050 n.d.
Benzo(ghi)perylene ng/L 0.019 +0.0093 n.d. n.d.
Sum PAH-16 L | 53459 164 148

128




8.9 Possible contribution from other sources

Since the sampling took place in open environment, other sources than the snow dumping
might have contributed with metals and PAHSs in the samples. Possible sources of metals and
PAHSs to sea water are, as mentioned in section, river inflow, atmospheric deposition,
antifouling paints from boats, boat exhaust, oil leakage (PAH), creosote (PAHS), urban runoff,
wastewater from industry or municipality, sewage and other nonpoint sources. Especially Pb,
Cu and Cr can be found in in the water as they are often used in paint on boats and Cu which
is used as an antifouling agent (SFT, 2000, Jartun and VVolden, 2005).

There are industry areas and activities in the harbor (as mentioned in section), which can
spread metals and PAHSs to the basin where they can be spread further in the water. In
Nyhavna, there is for instance a storage area for the metal debris, and there is found active
spreading of the PAH, Pb, Cu and Zn to the basin in this area (Egede-Nissen et al., 2008). The
wastewater treatment plants, Hgvringen and Ladehammeren, have direct outlet in the fjord
and discharge metals in the effluent water (Laugesen et al., 2003). In samples taken of the
effluent water in 2005-2009 the average concentrations of for instance Cu were in level V
(NGI, 2011b). There is a lot of boat traffic in the harbor and close to pier 68 the express ferry
terminal lies, where there are daily departures. There is creosote impregnated pier structures
in the harbor that can leak out PAH’s (Laugesen et al., 2003). Leaching from masses on land
can also happen. In the area where pier 68 is located it is used masses corresponding to urban
soil (Laugesen et al., 2003), which can leak out metals to the basin (NGI, 2011b). Activities in
the harbour in connection with the “Cleaner Harbour” project could also have affected. The
sand catch basins in the city have outlet in the fjord, leading to that material entering these can
reach the fjord. River Nidelva can bring with it contaminants from sources along the river
course and lead them out into the fjord. There is a large mass transport in Nidelva (NG,
2011c).

How much each of the possible sources have contributed is uncertain as it was not studied in
this thesis. The spread from industrial areas is most likely less during the winter as most of the
spread to the basin occurs during flushing of the pier and runoff during rain. There is no
industry in the actual sampling area and it can be assumed that the spread from other areas are
relatively well diluted if/when they reach pier 68, but any influence cannot be excluded. There

are few boats in the area outside pier 68, besides the express ferries During the sampling
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period in 2016 only one boat came to pier 68, a large marine boat. The boat used for the outset
and uptake of the traps is also a possible source. The river has one of its outlets west of pier
68 and due to the surface currents the river water may spread to pier 68.

In the water samples and DGT's where samples were taken also after snow dumping, the
assumptions about which metals that had an increase in concentration during the snow
dumping and that was most likely caused by the snow dumping is strengthened. In the POM's
it is more difficult to know how much of the concentrations that are caused by the snow
dumping, as the POMs were only out during snow dumping. The same applies for
sedimentation traps, but since the snow dumping contributes with much particulate material,
the material in the traps would most likely be dominated by particles from the snow dumping.
Natural sedimentation would have happened in the traps during the sampling time, but since
the natural sedimentation in the harbor is found to be substantially lower than the
sedimentation from the snow dumping (see section 8.8.1), it is believed that it had little
contribution to the concentrations. Any contribution can be assumed to have affected most in
trap 3, since this trap had least material. There was a possibility that material from covering of
sediment in Brattgra could spread and deposit in traps. This would have been seen as lighter
material in the traps, but since this was not seen it had probably little impact. In the sediment
samples it is more difficult to know how much of the concentrations that have originated from

the snow dumping, as the sediment can still have concentrations from earlier sources.

8.10 Method

8.10.1 Sample size

The sample size is low for the particulate phase snow samples (3 samples) and the surface
water samples (1 sample from each sampling, except in April). More samples could have
given more representative concentrations and showed more of the variation. It was for
instance observed that samples taken right after each other in the surface water in April
showed concentrations of As ranging from 0.955 to 2.02 pg/L which ends up in two different
levels in the guideline. Few samples will therefore have less basis for certain conclusion. In

addition, there are uncertainty in the results.
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The DGTSs was better covered as it was 3 replicates out at the same time, and 3 sediment traps

in the studied area is also quite good covered.

The sediment is also quite good covered, with samples in different directions and different
distances from the pier, but more replicates from each sample could have been taken to cover
the concentration variations (inhomogeneity) in the sediment. In addition, only very small

amounts of sediment were analyzed.

The sample size was a bit reduced due to that several different sampling methods were chosen
to get a broader overview of the condition during the snow dumping and the number of

samples therefore had to be reduced due to time and costs.

8.10.2 Spread in the results (RSD-values)

The relative standard deviation (RSD) values are higher in sea water than in the sediment
samples. This is mainly because the metals are present in much lower concentrations in
seawater. In addition, sea water is more difficult to analyse, as there are many ions present in
higher concentrations. It is therefore difficult to measure metals in seawater and leads to more
spread in the measurements and higher RSD values. Several metals have also concentrations
close to the DL. Seawater samples are additionally diluted 10x because of all the ions in the
sample. This makes it even harder to detect the already low concentrations of the metals. For
the seawater samples, most of the RSD values were above 10, and some very high (up to
around 100 %). Ideally they should be below 25 % for sea water and less than 10 % for
sediment samples and the DGT samples. In the sediment samples, where metals are present in
higher concentrations, the RSD values were lower. Most values were below 5 %. Which is

good.

The same is seen in the snow samples, where there are higher concentrations of metals in the
particulate material than in the dissolved phase, and thus lower RSD values in the analysis of
the particulate material. Most RSD values were below 5 %, while in dissolved phase most
values were between 10-20 %. The sediment samples and the particulate material in the snow
samples therefore have a generally a lower spread in the measurements than the sea water
samples and the dissolved phase snow samples and gives more reliable results.

The RSD values also varied among the different metals. Cu, and Zn had generally the lowest

RSD values, which are most likely due to that they are present in highest concentrations. Hg
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and Cd had often the highest RSD values due to that are present in lower concentrations and
consequently more difficult to provide reliable measurements, as they are close to the
detection limit.

8.10.3 Accuracy

Reference material, GBW-soil was analysed for validation (see section 6.5). The average
recovery in % for the selected metals can be seen in Table 44. Overall, recovery for all
selected elements were within 69 — 88 %, indicating that the method used for decomposition

and ICP-MS analyses was acceptable.

Table 44. Recovery % for the analysed reference material (n=3).

Metal Hg Cr Ni Cu Zn Cd Pb As
Recovery (%) | 75 86 84 78 80 84 69 88

8.10.4 Possible sources of errors

Sources of errors for all sample types will mainly be contamination, mistakes done during
sample preparation / processing of the sample (wrong reading of the weight, wrong dilution,
etc.), contamination from the material used, and interferences in the instrument. In addition,

there are possible sources of errors which are specific for the different sample types.

In the snow samples and the seawater samples it might be that the filters emitted substances to
the sample. For the snow samples this should be corrected for as blanks were used, but in the
seawater samples this was not corrected. The snow samples were left on the bench until they
had melted. This could have led to an inhomogeneous portioning of the metals in the aqueous
phase, which also followed in the filtrated samples as the tubes were not shaken before a part
of the sample was poured into the syringe. Leading to an underestimation or overestimation of
some metals. For batch 2 the sample was shaken before it was poured into the syringe. For the
particulate material in the snow samples, material could have been lost from the filters during

sample preparation, leading to a different weight than initially weight. In addition, it was
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difficult to find the exact weight since the amount of material was so small. There were also
many steps in the preparation leading to higher chance of contamination. In the sediment traps
there could have been leftovers in the tubes from previous sampling, but the tubes should be
well cleaned after previous use. The sediment samples taken from direction North West was
prepared by an another person. Might be that the sample preparation was performed
differently, even though the same procedure should have been followed. Some of the seawater
and the DGT samples were stored before analysis. They were however stored at 4 degrees
Celsius and the impact of this is probably less than if they had been analysed at different
times. According to ISO 5667-3:2012, they should be analyzed within 6 months, which they
were. Cigarette smoke can lead to contamination of the POM’s, but this was avoided during

output and uptake of the sediment traps, and should therefore not have affected.

Samples prepared and/or analysed on different days and/or different labs may have different
sources of errors. This leads to different backgrounds for the samples and that they are not
really comparable. Samples of the same type was prepared in the same lab (see section), but
the sediment samples and the snow samples (batch 2) was prepared in a different lab than the
DGTs and the filtrated snow samples (batch 1). They can therefore have different sources of
errors, such as from the air in the lab, contamination from the bench etc. Samples from the
same sampling round were analysed together, but samples from different sampling rounds, for
example the sediment samples taken in October and the sediment samples taken in February
were analysed on different days. This can lead to different sources of errors and a less equal

comparison basis.

DGTs

Possible sources of errors in the DGTSs are related to the preparations before and after
sampling, that the DGTs had been used before, different temperature in the water than used in
the calculations and wrong in the calculations. The preparations had several steps, involving
weighing, diluting, and transfers, which lead to increased sources of errors and possible
contamination. The tweezer could for instance have been contaminated and transferred this to
the gels or the wrong number had been read from the weight. The gel could get cracks. It was
difficult to see whether the rough side were placed up or down, and were most likely placed
different ways in the DGTs. The DGTs had been used before. Substances from previous

sampling could therefore be present if the DGTs were not cleaned properly. The DGTs could
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also be broken or damaged. The top was often very hard to open, and a tool was used to open
some of the DGTs. The tool was however only used on the outside and did not touch the gel..
The DGTs that were out first were stored before the last DGTs were ready. This had most

likely less impact than if they had been analyzed at different times. Biofouling were not seen

on the DGTs when they were taken up.

The high concentrations in the 4 last DGTs from April are highly likely to be due to
contamination. They were prepared in a different lab bench than the DGTs from January and
February and at a different day (but same bench) as the other 2 DGTs from April, but the
reason seems to be the plastic bag they were put in. They were put in a different type of
plastic than the other DGTs, which might have led to the contamination. In addition, these
DGTs were out for only 2 days. The contamination will have a larger effect when the

sampling time is shorter (Barset, 2014).

The DGTs from January and February have also some high concentrations of Cu, and the
concentrations are very variable for some of the DGTs that were out at the same time (see
appendix M). For instance, from 1.03 — 15.9 pg/L in the first 3 DGTs. Whether this is due to
contamination or if the concentrations vary due to natural variations in the water is uncertain.
It could also be wrong in the weighting and/or dilution leading to such differences in the
results. Also others have found that the DGTs are susceptible to contamination (Berset, 2014,
Seeth, 2009).

8.10.5 Sampling methods

Sediment traps seems to be a good way to study the amount of sedimenting material from the
snow dumping, but as the coarser particles also was decomposed during the analysis the result
gives lower concentrations than the concentrations of the finer particles. Analyzing the finest
and the coarsest in two different factions could have given more representative concentrations

of the potential bioavailable concentrations of metals.

POMs to measure the PAH's and PCB's in water is a good method as very low concentrations,
which would not have been detected in manual samples, could be detected. In addition, use of

POMs is a simple method which is little time-consuming.
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It may seem that taking manual water samples is better than using DGTs. Although manual
water samples require more samples to cover a period, they can provide a more reliable result
by avoiding all the possible sources of errors associated with DGTs. In addition, the DGTs are

also a bit time consuming due to preparation before use and after sampling.

The sediment samples represent the concentrations in the sediment where the sample is taken.
But as the sediment can be very inhomogeneous, concentrations may vary considerably within
a small area, and the concentration obtained can therefore depend on were in the sediment the
sample is taken.

Various sampling methods are not really comparable (as were done in this thesis), for
example the manual water samples and the DGTs, as they measure by different principles and
have different sources of errors associated with them. If manual water samples had been taken
in the water column they would most likely showed different concentrations than measured in
the DGTSs.

135



136



9. Conclusion

The snow dumping seems to only have a marginal effect on water and sediment quality in the
area used for snow dumping. Few of the metals were found in significantly higher
concentrations in the surface water during the snow dumping period, and the concentrations
were mostly in level I and 11. The metals therefore seem to be generally well spread in the
water, and/or the snow dumping don’t contribute with high concentrations. Cu differed from
the other metals with high concentrations in the water column both during and after snow
dumping, but might not be due to the snow dumping. The concentrations of PAHSs in the
water column seemed to be within acceptable concentrations, except for some very high
concentrations around 100 m from the pier in the direction North East which might not be
solely from the snow dumping. The sedimenting material seemed to have low concentrations
of both metals and PAHs, and were found in lower concentrations than the natural
sedimentation in the harbour. The snow dumping hence seem to contribute with quite clean
masses, as is reflected in the sediment, where the levels I and 1l dominated for the selected
metals. Cu however, as in water, seems to be prone to concentrations in level 111 and IV in the
sediment, especially right outside the dumping site and around 50 m out in the direction North
East. PAHSs from the snow dumping might also accumulate in the sediment outside pier 68,

leading to high concentrations.

The snow dumping will contribute with material to the sediment so the need for dredging
increases, but as the sediment is not very polluted, this eases the dredging process. The winter
this study was performed was a very snow rich year with a lot of snow dumping, so the
amount of sedimenting material found in this study might not be every year.

Most of the material from the snow dumping will sediment within 100 m from the pier in
direction North East, with most material closest to the pier. Most of the finer particles seem to
sediment 150 m from the pier in the direction North West, and 50 and 150 m in the direction

North East. In the North direction most sedimented around 200 m from the pier.

The results from this study show much of the same as previous studies on snow dumping in

harbours and rivers other places.
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10. Further work

Further work can be to:

Study whether high concentrations of acenaphthylene, phenanthrene, fluoranthene and
pyrene in the water column can come from the snow dumping.

Take more samples in the sediment in the areas where the concentrations seem to be
higher, to get an overview over the condition in the sediment. Especially outside the
dumping site and in the area around 50 m from pier 68 in the North East direction.
Take snow samples regularly to keep track of the concentrations and pollutants in the
snow.

Log all the snow dumping to have an overview of the amount of snow dumped in the
harbour.

To study whether the PAHs from the snow dumping accumulate in the sediment and
lead to the high concentrations.

The snow dumping could be considered moved to other areas in the harbour to

contribute with dilution in the sediment, especially in polluted areas.
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Appendix A: GeoSubSea 2007

Pier 29/30

GeoSubSea as

SHBUNNEUNDERSMELSER
KYSTRERT DG T, HAVS

MILIOTEKNISK GRUNNUNDERSQKELSE
HAVNESEDIMENTER

Pa oppdrag fra Trondheim Havn har GeoSubSea AS foretatt en miljeteknisk grunnundersekelse av
overflatesedimentene utenfor kai 29 / 30 i lla Pir hvor det tippes sne. Preven, som er merket

106-07-B ble tatt med VanVeen-grabb og representerer de averste ca. 10 cm av sjebunnen. Lokalisering av
praven er vist i vedlagte kart.

Preanalysebehandling er utfert av GeoSubSea AS, Trondheim.

Uorganiske analyser er utfert av NGU-Lab, Norges geologiske undersekelse, Trondheim.
Organiske analyser er utfart av Molab AS, Oslo.

Analyserapportene er vedlagt.

Konklusjon:

Preven er "Moderat forurenset” (klasse Il) av benzo(a)pyren. De @vrige analyseverdiene viser "Ubetydelig —
lite forurenset” (klasse I).

Miljgteknisk undersekelse utenfor tidligere kulvert (llabekken) ved kai 29/30 i 1999 viste betydelig innhold av
PAH og benzo(a)pyren (henholdsvis klasse IV og V) med snetipprelatert opprinnelse. | undersgkelsen fra
1999 var innholdet av de evrige stoffene "Ubetydelig - lite forurenset” (klasse 1). Siden den gang og senest i
2005 har det vaert utfert omfattende vedlikeholdsmudringer i dette omradet. Vanndypsmalinger utfert i mai
2007 viste ny akkumulasjon av sedimenter i snatippomradet som ma fiernes for a fa tilbake tilfredsstillende
dybdeforhold langs kaia. Det er derfor rimelig & anta at innholdet av benzo(a)pyren i prave 106-07-B er tilfart
ved snetipping.



SAMMENSTILLING AV ANALYSEDATA

prowre: 106078 | onwide: Kai 200, I P, Tronchem havn | Dat: 24082007 [ SR TR
Koordinater (ELIRS UTM) E / 568099 TOME10 Vanndyp: ca. 8m |7 ) | Modorat fourenc
Il | Marker forurensst

Instrument: VanVeen-grabb - overflateprave | Steek| fonurensat

| Megel sierid forurenset
Analysedala

SFT 97:03 S
Element / kjemisk forbindalse 0-ca. 10cm Forklaringer til analysedata:
As (Arsen) mgikg (ppm) £ | # <" :Konsenirasjonan av analysert elament/kjemisk
. forbindelse ligger under analysemetodens
Cd (Kadmium) mghg (ppm) : | deleksjonsgranse.
Cr (Krom) mg/kg (ppm) 404 o "nd": Kjemisk forbindelse er ikke pavist.
P
Cu (Kobber) mylkg (ppm) 2173 I ¢ A" Analyse | beregning ar ikke utfar.
Ni (Mikkel) mafkg (ppm) 281 |
Pb (Bly) mg/kg (ppm) 73 | _ _
70 (SIK) kg (opm) 93 | Teksturbeskrivelse av praven i felt:
Hg (Kvikksalv)  mg/kg (ppm) 0.0 | Grusig, sandig sediment med spredte stein.
PAH (EPA16) uglkg (ppb) Al | Gra farge.
Banzo(a)pyren ugikg (ppb) 14 |l F—
Nmerkning:
¥ €

PCB(17) uglkg ppb) | ingen
TET uglkg (ppb) : |
Tarrstoff % 885
TOC % 0.91
Finfraksjon (< 63um) % 10,91 Trondheim, 14.09.2007
Nomalisert TOC % 16,93
Gladetap % 1A
Hovedklassifisering SFT 97:03 I Kristian Bjerkli




Pier 68:

r GeoSubSea as H
MILIOTEKNISK GRUNNUNDERSOKELSE
HAVNESEDIMENTER

Pa oppdrag fra Trondheim Havn har GeoSubSea AS foretatt en miljgteknisk grunnundersekelse
av overflatesedimentene utenfor kai 68, Turistskipskaia, hvor det tippes sn@. Preven, som er
merket 105-07-B ble tatt med VanVeen-grabb og representerer de everste ca. 10 cm av
sjebunnen. Lokalisering av preven er vist i vedlagte kart.

Preanalysebehandling er utfart av GeoSubSea AS, Trondheim.

Uorganiske analyser er utfert av NGU-Lab, Norges geologiske undersekelse, Trondheim.
Organiske analyser er utfert av Molab AS, Oslo.

Analyserapportene er vedlagt.

Konklusjon:

Preven er "Moderat forurenset” (klasse Il) av kobber, nikkel, PAH, benzo(a)pyren. De evrige
analyseverdiene viser "Ubetydelig — lite forurenset” (klasse I).

Tidligere miljateknisk undersekelse (Forurenset grunn og sedimenter i Trondheim, 2000) viste at
topplaget utenfor langsiden av kai 68 hadde fildels betydelig innhold av kobber, nikkel, PAH og
benzo(a)pyren (klasse Il - V) . Nevnte topplag inneholdt TBT i klasse V. Dersom ovenfor nevnte
stoffer i preve 105-07-B er filfert fra naerliggende sjgbunnsomrader er det pafallende at TBT ikke
er pavist i denne proven. En kan imidlertid ikke entydig konkludere med at forurensende stoffer
stammer fra snetipping. Det har ikke veert foretatt vedlikeholdsmudring i omradet etter 2000.



SAMMENSTILLING AV ANALYSEDATA

provenc: 105078 | omride: Ki 68, Turistskipskaia, Trondheim havn | Date: 24.08.2007 I”“”“m;'fimﬂfm
Koordinater [EUSS LITW)E | N 569811 7035517 Vanndyp: ca13m - PPN Modorat onenset
Il | arkert foransat
Instrument: Van\een-grabb - overflaleprave Serkt forurensat
Meget sierkt forurenst
Analysedata
- SFT 97:03 o
Element / kjemisk forbindelse 0-ca. 10cm Farklaringer til analysedata:
As (Arsen) mofkg (pom) 24 | + "<" Konsantrasjonan av analysert elementikjemisk
: forbindelse ligger under analysametadeans
Cd (Kadmium) mgfkg (ppm) 014 | dekionmgrense
Cr (Krom) mylkg (ppm) 438 | + "nd": Kjamisk forhindelse er ikke pavist
Cu {Kobber) makg (pom 518 I # "|A": Analysa | beregning er ikke uffort.
Ni (Nikkel) mg/kg (ppm) 3639 Il
Pb (Bl malkg (ppm) 173 |
Teksturbeskrivelse av praven | felt:
Zn {Sink) mg/kg (ppm) 112 | P
Hy (Kvikksalv)  mglkg (ppm) 0.03 | Sandig, grusig sediment med spredte stein.
PAH (EPA1E) ug'kg (ppb) 483 Il Gra farge med spredte svarte kom.
Benzofajpyren  ugkg (ppb) 18 I :
Anmerkning:
PCB(L7) ugkg (ppb) < | ingen
TBT uglkg (ppb) < |
Tomstoff % B8.6
TOC % 1,08
Finfraksjon (< 8Jum) % 122 - .
iy Trondheim, 14.09.2007
Mormalisert TOC % 16,9
Glodetap % 14
Hovedklassifisering SFT 97:03 I A
kristian Bjerkl




Pier 57:

GeoSubSea as

SEBLNNEUNDERSMELSER
KYSTHNERT OG T HAVS

MILJOTEKNISK GRUNNUNDERSQGKELSE
HAVNESEDIMENTER

Pa oppdrag fra Trondheim Havn har GeoSubSea AS foretatt en miljgteknisk grunnundersakelse
av overflatesedimentene utenfor kai 57 i Nyhavna hvor det tippes sne. Praven, som er merket
104-07-B ble tatt med VanVeen-grabb og representerer de sverste 5 - 10 cm av sjebunnen.
Lokalisering av preven er vist i vedlagte kart.

Preanalysebehandling er utfart av GeoSubSea AS, Trondheim.

Uorganiske analyser er utfert av NGU-Lab, Norges geologiske undersokelse, Trondheim.
Organiske analyser er utfart av Molab AS, Oslo.

Analyserapportene er vedlagt.

Konklusjon:

Praven er "Moderat forurenset” (klasse Il) av nikkel, kvikksalv og PAH, mens den er "Markert
forurenset” (klasse ll1) av Benzo(a)pyren og TBT. De avrige analyseverdiene viser "Ubetydelig —
lite forurenset” (klasse I).

Det vurderes at innhold av forurensende stoffer i vesentlig grad stammer fra naerliggende tildels
sterkt forurensete havnesedimenter (klasse Ill -V ifglge Forurenset grunn og sedimenter i
Trondheim, 2000). Jevnlig anlep av store fartgyer (transport av sement) vil medfere opphvirviing
av sedimentene samt tilfersel av TBT.



SAMMENSTILLING AV ANALYSEDATA

Provenr: 104-07-B omrade: Kai 57, Myhavna, Trondheim havn Dato: 24.08.2007 I“’TMI?:HIEE_FIL?;:LHI
Koordimater (EUIS LTM) E /N 57087 7035885 Vanndyp: ca. 5m | Wodertonranse
1] _| Markert fonrensst
Imstrument: VanVeen-grabb - overflateprave [ Sterk! forurenset
| Meget sierid fonnenset
Analysedala
SFT 07:03 ) )
Element / kjamisk forbindalse 0-ca. 10cm Forklaringer til analysedata:
As (Arsen) maglkg (ppm) 15 | #« <" Konsenlrasjonan av analyser alemantkjemisk
. forbindelse ligger under analysametodens
Cd (Kadmium) mg'kg (ppm) 0,18 | deteksjonsgrense.
Cr (Krom) mg/kg (ppm) 524 | ¢ “nd":Kjemisk forbindelse er ikke pavist.
Cu (Kobber) malkg (ppm) 349 | ¢ "IA". Analyse / beregning er ikke utfart.
Ni {Mikkal) matkg {ppm) o "
Pb (Bly) mylkg (ppm) 124 |
Zn (Sink) mglkg (pom) 01,0 I Teksturbeskrivelse av praven i felt:
Hg (Kvikksalv) ma'kg (ppm) 0,18 II
PAH (EPA16) uglkg (ppb) 1112 " Slamholdig, sandig, grusig masse med spredte
stein. Merk / tildels svart farge
Banzo(a)pyren kg (ppb 103 ,
oy 1aka (peb) Ll Markert |ukt av olje [ kreosot.
PCBET) uglkg (ppb) 1 |
TBT uakg (ppb) 8 Il Anmerkning:
Tarrstoff % B7.8
En grabb-prave som ble tatt ca. 10 m vest for
TOC % 1,07 . .
den analyserie preven viste svart, svampakiig
Finfraksjon (< B3um) % 338 masse med sterk olje/krecsot-lukt.
Nomalisart TOC % 12,95
Trondheim, 14.07.2007
Gladelap % A
Hovedklassifisering SFT 97:03 Il

\

Knistian Bjerkli



Appendix B: Klifs guideline Tables

All Tables from (Bakke et al., 2007).

1) Metal(loid)s in sea water

Levels I I i v \%
Good Moderate
Metals
Arsenic (ug/L) <2 2-4.8 48-8.5 85-85 > 85
Lead (pg/L) <0.05 0.05-2.2 22-29 2.9-28 > 28
Cadmium (pg/L) <0.03 0.03-024 024-15 15-15 > 15
Copper (ug/L) <03 0.3-0.64 0.64-0.8 08-7.7 >7.7
Chromium (pg/L <0.2 0.2-34 3.4-36 36 - 360 > 360
Mercury (ug/L) <0.001 0.001 - 0.048-0.071 0.071-0.14 >0.14
0.048
Nickel (ug/L) <05 05-22 2.2-12 12 - 120 > 120
Zinc (ug/L) <15 15-29 29-6 660 > 60
2) Metal(loid)s in marine sediment
| | 1] v Vv
Bakgrunn God Moderat Darlig | Svart darlig
Metaller
Arsen (mg As’kg) <20 20-52 52-76 76 - 580 >580
Bly (mg Pblkg) <30 30-83 §3-100 100-720 >720
Kadmium (mg Cd/kg) (.25 0.25-2.6 26-15 15- 140 >140
Kobber (mg Cu/kg) <35 35-351 51 - 55 55-220 >220
Krom (mg Cr/kg) <70 70-560 | 560-5900 | 5900-59000 | >59000
Kvikkselv (mg Hg/kg) <0.15 0.15-063 | 063-080 | 086-16 >1.6
Nikkel (mg Nikg) <30 30- 46 46- 120 120 - 840 >840
Sink (mg Zn/kg) <150 150-360 | 360-590 | 590-4500 >4500

\l




3) PAHs sea water

PAH I Il i v Vv
Naftalen (ug/L) <0.00066 0.00066 - 2.4 24-80 80 - 160 >160
Acenaftylen (ug/L) <0.00001 0.00001 - 1.3 13-33 33-33 >33
Acenaften (ug/L) <0.000034 | 0.000034 - 3.8 38-5.8 5.8-58 >58
Fluoren (ug/L) <0.00019 0.0019-2.5 2.5-5 5-50 >50
Fenantren (pg/L) <0.00025 0.00025 - 1.3 1.3-5.1 5.1-10 >10
Antracen (pg/L) <0.11 0.11-0.36 0.36-3.6 >3.6
Fluoranthen (ug/L) <(.00029 0.00029-0.12 0.12-0.9 09-18 >1.8
Pyren (ug/L) 0.000053 | 0.000053-0.023 | 0.023-0.023 | 0.023-0.046 | >0.046
Benzo[a]antracen (ug/L) <0.000006 | 0.000006-0.012 [ 0.012-0.018 | 0.018-0.18 [ >0.18
Chrysen (ug/L) <0.07 0.07-0.07 0.07-0.14 >0.14
Benzo[b]fluoranten (ug/L) <0.000017 | 0.000017-0.03 [ 0.03-0.06 0.06-0.6 >(.6
Benzo[k]fluoranten (ug/L) <0.027 <0.027-0.06 | 0.06-0.6 >0.6
Benzo(a)pyren (ng/L) <(.000005 | 0.000005 - 0.05 0.05-0.1 0.1-0.5 >0.5
Indeno[123cd]pyren (ug/L) <0.000017 | 0.000017-0.002 | 0.002-0.003 | 0.003-0.03 | >0.03
Dibenzo[ah]antracen (ug/L) <0.03 0.03 - 0.06 0.06 - 0.6 >0.6
Benzo[ghi]perylen (ng/L) <0.00001 | 0.00001-0.002 | 0.002-0.003 | 0.003-0.03 | >0.03

4) PAHs sediment
PAH I I 111 v v
Naftalen (ng/kg) <2 2- 290 290 - 1000 1000 - 2000 >2000
Acenaftylen (ug/kg) <1.6 1.6 - 33 33-85 85 -850 >850
Acenaften (ug/kg) <4.8 2.4-160 160 - 360 360 - 3600 >3600
Fluoren (ug/kg) <6.8 6.8-260 | 260-510 | 510-5100 >5100
Fenantren (ng/kg) <6.8 6.8 - 500 500 - 1200 1200 - 2300 >2300
Antracen (ng/kg) <l1.2 1.2 -31 31-100 100 - 1000 >1000
Fluoranthen (ug/kg) <§ 8-170 170 - 1300 | 1300 - 2600 >2600
Pyren (ng/kg) <§.2 5.2 -280 280 -2800 [ 2800 - 5600 >5600
Benzo[a]antracen (ug/kg) <3.6 3.6 - 60 60 - 90 90 - 900 >900
Chrysen (ngkg) <44 44-280 | 280-280 | 280-560 >560
Benzo[b]fluoranten (ug/kg) <46 46 - 240 240 - 490 490 - 4900 >4900
Benzo[k]fluoranten (ug/kg) <210 210 - 480 480 - 4800 >4800
Benzo(a)pyren (ng/kg) <6 6 - 420 420 - 830 830 - 4200 >4200
Indeno[123cd]pyren (ng/kg) <20 20 -47 47-170 70 - 700 >700
Dibenzo[ah]antracen (ug/kg) <12 12 - 590 590 - 1200 [ 1200 - 12000 >12000
Benzo[ghi]perylen (pg/kg) <18 18 - 21 21-31 31-310 >310

VIl




Appendix C: depths outside pier 68




Appendix D: positions sediment traps

1 41
2 89
3 136

63°26.484 N

10°24.000 @

63°26.504 N

10°24.036 @

63°26.532 N

10°24.055 @



Appendix E: deployment times DGTs

DGTs January and February

DGT no: Put out Taken up Deployment time
1-3 21.01.16 kl. 14.52 26.01.16 kI.15.45 5d, 53 min
4-6 26.01.16 kl. 15.55 02.02.16 kI.13.31 6 d, 1296 min
7-9 02.02.16 kl. 13.39 08.02.16 kI.08.40 5d,18h,1m

10-12 08.02.16 kl. 08.47 18.02.16 kl. 16.59 10d,8h,12m
13-15 18.02.16 kI. 16.29 21.02.16 kl. 19.13 3d,2h,44m
DGTs April

DGT Put out Taken up Time out

no:

1 07.04.16 kl.17.35 15.04.16 kI.19.21 8d,1h, 46 min

2 07.04.16 k1.17.35 15.04.16 kl.19.21 8d, 1 h, 46 min

3 15.04.16 k1.19.55 17.04.16 kl.17.57 2d-2h+2

min

4 15.04.16 k1.19.55 17.04.16 kl.17.57 2d-2h+2

min

5 17.04.16 k1.18.10  19.04.16 kl.17.42 2d—28 min

6 17.04.16 k1.18.10  19.04.16 kl.17.42 2d—28 min

Xl



Appendix F: amount particulate material and dissolved fraction snow
samples batch 2

Amount of particulate matter analysed in each sample, and amount of melted snow filtrated.

Amount Amount melted
particulate  snow filtrated
Sample no. matter
1 10.7 mg 0.9786 mL
2 11.4 mg 9.8632 mL
3 35.9 mg 0.9741 mL

Xl



Appendix G: DGTs

DGTs January and February

1 0.5810g. 5.7465¢. 9.891 435180 s
2 0.59659g. 5.9068g. 9.902 435180 s
3 05359¢g. 5.3086 Q. 9.906 435180 s
4 0.70429g. 7.0258g. 9.977 596160 s.
5 0.6815g. 6.8778¢. 10.09 596160 s.
6 0.6622g. 6.6153g. 9.99 596160 s.
7 0.78061g. 7.8355¢. 9.968 496860 s.
8 0.7735g. 7.7540g. 10.02 496860 s.
9 0.8533g. 8.6099g. 10.09 496860 s.
10 0.6870g. 6.8695¢. 9.999 893520 s.
11 0.6380g. 6.3173g. 9.902 893520 s.
12 0.5943 9. 6.38464¢. 10.74 893520 s.
13 051919g. 5.1793¢. 9.977 269040 s.
14 0.6370g. 6.3139¢. 9.912 269040 s.
15 0.36169. 3.5809 g. 9.903 269040 s.
DGTs April

0.7447 7.3417 9.859
0.8476 8.5419 10.08
0.8090 8.4959 10.50
0.8987 8.5760 9.543
0.8342 8.2623 9.904
0.8956 8.8403 9.871

oo 01 A WD

X1



Appendix H: calculation of concentrations from DGTSs

Excel file

Example for Cr for the first four DGTs from January and February:

Values inserted:

Sample Id | Var and const | Time Temp Conc ICP-M5S Dilution factor Sample vol
(s) (°C) (ng/L) - (1)
F1 435180 4 0,254 9,891 0,000581
P2 435180 4 0,2 9,902 0,0005965
P3 435180 4 0,222 9,906 0,0005359
P4 596160 4 0,206 9977 0,0007042

Values in the file:

Gel vol Diff const Zn Diff gel thickness | Filter thickness | Membrane area | Elution factor
(1) (cm2/s) (cm) (cm) (cm2) -
0,00016 0,00000505 0,08 0,013 3,14 0.8
0,00016 0,00000273 0,08 0,013 3,14 0,8
0,00016 0,00000263 0,08 0,013 3,14 0.8
0,00016 0,00000263 0,08 0,013 3,14 0.8
0,00016 0,00000263 0,08 0,013 3,14 0.8
0,00016 0,00000263 0,08 0,013 314 0.8
Output:
Pt M= [ 000327 | clug)= 602186E05 | clugl)= | 0,060
) M= | 0001873 | clug)= IR061E05 | clugl)= | 0,485
3 M= | 0001913 | c(ug)= LOR0EDE | clugl)= | 0,045
P M= | 000220 | c(ug)= L19B98E05 | clugl)= | 0,049

XV



Calculation by hand:

Example for Cu from DGT1 from January:

5.36 pg/L = concentration ICP-MS

9.891 = dilution factor

0.581 mL = eluate

0.16 mL = gel volume

0.8 = elution factor

0.08 cm = diffusive gel thickness

0.013 cm = filter thickness

0.00000325 cm?/s = diffusion constant for Cu at temperature 4 °C
435180 s = exposure time of DGT in water

3.14 cm? = area Chelex gel

Concentration of Cu from ICP-MS corrected for dilution: 5.36 pg/L * 9.891 = 53.02 pg/L

Mass of Cu in DGT gel:

53.02 pg/L #(0.581+0.16)* 1073 L
0.8

=0.0491 pg

0.0491 g + (0.08+0.013)cm
cm?2
s

Coer: = 0.001028 pg/cm? * 1000 = 1.03 pg/L

0.00000325 * 435180 s *3.14 cm?

Diffusion constants used in the calculations (4 degrees Celcius).

Cr 0.00000263
Cu 0.00000325
Ni 0.00000301
Zn 0.00000317
Pb 0.00000419
Cd 0.00000318

XV



Appendix I: results ICP-MS

Snow samples, batch 1. Dissolved phase.

Results from ICP-MS snow samples 1-14, adjusted for blanks.

Cd114(LR) Pb208(LR) Ci53(MR) NiGO(MR)
Conc. Conc. Conc. Conc.
|!ﬂ"' RSD, iL BS5D._ iL RSD, IL BSD. =
13am " poos3” 270 0002237 B8 01377 152 0zz20” 1
B 0,002637 18,2 0002047 56 005567 183 0258 6.7
E 0008217 17,7 0003667 51 0,057s” 91 0483" 35
I 0004387 10,32 0.001437 58 07437 39 0384 57
IS — 0,00288"7 114 0,004207 15 004307 143 03087 53
G 0omss” 05 0001397 157 00812 190 028" 122
I7 0,00140" 235 0,00039"7 151 006047 103 02837 0B
IE 0,00270" 155 0,000897 1.6 006427 47 0364 55
|3 0,0203" 64 002237 52 008057 144 003747 10
10 0,00343" 58 007807 5.4 002357 15,3 0,0538" 9.1
|n 0006357 6,7 0,0145” 35 0033€" 120 01217 88
[z 001087 12.670,00776 12,6 0,0776 0,47 126 1.2
B 0003057 877000254 7.4 0,0430 1097 0,688 4,0
|14 0,00580"  13.570,00308 14,5 0.0556 nal 105 4,7
Cub3(MR) Zn66(MR) AsT5(HR) Hg202(LR)
Conc. Conc. Conc. Conc.

iL R5SD., % {L RS3D, pgll. RSD. % pgll RS0, “«

214" 1,7 021" 3.7 0,0305" 19,6 0,0332" 2.8
1,957 25 1237 S4 008247 13,9 0,014 " 9.0
1,947 37 930" 23 003787 184 0006377 146
319" 20 08807 26 009647 7.3 000804 0 27
2,767 2,2 2n” 07 0133”7 45 0003137 135
1,237 25 o07m" 3,7 0,0735" 47  000m7T 47
202" 24  o17e” 55 01427 7.8 00009627 154
280" 25 n4s5” 77 007" 65 -0,003" 6.2
200" 43 270" 1,1 0,0450" 2Bl 0002877 123

2 B A ] ES R R R
W
F)
=

[0 1,387 28 820" 18 001237 228 00007 108
[ 103" 239  9go” 20 00297 5.6 0,000" 15
[ =883 06" 261 127 0,239 46 00008037 a8
|13 5.40 147 0,756 go0” 0,115 9.1 -0,001" 102
[a 459 107 135 25" 0122 79, -0003" 81
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Snow samples, batch 2. adjusted for blanks.

Cd114(LR) Hg202(LR) Pb208(LR)
Conc. Conc. Conc.
Samples taken |Name MglL RSD, % pglL  RSD,% pgll  RSD, %
27.012016 S1 000146 128 0000 116 00125" 38
27.01.2016 52 0001877 192 -0001" 119 004287 09
27.01.2016 s3 | 0001257 198 -0001" 49 003797 72
Cr53(MR) Ni6O(MR) Cu63(MR)
Conc. Conc. Conc.
| Samples taken  |Name ugllL RSD,%| po/L RSD,%| wall  RSD,%
27.01.2016 S1 0,0184" 71 002337 220 0,254" 1,3
27.01.2016 52 0,0784" 188 0,0085" 56 159" 1,8
27.01.2016 S3 0,0844" 35 01337 9.4 1,927 34
AsT5(HR) Zn66(MR)
Conc. Conc.
| Samples taken |Name ug/L __ RSD,% pg/L  RSD,%
27.01.2016 S1 0,0173 6.8 1387 71
27.01.2016 52 0,127 3,7 203" 78
27.01.2016 S3 0,131 8,1 2407 49
Snow samples batch 2, particulate material. adjusted for blanks.
Cd114(LR) Hg202(LR) Pb208(LR) Cr53(MR)
Conc. Conc. Conc. Conc.
pglg RSD. %) uglg RSD,%| pglg RSD. %| uglg RSD. %
Sample
1 ¥ 0128 3,10 "0,0245 950  14.1 0,30 108 1.3
2 ¥0,0309 £.00 70,0255 10,30 110 150 79,7 3.4
3 ¥ 0128 430 o188 250 1327 200 107" 0,2
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Cub3(MR) Zn66[MR) AsTS[HR) NiGO[MR)
Conc. Conc. Conc. Conc.
palg BRSD, % uglg BSD. pgig RSD, > pg!ﬂ RSD,
Sample |
L | 12 283 12 " 4,05 8.1 475 10
2 103 24 220 20 " 288 4,9 329 16
3 132 1.3 297 10 " 456 1.7 466 1.7
Sediment samples direction North West: corrected for blanks
| Hg202(LR) Ci53(MR) NiG2[MR) CuB5(MR) Zn67(MR)
Lokalitet |Dybicm Conc. Conc. Conc. Conc. Conc.
polg RSO, %| pglg RSD,>c| polg RSD.%| uglg RSD, | pglg RSO,
Kai 68 Pkt 1 0-2 00%33" 30 /35" 23 2;ET 48 TFET 23 476" 44
2-4 ooez™ 57 eAT 2z 232’ 01 208" 15 5387 30
4-§ 022" 41 837" 14 301" 35 mzf 31 7857 2.1
6-8 013a" 10 7577 17 2977 &0 2667 10 2545”7 12
Kai 55 Pt 4 0-2 010" 38 80" oz s 32 z8ET 16 7877 27
2-4 07t 63 0" LRI LA - v - L= I - 16
4-f 030" 09 w0 18 3|3" 3z E05" 07 W23t zs
-8 0.71z2" 17 939" 43 388" 51 Sz3” 3z wert 4z
8-10 03207 18 s 2E 40" 41 470" 50 1w5T 06
10-12 16667 09 823" 15 #3655 " 27 11" 27
Kai B8 Pkt 5 0-2 0128”23 948" 05 237" sS4 w2t 33 zoog” 16
2-4 02067 17 8" 25 3|eE"T 07 sS0a” 10 1386”7 17
4-f 07%E" 32 97" 18 38" 33 4287 13 M33" 07
-8 02247 165 902' 31 w3T 25 4027 18 974’ 17
8-10 02057 12 w3"T 23 3|2T 05 d4zar 13 140" 148
10-12 0.257" 15 887" 15 3337 45 4447 13 045" 15
Az 093t 22 &e7"T 24 3077 43 35T 22 Bzt 27
14-1R 0,293" 11 847 27 44" 16 802" 09 &TET 0E
Kai B8 Pkt 2 0-2 ooses™ 27 B33’ 21 237" 06 w®|a" 30 430" sz
2-4 00ed7” 27 a0z" 15 #1738 ms"T 05 esAT 0 23
4-f o™ 23 &4t z5 0" 21 374" 04 9547 31
-8 033" 33 80" 31 239" 33 #H3"T 0 35 9187 15
8-10 02277 18 7357 11 236" 14 403" 10 975" 23
KaiGa Pl 3 0-2 oo0e72" 23 ezt 20 ;T a1 21" 33 B37" 24
2-4 041" 51 633" 45 275" 15 3327 2z m6ET 23
4-f TR 17 8T 22 238" 38 ;|9" 23 e 0F
-8 n2e4"™ 25 832" 26 e 25 2T 21 T 0a
8-10 00sa”™ 45 a2z’ 12 3|2 45 235" 33 Es2T 16
KaiE Pkt 6 0-2 019" 03 &vs" 07 297" 44 1" 35 |25" BT
2-4 0.233" 18 85" 25 279" 1 24" 18 924" 35
4-§ 0.2a3" 12 909" 18 8T 48 3607 17 97T 47
-8 025" 0 0" o0 2387 &2 3FET 47 a04f 14
g-10 030" 12 w.1" 24 ze0” 4z 438" 30 owma” 2o
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CA111(MR) PbZ08(MR) AsT5(HR)
Lokalitet |Dvbicm | Conc. Conc. Conc.
pglg RSD.%| upglg RSD. | uglg RSD, %
Kai 68 Pkt 1 0-2 o.073z" 227 1347 24 308" 134
2_q o0 306 170” 24 312' 1.7
a-F 053" 13 2sE" 0 372" NE
Eg 040" 1o 4037 19 BES"T 126
F 2i GBS Pt d -7 00a04"  3aE5 2547 13 3887 13.3
=3 0,156 : 15,2 3.4 : 15 476 : 1.7
n 0,217 B4 54,9 18 923 12.9
g_g 02357 223  S467 12 10007 12
210 ozs” 06 vas” 13 885" T
I L R
K.ai B8 Pt 5 g_i 0278”7 138 4547 21 13287 W45
TE ova" |1 40a” 19 537 18
e o,zzz" a5 3387 16 5457 110
=10 013" 328 367" 16 556" &3
: 0,197 : 08 339 : 26 696 : 12,5
0,420 08 369 18 13,96 12.4
[12-14 030" &3 423" 45 5537 33
: ooes3" 319 1367 3z 329" N7
Kai 68 Pkt 2 0-2 00387 244 BFT 23 3387 a7
£-d4 oz067 01 324" Z0 0 B80T 126
4-6 03227 40 82" 11 &1 3,3
E-8 02707 a5 3617 31 6807 115
5-10 oos2y”™ 208 1827 11 271" 135
Fai 65 Pkt 3 0-z2 067" 383 1937 18 412F 105
2-4 omz® 201 2437 16 374" 04
4-F o007 1E 2477 16 4867 110
E-& 01247 36 1847 15 478" 8.2
5-10 01" 126 2747 31 TEIT 0z
k=i 63 Plt B 0-2 02337 131 514” 1.1 348" 5.9
2-4 0,054 424 5457 13 101" 9.5
1-5 02327 24z 367 2z 432" 103
E-5 042" 1|3  Sar” 37 888" 13z
a0 oad” 1z 931" =) N S
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Sediment samples direction North: corrected for blanks

Hg202(LR) | Cr53(MR) | Ni62(MR) | CubS(MR) | ZnG7(MR] | CdT4[MR) | Pb208(MR) | As7{5(HR)
Cone. Conc. Conc. Cone. Cone. Cone. Conc. Cone.
ugly HS[I,?Zl ugly FISl],?Il pglg RSD, %| ngfg RSD, %) palg RSD,%| pglg RSD, Y| pglg RSD,%| pglg RSD, ¥

1 A 3. LA BTN T LA TN LA T 1A O 1 AN | S | V1
A A o L B 1 L | A 11 A 1. N . L - |]: .
e T S A O L 2 N - 1 K L - -
Pier68 noomm 33 et 18 &1 35 ®s 10 3 13 omsk 33 M3 13 3 5
rerss w0 om” 3ttt 23 om0’ 15 oart e oes 23 oors 83 B8 18 6% 70
I L7 A A W WO 1. N3 M TR ;A (1115 M1 B3 M 1B/ S
I /A I A (K X M 1T 3 M - M 111 B3 M (R S
Sediment samples direction North East: corrected for blanks
| Hg202LR) | CS3MR) | NiG2MR) | CubSMMR) | ZoBTMR) | CAiMIMR) | Ph20BIMR) | AsTSIHR)
L Cone. Conc. Cone. Cone. Cone. Conc. Conc. Conc.
uglg HSI],:‘.’l ualg HSI],:‘.’l uglg HSI],:‘.’l uglg HSI],:‘.’l uglg FISI],}'Il uglg FIS[I,}:l ualg FIS[I,?:l ualg FIS[I,?:‘
BRI N T T M N SO N 1 ol (< KA -7 1
2 00405 53 1" 23 as” o9 moop me’ w2 owm s owp a5 4m s
Rored 008 95 w8 15wt o3 W09 md’ zeomw op w4 12 1B 2
Pored 009" 44 828 12 A4 25 ;s 27 MR opoom 2B M 07 4R 4D
A T T T S M T A 0 B A Y ¥ O :
o 06 45 s 16 a8 43 om0 w3 zaomm” w2 w3 29 5mM 34
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Core sample sediment @stmarka:

Hg202(LR) CrS3(MR)
Lokalitet |Dybiem | Conec. Conc.

pglg RSD, | ugla RSD.
@stmarks kisneprave | Ouptat: 195 | 00223 v 0,2 1327 2.6

Ni6Z2(MR) Cub5(MR) Znb7(MR)
Conec. Conc. Conc.
pglg RSD. %| pglg RSD. X% pglg RSD. %
55.6 2,6 210 1.3 75.4 1.1
Cd111(MR) PbZ208(MR) As75(HR)
Conc. Conc. Conc.
EE}E RSD. > uglg RSD, % ugig RSD,

00820”7107 M0’ 20 3517 a0
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Surface water samples pier 68 January and February 2016:

CdATHILR] PhLZ0D8ILA) Cr53[MA) HiG0[ME)
Conc. Conec. Conc. Conc.
Samples taken IL_ RS0 3| pgll RS0 ) ugfl RS0, %] ugil R30 34
2101 20% 0.058% T 0,163 7.4 £.030 7.6 0,833 567
26012016 00222 532 0,67 7.8 1.632 2.0 0,350 1
02,02 2016 00372 Z2d 0,148 0.3 &.2l05 | P 0,253 6e.g
0. 02 2016 00254 4.0 0073 2.0 1.507 7.3 0242 =47
1502, 2016 0,05 475 0,67 [ 1567 3.1 0,56 < 2y
2101 20% 00552 B0.d 0,227 el = 2291 15,1 0242 43.5
Cub3(MRA) ZnGGIMA) A= T5(HR) HaZ0Z(LR)
Conc. Cone. Cono. Conc.
Somolesioren L pgll RSD | ugh RSD 3| ugll RSD, 3| upoll RSD. x|
1012006 &1 TA 26T 8.6 1.28 177 2.6
2RB.01.2016 0,682 108 1.6 5. 0324 12.5 3.3
0Z.0z 2006 0,766 13.2 a3 152 0846 98 5.8
N&.02 2006 0505 228 0436 5235 0374 2.5 16.2
13.02. 2016 0310 1.7 -062 GLd 0L.ET7 J6.5 12.8
210N 200 DEGS a.d 0.3 13,6 0847 5.4 6.5
Surface water samples taken out on the fjord:
~ C414(LR) "PbZ0BILR) Tr53(MR) WiGO(MR) |
Cone. Conec. Conc. Cone.
[Name pgll. RSD.%| ugll RSD.:| pglt RSD.3| gl RSD. %
| Pairit 1 0.0693 303 0974 7.8 2515 83 0417 BG.7
Painit 2 0.0765 039 0,286 55 2233 B4 0417 T8
Pairt 3 0,0525 458 0,135 B4 2782 6.3 0,683 0.0
Cub3(MR) ZnGE(MA) A=z T5(HR) Ha202(LR)
Conc. Conc. Cone. Conc.
[Name poll_ RSO, %| uall RSD. x| ugll FIED.:-:\ L (HELL e
| Painit 1 2,530 5.8 1028 8.7 1223 T.6
Pairit 2 1.733 1.8 1.78 1H5 0845 264 .
Palrt 3 1,533 8.3 0.0149 24 1031 41.1 8.7
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Surface water samples pier 68 April 2016:

PAL WL B 92 FE eI 902 2880 £h2 21500 O0L BKEO0D £E6 0800 Ide gL og e
5 WL FEL 8L FEL SRe'0 EEL WOP0 EPL Z580°0 27 LS9000 ZED £ZE00 Ide gL g =g
oL B0 WEE A0 9L RSO0 202 Z0E0 0SS 92000 2’9 SAL000 LS 85E0°D Ide gL g =g
SEL 9EED M52 5L &Rl MBS0 0% MEE'D E EIEO0D LEL £E900°0 S'E9 8EZ00 Inde g g 1=
e WL S0l AE 59 M0 1 SPST 0MF LD PRl EEODD LS. 85200 def| By sy
oL 0D SEL 821 2 1990 SIE 0 OME'D el SZeO0D ¢ Lep00D SE0L £920°0 [T
£'8 0S80 B2 251 B BAE0 EPZ EOFD 297 90p00 E'S  0SLO0D  HlZ L8200 ey g2
£'8 9880 S9L Z0P LS S020 07 pPI0 202 AEV0 L2 LBZ00 919 BRI de"fggisg
6 9990 E0Z  BPT 89 980 972 PEFOD L'BL B0Z0 59 R0 200 pLpOT de"fagisg
ISz leg0 vEZ LZ1 EPL ZZ90 0 EPL BRLD BSZ 9AD EZL BEEOOD  £98  GLZ00 nde g ag ey
57 p020 £E 0L ZEL 9890 EEL BeSD B ZE00 29 899000 LIS BANDT nde g o ey
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Appendix J: results sediment traps

Trap 1
Analyse Resultat Enhet LOG MU Metode
h) Arsen (As) 27 mao/kg TS 05 30% NSENISO17294-2
b) Bly (Pb) 7.0 mg/kg TS 05 40% NSENISO 17294-2
b) Kadmium (Cd) 0.032 ma/kg TS 0.01 40% NSENISO 17294-2
h) Kobber (Cu) 26 mag/kg TS 05 30% NSENISO 11885
h) Krom (Cr) 23 ma/kg TS 03 30% NSENISO 11885
b) Kvikkselv (Hg) 0.004 ma/kg TS 0.001 20% NS-ENISO 12846
h)  Nikkel (Ni) 15 mg/kg TS D5 30% NSENISO 11885
h) Sink (Zn) 33 ma/kg TS 2 25% NSENISO 11885
h) Termstoff 80.9 % D1 5%  EN 12880
PAR(16) 0.o1 IS0 16703 mod
Maftalen =0.010 mgkg TS
Acenaftylen <0.010 makg TS 0.1 IS0 16703 mod
Acenaften <0.010 malkg TS 0.1 IS0 16703 mod
Fluoren <0.010 makg TS 0.1 IS0 16703 mod
Fenantren 0.042 ma/kg TS 001 28% 15016703 mod
Antracen <0.010 makg TS 0.01 IS0 16703 mod
Fluoranten 0.061 makg TS 0.01 25% IS0 16703 mod
Pyren 0.060 ma/kg TS 0.01 25% IS0 16703 mod
Benzo[a]antracen 0.016 ma/kg TS 0.01 25% 150 16703 mod
Krysen/Trifenylen 0.052 mgkg TS 0.01 25% 15016703 mod
Benzo[b]fluoranten 0.022 mg/kg TS 001 25% IS0 16703 mod
Benzo[k[fluoranten < (0.010 mg/kg TS 0.01 IS0 16703 mod
Benzo[a]pyren 0.022 mg/kg TS 0.01 28% 150 16703 mod
Indeno[1,2 3-cdlpyren < 0.010 mag/kg TS 0.01 IS0 16703 mod
Dibenzo[a,hlantracen = 0.010 mg/kg TS 0.01 IS0 16703 mod
Benzo[ghilperylen 0.015 mgkg TS 0.01 25% 150 16703 mod
Sum PAH(16) EPA 029 mg/kg TS 25% 15016703 mod
Finstoff =2 um (Leire) 3.1 % (wiw) 1 ISO 11277 mad
Finstoff <63 pm 42 % (wiw) 1 ISO 11277 mod
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Trap 2

Arsen (As) Resultat Enhet LOQ MU  Metode

Bly (Ph) 42 mgkg TS 05 30% NSENISO17294-2

Kadmium (Cd) 14 mglkg TS D5 40% NS ENISO 17294-2

Kobber (Cu) 0.03%9 mgkg TS 0.01 40% NSENISO 17204-2
27 mg/kg TS D5 30% NSENISO 11885

Krom (Cr)

: 20 makg TS 0.3 30% NSENISO 11885
Kvikkselv (HO)  — 5 001 makg TS 0.001 NS-EN ISO 12846
Nikkel (NI} 12 makg TS 05 30% NS ENISO 11885
Sink (£n) 34 mglkg TS 2 25% NS ENISO 11885
Temstoff 784 % 01 5%  EN 12880
PAH(16)

Naftalen =0.010 mgkg TS 0.01 IS0 16703 mod
Acenaftylen =0.010 makg TS 0.01 ISO 16703 mod
Acenaften =0.010 mag/kg TS 0.01 ISO 16703 mod
Fluoren =0.010 mgkg TS 0.01 IS0 16703 mod
Fenantren 0.017 mao/kg TS 0.01 25% IS0 16703 mod
Antracen =0.010 mag/kg TS 0.01 ISO 16703 mod
Fluoranten 0.033 mgkg TS 0.01 25% IS0 16703 mod
Pyren 0.037 ma/kg TS 0.01 25% IS0 16703 mod
Benzo[a]antracen =0.010 mag/kg TS 0.01 ISO 16703 mod
Krysen/Trifenylen 0.030 mg/kg TS 0.01 25% IS0 16703 mod
Benzo[b]fluoranten 0.014 mao/kg TS 0.01 25% IS0 16703 mod
Benzo[k]fluoranten =0.010 makg TS 0.01 IS0 16703 mod
Benzo[a]pyren 0.013 mgkg TS 0.01 25% I1SO 16703 mod
Indeno[1,2,3-cdlpyren <= 0.010 mg/kg TS 0.01 IS0 16703 mod
Dibenzo[a hlantracen <0.010 ma/kg TS 0.01 IS0 16703 mod
Benzo[ghilperylen 0.011 mgkg TS 0.01 25% I1SO 16703 mod
Sum PAH(16) EPA 0.16 mg/kg TS 25% IS0 16703 mod
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Trap 3

Arsen (As) Resultat Enhet LOQ MU  Metode
Bly (Pb) 3.6 mo/kg TS 05 30% NSENISO 17294-2
Kadmium (Cd) 79 makg TS 05 40% NS ENISO 17294-2
Kobber (Cu) 0.027 makg TS 0.01 40% NSENISO 17294-2
24 mogkg TS 05 30% NS ENISO 11885
Krom (Cr) 23 mokg TS 0.3 30% NSENISO 11885
Kvikkselv (Hg) 0.007 mg/kg TS 0.001 20% NS-EN ISO 12846
Nikkel (Ni) 15 malkag TS 05 30% NSENISO 11885
Sink (Zn) 33 moka TS 2 25% NS ENISO 11885
Temstoff 724 % 0.1 5% EMN 12880
PAH(16)
Naftalen <0.010 mgkg TS 0.01 ISO 16703 mod
Acenaftylen =0.010 makg TS 0.01 IS0 16703 mod
Acenaften <0.010 mg/kg TS 0.01 ISO 16703 mod
Fluoren <0.010 ma/kg TS 0.01 ISO 16703 mod
Fenantren 0.021 mg/kg TS 0.01 25% ISO 16703 mod
Antracen <0.010 mgkg TS 0.01 ISO 16703 mod
Fluoranten 0.052 ma/kg TS 0.01 25% ISO 16703 mod
Pyren 0.058 mgkg TS 0.01 25% IS0 16703 mod
Benzo[alantracen 0.016 mokg TS 0.01 25% IS0 16703 mod
Krysen/Trifenylen 0.050 mokg TS 0.01 25% IS0 16703 mod
Benzo[b]flucranten 0.026 mo/kg TS 0.01 25% IS0 16703 mod
Benzo[k]fluoranten <0.010 mgkg TS 0.01 ISO 16703 mod
Benzo[alpyren 0.024 mgkg TS 0.01 25% IS0 16703 mod
Indeno(1,2,3-cd]pyren 0.013 ma/kg TS 0.01 25% IS0 16703 mod
Dibenzo[a,hlantracen <0010 mg/kg TS 0.01 ISO 16703 mod
Benzo[ghilperylen 0.020 makg TS 0.01 25% IS0 16703 mod
Sum PAH(16) EPA 0.28 magkg TS 25% IS0 16703 mod
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Appendix K: results POMs

POM1.:
PAH
Konsentrasjon (pg/l)
Navn i vann
Naftalen 0.164
Acenaftvlen 0.00121
Acenaften 0.00625
Fluoren 000766
Fenantren 0,0333
Antracen 0.000548
Fluoranten 0.00758
Pyvren 0.00610
Benso{a)antracen” 0000180
Krysen” 0.000780
Benso{b)fluoranten™ 0000286
Benso{k)fluoranten”" 0000174
Benso(a)pyren™ 0.,000307
Indeno(123cd)pyren” ip.
Dibenso(ah)antracen™ ip.
Benso(ghi)pervlen ip.
SUM PAH 0,228
PCB-28 0,0000109
PCB-52 0.00000350
PCB-101 L.p.
PCB-118 ip.
PCB-153 ip,
PCB-138 ip,
PCB-180 ip,
SUM PCBE 0.0000144
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POM2:

PAH
Konsentrasjon (pg/l)
Navn i vann
Maftalen 0.273
Acenaftylen 00122
Acenaften 1.39
Fluoren 0.671
Fenantren 1.52
Antracen 0.0423
Fluoranten 0,231
Pyvren 0,111
Benso(a)antracen” 0.,00209
Krysen” 0.00353
Benso{b)fluoranten™ 0,000263
Benso{k)fluoranten”™ 0000172
Benso(a)pyren” 0000107
Indeno(123cd)pyren” ip.
Dibenso(ah)antracen™ ip.
Benso(ghi)pervlen 0.,0000763
SUM PAH 4.26
Krysen” 0.00353
Benso(b)fluoranten™ 0.000263
Benso(k)fluoranten”" 0.000172
Benso(a)pyren” 0.000107
Indeno{123cd)pyren” ip,
Dibenso(ah)antracen™ ip,
Benso(ghi)pervlen 0.0000763
SUM PAH 4.26
PCB-28 0.00000626
PCB-52 0.00000187
PCB-101 ip,
PCB-118 ip,
PCB-153 ip,
PCB-138 (0.000000477
PCB-180 ip,
SUM PCB 0.00000861
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POM3:

PAH
Konsentrasjon (pg/l)
Navn i vann
Naftalen 0,148
Acenaftvlen 0.00124
Acenaften 0.0570
Fluoren 0.0381
Fenantren 0,149
Antracen 0,00325
Fluoranten 0.0375
Pyren 0.0188
Benso(a)antracen”" 0.000393
Krysen” 0.000881
Benso(b)fluoranten™ 0.000306
Benso(k)fluoranten” 0000158
Benso(a)pyren” 0.0000821
Indeno{123cd)pyren” ip,
Dibenso(ah)antracen™ ip,
Benso{ghi)pervlen ip,
SUM PAH 0,455
PCB-28 Dﬁ[ﬁlbﬂﬂﬁlg
PCB-52 0.00000171
PCB-101 ip,
PCB-118 1p.
PCB-153 ip,
PCB-138 ip,
PCB-180 ip,
SUM PCB 0.00000788
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Appendix L: detection limits ICP-MS NTNU

Instrument detection limit (IDL) ICP-MS NTNU:

Undiluted samples (DGTs) Sea water samples Sediment samples

Mo/l Mo/l mg/kg dry weight
As 0.025 0.25 0.050
Pb 0.002 0.02 0.004
Cd 0.002 0.02 0.004
Cu 0.03 0.30 0.04
Cr 0.005 0.05 0.01
Hg 0.001 0.01 0.002
Ni 0.015 0.15 0.03
Zn 0.025 0.25 0.08
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Appendix M: all DGTs January and February

Period DGT Pb Cd Cu Cr Ni Zn
no:

Hg/L Ho/L Mo/lL  po/L pg/L pgll

21.01-26.01 1

26.01-02.02 4

02.02-08.02 7

08.02-18.02 10
11
12

18.02-21.02 13
14
15
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Appendix N: p-values

The p-values found using t-test in Excel.

Dissolved phase snow batch 2:

Metal p-value
Zn and As 0.024
Zn and Pb 0.024
Zn and Cd 0.023
Zn and Cu 0.33
Znand Cr 0.024
Zn and Ni 0.024
Znand Hg 0.023

Dissolved phase snow batch 2:

Metals p-value
Zn and Cu 0.33
Cu and N1 0.15
Cuand Cr 0.14
Cr and N1 0.57
Cu and As 0.15
Cu and Pb 0.14
Cu and Cd 0.13
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Snow samples particulate material:

Metals

Zn and Cu
Zn and Cr
Cu and Cr
Cu and Ni
Cr and Ni
Niand Pb
Pb and As
As and Cd

Cd and Hg

p-value
0.015
0.011
0.22
0.0040
0.013
0.021
0.0031
0.017

0.015

Sediment direction North West and North East:

Mhetal

As
Pb
Cd
Cu
Cr
Hg
Ni
Zn

p-value
0.21
0.80
0.15
0.30
0.39
0.45
0.48
0.57

Sediment direction North West and North East:

Metal

As
Pb
Cd
Cu

p-value
0.21
0.80
0.15
0.30
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Cr
Hg
Ni
Zn

0.39
0.45
0.48
0.57

Sediment Feb and May:

Metal
As
Pb
Cd
Cu
Cr
Hg
Ni

Zn

p-value

0.93
0.85
0.31
0.21
0.30
0.54

0.58

Snow samples particulate material and sediment:

Metals
As

Pb

Cd

Cu

Cr

Hg

Ni

Zn

p-value
0.11
0.00082
0.53
0.0054
0.26
0.00010
0.095

0.0061
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Surface water Ringve and pier 68 2015:

Metal p-value
As 0.95
Pb 0.36
Cd -
Cu 0.43
Cr 0.35
Hg -

Ni 0.91
Zn 0.14

Surface water pier 68 2015 and during snow dumping.

Metal p-value

As 0.02
Pb 0.0005
Cd 0.02
Cu 0.2

Cu (without value 5.17) 0.01
Cr 5E-05
Hg
Ni 0.3
Zn 0.6
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Surface water pier 68 during and after snow dumping:

Metal p-value

As 0.31
Pb 0.00054
Cd 0.22
Cu 0.32

Cu without value

(5.17 pg/L) 0.36
Cr 4.0014E-05
Ni 0.59
Zn 0.52

Surface water pier 68 during snow dumping and out on the fjord:

Metals p-value
As 0.41
Pb 0.59
Cd 0.39
Cu 0.59
Cr 0.030
Ni 0.47
Zn 0.47

Surface water pier 68 2015 and after snow dumping.
Metal p-value

Cu 0.0027
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Surface water and water column during snow dumping

Metal
Pb
Cd
Cu
Cr
Ni

Zn

p-value
0.0016
0.026
0.051
4.42E-05
0.13

0.69

Water column during and after snow dumping

Metals

Sediment 100 m oktober vs. 150 m:

Metals
As
Pb
Cd
Cu
Cr
Hg
Ni

Zn

Pb
Cd
Cu
Cr
Ni
Zn

p-value
0.27
0.047
0.21

0.0086
0.024
0.065

0.0077

0.77

p-value
0.23
0.048
0.58
0.010
0.066

0.0023
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Snow samples dissolved phase (batch 1)

Metals p-value
Cuand Zn 0.45
Zn and Ni 0.052
Cu and Ni 0.00013
Ni and Cr 0.011
Zn and Cr 0.037
Zn and Cd 0.023

Average concentrations sediment all directions (except 500 m out)
Metals p-value

Crand Cu 5.8*1010
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Appendix O: results deeper layers @stmarka point 1, 3 and 6

Point 1

Depth Hg Cr Ni Cu Zn Cd Pb As
cm mg/kg | mag/kg | mg/kg | mg/kg | mag/kg | mg/kg | mg/kg | mg/kg

Point 3

Depth Hg Cr Ni Cu Zn Cd Pb As
cm mg/kg | mg/kg | mg/kg | mg/kg | mg/kg | mg/kg | mg/kg | mg/kg

Point 6

Depth Hg Cr Ni Cu Zn Cd Pb As
cm mg/kg | mg/kg | mg/kg | mg/kg | mg/kg | mg/kg | mg/kg | mg/kg

8-10
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Appendix P: results all water samples April 2016

April 12th, sample 1
April 12th, sample 2
April 12th, sample 3
April 12th, sample 4
April 12th, sample 5
April 15th, sample 1
April 15th sample 2
April 15th sample 3
April 17th, sample 1
April 17th, sample 2
April 17th, sample 3
April 17th sample 4
April 19th, sample 1
April 19th, sample 2
April 19th, sample 3
April 19th, sample 4

As
Ho/L

Pb
Hg/L
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Cu
Hg/L

Cr
Hg/L

Ni
Hg/L

Zn
Hg/L




Appendix Q: sediment graphs

Hg
(sediment 0-2 cm, North West)
0,25
=
o p2
&b
4
&
£ 0,15
c
o
4
5 0.1
rar]
c
¢ 0,05
S
1]
Pointl Point 2 Point3 Point 4 Point5 Point &
100 m 150 m
As
(sediment 0-2 cm Nort West)
8
7
=
26
2
5
E
st
23
c
(O]
22
S
1
0
Point 1 Point 2 Point 3 Point 4 Point 5 Point 6

100 m. 150 m.

XLV



Concentration (mg/keg DW)

Concentration (mg/kg DW)

0,35
0,3
0,25
0,2
0,15
0,1

0,05

100

E88583838

10

Point 1

Fointl

Point 2

100 m.

Cd
(sediment 0-2 cm, North West)

Point3

Cr

Pointd

Point >

150 m.

(sediment 0-2 cm, North West)

Point2

100 m.

Point3

XLVI

Foint4

Points

150 m.

Point&

Point&



35

20

10

Concentration (mg/ke DW)

200

100

Concentration (mg/kg DW)

Point 1

Point 1

Ni

(sediment 0-2 cm, North West)

— —

Point 2

100 m.

Point 3

n

Paointd

(sediment 0-2 cm, North West)

Point 2

100 m.

Point3

Point4

XLVII

-
Point5 Paoint 6
150 m.
Point 5 Point &
150 m.



Concentration (mg/kg DW)
T S N T - -

Concentrations (mg/kg DW)

35

20

10

25 m

As

(sediment 0-2 cm, North)

100 m.

25 m.

e,
—
200 m. 500 m.
Pb
(sediment 0-2 cm, North)
100 m. 200 m. S00 m.

XLVIII



Concentration (mg/kg DW)

Concentration (mg/kg DW)

Concentration (mg/kg DW)

0,16
0,14
0,12

0,1
0,08
0,06
0,04

£l

0,02

0,25

0,2

0,15

0,1

0,05

E H B R 8 &K

Ln

=]

(sediment 0-2 cm, North)

25 m.

25 m.

(sediment 0-2 cm, North)

(sediment 0-2 cm, North)

Hg

Ni

Cd

200 m.

200 rm.

//\

25 m.

100 m.

200 m.

XLIX

500 m.



Concentration (mg/kg DW)
o B BEBEE S8 388

Concentration (mg/kg DW)
8 5 8 8 8 B

=]

25 m.

50 m.

50 m

n
(sediment 0-2 cm, North)

100 m. 200 m.

Sediment 0-2 cm, East

100 m. 150 m. 200 m.

g 7| g

Sediment 0-2 cm, East

100 m. 150 m. 200 m.

—8—Cd =—#—=Hg

500 m.
=l —
250 m. 500 m.
250 m. 500 m.



As

(sediment 0-2 cm, East)

m =S = = N R V= T I e T I B = |
(a0 8y/3w) uoneljuacuoy

100 m. 150 m. 200 m. 250 m. 500 m.

25 m.

LI



Appendix R: locations sediment traps NGl

January and February 2015

(NGI, 2015)
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