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ABSTRACT

Contamination analysis of the landfillR6saberg inerta massor
-risk assessment and investigation of the ecomant distribution

Lisa Westander

The dispersion of contaminants deriving from lalglfposes a risk to the surrounding
environment and human health. Old landfills arated with extra precaution, due to their
poorer construction, less stringent operation acHl information regarding the waste content.
Vetlanda municipality has identified 48 old lant#ilOne of them iR6saberg inerta massor.

It is one of the largest landfills in the regiondais located close to numerous sensitive
environmental receptors (such as the river Emanjing a phase 1 investigation (MIFO 1) in
2017, the landfill was designated the highest disissification, class 1, and is considered a
very high risk to environment and human health slimpling was conducted during this time,
but the level of contaminants was assumed to behigh.

The objective of this study was to investigate ghevalence of contaminants by determining
the pollution levels in soil and groundwater in kedfill. Samples was obtained by completing
a site investigation, involving trial pits examirat and installing of monitoring wells. National
as well as site-specific guideline values were ueeatketermine the effects of the contaminant
levels of the site. In the software Groundwater Blowy system (GMS) was used to study if
the contaminant plumes reach the river Eman. A é&f-yscenario was set up in GMS to
investigate likely concentrations in the futurendly, a new risk assessment of the site was
done, based on the obtained results.

The results indicated that the landfill does natgosuch a large environmental risk that initially
was expected in the phase 1 investigation. Thel leff&ontaminants was higher in the
groundwater than in the soil. High concentratiohBAH-Hs and 2,6-dichlorobenzamide were
found in two of the groundwater samples. Howevez,risk assessment using the information
obtained from the study indicated a lower risk thlveimat was estimated in the MIFO 1
assessment 2017. In this study, the risk of thdfilésrcurrent properties was evaluated to a
risk 2. The 50-year scenario indicated that comamis in the uppermost groundwater layer
will have dispersed in a higher rate than the aairiants in the lower layer. The risk was
estimated to a risk 3 in 50 years. It should beedidhat no samples was conducted in river
Eman which needs to be done before ruling out éeessity for remediating the groundwater.
No remediation action for the soil was assessdxt toecessary.
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REFERAT

Fororeningsanalys av deponirRésaberg inerta massor
-undersdkning av riskklassning och férorenipgssing

Lisa Westander

Spridning av féroreningar som harror fran deporigkerar att paverka den omgivande miljén
och manniskors halsa negativt. Framfor allt gaméallagda deponier bér behandlas med extra
forsiktighet da de ofta ackompanjeras av otillrigkl sluttéackningskonstruktioner och
bristande kunskap om deponins innehall och utbrednet finns i nulaget 48 kanda nedlagda
deponier i Vetlanda kommun, dar en av deR@saberg inerta massdden ar bland de storsta
deponierna i omradet och ligger nara ett flertaidslsvarda objekt i omradet, sdsom Eman.
Under en MIFO 1-undersokning som utfordes 2017 dgmsdeponin uppna den hogsta
riskklassningen (riskklass 1) som innebar att omrdettraktas som en mycket hog risk for
manniskors halsa och omkringliggande natur. Ingaver genomférdes under denna
undersokning, men féroreningsnivan antogs varadddgnande deponier i narheten uppvisat
hdga fororeningshalter.

Syftet med denna studie var att undersdka forekemat/ fororeningar och dess halter i
omradet for att kunna dra slutsatser om deponfektef pa narliggande miljé och manniskor.
Data for fororeningsfoérekomst och halter i mark gohndvatten erhélls genom att genomfora
en platsundersdkning déar provgropar gravdes samidgattenrdr installerades. For att kunna
uppskatta effekterna som fororeningsnivaerna skdlgd platsen togs generella saval som
platsspecifika riktvarden fram och jamférdes medplematta halterna. For att kunna faststalla
vilken risk som deponin utgér fér Eman studerad@®reningsplymernas flodesmonster i
grundvattnet i datorprogramvaran GMS. Spridningsgna och den sannolika
fororeningshalten i framtiden undersoktes genomiratitta ett 50-arigt scenario i GMS.
Slutligen gjordes en ny riskbeddmning av omradseba pa de erhallna resultaten.

Resultaten visade att deponin inte innehaller dgHororeningshalter som initialt befarades.
Generellt visade sig fororeningsnivderna vara hdgrgrundvattnet an i marken. En
riskbedémning genomférdes med hjalp av resultatie@lien fran studien och gav indikationer
pa en lagre risk an den ursprungliga klassningémsdfingen resulterade i en riskklass 2 med
strikt beddomning da nagra fororeningar stack utnfrden generellt annars laga
fororeningshalten, sdsom PAH-H:er samt pesticide®rdiklorbensamid i grundvatten.
Scenariot for féroreningssituationen i ett 50-arspektiv visade att fororeningar fran det dvre
grundvattenlagret sprids och minskar mer i haldéinundre skiktet. Riskklassningen for detta
scenariot uppskattades till en riskklass 3. Detohedkes att en atgard inte ar nédvandig for
mark pa grund av dess laga fororeningshalt. Fomdyatten rekommenderas vidare
undersokningar pa Emans paverkan av fororeningar dieponin innan en avskrivning av
atgarder kan goras.

Nyckelord: Deponi, MODFLOW, Riskbeddmning, Platsspka riktvarden
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POPULARVETENSKAPLIG SAMMANFATTNING

Deponier, eller soptippar som det kallas i vardgdbruk, var ett vanligt satt att géra sig av
med avfall i Sverige under 1900-talet. Nar de asdadisste man inte hur avfall kunde
ateranvandas eller atervinnas och darfor ladesrsapdég i hopp om att de skulle brytas ner
naturligt. Inte heller fanns nagra strikta lagar soporna skulle hanteras pa deponin eller hur
naturen och manniskor kunde paverkas negativt dérdeeningar som boérjade spridas fran
soporna. 2001 inférdes nya lagar i en forordning seskrev hur deponier ska underhallas for
att undvika for hoga risker pa manniskor och naturarheten. Dessa lagar och regler
kontrollerade vad som fick laggas pa deponierna fsamforallt hur deponierna skulle
konstrueras for att undvika spridning av fororemind-0r deponier som lades ner innan denna
forordning tradde i kraft, galler inte dessa regRisken ar darfér stor att gamla deponier
orsakar en hog belastning pa miljon och de mannistim vistas i narheten.

| Vetlanda kommun finns det 48 kdnda nedlagda depoKommunen jobbar har med att
undersoka vilken fara varje deponi utgor. Pa stksédt de deponier som medfor hdgst risker
pa manniskor och natur prioriteras atgardas fé@t.deponirRosaberg inerta massbiar en
orienterande undersokning (MIFO 1) gjorts, dareiskom den antas ha pa omgivningen togs
fram. Riskklassningen resulterade da i riskklassilket innebar mycket stor risk. | denna
undersokning togs inga fororeningsmatningar, meerssm flera andra deponier i omradet
hade visat pa hdga fororeningshalter, antogs ativkn var hoga vardenRosaberg inerta
massor Deponin ligger nara Eméan, som mynnar ut i Osfersgh har utsetts som en vattentakt
som &r extra viktig att skydda. Dessutom liggerrangper av naturomraden som anses vara
speciella att bevara. ARGsaberg inerta mass@otentiellt har héga féroreningar som sprids
till dessa platser ar darfér nagot som absolutwitlvikas.

Examensarbetets syfte var att undersdka fororesituggionen i deponin. Genom att bekrafta
vilka fororeningar som finns i omradet, och i vilkalter, kunde en bedémning goéras om
riskklassningen som sattes under MIFO 1-unders@emrstamde. Detta gjordes genom att
forst undersoka deponin pa plats under en faltisidaing.

Nar resultaten kom tillbaka fran laboratorieanafyjsenférdes data med de riktlinjer som pekar
pa hur stor risk just denna halt indikerar. Foraatpassa riktlinjerna for att passa just omradet
kring ROsaberg inerta massor togs platsspecifika&rden fram. | datorprogramvaran GMS
undersoktes hur grundvattnet borde réra sig i ostradh hur féroreningarna i grundvattnet
sprider sig. | programmet togs aven fororeningsiaitam for hur den bor se ut om 50 ar.Med
de nya resultaten kunde en ny riskklassningsunkiensg goras.

Resultaten visade att féroreningssituationen iates@ utbredd som befarades under MIFO 1-
undersokningen. Det var farre fororeningar som skred de jamforda riktvardena i jorden &n
vad som gjordes i grundvattnet. Riskbedomningen sammanfattade de erhallna resultaten
fran de olika delarna av examensarbetet resulteiadsm riskklass 2. Scenariot for
fororeningssituationen i ett 50-arsperspektiv vesactt fororeningar i det Ovre
grundvattenlagret sprids och minskar i en snablastighet &n de i det undre skiktet.
Riskklassningen for detta scenariot uppskattadesigkklass 3. Inga atgarder bedomdes
nodvandiga for marken, men en framtida undersckmgig@mmenderas pd Eman for att
sakerstalla att grundvattnet inte paverkar Emarmineg
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1 INTRODUCTION

A landfill is a site in or on top of the ground whewaste is disposed and stored (Statens
geotekniska institut 2018). Due to the many negasffects that a landfill may cause its
surroundings by leachate, pollution of groundwated emissions of greenhouse gases, the
waste management method is today ranked as thedesferable according to EUs waste
management hierarchy (European Commission 201@aeiitheless, it is historically, and still

is today, the most commonly used waste managemetttooh across the world due to its
simplicity. Even if Sweden is one of the leadingieies in waste management with recycling
as the main management tools (Sopor.nu 2020)h#sanot always been the case. Before the
1990s, Swedish waste was handled in a linear wderavall waste was landfilled or
incinerated, with little or no regulations (Vafadi2018).

It was not until 2001 when the landfill regulati(®901:512) became effective that the numbers
of active landfills started to decrease signifitarikhis regulation covers all landfills that have
been active after 16 July 2001 and entails stecfuirements regarding leachate, waste
materials allowed, precautionary measures arouddrathe landfill as well as its final cover.
Landfills that closed before 16 July 2001 howewg not subject to the regulation and are
merely considered as a contaminated site. Cons#dguerost of the old landfills do not meet
the same environmental and safety standards agthenes, and often the information of their
content is limited. Consequently, the old and alidsedfills are considered ongoing hazardous
operations as they may imply a high risk on their@ndings. Because of this, the Swedish
government aims to identify, map out, and remedia¢eold, high-risk landfills in order to
meet the Swedish environmental goals (Rihm 2014).

Vetlanda municipality has identified 48 known adahdlfills. Many of them lack bottom sealing
and final coverage. This means that contaminant® l@higher possibility spread to the
surrounding environment. Thus, the municipalityvsrking on an action program aimed to
handle these landfills. A numerous of landfills already been investigated. These showed
a broad range of characteristic contaminants aatgig from household waste such as PAHSs,
heavy metals, PCBs and chlorinated solvents. Bhkewas therefore assessed to be very large
for many of the landfill§AF 2017).

One of the closed landfillghat is not regulated under the landfill regulasiois Rosaberg
inerta massor.It is one of the largest landfills in the regiorittwan area of 33 900 %and an
estimated volume of 191 800°niSvensson n.d. in AF 2017). Due to its proximity &
numerous of protected objects in the area suchivas Eman, remediation is important if
assessed necessary. During the orientation stuéfOMI in 2017, the landfill was given the
highest risk classification: risk 1. No samples@&veonducted during this time, but the level of
contaminants was assumed to be very high (AF 2017).



1.1 OBJECTIVES

The objective of this study was to investigate finevalence of contaminants. Second, to
determine the risk that the landfill may pose amdldjacent environment and to human health
as well as its need of remediation.

1.2 RESEARCH QUESTIONS
1.2.1 Main research questions

1. What will a new generic risk assessment for thdfiimesult in and how will this
change in 50 years?
2. What recommended remedial actions does a sitefgpesk assessment result in?

1.2.2 Sub-questions to answer the main research questions

1. What contaminants are found in the landfill anavimat concentrations?

2. What are the flow patterns of the contaminant plsiimehe groundwater in the
eastern apart of the landfill?

3. What is the estimated level of groundwater contamifn the eastern part of the
landfill in a 50-year scenario?



2 THEORY

2.1 HETEROGENEITY OF LANDFILLS

The composition of a landfill is often spatiallyrieal and heterogeneous, since the deposit of
waste normally occurs in different stages and witrariation of waste material. Therefore, it
is likely that the materials particle size, watentent and contamination levels vary across the
landfill area. For this reason, different processegkh as leachate, rate of degradation and
emissions of landfill gases, occur at differentagrand rates in the landfill (Rihm 2011). Due
to this, it is difficult to conduct a sample metlotmby that will mirror the entire contaminant
situation of the landfill (Rihm 2014).

2.2 LEACHATE

Leachate is water that has infiltrated the landfiid has been in contact with the potentially
contaminated waste materials. The water primarigimates from precipitation that has
infiltrated the top of the landfill and slowly pa&ssthrough the masses. For old landfills,
leachate sometimes also originate from groundwatet runoff water due of the often
inefficient cover constructions. The leachate isrgually pressed out from the landfill due to
compaction. The risk is therefore high that thetede contaminates the adjacent environment
and groundwater. How much leachate that a landéifi produce depends on the landfill's
quality, size and age, as well as the inflow regmperature, degradation phase of the landfill
material, location and the topography (Naturvardse2008).

2.3 WATER FLOW PROPERTIES IN SOILS

A soil section is divided into the unsaturated zamkich is located on top of the saturated,
groundwater zone. The potential for leachate tov ftrough the soil depends on several
physical, biological and chemical factors (Grip &mhde 1994).

2.3.1 Soil-water potential

Gradients in theotal soil water potentialndicate which direction water will flow: waters i
regions of high total soil water potential will floto lower. In practice, this means that the
water flow will be directed vertically and in a sloate in the unsaturated zone. In the saturated
zone, the direction of the groundwater flow will peedominantly horizontal with a velocity
that can be described with Darcy’s laag(ation ) (Grip and Rohde 1994).

do
where

Q = Discharge [rfis]

A = cross-sectional area for the soiFfm

K = hydraulic conductivity of the soil [m/s]

‘Z—f = potential gradient [m/m]



2.3.2 Hydraulic conductivity

Hydraulic conductivity K) describes how easily water can be transportedutr a soil
material.K depends on the saturation rate, pore size and hewwdres are distributed in the
soil. The more saturated the soil is and the latigerpores are, and the larger #and the
easier it is for the water to flow. For examplecaarse sand material will have a higher
conductivity than a fine-grained clay material (@&@nd Rohde 1994). Also, a high confinement
pressure decreases the hydraulic conductivity, mgathat a higher depth will decreake
(Reddy et al. 2009).

2.3.3 Water holding capacity

The soils capacity to hold water depends on presessadsorption and surface tension. Soils
containing small, fine particles have stronger golson potential than larger particles since
small particles have a larger particle surface pdipn per volume soil. The water holding
capacity also depends on the tension that occuteeowater surface in the unsaturated zone.
Water in heterogeneous soils and coarse soil valeneasily be drained than in homogeneous
soils or soils with fine particles. The holding eajty is heavily dependent on what pressure
the soil is exposed to. At potentials with no poesgclose to zero), the soil is almost fully
saturated. The higher the pressure becomes; mde¥ wsadrained from the soil (Grip and
Rohde 1994).

Soils with a low hydraulic conductivity and a large&ter holding capacity have a long
residence time for the soil water. If this watercntaminated, the risk of contaminant
dispersion will be low but may lead to an accumatabf contaminant concentration in the
groundwater at that specific location (Kempengréh7.

2.4 TRANSPORT OF CONTAMINANTS IN SOILS

When a contaminant is dissolved and infiltrates gheundwater, it will be transported in
different ways. The velocity of this mass transptepends on two things: in what way it is
being transported in the water, and how easilysthzstrate is sorbed along the way (Berggren
Kleja et al. 2008).

2.4.1 Ways of transportation

The most dominant way of mass transfer isablyection:when the substance follows the
groundwater flow. Its pace depends on which rogedifferent water molecules take in the
pore system, which causes dispersion of the contaminant in the soiDiffusion is
transportation of substances caused by gradientissitoncentration rate. This way of
transporting is common in landfills, where contaamts in the waste diffuse into the leachate.
Next, the leachate finds its way out from the ldhddy infiltrating the bottom or the top
cover/cap of the landfill, again by diffusion. Assential factor for diffusion to occur is the
water content of the material. The lesser watdhéesystem, the lesser diffusion (Berggren
Kleja et al. 2008).



2.4.2 Retention processes

How much of the dissolved substances in the groateivihat are being taken up (adsorbed)
by microorganisms, roots or soil particles depemushe type of substance (heavy metals are
generally strongly sorbed for instance) concermirabf the substance, acidity and the redox
potential. Retention is an influential factor redjag how fast and far the transportation of a
contaminant will be able to spread (Berggren Kégjal. 2008).

2.4.3 Colloids and DOC

Colloids are microscopic particles suspended thmout the water with no, or very slow

sedimentation (Nationalencyklopedin n.d.c). Theiplas are often made of carbon or clay but
can also be formed by precipitation of metal hydfeg or oxides, which can happen in
landfills when reduced leachate reach oxygen riakewbodies (Berggren Kleja et al. 2008).
The contaminants bind to the colloid, which in tigtransported with the flowing water. That
means that the contaminant can travel very far fiterstarting point. Generally, contaminants
with a low solubility have a higher affinity to ldrwith colloids (Jonsson 2011). The dissolved
form of organic matter, DOC, have a high mobilitywater. DOC sorbs heavy metals strongly
and hence, it increases the mobility of heavy nsatathe groundwater (Berggren Kleja et al.
2008).

2.4.4 pH

The soil particles surface is slightly negativeyamged. During normal pH-values, it will sorb
metal cations. A smaller part of the soil partisleurface is positively charged and will bind to
anions (Elert et al. 2006). When the pH in the seitreases, the positively charged heavy
metals will bind to the soil particles less strgnddecause there will be more hydrogen ions
around to compete with the soil particle’s surfa@enerally, during low pH-values, anions
will have a stronger sorption to the soil particl&ése reverse relation applies for high pH-
values (Berggren Kleja et al. 2008).

2.4.5 Redox potential

During a redox reaction with two different substesicelectrons will be transferred between
the two. This will oxidize the electron giver anelduce the electron receiver. The redox
potential describes the balance between the origlizand reducing substances (Branzén et al.
2013).

2.4.6 kad-values

To identify the mobility of a substance, thevalues can be deriveds-kalues assumes a linear
relationship between the concentration of the sutast in the solid phase and the concentration
in the liquid phaseEquation 3. This value is therefore an indication of how mmuxf a
dissolved contaminant in the groundwater that indpadsorbed (Elert et al. 2006).

Concentration in solid phase (mg/kg TS)
kg = (2)

Concentration in liquid phase (mg/l)



2.5 LIFE CYCLE OF A LANDFILL

The microbial degradation of organic dense materiml a landfill undergoes four
decomposition phases. These stages have differardateristics in terms of emissions, redox
potentials, leachate and pBue to the landfill's heterogeneity, these phas#ksoccur at
different times and pace across the landfill.

2.5.1 Aerobic phase

Oxygen is present in the pores of the waste maierthe first degradation phase. Oxygen is
used as electron acceptors during the microbiginason and is consumed rapidly. Here, it is
primarily simple organic compounds that is beingyrdded. The respiration results in a
production of carbon dioxide (GPand heat. The aerobic phase lasts there is ne axygen
left, which normally takes a few days (Kempengréd 7). Due to the lack of oxygen, other
molecules must replace the electron acceptor ititlthe respiration, such as nitrate which
produces nitrogen gas f\(Naturvardsverket 2008).

2.5.2 Anaerobic acid phase

The activated anaerobic bacteria decompose conguiganic compounds in the waste into
organic acids, such as alcohols, carbon dioxidecartobxylic acids by hydrolysis. These acids
reduce the pH in the waste (Bozkurt, Moreno ancetiéeks 2000). As the waste become more
acid, the characteristics of the waste changessahaility of many metals increases, such as
zinc and iron. Consequently, the leachate fromlahefill will contain high levels of these
metals. The anaerobic acid phase lasts for appaigignten years (Naturvardsverket 2008).

2.5.3 Methanogenic phase

Anaerobic bacteria, suitable for the anoxic condsi (strictly anaerobic) produce methane by
degrading organic acids (Bozkurt, Moreno and Nee&mn2000). Due to the high microbial
activity, the pressure in the landfill is highemaththe atmospheric pressure. The reaction
increases the pH to reach about 8, which inhiloitsislity of metals, and therefore the leachate
of metals. It is expected to find a high level @fragen, iron and chlorides in the leachate
however, as well as lead. A summary of the properin a landfill undergoing the
methanogenic phase can be foundable 1(Naturvardsverket 2008). This phase lasts about
one hundred years and is therefore the phase tbst of the old landfills is currently in
(Bozkurt, Moreno and Neretnieks 2000).



Table I Summary of normally found levels of differentgraeters in methanogenic landfills
(Naturvardsverket 2008).

Parameter Unit Untreated leachate
pH 6.4-8.5
Phosporus mg/! 0.16-4

Total Nitrogen mg/! 30-900
Arsenic mg/! 0-0.011

Lead mg/l 0-0.015
Cadmium mg/! 0-0.0014
Chromium mg/! 0.0041-0.038
Mercury mg/! 0-0.0001
Zinc mg/l 0.016-0.34

2.5.4 Humic phase

When the methane production slows down, the ldnai$ reached its last phase, the humic
phase. Now, the only remaining organic material iefthe substrate is high molecular
compounds resistant to degradation (Naturvardsv@es). Due to the low microbial activity,
the gas pressure decreases, which allows oxygefiltaate the landfill again (Ostman 2008).
Redox conditions in the landfill will be determinbg the rate of oxygen infiltration and the
pH. There is therefore a risk for an increase ofairleachate during this phase. Research and
information of this phase is sparse however, sfagelandfills have reached the humic phase
yet (Bozkurt, Moreno and Neretnieks 2000).

2.6 SUSPECTED CONTAMINANTS
2.6.1 Aliphatic compounds

Aliphatics are organic compounds containing a cledihydrogen and carbon atoms, such as
hydrocarbons. The properties of aliphatic compouthejsend on the numbers of atoms the
chain includes and the number of bonds between atwh (Nationalencyklopedin n.d.a).
Natural gas or mineral oil, such as methane, ethpngpane and butane, are aliphatic
compounds with only one bond between its atomsafedk) (Stauffer, Dolan and Newman
2007). The compounds volatility depends on thetlemg its hydrocarbon chain. Aliphatics
with a short chain (not more than 12 carbon atoams)volatile and soluble in water and
therefore have a great potential for dispersionngéquently, these compounds risk to
contaminate, and travel far with, groundwater amtwsater. Compounds with longer chains
have a higher viscosity (thick liquid). Due to thisese compounds are not as volatile or soluble
and can therefore often be found close to the soafcpollution (SGF - Atgardsportalen
2018a).

2.6.2 Aromatic compounds and BTEX

Aromatic hydrocarbons are shaped in a stabilized structure. The most fundamental
structure is the benzene compound, with six cadymehhydrogen atoms (Stauffer, Dolan and
Newman 2007). Aromatic hydrocarbons can either baauyclic (MAH), which means the
compound consists of one ring only, or polycyckRAH), which is compounds with multiple
rings bonded together (Nationalencyklopedin n.dMH compounds can often be found in
aliphatic dense products, such as in solvents amedproducts and therefore have the same
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dispersion potential as aliphatic compounds. Ariceaire however significantly more toxic
than aliphatic hydrocarbons and have a strong (8GF - Atgardsportalen 2018e). BTEX
stands for the aromatic compounds’ benzene, toJuethglbenzene and xylenes. These are one
of the most extensively produced chemicals in tbddvand can be found in oil products such
as gasoline, diesel and heating oil. The BTEX camnps are more volatile and soluble in
water than longer aromatics and is therefore eassigersed, in soil, air as well as in waters
(SGF - Atgardsportalen 2018b).

2.6.3 PAHs

Polycyclic aromatic hydrocarbons (PAH) are compaumade of multiple benzene rings fused
together (Stauffer, Dolan and Newman 2007). PAH mounds are often toxic to living
organisms and are released during incomplete cambu$Nationalencyklopedin n.d.f). The
Swedish Environmental Protection Agency (EPA) héseed 16 PAH compounds that is
considered toxic to humans, with 13 of them deeca@derous (Naturvardsverket 2009a). The
aromatic hydrocarbons have been classified basdatiednmolecular weight where PAH-L,
PAH-M and PAH-H- represents a low, medium and hmgtiecular weight. PAH-Ls have a
high solubility and are therefore easily dispersleugh groundwater. In contrast, long
chained, PAH-H are less inclined disperse thantsihained and are the most cancerous PAHSs.
Degradation of long chained PAHs may cause an aserén the dispersion since the chains
breaks into smaller chains and become more mdBiii-Ls are volatile (Naturvardsverket
2009a). Until 1973, coal tar, which contains PAWas used as an asphalt binder in pavement
construction in Sweden. By the time it was banitdthd already been used on Swedish roads
for over 50 years and consequently, a lot of otdads still contain layers of the old asphalt
binder and thus also commonly found in landfillday (Jacobsson Granvik 2003).

2.6.4 Chlorinated Aliphatic Hydrocarbons

Chlorinated aliphatic hydrocarbons (CAHs) are hgdrbons with a varying number of
chlorine atoms attached to it. Because of its toximany of the CAHs have now been banned,
but due to prior usage and leakage of the persistments, they can still be found in the
environment. Chlorinated solvents are often retete as dense nonaqueous phase liquids
(DNAPLSs) since they have a higher density than watdso, due to their hydrophobic
properties, they often travel very fast and deep inee phase through the soil profile and
through the groundwater. Despite their low watdulsitity, even small concentrations of the
solvents can cause adverse health risks to liviggrosms. Many of the substances are volatile
(Atgardsportalen 2018c and Englév et al. 2007).

2.6.5 PCBs

PCBs, polychlorinated biphenyls, are persistent difiicult to degrade. Since PCBs are
nonflammable and have a low conductivity, they habeen extensively used
(Nationalencyklopedin n.d.e). PCBs bioaccumulaté¢him fatty tissues in living organisms,
especially in fish and then undergo biomagnificatio the food chain. They are therefore
especially toxic to species at the top of the fohdin and many PCB congeners have been
proven to be cancerous to humans. ConsequentlyseBe banned in 1978 since they are
one of the worst environmental toxins ever exigedturvardsverket 2019a). Since PCBs
readily bind to particles, their dispersion is niithrough dust and particle transport in
groundwater (SGF - Atgardsportalen 2018f). Seventhaf most commonly used PCB
congeners, are normally analyzed in a PCB-7 ingaitin(Naturvardsverket 2009a).



2.6.6 Chlorinated pesticides

Chlorinated pesticides are divided into fungicidégrbicides and insecticides and are
frequently used in agriculture and industries. Ehbave a great variety in chemistry and
toxicity, but what they have in common is theirgstence and potential to bioaccumulate in
the food chain (Shahpoury et al. 2013). Chlorinapedticides are very toxic to living
organisms and have shown to be cancerogenic tormi(646F - Atgardsportalen 2018d). One
of the most frequently found pesticides in the smwvnent is the now banned 2,6-
dichlorobenzamide (BAM). No pesticides occur ndtyriam the environment, which was the
general idea when the guideline values regarding@able concentration of pesticides in the
groundwater was developed. For a long time, theatien limit for a pesticide was at 0.1 pgl/l,
which is why the guideline value for drinking waieset at 0.1 pg/l for an individual pesticide
(Larsson et al. 2014).

2.6.7 Arsenic (As)

Arsenic is a heavy metal, often found in old pedés products and in vicinity to mines. High
doses of exposure of arsenic can be toxic to asimatl humans as it is cancerogenic. In
oxygen-rich soils with a pH below 8, arsenic isgly bound to the soil as the arsenic is
absorbed to Fe and Al oxides (Berggren Kleja, .€2@08).

2.6.8 Lead (Pb)

The heavy metal lead is toxic even at very low emti@tions and is bioaccumulating in living

organisms. Lead is often found in high doses ikdga from landfills with residues from glass
industries. Even at low pH, the cation (Pb2 +) kisttongly to both organic particles and Fe,
Al and Mn oxides. The transport through soil andewas therefore largely by DOC or by

colloids with iron oxides and humus substancestd@en Kleja et al. 2008)

2.6.9 Cadmium (Cd)

Cadmium is a heavy metal used in plastics, inlieetis and in fossil fuels and is toxic to
animals. In soils with high pH and in anaerobiciemments, cadmium is strongly bound to
the soil as it is forms complex with organic pdesc In reducing environments, sulfides are
readily precipitated. In contrast, in presencexgfgen along with a low pH, cadmium will be
easily soluble (Berggren Kleja et al. 2008).

2.6.10 Copper (Cu)

Copper is a metal commonly used in wood impregnatioines as well as in electronics. In
the soil, copper is strongly bounded to humic safists even at low pH levels. Consequently,
coppers main way of transportation through water swil is by humic particles. Copper also
binds to Fe, Al and Mn oxides but not as stroni laimds to humic substances (Berggren Kleja
et al. 2008).

2.6.11 Chromium (Cr)

Chromium is found in wood impregnation, mining veaahd is a common additive in steel. It
is an essential nutrient but cancerogenic in higbed. In soils with low pH values and in
anaerobic conditions, chromium is strongly bounarganic material as chromium (Ill) but



becomes easily mobile in the more toxic form chr@m@hromium VI) in dry soils and at
higher pH levels (Naturvardsverket 2009a and Bangdfleja, et al. 2008).

2.6.12 Mercury (Hg)

Mercury has been used in a wide range of applieatisuch as chlor-alkali processes, batteries,
electrical components, lamps and thermometers #sagwemissions from gold mining and
combustion of fossil fuels. The heavy metal bioaealates in the food chain and is highly
toxic to living organisms by permanently damaging tentral nervous system and the kidneys
(Berggren Kleja, et al. 2008). Since 2009, theafsaercury has been banned in Sweden, but
it is still frequently found in the environment. kMery forms stable complexes with humic
substances and accumulates in the soil surface. |aye humic particles are then easily
transported with precipitation and soil water tgaadnt watercourses. Unlike other heavy
metals, mercury is soluble in water, which increagemobility (Nationalencyklopedin n.d.d).

2.6.13 Zinc (Zn)

The biggest source of zinc emissions originates ftar tires, wood impregnation and leachate
from galvanized metal products. Zinc is an esskatibstance for plants and animals and is
not particularly toxic to mammals, but freshwatergamisms are sensitive to high
concentrations of zinc. The solubility of zinc tsosigly dependent to the pH level in the soil:
the lower the pH, the higher solubility (Berggrelej&, et al. 2008).
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3 BACKGROUND

3.1 GENERAL INFORMATION OF ROSABERG INERTA MASSOR

Rosaberg inerta massas located northeast of Vetlanda city and its easiéng is situated
about 10 m from the protected river Emé&ig(re 1) It is unknown when the landfill was
established and closed, but historical aerial pgstishow that there was no activity on the land
1959 and that the landfill was active in 1973 aid lgrown in size by 1977. It was long
believed that the landfill contained non-hazardauesrt, waste only, hence the name. Later, it
was discovered that the landfill in fact contaimetked household waste as well. When the
landfill closed, it was covered with filling matals and consequently, the structure was evened
out and the underlying masses compacted. Sincecldsng, unauthorized deposition of
household waste has occurred. This littering wesmdy removed by a project initiated by the
municipality. Due to the probable large contert@aiisehold waste, the suspected contaminants
in the landfill was heavy metals (lead, cadmiunpp®r, chromium, mercury, nickel and zinc),
organic hydrocarbons (organic carbon compoundsyatrients (ammonium nitrogen) in the
soil and groundwater, as well as dioxins, furard BAHs (AF 2017).
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Figure 1: ROsaberg inerta massor (marked area) is locateatheast of Vetlanda city and 10
m from river Eman. Map from GSD-Terrangkartan, easd Lantmateriet (2016).
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3.1.1 Previous assessments

The first step of MIFO, Method of Surveying Contaated Sites, was completed by Anna K
Eriksson at AF 2017 (AF 2017). It is an orientati&tndy of the contaminated site with an
overall assessment of its risk. Different risk paeters were considered in an overall risk
assessment, such as hazardousness of contamuow@rttaninant level, as well as the risk the
site poses on environmental receptors and humadres.oVerall risk resulted in the highest
classification, risk 1, which implies that the steuld be considered a very high risk to humans
and the environment (see summarized evaluatiorrahadrigure 2) R6saberg inerta massor
have therefore been listed in the county admirtisgdoards' national database EBH, where
all identified contaminated sites are documentéih§istyrelsen i Jonkdpings lan n.d.).
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Figure 2: Risk assessment diagram from the orientationalystd the site (AF 2017). The risk
parameters considered in the evaluated risk assassmwas: hazardousness of contaminant
(F), contaminant level (N) as well as the risk ¢ite poses on environmental receptors (S) and
humans (K) Since all risk parameters was evalu@bedery high, the overall assessment of
the site reached a risk 1.

No samples ofRROsaberg inerta massevere conducted in the MIFO 1-assessment, but other
landfills of proximity and with properties assunmede alikeRdsaberg inerta massbad been
sampled before and showed very high levels of ldazar contaminants (AF 2017).

3.1.2 Construction of the landfill

According to the MIFO 1 assessment, the landfikeparated into two different parts: The
eastern and the western part, where the easteris piae oldest. Aerial photographs from 1959
and 1973 show that the establishment of the easewfill must have happened in this
timeframe, with one part deposited around 200he masses from the western part of the
landfill is believed to have been deposited durd®y3 to 1977. By investigating LIDAR-
pictures, the MIFO 1 assessment had recognizedthieaeastern landfill was divided into

! Thomas Svensson (Vetlanda Municipality, e-mail 2020-04-15)
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different stages dependent on the date of the vilisp@sal. The bottom, and the oldest stage
(5 m deep), was believed to contain both houselakte and inert waste. It is this stage that
was visible in the aerial photograph from 1973. $heond stage (6 m deep) was believed to
only contain inert waste (AF 2017). The third agst§2 m deep) was believed to have been
deposited 2002nd contain disposed, excavated soil material.€Stagas presumed to contain
surplus masses (AF 2017). The different stagesiavalized in a conceptual model over the
contaminant situation iRigure 3’

3.1.3 Hydrogeologic description of the area

The landfill lays on top of a sandy till soil (AP27). Sandy till has a hydraulic conductivity
of 10%-10% m/s which implies a large permeability, and théeraf dispersion to the
groundwater and soil is then approximately 0.01/fe@r (Naturvardsverket 1999). With the
proximity to river Eman of 10 m, the risk is largeat the water has been contaminated by
leachate from the landfill. The runoff water frohettop surface of the landfill is estimated to
flow from the southwest to northeast, where thelfilrmeets the river. The landfill is located
on top of a groundwater aquifer (AF 2017). On tloetmwvest side of the landfill, a larger
asphalted road is located. This could have thegtigs to act like a groundwater barrier to the
region, restricting ground- and runoff water frohe tother side of the road to recharge the
groundwater aquifer under the landfill. This, hoeeus not confirmed.

The river Eman was measured at a discharge meah. fr#/s in the SMHI station 2406 bit
downstream oR6saberg inerta massorhe mean high discharge was measured to MHQ: 30.8
m3/s and mean low discharge MLQ: 2.8/s1 The values are a calculated from the daily
discharge between 1981-2018 (SMHI 2020a).

3.1.4 Future land use and overall remedial goals

The remedial goal foROsaberg inerta massas to prevent any harm that the landfill may
cause humans and the nearby environment. Due tbigierisk classification that was set
during MIFO 1, it is necessary for further, moredgpth investigations to be conducted and a
MIFO 2 was therefore advocated. The area is cuyremiy visited by occasional by-passers
entering the area as well as unauthorized spatitstass, such as motocross that occurs in the
nearby forest with trails that leads to, and on agpthe landfill. There are no plans for the
future land use in the region that will change hionenan activity on the site. A road barrier is
blocking the access to the landfill from the maiad to avoid unwarranted vehicles to enter.
Consequently, it is assumed that the human expeasureesidence time of the site will proceed
to be relatively low.

3.2 PROTECTION
The receptors that would be accounted for in aasdessment of the site are the following:

Protection of humans

Protection of the soil environment
Protection of groundwater

Protection of surface water and sediment

2 Thomas Svensson (Vetlanda Municipality, meeting 2020-02-25)

13



A conceptual model was created to visualize an alvgicture of the receptors and the
exposure pathways in the area (Bagure 3).
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Figure 3: Overview of the receptors and exposure pathwayisecérea.

The general aim is to avoid any negative effdtés & contaminant may cause humans, soil
environment and the surface-and groundwater. lotigeahowever, it is not always realistic to
have a zero risk aim and therefore, guidelines batwevel of risk that is acceptable for
different receptors have been established (Natdsv&rket 2009b).

3.2.1 Protection of humans

Protection of human health covers all types of sxpe that may occur of the contaminated
site, which includes both direct and indirect cohtaDirect exposure happens at the
contaminated site, indirect contact can happen tefnom the site, when the contaminant has
spread via water or air. The effect that a contaminrmay have on human health varies
depending on the substance, which dose it is andrégularly the individual is exposed to the

contaminant. While determining the risk that a eomnhated site has on human health, the
expected exposure pathways as well as exposuraieiney is therefore of essence

(Naturvardsverket 2009b).

The main human exposure pathways of hazardousroordats in the area &dsaberg inerta
massorwas assessed in this study to be mainly by decaratact as well as intake of soll,
plants and water (runoff water, groundwater andrri'man). Inhalation of dust and gases are
also normally a prominent exposure pathway but rave considered a large concern in
RoOsaberg inerta massaince the area is well vegetated.
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3.2.2 Protection of the soil environment

The objective to protect the soil environment isctinserve the natural functions of its
ecosystem, such as degradation of organic materaduction of oxygen, as well as circulation
of nitrogen and phosphorus. In addition, the lesetoxins in the area should not pose an
unproportionable risk to the endangered or protecspecies living in the area
(Naturvardsverket 2009b). Standard protection dinds express which threshold values that
are allowed for different contaminants accordinghtow large a proportion of terrestrial
species, mammals and birds in the ecosystem tlmaticstbe protected (Naturvardsverket
2009a). This means that some negative impactseoadbsystem are tolerated, due to making
the goals more achievable. In places where thessttef protection is greater than the standard,
site-specific guidelines can be beneficial to ddeen, new guidelines are developed with the
site’s specific properties in mind. That includesas with a high biodiversity or that are
regarded to be of national interests in terms tingaconservation (Naturvardsverket 2009b).

There are plenty of receptors in the area aroundrEmhich needs special consideration
(Naturvardsverket n.d.):

e Natura 2000, conservation of natural habitats dnidild fauna and flora
e National interest — Natural value
e Key biotope

3.2.2.1 Natura 2000, conservation of natural habitats dnld fauna and flora

The river Eman is protected under Natura 2000, ewasion of natural habitats and of wild
fauna and flora directive provided by the Européhmon (La&nsstyrelsen | Jonkdpings lan
2016). This directive (directive 92/43/EEG) aimptotect water courses as well as endangered
species and habitats in the European Union (Europemmission 2019c).

The protected species in Eman are invertebratebvirater pearl mussels and unio crassus as
well as otters (Lansstyrelsen | Jonképings lan 2016

3.2.2.2 National interest — Natural value

Areas of national interest in terms of nature coraénal purposes are selected by the
Swedish EPA along with the county administrativads and municipalities. The areas are
chosen according to how well they represent thed&henature, diversity and landscape
(Naturvardsverket 2018a).

For the Eman area, fauna is of national interetiténwatercourse, while flora is of interest by
the beach side and the adjacent land area (Natlswenket 2000).

3.2.2.3 Key Biotope

The inventory of key biotopes in Sweden startethisitive of the Swedish forest Agency in
the early 1990s (Gustafsson and Hannerz 2018). yAbkatope is a forest that, due to its
properties, such as species diversity or strucplags an important role to the flora and fauna
(Skogsstyrelsen 2019).

The key biotope identified in the river Eman wasguinted because it includes a beach forest
and a carr. The area is located on a river delfahas a bouquet-shaped structure and with its
dry-stone walls gives the area a cultural-histénedue (Skogsstyrelsen 1994).
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3.2.3 Protection of groundwater

3.2.3.1 Swedish goals

The Swedish government has formulated 16 envirotahgoality objectives which highlights
current environmental issues in Sweden. One of tlemtsGood-quality Groundwateand is
described from the Swedish parliament as follows:

“Groundwater must provide a safe and sustainabpplguof drinking water and
contribute to viable habitats for flora and fauma lakes and watercourses”
(Naturvardsverket 2018b, p.17).

To reach this goal, specific demands on the cotsngmpundwater quality and quantity as well
as water level and chemistry have been determibédg(et al. 2019). It is primarily the
responsibility of the operator or landowner to pobthe groundwater of the area, in accordance
with Chapter 2, Section 3 of the Environmental C@d#j0- och energidepartementet 1998).

3.2.3.2 EU directives

Water Framework Directive (WFD) was created with firundation that groundwater does not
only have a value in terms of a drinking water tgse but also has an environmental value in
itself. The directive aims to achieve good ecolaband chemical status for all waters in the
EU (European commission 2019b). In 2006, WFD fornaedther directive, calledhe
Groundwater Directivewith the purpose to clarify what good chemicaltigameans in
practice, and a range of technical specificatiorsewestablished. One of the key goals is to
protect all groundwater from hazardous contaminantsder to protect the environment and
human health (European Commission 2006).

Regarding the area around Eman, a groundwatereagsiflocated below and east of the
landfill. Consequently, there is a large risk ofogmdwater contamination. Also, the
groundwater is believed to reach Eman.

3.2.4 Protection of surface water and sediment

As one of the largest watercourses in southern 8wadd with a substantial cultural heritage
and a profound wildlife, the interest to protectdtmis big. The catchment area includes over
900 lakes and covers 4 470 square kilometers it enginicipalities before it eventually ends
up in the Baltic Sea. The river is used to extdsictking water, fishing, irrigation and recreation
along its course. It is also a recipient of runaftiter, wastewater and process water from
industries from its catchment area, emissions wimietitably will cause a liability on Eman’s
water quality. The Emaforbundet initiativevas therefore developed with the objective to
control the quality of the stream (Emaférbundet&®01

3.2.4.1 Swedish goals

Just like groundwater, the protection of surfacéews described by the Swedish government
in the 16 environmental quality objectivédourishing lakes and streantescribe the overall
goal which is to protect the diversity of the ecisyns in all watercourses as well as the cultural
values. The goal continues in several detailed sgtlaht describe minimum criteria of
ecological and chemical status for lakes and wateses, its water quality and quantity and
the conservation of its ecosystem services (Haslsvattenmyndigheten 2019).
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3.2.4.2 EU directives

River Eman, as well as all water bodies in the E@dJso covered by the WFD. The protection
of surface water is described in the Water Framkvdirective. The aim is to, among other

things, prevent deterioration in the status ofsalface water bodies and to reduce pollution
and emissions of hazardous substances (EuropeamiSsion 2000).

It is therefore of both national and internatioriaterest to protect river Eman from
contaminants. The receptors are summarizédgare 4.

x
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Protected objects around Rdsaberg inerta massor

Key bictop

Nationa interest, natural value
| Natura 2000 - Conservation of natural habitats and of wild fauna and flora
[ ] Lanaril Resaberg inerta massor
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Figure 4: Identified receptors adjacent to Résaberg inertssor. Background map: Ortofoto
©Sveriges Geologiska Undersdkning (2019). Soil tager showing landfill size and river
Eman: Jordarter 1:25 000-1:100 0000. ©Sveriges ®giska Undersokning (2014).
Groundwater aquifer: Grundvattenmagasin ©Sverigesldgiska Undersokning (2015). Key
biotope and Natural interest locations are manualipapped out according to
Naturvardsverket (n.d.).
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3.3 GUIDELINE VALUES

In order to protect human health, soil environmentvell as water bodies, guideline values
have been created to classify the effects of coimi@m levels, hazardous masses and the risk
that different doses may pose.

3.3.1 National guidelines

The Swedish EPA has developed national guideliheegaestablishing acceptable contaminant
concentrations on different types of land usaggarnding human activity, the soil environment
and waters. These guidelines can be found in tred® EPA report 5976. The guidelines are
based on general conditions in Swedish soils aloweyroundwater and is adapted to what
type of plans that is set for the contaminated toethe future. The Swedish national guideline
values have therefore been divided into two difietgpes of land use, where the guideline
values designated gensitive land usé&KM, from Swedishkanslig markanvandnir)gare set
higher thanless sensitive land ugtKM, from Swedishmindre kanslig markanvandnihg
Depending on how the soil is classified, the guel are set differently (Naturvardsverket
2009a).

For KM, all types of activities should be possitbepursue. That means that children, adults
and elderly should be able to live and be activéhanarea for an unlimited period of time
without getting affected by the contaminants. Toieshould be clean enough for edible crops
to be cultivated and the groundwater should bekdbie. In addition, most land ecosystems,
surface water and their organisms are protecteaniticomes to wildlife, 75% of the species
is aimed to be protected in the area (Naturvardst&x009a).

For MKM, the use is limited to offices, industri@s roads. The exposure time of the

contaminant is therefore constrained to only wagkimours as well as for children and the

elderly to only temporarily visit the area. The asesurface water with its organisms and

groundwater at 200 meters downstream are stilleptet, but extraction of groundwater as

drinking water is not expected. Soil environmenhdg as protected, and it is assumed that
vegetation in the area can be consumed. When iesoonwildlife, 50% of the species is aimed

to be protected in the area. (Naturvardsverke9ano

3.3.2 Site-specific guidelines

Site-specific guideline values can be generatethaise areas whose characteristics are not
applicable to the national guideline values. A modeere these site-specific guidelines can
be calculated have been developed by the Swedish(E&urvardsverket 2019b), where the
properties of the specific site is consideredhis tvay, the exposure paths and receptors can
be modified to mirror the true characteristicshd# site and its future land use. For instance, in
areas that are heavily polluted, the requirementhe soil environment can be lowered or
completely removed if necessary (Naturvardsverkéa).

3.3.3 Classification of masses

The masses of a landfill are divided into eithemtamming non-hazardous waste (IFA, from
Swedishicke farligt avfal) or hazardous waste (FA, from SwediaHigt avfall). How this is
assessed is described in the EU Directive 20080Q@8Htiropean Commission 2008) and in the
waste ordinance (SFS 2011:927) found in the Swedghklation. The assessment is based on
the questions: 1. What type of contaminants, and/hat concentration, are found in the
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masses? 2. Does the contaminants have any hazapdopesrties such as explosiveness,
cancerous or ecotoxic? In many scenarios, the oongnt does not obtain its hazardous
properties until it has reached a certain concaatraor if it is mixed with other contaminants
in the waste. Therefore, the Swedish Waste ManagenAssociation has produced
recommended guideline values for what concentrationthe waste that are considered
hazardous (Avfall Sverige 2019).

The Swedish EPA has described scenarios for whemigk derived from a contaminant is
considered so small that there is no obligatiorefmort the contaminant to authorities in the
municipality. This scenario is called MRR (lessrtlhidtle risk, from Swedisimindre &n ringa
risk). These values have been calculated basedaodasdized properties of contaminated
areas and assumes that no other substantial corstatsialter its risk are present nor that the
site has any special receptors to take into coregide, such as water protection areas, flood
risk areas and Natura 2000 sites. The guidelingegafor MRR can be found in Swedish EPA
handbook 2010:1 (Naturvardsverket 2010).

Non-hazardous masses are classified as inert ifndmses can be stored without physically,
chemically or biologically changing (Viavest n.dRegulations regarding whether the masses
are in fact inert or not depends on rate of leachaliowed leachate rates can be found in the
Swedish EPA’s constitutional collection NFS 2004r&@arding landfills (Naturvardsverket
2004).

3.3.4 Quality classification of groundwater

In order to control the groundwater in line with Bhater Framework Directive (2000/60/EG)
and the Groundwater Directive (2006/118/EG), aitpualassification system was developed
1999 by the Swedish EPA and updated 2013 by thdoGieal Survey of Sweden (SGU,
Sveriges Geologiska Undersotkning). The objective ctdssifying the quality of the
groundwaters is to enable authorities to locallseas their groundwater resources as well as
easily pinpoint areas where remediation is prieii. In 1999, the Swedish EPA developed
classifications regards the groundwater qualityrms of its health standard as drinking water.
Here, the guideline values for the drinking qualdyranked from less severe, moderately
severe, severe, and very severe. The classifichdiothe SGU system is based on reference
data obtained across Sweden and includes all tgpesibstances that may occur in the
groundwater, both natural and anthropogenic subsgarirhe classification rate is based on
standardized background levels (for naturally ogogr substances only) as well as its
environmental and health effects and impacts dubesubstance. The limit for when water
no longer is suitable for drinking is at the cléisation 5 (Sveriges Geologiska Undersdkning
2013).

3.3.5 Classification of groundwater depending on usage

The Swedish Petroleum Institute (SPI) have cregtedelines regarding the various usage of
groundwater. The guidelines are set for concewnimatat the source of pollution and relate to
different exposure paths of groundwater, such gswvpenetration into buildings, irrigation,
drinking water, surface water and wetlands (SveRskeoleum Institutet 2010). The guidelines
are set especially for sites with petrol and dietations, but since many landfills contain waste
from vehicles, it may be motivated to look at thgaa&lelines.
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4 METHOD

4.1 SITE INVESTIGATION

The selected sampling strategy implemented fositleenvestigation was an assessment-based
approach, which includes theargeted sampling methodlhis means that samples are
strategically placed throughout the site with thgeotive to confirm or delimit suspected
contaminated areas within the site. They can adspléiced on locations where the properties
are of interest to identify, for example where lete is believed to be large. The decision of
where the test points should be placed is therefalbgective and should be based on previous
studies and knowledge of the site (Norrman etGDO2.

4.1.1 Sampling #1

On the 2020-03-25, sampling of the landfill was dwacted in collaboration with Njudung
Energi and Vetlanda municipality. A field protoat#scribing the visual assessment can be
found iINAPPENDIX F The purpose of the first site investigation waes following:

e Visual assessment of material, topography, soé tagers, detect visual hotspots in the
area as well as excavate trial pits on locatiomsiciered interesting

Execute PID-analysis on soil from every trial piidentify volatile substances

Collect soil and water samples from trial pits weh#rwas considered relevant

Install three groundwater monitoring wells

Measure the groundwater table in the monitoringswel

Obtain coordinates for each trial pit

4.1.1.1 Material and instruments used

e GPS, version Topcon GRS-1 (Topcon Totalcare 2020).

e PID (AE MIniRAE Lite Portable Handheld VOC MonitaiPGM-7350 Series),
calibrated with Isobutylen (C4H8)100 PPM, oxygend2%, Nitrogen 79.09 %.)

e \Water level tape measurer

e Groundwater monitoring wells: PEH screenirfg 63/50 mm, length: 1 m, slot: 0.3
mm), PEH casinggy 63/50 mm), caps and pointed end caps

e Sampling vessels obtained from Eurofins AB

In order to prevent injuries and accidents relatedoing down in an excavated trial pit, soil

samples were taken from the mound of soil that dag up by the excavator (Svenska
Geotekniska Foreningen 2013). From each trialgaiteral sub-samples were collected from
the mound of excavated soil and mixed into a cont@a@ample representing the individual

trial pit. In this way, soil from different levetsf the pit could be included. Advantages of this
methodology is that estimations of the propertiethe soil profile can be obtained when it is
not financially possible or reasonable to analyzrgindividual soil level of 0.5 m separately

(United States Environmental Protection Agency 19@&urvardsverket 1994).

For each pit, soil was collected into a plastic lragrder to examine its concentration of
volatile organic compounds using a photoionizatigtector (PID). PID sends out a ray of
ultraviolet light with the purpose to ionize theechicals in the gas emitted from the sample.
The number of charged ions in the gas can thendasuaned by the PID (Laird and Verhappen
2010) (sedable 2for the result).
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The trial pits (PG1GW, PG2GW, PG3GW) were dug angastern side of the landfill. Before
closing the pits, PEH-plastic groundwater monitgrinvells were installed. Installing
groundwater wells in trial pits are normally nateenmended since the stirring might influence
the results. However, it can be done if itis ilsthcorrectly (Svenska Geotekniska Foreningen
2013). The monitoring well contained one screempag with a filter material with 0.3 mm
slots suitable for groundwater to infiltrate. Ore thottom of the well, a pointed end cap was
attached. The screening part of a monitoring wedldd be placed by the groundwater level in
order to let the groundwater flow into the welln& the groundwater level may fluctuate
throughout the seasons, the screening part neets¢o a larger length of the profile than just
the current level of the groundwater (Naturvardeeed 999). The screening part should not
cover the whole profile however, which would all@weil water to infiltrate the well too.
Therefore, the upper (casing) part of the well doashave any slots. The dimensions of the
wells varied between 4-5 ridble 3).

The groundwater monitoring wells were inserted Agdand stuck down at the bottom of the
pit which had about 30 cm infiltrated groundwatis.stabilize the well tubes, a filter material
was taken from an adjacent gravel pile and fillemliad the screening part in order to avoid
large blocks and stones that may damage the welffect the groundwater flow. The rest of
the pit was filled with the original, excavatedls@ine groundwater table was measured with
a water level measuring tape a few hours laterrderoto get a rough estimation if the
installation had been successful. The measuringcealetected wateiTable 3 and did not
show any signs to be crooked or damaged by ang larcks.

In two pits, PG5 and PG8, accumulated water froebtittom of the pit was collected in plastic
vessels. The water, which has the possibility ta b@xture of both groundwater and leachate,
was taken up by the mechanical diggers shovel antdfgr analysis.

Table 2: Summary of each sample point from the site inyatstn 2020-03-25.

PG1GW | PG2GW | PG3GW [ PG4 PG5 PG6 PG7 PG8
Approx. 45m 3.8 m 3.9m 3.2m 25m 25m 3.5m 45m
Pit depth
PID (ppm) | 7.6 0 0 0 0 0 0 0
GW-well Yes Yes Yes No No No No No
Soil sample| Yes No No Yes Yes Yes Yes Yes
Water No No No No Yes No No Yes
sample

The coordinates of the trial pit locations were swgad with GPS and imported into ArcMap
10.7 Figure 5. When GPS-points were studied in ArcMap with treckground layers
showing the size of the landfill accordingRaure 4 it was noticed that the true size of the
landfill is in fact larger. To fit the GPS-pointshere they were located according to visual
inspection during the site investigation, a langelygon representing the landfill was made in
ArcMap. This is also visualized frigure 5.
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GPS points and new size
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Figure 5: Locations of sample points measured with GPS.nidye visualizes the new size of
the landfill as well as its old estimated size.| 8gie layer showing original landfill size and

river Eman: Jordarter 1:25 000-1:100 0000. ©Svesgéeologiska Undersckning (2014).
Background map: Ortofoto ©Sveriges Geologiska Usdening (2019). Arrows show

presumed groundwater and runoff flow path.

4.1.2 Sampling #2

The following week, 2020-03-31, water samples waken from the groundwater monitoring
wells. The purpose of this sampling was as follows:

e Collect groundwater samples from each groundwateritoring well
e Measure the groundwater table

4.1.2.1 Materials and instruments used:

Peristaltic pump model Watson Marlow (313B2 BAREAFH P/HEAD)

Pump hose - Watson Marlow Marprene, inner diam&tenm

Suction pipe- LLDPE, outer diameter: 8 mm

Vessels (1000 ml glass bottle, 100 ml brown glagddy 50 ml plastic tube, HG bottle,
250 ml special plastic bottle with preservative)

e \Water table tape measurer

Water samples were not taken in conjunction tartballation of the wells the previous week.
The reason for that was to give the groundwatee hiave to restabilize. Digging of trial pits
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results in a stirring and agitation of the soil mdundwater and can lead to misleading values
if the groundwater is sampled too quickly. Robeds& (Njudung Energi) and Thomas
Svensson (Vetlanda municipality) offered to perfah@ sampling as well as recirculating the
wells by prepumping water from the wells. Prepurgpaf wells is an essential procedure
before collecting groundwater samples. Otherwitsgreated water may be collected which
can influence the results. On 2020-03-30, the wedlse prepumped with a peristaltic pump.
During this day, the groundwater table was invedéd with a tape measurer and gave results
according toTable 3. The water samples were taken 2020-03-31. Theied (GP1GW)
contained enough water to take all samples in @andlge other two wells however, the refill
of groundwater in the wells took a bit longer. Téfere, the sampling happened in two
attempts.

Table 3: Length of monitoring well and measured parametefsgroundwater tables.
Groundwater table was measured in m over the sarfac

PG1GW PG2GW PG3GW
GW-well 3m scr_eening 2m screening 2m scre_:ening
2 mcasin( 2 m casin 2 m casin
Well height over surface | 0.45 mr 04m 012
GW table 2020-03-25 3.79m 2.79m 2.17m
GW table 2020-03-30 381m 278 r 218

4.2 ANALYSIS OF SAMPLES

A screening assessment of the metal content afdlected soil samples was performed 2020-
03-26 using an X-ray fluorescence spectrometer (XRi#Aps X-20(ortable XRF). The
investigation gives an indication of the metal camtcation of a soil sample but since it only
analyses a small portion of the sample, the uniogytaan be worth noticing (Svenska
Geotekniska Foreningen 2013). An XRF emits an Xplagton beam towards the segment of
the soil sample which becomes ionized. The instninsan then detect the specific energy
released from the material’s different atoms (Bri@20). The plastic bags containing the soll
samples were shaken and then flattened on the Hflefmre pointing the XRF at it and the
results are presented IARPENDIX B.2)

The soil, water and groundwater samples collecteohd the site investigations were sent for
lab analysis at EurofinAPPENDIX G)
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4.3 HANDLING OF DATA
4.3.1 National guidelines

To assess the contamination level and risk of itee the results from the analyzed soil and
groundwater samples was compared to the nationdelgue values described in previous
section.

4.3.2 Site-specific guidelines

To obtain adapted guidelines to the current prigeedf the site and its receptors, site-specific
guidelines was derived for a selection of contaminiaThe selection was done by choosing
the top 25 contaminants with highest concentrattative to the national guidelines. The new
guidelines were calculated in the Swedish EPA m(daturvardsverket 2019b). The scenario
was limited to the eastern part of the landfillygrdince this part was evaluated to have more
similar properties as well as that more data afwamation was obtained from this area. The
standard parameters in the model were used for asgdnario, which is the most sensitive
scenario. It was chosen due to the risk of groumem@ispersion to the adjacent receptors.
Some deviations were done to the default KM pararsethe depth to contaminant was
changed from the standard 0.35 m to 0.1 m sincedhtaminant was assumed to be constant
throughout the whole soil profile, hence, everhim tipper part of the profile. Second, because
of the sloping structure of the landfill towarde thiver Eman, the whole soil profile will be
exposed to the river when the water table is flaihg in time and thus the depth of
contaminant will be shallow. The size of the si@svehanged to 126.25 m x126.25 m, since
the area of the eastern part is approximately Mbré3according to the GIS measuring tool
(see map irFigure 6 over how the eastern part was limited). The moe®lited in new, site
specific guidelines for soil, sékable 6.These were used while comparing the sampled soil
concentrations in the result sectibable 7 - 8andAPPENDIX B.2 -B.4.

4.3.3 Description of GMS

GMS (Groundwater Modeling System) is a computalicodtware that is used to simulate
subsurface water, such as groundwater flow, caleulater supply in aquifers and track
contaminant transport. The software was develogeatid Environmental Modeling Research
Laboratory (EMRL) in the late 1980s, which then gest into the new brand Aquaveo
(Aquaveo 2019a). GMS supports a variety of modeis different applications and functions.
In this study, GMS 10.3.2 was used along with it©MLOW 2000, MODPATH and
MT3DMS.

4.3.4 Description of MODFLOW

The key model of GMS is MODFLOW. MODFLOW is a freaqily used program to visualize
and simulate hydrologic environments in three disi@ms. The model mirrors the groundwater
transport and the flows in the saturated zone thighobjective to resemble the true properties
of the hydrogeology of an area (Ekman 2004). Thdrdnylic head are either modeled as
stationary (steady state) or transient. Steady staplies that the hydraulic conditions stay
constant and that the system is balanced througheusimulation, while a transient model
allow fluxuations in the hydraulic heads and flaw.reality however, almost all hydraulic
systems are transient but for the simplicity of $tudy, the model was set for steady state. The
advantages of steady state simulations are thatiéed less data and can be relatively a good
representation of a system over a longfer timeople(Karlsson 2008). MODFLOW divides
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the region of interest into rows, columns and layafrcells, where each cell can be assigned
appropriate attributes that mirrors the region.islttherefore essential to have enough
information of the hydraulic and geological propstof the region, such as boundary
conditions and recharge stresses. A large propoaidghe modelling is therefore to calibrate
the model until its properties mirror the real pedpes of the region, and the model is thereby
validated.

For the purpose of this project, GMS was used Yestigate the flow patterns of the eastern
part of the landfill as well as the dispersion aodcentration of a few selected contaminants
50 years from now. The investigation was limitedhe eastern part of the landfill due to lack
of groundwater data in the remaining part. Theciigle of contaminants that was based on the
substances rate of exceedance of guidelines asawdlieir k-values. Seé&igure 6to see a
map of the selected part of the landfill.

A
Eastern part of Résaberg inerta massor 4}.)'

@ sample locations

W Emén

Rosaberg inerta massor 0 0,035 0,07 0,14 Kilomelers
! L L 1 ! L L ]

[ Eastem part ofthe ske Area of eastern part:15 939 m"2

Figure 6: Map over the eastern part of the landfill. Its aneas measured to be 15938 ifhe
sample points used in GMS and site-specific gudsliare visual in the map. Arrows show
presumed groundwater and runoff flow path. Backgtbumap: Ortofoto ©Sveriges
Geologiska Undersokning (2019), River Eman: Joreiadt:25 000 - 1:100 0000 ©Sveriges
Geologiska Undersokning (2014).

4.3.5 MODFLOW model

In MODFLOW, a coverage with the shape of the ldhefas created. A 3D-grid was then
fitted in the coverage with the dimensions of thedfill. Since the eastern landfill area was
estimated to 15 939 dm(according to GIS-measuring tool), the grid diniens were set
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accordingly APPENDIX D.2) The depth of the model was set to 8 m and waslelivinto
two layers. The MODFLOW simulation was created wigsion 2000, with a forward run and
a steady state model type. The bottom rows of titewgere assigned to represent the river
Eman. To simplify the problem, it was assumed thatwater surface of Eman is constant in
time (151 m with RH 2000 from Lantmateriet (201@dnsequently, this was set as a reference
while inserting the top elevation for layer oneil(soirface). Top elevation for layer 2 was 0
according to the profile sketch iRigure 7. Top elevations were derived from GPS-
measurements and was set for all known cells (With height of the water surface as a
reference) and an approximate estimation of elematias done to the remaining cells where
elevation was unknown. For hydraulic head, thesagpresenting the riverbed to Eman was
set to constant 1 m, since a hydraulic head of @inich would have been easier represented,
was denied in the program. Due to this, the hydrddads for the groundwater was adapted,
and 1 m was added to each starting hé&PENDIX D.1).

Profile sketch

Soil surface (Top elevation)

Eman

4m - ~vY @0 v
Layer 1 e Hydraulic head: 1m
Oom | ‘j \/W}\/K,/\/}_ 151m
\
am Layer 2 \
!

| J

Figure 7: Profile sketch over the groundwater layers impated in MODFLOW.

The boundary conditions for the sides of the ldhdfas assigned to have no flow (and was
inactivated in the model) while the upper rows wakactive. Sed-igure 8for model set up.

4.3.5.1 Soil characteristic parameters

For hydraulic conductivityK), different parameters were used for the differegéls. In a
laboratory study conducted by Reddy et al. (2008)trroperties of a landfill of fresh municipal
solid waste was analyzed. Here it was noted Khaaried between 18- 10* m/s. This was
also confirmed by Staub et al. (2009) and wasia With theK that sandy till soil have, which
was stated in the hydrogeological description @f site. According to Reddy et al. (2009)
study, the hydraulic conductivity showed to be>1@* m/s of fresh MSW with a 0 kPa
confining pressure and depth of 0 m. Furthermdre hydraulic conductivity was 16 10°
m/s at a depth of 8 m in a 67 kPa confining pressDue to this, a mean value of the two
intervals were used to describe the horizontal dmyiitr conductivity for the upper and lower
layer respectively. The vertical hydraulic conduityi was estimated to be lower than the
horizontal, since the water transportation diractia saturated soils are predominantly
horizontal, as described in the theory sectiontivarhydraulic conductivity was set to be five
times lower than the horizontgk.
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Porosity and fraction of organic carbon of the sadls set to the standard values set by the
Swedish EPA, where porosity: 0.4 (fraction) andctian of organic carbon: 0.02 [-]
(Naturvardsverket 2009a). All parameters used esgmted iAPPENDIX D.2

4.3.5.2 Recharge

Recharge of the groundwater aquifer occurs dueftitration of rainfall as well as adjacent
surrounding groundwater. The recharge from rainfal derived from a 30-year mean (1961-
1990) from the nearby water station Navelsjo (SNER0b) subtracted by the annual mean
(1961-1990)kvapotranspiration rate of the region from SMHI12)) according to the water
balanceEquation 3 Assuming the storage of water was constant inaBérg, the rainfall
resulted in a 0.0006961 m/d groundwater rechargewaas assigned to all cells in the upper
layer in MODFLOW.

Rrain: E+P +AS [m/d] (3)

where

RrainRecharge from infiltrating rain [m/d]
P Precipitation [m/d]

E Evapotranspiration [m/d]

AS Storage of water [m/d]

To model the groundwater recharge that derives ftwrarea above the upper boundary in the
model, different values of the upper row were toed (Runoff). The objective was to reach the
known hydraulic heads in the sample pointandrrepresents both the recharge from the
infiltrating rain in the current cell as well aswff from other cells not active in the simulation.
In this case, Rnottvaried between 0.003-0.03 mARPENDIX D.2)MODFLOW was run and
resulted inFigure 8

4.3.6 MODPATH

MODPATH is an application in GMS which visualizdsetdispersion of particles and its
theoretical velocity. This is done by assignindig#es to cells that is of interest to investigate.
The program will then show the advection transpaute from this location, séggure & The
pathways are calculated with help of the hydrabkads stated in MODFLOW (Aquaveo
2019b).
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Figure 8: Visualization of hydraulic heads when rechargeasstant. Lines show flow paths
from the sample locations. Table show hydraulicdsea steady state for each sample point,
where the reference is Eman water surface whiesssimed to have hydraulic head of 1m.

4.3.7 MT3DMS

MODPATH do not take dispersion, adsorption or chleihireactions into account while
investigating the particle flows. It is thereforet possible to track the contaminant plume of a
contaminant in this program. Instead, the MT3DM@$liaation is recommended (Aquaveo
2019c). Here, the advection package, dispersiokaua; source/Sink mixing package as well
as chemical reaction package were activated. THesssperiod was set for 100 years. The
advection was left on default settings (solutiohesae: Third order TVD scheme) as well as
dispersion (TRTP:0.1 TRVT: 0.01 DMCOEF:0 LongitualirDispersivity:10). In chemical
reaction package, the sorption was set to lineginésm (k-values). MT3DMS requires, other
than the set ups for MODFLOW, parameters regardemgsity and properties of the species
that are being investigated.

4.3.7.1 Bulk density

Due to the landfills heterogeneous properties, ik density in an MSW landfill varies
considerably. Representative literature valuegtegeefore not easily found, but according to
three different studies, the bulk density variesvieen 350-1206 kg/fin MSW landfill masses
(Faitli et al. 2015, Reddy et al. 2009, and Hullpgmann and Strom 2005). A mean value of
778 kg/nm?was therefore used in MT3DMS.

28



4.3.7.2 Species anddkvalues

To analyze the dispersion potential of selectedispetheir kvalues was necessary to know.
These were derived from the Swedish EPA standalieksaNaturvardsverket 2009a). For
organic substances such as PAHSs, thegkues were calculated witbquation 4 APPENDIX
D.3 shows which values that was used

ki=kocX foc  [l/kg] @)

where:

koc Organic-carbon distribution coefficient [I/kg], expes specific standard values from the Swedish
EPA.

focfraction of organic carbon, where 0.02 [-] is theeSlish EPA’s default value.

For the pesticide BAM, thegkalue derived from a study by Clausen, Larsen alibde&htsen
(2004), who investigated the sorption of differpesticides. The study resulted ingaikterval
between 0.10-0.93 I/kg for BAM. The mean value df0/kg was therefore used in MT3DMS.
The MT3DMS was then run and the results from a &@ryscenario were analyzed. In the
investigated samples, the concentrations were cadia current concentrations.

4.4 NEW RISK ASSESSMENT

In order to cover a broad number of aspects o$rilskt a contaminant poses on the area, a risk
assessment covering the sensitivity and receptoegjispersion potential, the hazardousness
and level of contaminants. In the initial MIFO Ingey, according to the information that was
then available, these were all assessed to besihigfinest risk zone which lead to an overall
classification of the site to classviery high riskaccording td=igure 2 After this study’s more
in-depth examination, some of the points coulddsésed and re-examined.

4.4.1 Dispersion potential

The potential of dispersion of the contaminantsaleen into the risk account, such as the
magnitude of the flow rate in the groundwater. Tigdraulic conductivities used in this study
(APPENDIX D.2) corresponds to a flow rate of 0.1-10 m/year (Nairdsverket 1999).
According to the Swedish EPA, this equialgye dispersion potential, which was also used in
the MIFO 1 survey.

4.4.2 Hazardousness of contaminants (F)

Determining the hazardousness of a substance rieatrthe risk of being harmful to humans
and the environment without any regards to theaririant concentration is investigated. The
pollutants detected in soil and groundwater arssifi@d asvery high hazardousneascording

to the Swedish EPA classification (Naturvardsved@29). This is in line with the risk that
was estimated in the MIFO 1-investigation.

4.4.3 Sensitivity to humans and environmental receptorsi/S)

Here, the risk related to the exposure to humansg¢kvell as the identified receptors nearby
(S) are assessed. The location of the site is fbreremportant in this aspect, as well as
knowledge of the activity on and around the sitiee Tensitivity to humans in this study was
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classified as a lowdrigh in accordance to the Swedish EPA classificatiomgafThe risk on
receptors (S) were set on the classificati@ny large The reason was the proximity to Eman,
National interest — Natural value area and thetitied Key biotope area. K and S was placed
the classificatiorvery largein the MIFO 1-assessment.

4.4.4 Contaminant levels

The contaminant level is of high importance in tlek assessment, where the level of the
pollutant determines the effects it has on humants the environment. To determine if a
concentration is high or low, it is assessed indlparts: Assessment of permits, deviation from
background value and total volume of polluted masssughout the area. These parameters
are examined for each contaminant and then weiggether into a risk classification per
contaminant and media. Thereafter, an overall askessment can be carried out for the
contaminated site in general.

4.4.41 Assessment of permits

When assessing the permit, the effect related éddtel of contamination is estimated by
comparing the concentration to guideline valuesretihe effect is already known. In this
study, the national guideline values for KM for warsed for soil. For groundwater, SGU
guideline classification class 2-5 was used.

Depending on whether the concentration exceeded ghideline levels or not, the
concentration level was classified differently, @cting to theTable 4 (Naturvardsverket
1999). Here, the SGU guideline classification cagscorrespond to less severe, moderately
severe, severe and very severe.

Table 4:Classification system describing the risk of a @mration (Naturvardsverket 1999).

Less severe Moderately severe Severe Very severe

< Guideline 1-3 x guideline 3-10 x guideline >10 x guideline

4.4.4.2 Deviation of background levels

By comparing the contaminant concentration with bekground values, a sense can be
obtained over how large a proportion the site i®c€d by contaminant sources. This
comparison was done to the contaminants with knds&okground levels in soil and
groundwater. Deviations from the background valege then classified according Table

5 (Naturvardsverket 1999)

Table 5 Classification system for soil and groundwatemtthdescribes the risk of a
concentration by comparing to background levelst{dardsverket 1999).

Little or no impact Probable impact Large impact Very large impact

<Background value | 1-5 x background value | 5-25 x background value [>25 x background value
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4.4.4.3 Total volume of polluted masses

The amount and volume of contaminant in the lahdfils not possible to judge due to lack of
information and was therefore excluded in the askessment.

4.4.4.4 Overall assessment of risks

The level classifications that derived frdxasessment of permésdDeviation of background
levelswas then compiled to a new classification riskdach contaminanAPPENDIX E.1-
E.2. These were then compiled again into one classibn to represent the overall
contaminant level for each media, which is preskirteheTable 14.

All classified risk parameters were inserted inteesv risk classification diagram kigure 11

The diagram visualizes which overall risk zone gite should be designated to, depending on
where the risk parameters are placed. If all patarsere placed in the same risk zone, the
classification will be that exact risk. If the pareters are placed in different risk zones

however, an assessment over which parametersrthat@e important must be done. In this

case, the contamination levels were assessedtt®lost important parameter to consider.

A new risk assessment was done of the site forasimErepresenting the site in 50 years. The
same procedure was carried out as above but wéhctimtaminant concentrations from
MODFLOW representing 50 years from now. The samsaraptions were made for sensitivity,
protection, danger and spreading conditions lilkertbk assessment for the current situation.
However, contamination levels for groundwater avey simulated to 50 years from the now
developed MODFLOW model. As the groundwater prafldlODFLOW was divided into
two layers with two different concentrations, thias taken into account in the risk assessment.
The study of the pollution levels resultedARPPENDIX E.3 Table 15andFigure 12 With
this, a new risk classification representing tte 81 a scenario 50 years from now could be
set.

4.5 ASSESSMENT OF REMEDIAL ACTIVITES NEEDED

To assess whether any remediation is needed aitéheuantifiable remedial objectives were
set. These were set with the aim to reach the bgeals of the area: to prevent any harm that
the landfill may cause humans and the nearby emwiemt. The quantifiable remedial
objectives for the soil was set to the site-spedfiidelines developed for the landfill, while
the assessment for the need of groundwater renmdiaas based on the dispersion showing
in the MODFLOW simulation.
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5 RESULT

5.1 SITE-SPECIFIC GUIDELINES

The developed site-specific guidelines in soilressented iTable 6andAPPENDIX A.1Here,
the national guideline values for KM were compatedhe site-specific guidelines which
showed that cobalt, mercury, nickel, PAH-M, BenzeXglene, Aliphatics >C10-C12 and
Aromatics >C16-C35 was more conservative.

Table 6 Site-specific guidelines compared to generic gl values for KM
(Naturvardsverket 2009a). Prominent receptors descrwhich exposure pathway that
determined the site-specific guideline.

Generic . - . .
Substance guideline values '._“alte.-spemnc Prominent protection
(KM) guideline values target
(mg/kg DM) (mg/kg DM)

Arsenic 10 10 Background level
Barium 200 200 Protection soil env.
Lead 50 50 Intake of soil
Cadmium 0.80 0.80 Intake of vegetation
Cobalt 15 12 Intake of vegetation
Copper 80 80 Protection soil env.
Chromium 80 80 Protection soil env.
Mercury 0.25 0.12 Inhalation of vapour
Nickel 40 30 Protection of g.water
Vanadium 100 100 Protection soil env.
Zinc 250 250 Protection soil env.
PCB-7 0.008 0.008 Intake of vegetation
PAH-L 3 3 Protection soil env.
PAH-M 3.5 2 Inhalation of vapour
PAH-H 1 1 Intake of vegetation
Benzene 0.012 0.008 Protection of g.water
Ethylbenzene 10 10 Protection soil env.
Xylene 10 6 Inhalation of vapour
Aliphatics>C10-C12 100 80 Inhalation of vapour
Aliphatics >C16-C35 100 100 Protection soil env.
Aliphatics >C5-C16 100 100 Protection soil env.
Aromatics >C16-C35 10 7 Protection of g.water
Benzo(a)pyrene - 0.08 Intake of vegetation
2.6-dichlorobenzamide - 0.0002 Protection of g water

5.2 XRF SCREENING ASSESSMENT

The XRF screening assessment that investigateshéi@ content in the soil samples did not
exceed any of the national or site-specific guitelvalues other than for cadmium which
exceeded the national or site-specific guidelinges both 0.8 mg/kg DM, se&PPENDIX
B.1 Here, the concentration of cadmium ions reachkdvidlues as well as the site-specific
guideline values for cadmium.

5.3 LAB RESULTS
All laboratory results from Eurofins can be foumdAPPENDIX G Many contaminants were

not detected and therefore not interesting folhfrinvestigations. The contaminants which
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were detected, can be found in the sections beRegylt 5.3.1- 5.3.2as well aAPPENDIX
B-C.

5.3.1 Lab results from soil samples

No metals, except for zinc in PG1GW, were detecteer the Swedish EPA guidelines for
MRR (less than little risk). PG4 also showed ahgliglevated zinc level as it exceeded its
background value by 0.4 mg/kg DM in this sample2 Tilgh cadmium concentrations detected
by the XRF was not visible in the results from Himrs, seeTable 7.

Table 7 Results from metal content in soil. Guidelinegareing MRR from Swedish EPA
handbook 2010:1 (Naturvardsverket 2010), KM and MKiMm Swedish EPA 2009
(Naturvardsverket 2009a) and FA guideline from JaledVaste Management Association
(Avfall Sverige 2019). Background levels are fraB1US2007 (Naturvardsverket 2009a) and
marked with a star if exceeded. Site Specific dumee from the Swedish EPA model
(Naturvardsverket 2019b).

Back- [site specific]
Substance Unit MRR KM ground | guidelines | PG1GW PG4 PGS PG6 PG7 PGS
levels x| (KM)
|Metals
Arsenic. As mg/kg Dm 10 10 12.1 10 29 36 <23 <23 <21 <27
Barium. Ba mg/kg Dm - 200 - 200 73 45 38 40 27 59
Cadmium. Cd mg/kg Dm 0.2 0.8 0.16 0.8 <0.20 <020 <0.20 <020 <0.20 <0.20
Cobalt. Co mg/kg Dm - 15 10.1 12 3.8 5.3 8.7 6.4 48 49
Chromium. Cr  |mg/kg Dm 40 80 29.8 80 86 10 82 92 84 76
Mercury. Hg mg/kg Dm 041 0.25 - 012 0.044 0.025 0.024 0.023 0.02 0.028
Copper. Cu mg/kg Dm 40 80 28.5 80 9.4 25 5.5 13 5.2 8.7
Nickel. Ni mg/kg Dm 35 40 2241 30 10 638 51 54 4 44
Lead. Pb mg/kg Dm 20 50 15.6 50 16 * 10 5.9 6.7 3 9.6
Vanadium. V mg/kg Dm - 100 38.7 100 18 21 16 19 19 16
Zinc. Zn mg/kg Dm 120 250 60.4 250 120 * 10 * 26 35 16 48

Figure9 show a visualization of the metal distributionaas the landfill and how nitrogen and
phosphorous follow. The graph shows that PG1GWR@Ed generally has the highest metal
concentrations while PG7 has the lowest metal cont€otal nitrogen and phosphorus
concentration show highest values at PG4, and loatd3G?7.
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Figure 9: Metal distribution across the landfill, as welk total nitrogen and phosphorus
concentration (mg/kg Dm, right axis).

In PG1GW, PCB-7 was detected in the soil with aceoration exceeding the national
guideline for KM, as well as site-specific guid@inalue, by 0.006 mg/kg DM respectively
(Table 8).

Table 8.PCB concentration in soil. Guidelines regarding Kiid MKM from Swedish EPA

2009 (Naturvardsverket 2009a) and FA guideline fr@wedish Waste Management
Association (Avfall Sverige 2019). Background leviebm Kemakta (2015), mean value of
European soils. Site Specific guidelines from theedsh EPA model (Naturvardsverket
2019b) are marked with pink circle if exceeded.

Back- |site specific
ground | guidelines |PG1GW | PG4 PG5 PG6 PG7 PG8
value*| (KM)

Substance Unit MRR KM

PCEs
Sum PCE (7) |mgkgDm| - 0.008

0.0075 0.008 0.0146 <0.0070| <0.0070 | <0.0070 | < 0.0070 | <0.0070

PG1GW also detected PAHs and aliphatics over tregection limits, which proofs that some
type of contamination has occurred at that spela@iation APPENDIX B.3-B.% however not
exceeding any guideline values. Chlorinated hydimmas were not detected in the soll
(APPENDIX G.

5.3.2 Lab results from groundwater samples

In the groundwater samples, a lot of the detectetahtoncentrations exceeded the SGU
(2013:01) classifications 2 or Idble 9. These classifications indicate a low and a matger
dose of the substance. PG5 distinguish from otnreptes because of its sparse exceedance of
both the SGU guidelines, as well as exceedanceacidoound levels, while PG1GW and
PG2GW have overall the highest metal concentratitorsexample, they both have three
metals who exceed SGU classification 3. These gsarppints also exceed the metal
backgrounds levels more than the other samplesbatieground levels for cobalt and arsenic
are exceeded in every sample. No mercury was @et@ttany of the groundwater samples.

Table 9:Metal concentrations detected in groundwater (md/he SGU guidelines Class 2-5

are for filtered metal samples. These, along wébkground levels are derived from the SGU-
report 2013:01. Arsenic, chromium, nickel, lead anmtt were found in the largest quantities.

34



Substance | Unit c;(::z Clsa‘:: s c:::: . gl?:::d* PGIGW PG2GW PG3GW PG5 PGS
evels

Metals
Arsenic. As ma/ | 0.001 | 0.002 | 0.005 0.00043 000270 *| 000120 * | 000150 *| 000052 *| 000110 *
Barium. Ba maghl 0.14 0.14 0.13 0.20 0.14
Cadmium.Cd | mg/ | 0.0011 | 0.0005 | 0.001 0.000055 | 0000009*| 0.000120%| 0000010 | 0000028 | 0.000025
Cobalt. Co ma 0.00066 000820 * | 000570 *| o000350* | 000410 *| 000360 *
Chromium. Cr | mg/ | 0.0006 | 0.005 | 0.01 0.00062 000094 * | 000002 *| 000045 0.00045 0.00061
Copper. Cu mad | 0.02 0.2 1 0.0036 00054 * | 00084 *| 00018 0.0023 0.0038 *
Mercury. Hg mg/i | 0.000005 | 0.00001 | 0.00005 0.00000026 | <000010 | <000010 | <000010 | <0.00010 | <0.00010
Nickel. Ni mad | 0.0006 | 0.002 | 0.01 0.0025 00032 * | 00021 00045 * | 00007 0.0012
Lead. Pb mgi | 0.0005 | 0.001 | 0.002 0.00032 0.00083 * | 000120 *| 0.00010 0.00003 0.00045 *
Vanadium. V| ma/ 0.0007 00009 *| 00013 *| 00006 0.0002 0.0007 *
Zine. zn mgd | 0.005 | 0.01 0.1 0.020 0034 *| o050 *| o028 *| 0004 0.018

PAH was only detected in PG2GW and PG8, wheredheantration was significantly higher
in PG8,(Table 10).Benzo(a)pyrene was classified as a class 5 fdr samples, hence the
water is not drinkable in these locations. It aksaceeded the site-specific guidelines.
Benzo(b,k)fluoranthene, Benzo(g,h,i)perylene argkho(1,2,3-cd)pyrene are also elevated,
especially in PG8. PG8 also shows exceeding vdtueSPI's limit values for protection of
groundwater and surface water due to PAH-H (Svesiaoleum Institutet 2010). Worth
noticing is the difference in sampling methods leswthe two samples.

Table 10 PAH concentrations in groundwater samples. PG2&8\ PG8 detected exceeding
PAH concentrations. The SGU guidelines derives f&tJ-report 2013:01, the SPI-RV from
SPI report published 2010. ** indicate that the dgiine value applies to the sum of
benzo(b,k)fluoranthene, benzo(ghi)perylene andriafi3-cd)pyrene.

Substance unit [RSCHE| SCU RS V::II)I?I“’;n Ss:rlf::‘i me:;: of PG1GW | Pa26W | PG3GW | PG5 | Pas
Class2 | Class3 |Class 4 e water 4

PAH
Benzo(a)pyrene vg/! | 0.0005 | 0.001 | 0.002 <0010 |GGI < 0.010
Benzo(b.k) ne | vos |o.001| 0.01~ | 0.02% <0020 | 0024 | <0020
Benzo(g.h.ijperylene g/t <0.010 [ <0.010 | <0.010 0.037
Indeno(1.2.3-cd)pyrene g/l <0.010 | <0.010 | <0010 0.056
PAH-L pglt 2000 120 10 <020 | <020 | <0.20 <0.20
PAH-M pgl 10 5 2 <030 | <030 | <030 1
PAH-H g/ 300 0.5 0.05 <030 | <030 | <030 059
PAH. cancerogenic g/t <0.20 <0.20 <0.20 0.56
PAH. other gl [ [ | <030 | <030 [ <030 12

Pesticides were analyzed in PG1GW and PG2GW artdsaotples detected the pesticide 2,6-
dichlorobenzamide (BAM)Table 11).According to SGU (2013:01) guidelines, the BAM
concentration reached class 3, significant cordadtthereby impact, in sample PG1GW, and
a high content and strong impact in PG2GW (clas3Hé national guideline of allowed rate
in drinking water (0.1.g/l) was however, not exceeded. Neither did treesitecific guidelines
for BAM. No other pesticides were detected, whidlswhe same for petroleum’s and PCBs
(APPENDIX H).

Table 11:Guidelines according to SGU-report 2013:01. Hesaly PG1GW and PG2GW
were analyzed for pesticides and both detectedeebeg classification values.
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5 SGU SGU SGU
Subst Unit PG1GW PG2GW ([PG3GW| PG5 PG8
ubstance n Class2 | Class 3 | Class 4
|Pesticides
2,6-dichlorobenzamide | 4g// 0.01 0.025 0.05 0.04 0.06 -

5.4 CONCENTRATIONS 50 YEARS FROM NOW

The MODFLOW and MT3DMS simulations were done witegection of substances and were
analyzed in a 50-year time scale. The results essekn inrable 12andTable 13 Generally,

a lot of the contaminants are still present ingfmundwater, even 50 years from now. It is also
noticed that layer 2, with a low hydraulic conduiti, have leached less contaminants than
layer 1, with a higher hydraulic conductivity. layker 1, zinc is the only contaminant that is
still classified as class 3, which indicates a mmatke dose, while for layer 2, all the
contaminants which was classified as 3 are remgiaiter 50 years. The mean percentage of
contaminants remaining after 50 years comparedtktoancentration during day 1 can be found
in the last column in each table. Here, it shdves kead, and zinc and benzo(a)pyrene remains
in the groundwater to a large extent, comparedhtornium, arsenic and BAM. This is in line
with the substancesgykalues.

Table 12:Simulated concentrations in each sample point yeddl, 50 years from now. The
remaining content in groundwater compared to dai presented in the last column. For
instance, it is 9.82% arsenic left in the upperwgrdwater layer compared to day one.

Back- B
Substance unit| SGU | SGU | SGU ground | Peiew | Pe2ew | Peiew PG5 pgg | remain
Class 2| Class 3| Class 4 levels« after 50
yrs
|Metals
Arsenic. As mg/ | 0.001 | 0.002 | 0.005 0.00043] 0.00021 | 0.00013 | 0.00010 | 0.00004 | 0.00019 | 9.82
Chromium. Cr mg/ | 0.0005 | 0.005 | 0.01 0.00062| 2E-05 3E-05 2E-05 1E-05 2E-05 | 3.02
Nickel. Ni mg/ | 0.0005 | 0.002 | 0.01 0.0025 | 0.0007 0.0004 0.0008 0.0002_| 00002 | 21.96
Lead. Pb mg/ | 0.0005 | 0.001 | 0.002 0.00032] 0.00058*| 0.00072*| 0.00006 | 0.00003 | 0.00029 | 66.88
Zinc. 2n mg/ | 0.005 | 0.01 | 04 0.02 0.0133 0.0163 0.0089 00020 | 00060 | 37.25
Pesticides
2.6-dichlorobenzamide| g/ | 0.01 | 0.025 | 0.05 - 5E-06 8E-08 - - - 0.0057
PAH
[Benzof@pyrene vg/l_| 0.0005] 0.001 | 0.002 - <0.010 |DNOWIORNN <0010 | - | DNONNSEN 92.96

Table 13:Simulated concentrations in each sample poinayet 2, 50 years from now. The
remaining content in groundwater compared to dai presented in the last column. For
instance, it is 83.09% arsenic left in the loweogndwater layer compared to day one.

D/D
Back- .
Substance uniz| SGY [ SeU ground | Peiew | Pe2ew | Pesew PG5 pgg |remain
Class 2| Class 3 after 50
levels*
yIs
|Metals
Arsenic. As mg/ | 0.001 | 0.002 0.00043 | 0.00234*| 0.00097* | _0.00119 *| 0.00048 *| 0.00082*| 83.09
Chromium. Cr mg/A | 0.0005 | 0.005 0.00062 | 0.00044 | 0.00020 | 0.00013 | 0.00026 | 0.00024 | 38.94
Nickel. Ni mg/1 | 0.0005 | 0.002 0.0025 | 0.0031 *| _0.0020 0.0043 *|_0.0008_| 0.0011_| 95.74
Lead. Pb g/ | 0.0005 | 0.001 0.00032 | 0.00083%| 0.00119 *| 0.00009 | 0.00003 | 0.000457% 09.47
Zinc. Zn mg/ | 0.005 | 0.01 0.02 | 00335 x| _0.0485 *| 00274 *| 0.0040 | 0.0177 | 98.07
Pesticides
2.6-dichlorobenzamide| g/ | 0.01 | 0.025 3E-05 1E07 B B - 0.045
[PAH
[Benzofa)pyrene v/l | 0.0005| 0.001 <0.010_|NOIOMIONN <0010 -~ |DOwESEl| 99003

The results of the metal that showed the least exnation (chromium) after 50 years are
visualized in MT3DMS maps iRigure 1Q
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Figure 10. GMS results of chromium. Concentration day 1 Kka}li layers) and after 50 years
in layer 1 (b) and layer 2 (c). Here, it is visilileat there are more contaminants still left in
the groundwater in the lower layer (10 (c)). Aldm plumes are moving towards, and reaching
the river Eman.
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5.5 NEW RISK CLASSIFICATION

The contaminant concentrations detected in the §ldy was classified in order to implement
the result in a new risk assessment for the eapttnof the site. The level of contaminants
resultedTable 14.

Table 14 Assessed overall contamination content in soitl agroundwater based on
comparison to the national guidelines values as agtheir background levels.

Classification level of contaminant

Soil Low

Groundwate Upper moderat

The contaminant level as well as the other rislapeters were inserted in the diagram on
locations which represents the risk classificatiaesFigure 11.

Risk classification diagram
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Figure 11: Risk classification of the eastern part of thedfilh

By analyzing the diagram, the new risk classifimatior the site was assessed to a risk 2.

A risk assessment was conducted for a scenariesepting the site 50 years from now. All
risk parameters, other than contaminant levelsanigdwater, were assumed to remain in the

same risk classification as the day 1 scenario. dverall levels of contaminants in the
groundwater (layer 1 and 2) resultedliable 15.
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Table 15:Assessed overall contamination level 50 years fiom. Based on comparison the
simulated concentrations in MODFLOW to the siteesfipe guidelines as well as their
background levels. The soil classification was asstito be constant throughout the 50 years

Classification level of contaminant 50 years fnm now

Saoll Low
Groundwater Layer Low
Groundwater Layer Moderate

The contaminant level fromable 15as well as the other risk parameters were inséntédoe
diagram on locations which represents the risksdiaations, se&igure 12.
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Figure 12: Risk classification of the eastern part of thed&h50 years from now.

By analyzing the diagram, the new risk classifimatior the site was assessed to a risk 3.
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5.6 QUANTIFIABLE REMEDIAL OBJECTIVES

Quantifiable remedial objectives indicate the nesfdremediation actions due to the
contamination risk. The remedial objectives set Rilsaberg inerta massoras that the
contaminant levels in the soil should not exceexdite-specific guidelines. If there are no
exceedance, no remediation is needed.

According toTable 16 where the site-specific guidelines (=quantifia@medial objectives)
as well as the highest measured concentrationilisgmresented, all contaminants meet the

remedial objectives, except for PCB-7.

Table 16:Quantifiable remedial objectives in soil.

Quantifiable Highest
Substance Remedial measured
Objectives conc. in soil
Conc. in soil
mgrkg mg/kg

Arsenic 10 3.6
Barium 200 73
Lead 50 16
Cadmium 0.8 <0.2
Cobalt 12 57
Copper 80 25
Chromium 80 10
Mercury 0.12 0.044
Nickel 30 10
Vanadium 100 21
Zinc 250 120
PCB-7 0.008 0.014
PAH-L 3 0.23
PAH-M 2 0.092
PAH-H 1 0.13
Benzene 0.008 <0.0035
Ethylbenzene 10 <0.1
Xylene 6 <0.1
Aliphatics>C10-C12 80 6
Aliphatics >C16-C35 100 34
Aliphatics >C5-C16 100 13
Aromatics >C16-C35 7 0.77
Benzo(a)pyrene 0.08 <0.03
2.6-dichlorobenzamide 0.0002 0
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6 DISCUSSION

6.1 FIELD INVESTIGATION
6.1.1 Selection of trial pits locations and lab analyzes

The selected method for the field investigation Wesassessment-based approach, which is
heavily dependent on sufficient background infoiorain order to make reliable decisions
that mirrors the true properties of the site (Nammet al. 2009). The disadvantage of
assessment-based sampling is that no statistiagtsas can be performed on the results since
the locations are not picked randomly (Naturvardeste1994). Figure 13 show locations the
sample points.

Since the oriented assessment MIFO 1 had grR@saberg inerta massar risk level 1, the
initial belief was that the landfill would contalarge amounts of household waste. The plan
was therefore to analyze each collected sampla ¥@riety of different contaminants, such as
metals (incl. Hg), BTEX, aliphatic compounds, artima&ompounds, PAH16, PCB 7, and
chlorinated solvents. To stay in the financial beiddpat AFRY had set for the project, it was
not reasonable to analyze all contaminants in etralypit. A selection of lab analyses was
therefore prioritized based on visual assessmeeaci trial pit and with prior information of
the site and its deposited stages.

Résaberg inerta massor “_ng,_

GPS points and new size

@ sample points
original landfill accarding to SGU

=

. Eman 0 0,035 0,07 0,14 Kilometers
| New size of Résaberg inerta massor . ! ; : g L : |
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Figure 13: Locations of sample points measured with GPS ndye visualizes the new size of
the landfill as well as its old estimated size.| 8gie layer showing original landfill size and

river Eman: Jordarter 1:25 000-1:100 0000. ©Svesg6eologiska Undersokning (2014).
Background map: Ortofoto ©Sveriges Geologiska Usdiening (2019). Arrows show

presumed groundwater and runoff flow path.

The first trial pit (PG1GW) showed visual househuldste at an approximate depth of 4 m
and thus, samples were collected with regardsl teuapected contaminants. After analyzing
the lab results, it showed that it was this locatibat was the most polluted in terms of soil
(Table 7-8. In trial pits 2 and 3 (PG2GW and PG3GW), no letvedd waste was visible, but
showed a large amount of big, ungraded crushedsraokl asphalt material. Nor did the PID
assessment give any indications that volatile sulosts were presefifable 2).Hence, the
judgement was made that soil analysis could beuded. Partly because groundwater wells
would be placed and analyzed regarding the infétdaroundwater anyway. The locations of
monitoring wells were selected with the aim to @onfthe assumed groundwater flow
direction from the landfill towards the river Eman.

Sample pit 4 (PG4), located at the uppermost tafhvefandfill (stage 3), showed no visible
contamination or odor. The soil was dark and easibavated and the area was well vegetated.
This led to the belief that the masses could besel@ifrom wastewater treatment plants, and
to confirm this, analyses regarding nutrients wespecially interesting to analyze. Similar
evaluation was made for sample pit 7 (PG7). The riedult from PG4 did show high
phosphorus and nitrogen contents relative to theerotrial pits APPENDIX B.1and
APPENDIX C.}, but not as big to suspect it to derive from wastter.

For sample pit 5 (PG5), PAH16 was analyzed dubecaharacteristic colour and odor of the

excavated soil. Also, the water surface on thedbotf the pit had signs of some sort of oll

pollution. Therefore, a water sample was condugiadhe excavation shovel, and sent for
analysis of oils and metals. The analysis showegkeeeding levels, other than mercury values
that exceeded the SGU classT2lfle 9-1).

The initial idea was to place a groundwater momtpwell in PG6 because of its location to

the river Eman on the western part of the landfibwever, the excavation showed a very high
content of large ungraded crushed rocks which teathat the excavator failed to reach the
depth of the groundwater. The metal content wasstigated in in this trial pit, as the masses
appeared to come from some sort of mining washe 1ab results did not show any exceeding
metal concentrationg @ble 73, however.

Sample pit 8 (PG8) was presumed to have similatacoimants as PG1GW because of their
proximity (approximately 20 meters apdfigure 13. Even though no household waste was
found in the eighth sample pit, it was still ofergst to perform a full soil analysis alike sample
PG1GW, if not least to confirm the delimitation tbe first trial pits contaminants. The lab
results of the soil analyses did confirm a delitiota of household contaminations, since no
exceeding concentrations in the soil was shownG8 Frable 7-8andAPPENDIX B.3-B.4)

A water sample was collected from the bottom ofttied pit. Here, PAH16 was included in
the analysis since asphalt waste had been detdatedy the excavation. The lab result did
show high concentrations of PAHs as well as soméalsiesuch as zincTéble 9-10.
Conclusion is that the household waste found in@®@lis delimited to not be as wide as 20
m east.
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6.2 UNCERTAINTIES IN RESULTS

For P4-P8, sub-samples were taken throughout thenchof soil in the pursuit to get a
representation of the whole soil profile. Evenfibe was made to prevent it, there is still a
statistical chance that soil was collected from oegth only, or from depths where no
contaminants were present and thereby gave misigadsults. This method also assumes
constant concentrations throughout the whole mroWhich restricts the spatial understanding
of the pollution of the site. The assumption magdldo under- or overestimations of the
properties of the pit which in turn can cause erinrassessing the overall risks in the landfill.
The major challenge in obtaining one single vatueepresent the true properties of the profile
is therefore the landfills heterogeneity. To oveneothis, a high number of sub-samples is
recommended (Larsson 2012) and would have imprtwedertainty in this study.

In PG5 and PGS, infiltrating water was collectezhfrthe excavation shovel. What is important
to remember is that this water may be groundwabeednwith leachate, and that the water may
be affected by the agitation of the soil due tog¢Reavators digging. This was something that
Eurofins was keen to inform and warn about. Theltedrom these samples were however
treated as groundwater in this study. Since theraghoundwater samples PG1GW-PG3GW
were collected in a different way, deviations ie ttesults may occur. There were no clear
differences in the metal concentration betweentwe methods. However, the nitrogen and
phosphorus contents were found to be significamter in PG5 and PG8 than in PG1GW-
PG3GW. The water had a brownish colour when it e@tected, which indicates that it
contains a lot of organic matter and particles Whitay be the answer to the high nutrient
concentration. The same pattern was found for Pwltts high molecular weight (PAH-HSs),
where for instance the concentration of Benzo(apgrwas ten times higher in PG8 than in
PG1GW. The reason for this may be that leachate R&1GW, as well as other point sources
in the landfill not detected in this study, reaclteel location of PG8, since there were no signs
of PAHSs in the soil results of PG8. The suspendatémmay also have contained colloids with
PAHSs. This is in line with the theory that contaamits with a low solubility like PAH-H have

a higher affinity to bind with colloids (Naturvanerket 2009a).

What is also worth noticing is that the measurenuecertainty of the lab results can reach up
to 40 % according to Eurofins (Eurofins n.d.). Aution to this is to add more sample points
across the landfill. This would not only cover eglar part of the landfill but would also give a

better foundation to do statistical calculationd atatements of the contamination situation. It
would also make it more likely find and excludelmus that may have occurred due to method
errors or laboratory uncertainties. Since a lahfiheterogeneous in its nature (Rihm 2011),
outliers will always be hard to detect.

6.3 DEGRADATION LEVEL

Since the landfill closed approximately 40 years,ahe degradation of the masses should
generally be in the third phase, the methanogehasg according to the timeline of the
landfill's life cycle. The pH was found to be besve5.6-6.2 in the soil and 5.9-6.9 in the
groundwater APPENDIX B.land APPENDIX C.} which is a neutral pH. This is in
accordance to the theory of methanogenic ph&abl¢ 1lstates the normal pH in untreated
leachate in methanogenic landfills). This phasmikhalso have less leachate than the earlier
phases. The phosphorus levels in PG1GW-PG3GW wsoeiraaccordance with the levels
common in a methanogenic phase. PG5 and PG8 haficsigtly higher levels than the others,
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which is explained by the difference in methodoldggr the nitrogen levels on the other hand,
PG5 and PG8 were the ones in the interval norntathi® methanogenic phase. The metal
concentrations were generally also in line with ocoonly found concentrations in
methanogenic phase landfills. Some trial pits, eiglg PG1GW and PG4, had an odor of
sulfur while digging in the soils. Since the masskshe landfill were deposited at different
times and with different content and propertiesjaens in degradation across the landfill is
however very likely to occur.

6.4 SITE SPECIFIC GUIDELINE VALUES AND MODFLOW SIMULATI ONS

The MT3DMS simulation indicated that the contaminglume will be directed towards the
river Eman. Contaminants deriving from PG1GW, PG2@Ghd PG8 reached the riverbank
from the north side of the landfill while PG3GW aRG5 from the east side of the landfill. By
analyzing the plumes in a 50-year scenario, iteéarcthat the majority of each contaminants
have reached the river, even if it is not from gveample point (for instance lead, only
contaminants from PG2GW reaches the river EmangeSihe landfill closed about 40 years
ago it is very likely that the Eman is polluted bgntaminants from the landfill. Also
considering that it is very likely that more contaant sources than the ones found in this study
that contribute to the pollution, as well as thaetaminant levels should have been significantly
higher 40 years ago. However, whether these contats are causing negative effects on
Emans’ water quality or wildlife is up to furthemviestigations to analyze. Considering the
overall high discharge of Eman, it is likely thletcontaminants are diluted which minimizes
the risks of negative effects.

In the modeling, a few assumptions were made ierai@ simplify the problem. For instance,
while determining the site-specific guidelines, tepth of the contaminants was assumed to
start 0.1 m below the surface. It was chosen ag@aptionary measure since the chosen soll
sample methodology required the assumption thatctmeentrations found was constant
throughout the whole profile. In reality, this isst likely not the case, and all contaminants
may as well be 4 m down as in PG1GW, but for thes s obtaining a scenario of a worst
case, the contaminant depth was set close to tfecsu

In GMS, many of the parameters inserted was obdairom literature, which naturally gives
a skewed representation of the true propertielseoandfill, such as bulk density. For instance,
a mean value of bulk density used in other stu¢hegli et al. 2015, Reddy et al. 2009, and
Hull, Krogmann and Strom 2005) was used. Anoth@ragch would be to use the highest of
lowest densities, to reveal more extreme conditidim® same was for precipitation, since a
mean of a 30-year rainfall was used. No extremelvee@vents are therefore considered in the
model. In MT3DMS, the contaminant concentrationsenaserted in the corresponding cell
as starting concentrations. These could vary ie timother words, they were not set as sources
of contaminants. It is likely however, that a posaurce is currently active in the adjacent
landfill and provides the rest of the landfill anstant inflow of contamination. If that is the
case, the MT3DMS simulation which estimates theceatration rate in 50 years will not be
accurate.
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6.5 RISK CLASSIFICATION

In the initial MIFO 1 survey, the risk was estinthte meet the risk classification 1. With the
new information that this study entails, some @f ploints could be revised and re-examined.
The classification of contamination level, resulted’able 14andTable 15was determined
for groundwater and soil, and basedAIPPENDIX E.1- E.3 The general classification was
done with the aim to select the classification Whitcluded most contaminants, but still take
the contaminants with larger levels into accourdr mstance, groundwater had the most
contaminants in the risk leveloderate except for PAHs and BAM, which were classified in
the risk levelvery high The risk was therefore set agper moderateHere, the knowledge
that P8 was sampled with an alternative (and noeesain) methodology was weighed in. With
the new risk classification diagrarRggure 11andFigure 12,a risk assessment was done. For
the risk that the landfill poses today, it was 8eta risk 2 with the rational to take the
contaminant level in the first room, which in tltiase was groundwater. The contamination
level is in this study the limiting factor, since nsk would occur with no or small doses of the
contaminants.

A risk 3 was set for the 50-year-from-now scenéidhe landfill. Again, to construct a worst-
case scenario, the highest contamination levelge wensidered which was in layer 2 of the
groundwater. Reason to why a risk 3 is suitabtbédand(fill in the 50 year scenatrio is that the
contaminant levels indicate that only a small petage of the contaminant levels will remain
in the upper groundwater level, while a larger patage will still remain in the lower one,
mainly due to differences in hydraulic conductivifthis means that the exposure sensitivity
to humans will not be as high, since the contanigaiill be further down in the ground. In
the lower layer, the dispersion potential will ¢m@ter, since the conductivity of layer 2 is set
as lower than layer 1. This in turn will also immysmaller risk to the adjacent protected
objects.

In GMS, as well as while determining the risk cifisation and developing the site-specific
guidelines, the study was limited to the eastem @fathe landfill. The reason for this is that
more samples were taken in this area and more jpfiormation of this area was provided.
Also, from the site investigation as well as frdra sample results it was judged that the eastern
part was probably more contaminated, and thatifkeconcerning the western part would be
less than the eastern. By following the risk cllasstion given the eastern part, the western
part will most likely also be protected.

6.6 IS THERE A NEED FOR REMEDIATION ACTIONS?

According toTable 16,all contaminants but PCB-7 met the quantifiablaedial objectives
set for the soil irRGsaberg inerta massorhe level of PCB-7 was 0.014 mg/kg DM, while the
site-specific level was 0.008 mg/kg DM. Also, PGEsre only found in one sample location,
while the other sample points did not detect anB®No PCB was found in any of the
groundwater samples which means that the only expogathways of PCB-7 is through
inhalation of dust or intake of soil. Since the2s# not frequently visited by humans, the risk
related to humans will be very small. No remedratad the soil is therefore assessed not
necessary.

When it comes to any remediation related to growatdmit may be recommended if there are
plans of extracting of drinking water in the claa®a, which in this minute, there are none.
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Most of the contaminants in the groundwater rea@®@t) classification 3 at the most, other
than PAH-Hs which reached a class 5 and is thubitiviy the groundwater from being used
as drinking water. Since the dispersion of all aamihants showed to reach the river Eman, it
could also be discussed whether this will causermgative effects Emans’ water quality or
wildlife. Further investigations should therefore Hone to rule out th&dsaberg inerta
massorare in fact affecting the river negatively, ancemediation could then be necessary.

6.7 FURTHER INVESTIGATIONS AND RECOMMENDATIONS

This study concluded a new MIFO risk classificatadra risk 2, but further investigations may
be necessary before changing the risk, alterngtav1FO 2. It should be investigated whether
the contaminants in the groundwater are affectiegriver Eman negatively.

Suggested further investigation are:

e Sediment sampling as well as water sampling inr fBrean to establish the dispersion
of contaminants deriving frolR6saberg inerta massor

e Investigate the levels of leachate

e More soil samples on the western wing of the ldhdfi

It is up to the municipality as a supervisory auityado decide if the risk classification should
be changed. The landfill will however, regardle$scibange in risk classification, still be
included the EBH listing over contaminated areasomting to the County Administrative
Board of Jonkoping County From the 50-year scenario, it was seen that aofothe
contaminants will have decreased. Since the regaae is relatively quick, as well as the
exposure risk to humans is low, the managementmmeended for this site is natural
remediation, which allows the site to recover ftbgl degradation and dispersion without any
anthropogenic help. Since it was shown that groatewas more polluted than the soil, it
can be profitable to control the degradation dgualent by taking groundwater samples via
the monitoring wells to control that the developtamrve is going the right way.

There have been discussions to investigate thelpldggto initiate an urban mining project,
where the landfill masses can be used for othgyqaas. Reusing these masses would not only
mean a financial benefit to the region but alsgsupsustainability.

8 Anna-Karin Persson (Lansstyrelsen i J6nkdpings lan, e-mail 2020-05-05)
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7 CONCLUSION

This study showed that the landfill does not cants much household waste as originally
believed. Household waste was only visually deteateone part (PG1GW) of what is named
as stage 1 of the landfills eastern side but prowdxe delimited at least 20 m east of it (PG8).
Lab results of soil and groundwater showed thatmahy contaminant levels in the landfill
reached high concentrations. Some contaminantsathatsuspected in the beginning of the
study were not even detected, such as chloringtécbbarbons in the soil and petroleum’s in
the groundwater. Generally, there were more exogethntaminants in the groundwater than
in the soil, and it was only in the groundwatert leaels worth noticing was found, such as
PAH-Hs and 2,6-dichlorobenzamide.

The GMS assessment assessed a 50-year scendwéoeafstern part of the landfill and showed
that a lot of the contaminants in the upper grouatdwlayer will be dispersed, while the
concentrations remained relatively constant initeer groundwater layer.

A risk assessment using the information obtainethfthe study gave indications that the risk
is lower than initially expected. The risk was Imststudy set to a risk 2 with a conservative
approach due to some high levels of PAHs and pestian the groundwater. The risk was
estimated to a risk 3 in 50 years.

No remediation action to the soil is assessed todoessary, since the contamination levels
reaches the remediation objectives and thereferestinediation goals. The groundwater is not
in need of remediation if it is not extracted foin&ing water. It should be investigated whether
the contaminants in the groundwater are affectiregriver Eman negatively, which needs to
be done before ruling out the necessity for remedjahe groundwater.
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Appendix A. SITE-SPECIFIC GUIDELINES

TABLE A.1 SITE-SPECIFIC GUIDELINES

Gray cells indicate that this value is controlliiog the guideline value. Orange cell indicates
that the guideline has been adjusted to the baaokgrtevel.

Guideline values

Maturvirdsverket, version 2.0.1

Guideline Deamaset
One way concentrations (mgfkg) value imgikg) Healty | Protection i on kg) Site specific| Back- | Rounded
based | ofsot Guideline | ground = expostre pathway
guiteiine | e value level | specific
Demal Short: walue Protection Heath, guidelime
Substance Intake of| contact | Inhalation | Inhalaion|inske of intake  of| for health, | term | Acute of |Proteckon of [Protecion’ of | ey t value
sol solidust dust vapour | drinking i longterm | = boodcity. free phase | groundwater [surface water] DL
et o (mgg) | (maiks) dspersion | (mang) | (maha)
Arsenic &8 3 360 |neglected| 0.58 28 043 00 | o3 20 | neglected 15 57 0.43 10 10 |Background level
Barum 1300 | 46000 | 27000 |negiected| 180D &0 300 = 200 200 | neglected | 4300 7500 200 B0 200 |Frotection sod env.
Lead ] 000 | 5300 |neglectsd| 120 270 48 00 48 200 | neglected re] 560 ] 20 50 |inzske of soil
Cadmium 2 2300 5 |negleced| 22 14 or7 | =0 o7 4 | neglected 5.1 25 077 0z 080 |iniake of vegetation
Cobalt 88 | 2000 | 2700 [neglectes| 30 | 30 | 43 - - 2 | 20 | reglect 15 38 13 10 12 |iniske of vegetation
Copper 31000 |notlimited| 27000 |neglected| 23000 | 2300 2100 - 2100 80 | neglected 310 380 a0 30 B0 |Protection sod env.
Chromium 04000 |not limited|not limited | neglect=c| 170000 | 260000 | 47000 - | 4voo0 80 | neglected 380 280 a0 30 80  |Protection sod env.
Mercury 58 210 2100 016 21 078 012 - [[TF] 5 | neglected 15 D38 042 | 0.42  [inhalation of vapour
Nicksl 750 | 27000 | 670 |meglected| 250 650 120 - 120 70 | neglected N 180 N 25 30 |Protection of g.water
Vanadium 560 | 21000 | 27000 |neglected| @0 | 3500 | a0 | - 230 | 108 | negiected 310 310 100 40 100 |Protection sol env.
Zine 19000 | BB0000 |motlimited|neglectsc| 14000 | 3400 2400 2400 250 | neglected 610 1500 250 70 250  |Protection sod env.
PCE-7 005 013 58 0.4 022 | o042 | ogoss | 3 oo0es | 01 10 0,030 024 00085 - 0.0080  |intske of vegetation
PAH-L 1000 | 5300 | 80000 14 23 180 1 - 1 3 00 a7 pic 3 = 30  |Protection soienv.
PAH-M 00 540 320 22 Fed 2 2 = 2 10 250 1z 18 2 = 20 |ishalation of vapour
PAHH 88 il 2 820 20 1.7 14 a0 | - 14 25 50 37 =) 11 = 10 |intake of vegetation
Benzene 140 00 | 91000 | 0075 | Ooee | Dg2 0.041 = 0,041 10 1000 0,0087 53 0087 - 00080  |Protection of g.water
Ethylbenzens 6100 | 22000 |notfmited| 41 52 120 20 - 20 10 1002 1 z 10 - 10 |Protection sod env.
Xylene 1000 | 41000 |notBmied| 65 7 70 58 58 10 1000 " i 50 = £0  [inhalation of vapour
Aliphatics>C10-C12 | 8300 | 4800 |notfimited| 87 48000 | 1100 b} 7 100 1000 8500 12000 7 - 80  |inhalation of vapour
Aliphatics >C18-C35 | 30000 | 450000 fnot bmited{ 240000 |not imited) BS000 | 33000 | - - 33000 | 906 | IS0 | 26000 | S00000 100 > 100 |Protection sodenv. |
Aliphatics >C5-C18 8300 | 4800 |nothmited| 420 | 110000 | 2000 200 5 200 100 1000 15000 280000 100 = 100 |Protection sof env.
Aromatics>C18-C35 | 1000 | 23800 |notBmited| 2100 7 210 140 = 140 10 250 68 il 88 = 7.0 |Protection of g.water
Benzojajpyrens 088 11 0.64 12 24 015 | 0089 - 0,089 25 10 45 8 0,088 - 0080 |intake of vegetation
2.6-di - - neglected - |ootlimited] - neglected | 0.00022 - 000022 - 000020 _|Protestion of g.water
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APPENDIX B. SOIL SAMPLE RESULTS

TABLE B.1 GENERAL PARAMETERS OF SOIL SAMPLES

| Substance Unit PG1G | PG4 | PG5 | PG6 | PG7 | PGS
Dry matter. Dm % 699 | 629 | 785 | 818 | 86.6 | 68.7
pH 6 5 6 57 56 6.2

Total Nitrogen mg/kg 1200 | 1500 | 760 | 1000 [ 530 | 1100
Total Nitrogen % Dm 0.17 0.24 10.097| 0.12 [0.061]| 0.16
Fhosphorus mg/kg Dm 760 640 | 420 | 570 | 360 | 580

TABLE B.2 XRF-RESULTS

Result of the XRF screening assessment where #ial montent in soil was investigated.
Some samples were run multiple times for validatibhese are marked (a) (b) and (c).
Guidelines regarding MRR is derived from SwedisBRandbook 2010:1 (Naturvardsverket
2010), KM and MKM from the Swedish EPA 2009 (Natinisverket 2009a) and FA guideline
is from the Swedish Waste Management AssociatiofialASverige 2019). The site-specific
guideline for KM was derived from the Swedish EPAdul (Naturvardsverket 2019b)

Site
Substance |  Unit MRR KM ng‘;’;:izs PGIGW (a)|PG1GW (b)| PG1GW (c})| PGA(a) | PGA(b) | PG5 | PGGfa) | PGE(b) | PGT PGE
(KM)
PAH
Arsenic +I. | mo¥eom [ 10 10 10 404 an 419 388 43 37 457 427 454 38
Cadmium +/| mokg0m | 0.2 0.8 0.8 315 2] 336 °| 364 ©] 359 9] 499°| 307°| 379°| 388 383°] 313°
Copper | megom |40 80 80 - - - 10.38 - B B B , _
Copper .| %3 0m 823 915 925 6.32 15 8.02 975 952 .55 835
Nickel «i. | morgom [ 38 2 30 1323 14.95 1577 1448 17.13 13.54 16.59 175 16.64 15.12
Lead makgom | 20 50 50 17.28 14.48 1134 11.16 6.63 14.09 15.69 943 729 13.22
Lead . | mokgDm 337 341 351 32 354 315 374 385 354 316
inc makgDm | 120 250 250 2958 266 264 2488 17.98 2361 4438 2229 23.09 4176
Zinc+l. | mokgDm 475 185 536 486 553 432 6.2 54 56 543

TABLE B.3 PAH CONTENT IN SOIL

Guidelines regarding MRR from Swedish EPA handb26k0:1 (Naturvardsverket 2010),
KM and MKM from Swedish EPA 2009 (NaturvardsverR€09a) and FA guideline from

Swedish Waste Management Association (Avfall Swer2§19). Background levels from
Kemakta (2015), where the level of the 90th peitentas selected for background levels in
rural areas.

Back- Site

ground | *P*°f¢ | pgigw | Pea | Pes | Peé | Pe7 | Pcs
& |guidelines

levels (kM)

Substance Unit MRR KM

PAH

PAH-L mgtkg Dm 0.6 3 0.03 3 0.23 * - <0.045 - - < 0.045
PAH-M mg/kg Dm 2 3.5 0.3 2 0.092 - <0.075 - - < 0.075
PAH-H mg/kg Dm 0.5 1 0.8 1 0.13 - <0.11 - - <0.11
PAH. cancerogenic |mg/kg Dm - 0.12 - < 0.090 - - < 0.090
PAH. other mg/kg Dm 0.34 - <0.14 - - <0.14
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TABLE B.4 PETROLEUMS CONTENT IN SOIL

Guidelines regarding KM and MKM from Swedish EPAO20(Naturvardsverket 2009a) and
FA guideline from Swedish Waste Management AssiaciafAvfall Sverige 2019). Values
exceeding the detection limit (regarded as the dpaeind lavel) is marked with a star. Site

Specific guidelines from the Swedish EPA model (Madrdsverket 2019b).

Substance Unit MRR

Petroleums

Benzene mg/kg Dm
Ethylbenzene mg/kg Dm
M/P/O-Xylene mg/kg Dm
Toluene mg/kg Dm
Aliphatics >C5-C8 mg/kg Dm
Aliphatics>C8-C10 mg/kg Dm
Aliphatics>C10-C12 mg/kg Dm
Aliphatics >C12-C16  |mg/kg Dm
Aliphatics >C5-C16 mg/kg Dm
Aliphatics >C16-C35 |mg/kg Dm
Aromatics >C8-C10 mg/kg Dm
Aromatics >C10-C16  |mg/kg Dm
Aromatics >C16-C35 |mg/kg Dm

Site
gj:’:;'::‘:s PGI1GW | PG4 | PG5 | PG6 | PG7 | PG8

(KM)

0.008 |<0.0035 <0.0035
10 <0.10 <0.10
6 <0.10 <0.10
- <0.10 <0.10

<50 <5.0

<3.0 <3.0

80 6 * <5.0
<5.0* <5.0

100 13 <9.0
100 34 * <10
<4.0 <4.0

. <0.80 <0.90

7 077 * <0.50

APPENDIX C. GROUNDWATER SAMPLE RESULTS

TABLE C.1 GENERAL PARAMETERS OF GROUNDWATER SAMPLES

Substance |Unit PG1GW | PG2GW | PG3GW | PG5 PG8
pH 6.2 6.3 6.9 5.9 6.2
Phosphorus mg/l 0.53 0.47 0.65 12 61
Nitrogen mg/| 47 4.3 4 53 110
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APPENDIX D. MODFLOW

TABLE D.1 COORDINATES AND GROUNDWATER PARAMETERS

. Hydraulic head
Hydraulic .
Ground in GMS
. Depthto | Gw [head (Gw
Sample Unit X z surface (Gw table over
. gw table table over s . _
(over Eman) . Eman if Eman=
Eman)
1m)
2 151 Meas'ured in | z-Depth Gw table- 151 Hydraulic head +
field to gw im
PG1GW m 6370423.8 | 250863 | 156.24 5.244 3.81 152 43 1.434 2.434
PG2GW m 6370478.4 | 250940 | 154.24 3.236 2.78 151.46 0.456 1.456
PG3GW m 6370423.3 | 250967 [ 153.81 2.808 2.18 151.63 0.628 1.628
PG5 m 6370365.4 | 250932 [ 154.41 3.411 2 152.41 1.411 2.411
PG3 m 6370437 | 250880 | 156.31 5.31 4 152.31 1.31 2.31

TABLE D.2 PARAMETERS IN GMS

Parameter Unit Value
Length of grid in X dimension m 162.72
Length of grid in Y dimension m 126.64
Length of grid in Z dimension m 8
No. of blocks X - 20
No. of blocks Y - 15
No. of blocks Z - 2
Area of blocks (on the surface) m? 69
Number of active blocks (surface) - 231
Area of model (surface) m2 15939
Horizontal k layer 1 m/d 4.32
Horizontal k layer 2 m/d 0.0432
Fraction organic carbon foc kg/kg 0.02
Porosity £ m3/m3 0.4
Precipitation (P) m/d 0.001792
Evaporation (E) m/d ]0.00109589
Recharge: Rainfall infiltration (P-E) m/d §0.00069611
Recharge upper row m/d 0.003-0.03
Bulk density kg/m? 778

TABLE D.3 kg—VALUES USED

Koc foc kg kg

kg - kg m3/kg
Arsenic, As 80 0.08
Chromium, Cr 15 0.015
Nickel, Ni 300 0.3
Lead, Pb 1800 1.8
Zinc, Zn 600 0.6
Benzo(a)pyren 661000 0.02 13220 | 13.22
Benso(k)fluoranten 174000 0.02 3480 3.48
Benso(b)fluoranten 219000 0.02 4380 4.38
Benzo(g,h,i)perylen 3E+06 [ 0.02 | 53800 53.8
Indeno(1,2,3-cd)pyren 1E+06 | 0.02 | 21000 21
2,6-dichlorobenzamide 0.42 |0.00042
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APPENDIX E. RISK ASSESSMENT

TABLE E.1 RISK RELATED TO CONTAMINATION LEVELSINS OIL

Low Moderate High Very high

Arsenic, As

Barium, Ba
Cadmium, Cd
Cobalt, Co
Chromium, Cr
Mercury, Hg
Copper, Cu

Nickel, Ni

Lead, Pb

Vanadium, V

Zinc, Zn
Aliphatics>C10-C12
Aliphatics >C12-C16
Aliphatics >C5-C16
Aliphatics >C16-C35
Aromatics >C8-C10
Aromatics >C10-C16
Aromatics >C16-C35
PAH-L X
PAH-M
PAH-H
Sum PCB (7) X

L A L A A L A L A L A L R L A R L A L A L A L R L R A L A

x

x

TABLE E.2 RISK RELATED TO CONTAMINATION LEVELS IN
GROUNDWATER

Low Moderate High Very high |

Arsenic, As X

Barium, Ba X

Cadmium, Cd X

Cobalt, Co

x

Chromium, Cr X

Copper, Cu

Nickel, Ni

Lead, Pb

Vanadium, V

XX X X X

Zinc, Zn

Benzo(a)pyrene X

Benzo(b,k)fluoranthene

x

2,6-dichlorobenzamide X
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TABLE E.3 RISK RELATED TO A 50-YEARS-FROM-NOW SCENA RIO

Risk classification for contamination levels in gnolwater in a 50-years-from-now scenario

layer 1 Low Moderate High Very high
Arsenic, As X
Chromium, Cr
Nickel, Ni

Lead, Pb

Zinc, Zn X
2,6-dichlorobenzamide
Benzo(a)pyrene X

X [ |X

x

layer 2 Low Moderate High Very high
Arsenic, As X
Chromium, Cr X
Nickel, Ni X
Lead, Pb
Zinc, Zn X
2,6-dichlorobenzamide X
Benzo(a)pyrene X

x
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APPENDIX F. PROTOCOL FROM SITE INVESTIGATION

Trial pit 1 (PG1GW)

Completed: Soil samples at 4 m depth in 3 glass Bplastic jars. Groundwater monitoring
well installed

Groundwater table measured in the pit: 4.3 m belanwsurface

PID: 7.6 ppm (taken on household waste 4 m depth).

Comment: A lot of rocks and blocks, especiallyhia upper 4 m (natural rocks?). Household
waste was found at a 4 m depth. Dark layers visibjerofile. Odour: sulfur. Oil was visible
on the water surface at the bottom of the pit dsageon the water coming from the household
waste which was picked up and put next to the(eneral idea of the material: Looks like
organic material mixed with industrial waste. Rlgsbricks, tiles, carpets and paint cans
visible. The groundwater monitoring well was inkdland put at the deepest part of the pit.
Around the screening part of the well, gravel/filteaterial was filled with material from a
gravel pile adjacent to the pit.

Trial pit 2 (PG2GW)

Completed: Groundwater monitoring well installed

Depth to natural ground: 2.9 m below ground level

Groundwater table measured in the pit: 3.6 m belanwsurface

PID: 0

Comment: Looks like clean masses with a muddy srhi@l$ a lot of ungraded crushed rocks
as well as old asphalt material. The asphalt hasdar of tar which may indicate that the
asphalt was created before the new rules regaedipgalt came into force. One larger asphalt
piece visible on the left-hand side a bit below tkarface according to Figure
PG2GWasfaltshild. Infiltrating water enters the fpdm the wall closest to the center of the
landfill, as well as a little infiltration from thepposite wall, closest to river Eman.
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Trial pit 3 (PG3GW)

Completed: Groundwater monitoring well installed

Groundwater table measured in the pit: 3.3 m bel@wsurface

PID: O

Comments: Looks like clean masses. Not much rub@ikk first meter looks like organic
material. Dark, heterogeneous-grained soil. MoraiNet very silty (since it holds together).
Some ungraded crushed rocks mixed with naturalestowater infiltrate the pit from the
landfill side of the pit and to the right of thentHill side (if directed towards Eman).
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Trial pit 4 (PG4)

Completed: Soil sample in a plastic bag

Groundwater table measured in the pit: Did notlmeac

PID: O

Comments: The test pit was located on a bit eagt@third step of the landfill. No household
waste was found, nor the groundwater. Because eolatge amount of vegetation, it was
suspected that the masses origins from treatmantgpand contain a lot of nutrients. The soil
was dark and easy to excavate since it was vélgy ditone the first meters. The profile showed
different layers, see Figure below. The ungradedhed rocks found was mainly towards the

eastern wall (towards the river eman and pit PG3@Wpur: sulfur. Water flows from the
landfill wall towards the river Eman.

Trial pit 5 (PG5)

Completed: Soil sample in a plastic bag and growateileachate from the bottom of the pit
in a plastic jar.

Groundwater table measured in the pit: 2 m belastirface

PID: 0

Comments: Light brown / reddish material. A louofgraded crushed rocks and therefore very
difficult to excavate from 1 m depth and down. Nmbkehold waste found.
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Trial pit 6 (PG6)

Completed: Soil sample in plastic bag

Groundwater table measured in the pit: Did notlmeac

PID: 0

Comment: Almost exclusively ungraded crushed rogsb waste in forms of tires and ropes
as well as cables. A large block with cables dtiilgo it. Can this be remains of mine blasting
and drilling? The soil looked clean, no odour andtained a lot of worms.

Trial pit 7 (PG7)

Completed: Soil sample in a plastic bag

Groundwater table measured in the pit: Did notheac

PID: 0

Comment: As the location had a well grown vegetatibe expectation was to find household
waste. No household waste was found however. Tihtos&ed like clay moraine, and the pit
did not contain and ungraded crushed rocks. Omigihe wall (as shown) there was a section
with a lot of stone. On the short side of the widlsest to the bushes, the profile was layered,
and at its left corner, a section of dark masseseld soil sample was taken.
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Trial pit 8 (PG8)

Completed: Soil sample in a plastic bag and growatekileachate sample in a plastic jar
Groundwater table measured in the pit: 4 m belastirface

PID: 0.1

Comment: Since the pit was located close to PG1@pprox. 20 m) with household waste,
the assumption was to find household waste atahmglepth. There was no household waste
found however, only asphalt pieces and ungradeshedirocks and some brick. Visible layer
sequences in the soil profile.
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APPEN D IX G LABORATO RY .%\N ED4 o Eg;o;g;s Environment Testing Sweden AB
ANALYSIS REPORTS (EUROFINS) ?;’ g 53117 Lidkdping
oa . <
& eurofins T

AF-Infrastructure AB AR-20-SL-080203-01
Henrik Kempengren

Box 585

201 25 MALMO EUSELI2-00741021

Kundnummer: SL8419231

Uppdragsmarkn.
Rdsaberga
Analysrapport
Provnummer: 177-2020-03270647 Provtagningsdatum 2020-03-25
Provbeskrivning: Provtagare HK
Matris: Jord
Provet ankom: 2020-03-26
Utskriftsdatum: 2020-04-09
Analyserna paborjades: 2020-03-26
Provmérkning: PG1GW (SLB58-2)
Provtagningsplats: Rdésaberga
Analys Resultat  Enhet Mato. Metod/ref
Torrsubstans 69.9 % 10% SS-EN 12880:2000 b)
Glodférlust 72 %Ts 10% SS-EN 12879:2000 b)
TOC beraknat 41 %Ts b)
pH 6.0 0.2 SS-EN 15933:2012 b)
Bensen <0.0035 mg/kg Ts 30% EPA 5021 b)
Toluen <010 mg/kgTs 30% EPA 5021 b)
Etylbensen <010 mg/kgTs 30% EPA 5021 b)
M/P/O-Xylen <010 mg/kgTs 30% EPA 5021 b)
Summa TEX <0.20 mg/kgTs 30% EPA 5021 b)
Alifater >C5-C8 <50 mgkgTs 35% SPI 2011 b)
Alifater >C8-C10 <3.0 mgkgTs 35% SPI 2011 b)
Alifater >C10-C12 6.0 mgkgTs 30% SPI 2011 b)
Alifater >C12-C16 <50 mgkgTs 30% SPI 2011 b)
Summa Alifater >C5-C16 13 mg/kg Ts b)
Alifater >C16-C35 34 mglkg Ts 30% SPI 2011 b)
Aromater >C8-C10 <4.0 mg/kgTs 30% SPI 2011 b)
Aromater >C10-C16 <090 mg/kgTs 20% SPI 2011 b)
Metylkrysener/benzo(a)antracener <0.50 mg/kgTs 25% SIS: TK 535 N 012 b)
Metylpyren/fluorantener 0.52 mg/kg Ts 25% SIS: TK 535N 012 b)
Aromater >C16-C35 0.77 mg/kg Ts 25% SIS: TK 535 N 012 b)
Oljetyp < C10 Utgar b)*
Oljetyp > C10 ospec b)*
Bens(a)antracen <0.030 mg/kg Ts 25% 1ISO 18287:2008 mod b)
Krysen <0.030 mg/kg Ts 25% 1ISO 18287:2008 mod b)
Benso(b,k)fluoranten 0.042 mg/kg Ts 25% 1ISO 18287:2008 mod b)
Benzo(a)pyren <0.030 mg/kg Ts 25% 1ISO 18287:2008 mod b)
Forklaringar AR-003v55
Laboratoriet/laboratorierna ar ackrediterade av respektive lands ackrediteringsorgan. Ej ackrediterade analyser ar markerade med *
Matosékerheten, om inget annat anges, redovisas som utvidgad matosékerhet med tackningsfaktor 2. Undantag relaterat till analyser utférda utanfor
Sverige kan forekomma. Ytterligare upplysningar samt matosakerhet och detektionsnivaer for mikrobiologiska analyser lamnas pa begaran. 67
Denna rapport far endast aterges i sin helhet, om inte utférande laboratorium i forvag skriftligen godkant annat. Resultaten relaterar endast till det
inséanda provet. Sida1av3
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Indeno(1,2,3-cd)pyren <0.030 mg/kg Ts 25% 1ISO 18287:2008 mod b)
Dibens(a,h)antracen <0.030 mg/kg Ts 30% 1ISO 18287:2008 mod b)
Naftalen 0.20 mg/kg Ts 25% 1ISO 18287:2008 mod b)
Acenaftylen <0.030 mg/kgTs 40% ISO 18287:2008 mod b)
Acenaften <0.030 mg/kg Ts 25% 1ISO 18287:2008 mod b)
Fluoren <0.030 mg/kgTs 30% 1ISO 18287:2008 mod b)
Fenantren <0.030 mg/kg Ts 25% 1ISO 18287:2008 mod b)
Antracen <0.030 mg/kg Ts 25% 1ISO 18287:2008 mod b)
Fluoranten 0.032 mg/kg Ts 25% 1SO 18287:2008 mod b)
Pyren <0.030 mg/kgTs 25% 1ISO 18287:2008 mod b)
Benzo(g,h,i)perylen <0.030 mg/kg Ts 25% 1ISO 18287:2008 mod b)
Summa PAH med lag molekylvikt 0.23 mg/kgTs b)
Summa PAH med medelhég molekylvikt 0.092 mg/kgTs b)
Summa PAH med hég molekylvikt 0.13 mg/kgTs b)
Summa cancerogena PAH 0.12 mg/kg Ts b)
Summa évriga PAH 0.34 mg/kgTs b)
Summa totala PAH16 0.45 mg/kg Ts b)
PCB 28 <0.0020 mg/kg Ts 30% EN 16167:2012 mod b)
PCB 52 <0.0020 mg/kg Ts 25% EN 16167:2012 mod b)
PCB 101 <0.0020 mg/kg Ts 25% EN 16167:2012 mod b)
PCB 118 <0.0020 mg/kg Ts 25% EN 16167:2012 mod b)
PCB 153 0.0037 mg/kg Ts 25% EN 16167:2012 mod b)
PCB 138 0.0039 mg/kg Ts 25% EN 16167:2012 mod b)
PCB 180 0.0026 mg/kg Ts 25% EN 16167:2012 mod b)
S:a PCB (7st) 0.014 mg/kg Ts EN 16167:2012 mod b)
Totalkvave (Kjeldahl+dewardas) 1200 mg/kg 10% SS 028101 a)
Totalkvéve (Kjeldahl+dewardas) 017 %Ts 20% Beraknad fran analyserad b)
halt
Arsenik As 29 mgkgTs 25% EN ISO 11885:2009 / SS b)
028311 utg 1
Barium Ba 73 mg/kg Ts 25% EN ISO 11885:2009 / SS b)
028311 utg 1
Bly Pb 16 mg/kg Ts 25% EN I1SO 11885:2009 / SS b)
028311 utg 1
Fosfor P 760 mg/kg Ts 20% S$S028311 / ICP-AES b)
Kadmium Cd <0.20 mg/kgTs 25% EN ISO 11885:2009 / SS b)
028311 utg 1
Kobolt Co 3.8 mgkgTs 25% EN I1SO 11885:2009 / SS b)
028311 utg 1
Koppar Cu 9.4 mgkgTs 25% EN ISO 11885:2009 / SS b)
028311 utg 1
Krom Cr 8.6 mgkgTs 25% EN ISO 11885:2009 / SS b)
028311 utg 1
Kvicksilver Hg 0.044 mg/kg Ts 20% S$S028311mod/SS-EN b)
1SO17852mod
Nickel Ni 10 mg/kg Ts 25% EN ISO 11885:2009 / SS b)
028311 utg 1
Vanadin V 18 mg/kg Ts 25% EN I1SO 11885:2009 / SS b)
028311 utg 1
Zink Zn 120 mg/kg Ts 25% EN ISO 11885:2009 / SS b)
Fdrklaringar AR-003v55

Laboratoriet/laboratorierna ar ackrediterade av respektive lands ackrediteringsorgan. Ej ackrediterade analyser ar markerade med *

Matosékerheten, om inget annat anges, redovisas som utvidgad matosékerhet med tackningsfaktor 2. Undantag relaterat till analyser utférda utanfor
Sverige kan férekomma. Ytterligare upplysningar samt méatosakerhet och detektionsnivaer fér mikrobiologiska analyser Iamnas pa begaran.

Denna rapport far endast aterges i sin helhet, om inte utférande laboratorium i forvag skriftligen godkant annat. Resultaten relaterar endast till det

insénda provet.
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028311 utg 1

Diklormetan <0.0050 mg/kg Ts 30% EPA 5021 b)
Triklormetan <0.0050 mg/kg Ts 25% EPA 5021 b)
Tetraklormetan <0.0050 mg/kg Ts 25% EPA 5021 b)
1,1,2-Trikloreten <0.0050 mg/kg Ts 20% EPA 5021 b)
Tetrakloreten <0.0050 mg/kg Ts 20% EPA 5021 b)
1,1-Dikloretan <0.0050 mg/kg Ts 30% EPA 5021 b)
1,2-Dikloretan <0.0050 mg/kg Ts 25% EPA 5021 b)
1,1,1-Trikloretan <0.0050 mg/kg Ts 25% EPA 5021 b)
1,1,2-Trikloretan <0.0050 mg/kg Ts 30% EPA 5021 b)
cis-1,2-Dikloreten <0.0050 mg/kg Ts 30% EPA 5021 b)
trans-1,2-Dikloreten <0.0050 mg/kg Ts 30% EPA 5021 b)
Vinylklorid <0.0050 mg/kgTs 25% EPA 5021 b)

Utférande laboratorium/underleverantor:

a) Eurofins Food & Feed Testing Sweden (Lidképing), SWEDEN, ISO/IEC 17025:2005 SWEDAC 1977

b) Eurofins Environment Testing Sweden AB, SWEDEN, ISO/IEC 17025:2005 SWEDAC 1125

Gustav Stenhammar, Rapportansvarig

Denna rapport ar elektroniskt signerad.

Forklaringar AR-003v55

Laboratoriet/laboratorierna ar ackrediterade av respektive lands ackrediteringsorgan. Ej ackrediterade analyser ar markerade med *

Matosékerheten, om inget annat anges, redovisas som utvidgad matosékerhet med tackningsfaktor 2. Undantag relaterat till analyser utférda utanfor
Sverige kan férekomma. Ytterligare upplysningar samt méatosakerhet och detektionsnivaer fér mikrobiologiska analyser Iamnas pa begaran.

Denna rapport far endast aterges i sin helhet, om inte utférande laboratorium i forvag skriftligen godkant annat. Resultaten relaterar endast till det

insénda provet.
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Provning
ISO/IEC 17025

Eurofins Environment Testing Sweden AB

Box 737
531 17 Lidképing

TIf: +46 10 490 8110
Fax:  +46 10 490 8051

AR-20-SL-080204-01

EUSELI2-00741021

Kundnummer: SL8419231

Uppdragsmarkn.
Rdsaberga
Analysrapport
Provnummer: 177-2020-03270648 Provtagningsdatum 2020-03-25
Provbeskrivning: Provtagare HK
Matris: Jord
Provet ankom: 2020-03-26
Utskriftsdatum: 2020-04-09
Analyserna paborjades: 2020-03-26
Provmarkning: PG4
Provtagningsplats: Rdésaberga
Analys Resultat  Enhet Mato. Metod/ref
Torrsubstans 629 % 10% SS-EN 12880:2000 b)
Glodforlust <01 %Ts 10% SS-EN 12879:2000 b)
TOC beraknat <0.057 % Ts b)
pH 5.0 0.2 SS-EN 15933:2012 b)
PCB 28 <0.0020 mg/kg Ts 30% EN 16167:2012 mod b)
PCB 52 <0.0020 mg/kg Ts 25% EN 16167:2012 mod b)
PCB 101 <0.0020 mg/kg Ts 25% EN 16167:2012 mod b)
PCB 118 <0.0020 mg/kg Ts 25% EN 16167:2012 mod b)
PCB 153 <0.0020 mg/kg Ts 25% EN 16167:2012 mod b)
PCB 138 <0.0020 mg/kg Ts 25% EN 16167:2012 mod b)
PCB 180 <0.0020 mg/kg Ts 25% EN 16167:2012 mod b)
S:a PCB (7st) <0.0070 mg/kg Ts EN 16167:2012 mod b)
Totalkvave (Kjeldahl+dewardas) 1500 mg/kg 10% SS 028101 a)
Totalkvave (Kjeldahl+dewardas) 024 %Ts 20% Beraknad fran analyserad b)
halt
Arsenik As 3.6 mgkgTs 25% EN ISO 11885:2009 / SS b)
028311 utg 1
Barium Ba 45 mg/kg Ts 25% EN ISO 11885:2009 / SS b)
028311 utg 1
Bly Pb 10 mg/kgTs 25% EN ISO 11885:2009 / SS b)
028311 utg 1
Fosfor P 640 mg/kg Ts 20% S8028311 / ICP-AES b)
Kadmium Cd <0.20 mg/kgTs 25% EN ISO 11885:2009 / SS b)
028311 utg 1
Kobolt Co 5.3 mglkgTs 25% EN ISO 11885:2009 / SS b)
028311 utg 1
Koppar Cu 25 mgkgTs 25% EN ISO 11885:2009 / SS b)
028311 utg 1
Krom Cr 10 mg/kgTs 25% EN ISO 11885:2009 / SS b)
028311 utg 1
Forklaringar AR-003v55
Laboratoriet/laboratorierna ar ackrediterade av respektive lands ackrediteringsorgan. Ej ackrediterade analyser ar markerade med *
Matosékerheten, om inget annat anges, redovisas som utvidgad matosékerhet med tackningsfaktor 2. Undantag relaterat till analyser utférda utanfor
Sverige kan forekomma. Ytterligare upplysningar samt matosakerhet och detektionsnivaer for mikrobiologiska analyser lamnas pa begaran. 70
Denna rapport far endast aterges i sin helhet, om inte utférande laboratorium i forvag skriftligen godkant annat. Resultaten relaterar endast till det
insanda provet. Sida 1 av 2
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Kvicksilver Hg 0.025 mglkg Ts 20% $5028311mod/SS-EN b)
1ISO17852mod

Nickel Ni 6.8 mglkg Ts 25% EN ISO 11885:2009 / SS b)
028311 utg 1

Vanadin V 21 mglkgTs 25% EN ISO 11885:2009 / SS b)
028311 utg 1

Zink Zn 110 mg/kg Ts 25% EN ISO 11885:2009 / SS b)
028311 utg 1

Utférande laboratorium/underleverantor:

a) Eurofins Food & Feed Testing Sweden (Lidképing), SWEDEN, ISO/IEC 17025:2005 SWEDAC 1977
b) Eurofins Environment Testing Sweden AB, SWEDEN, ISO/IEC 17025:2005 SWEDAC 1125

Gustav Stenhammar, Rapportansvarig

Denna rapport ar elektroniskt signerad.

Fdrklaringar AR-003v55
Laboratoriet/laboratorierna ar ackrediterade av respektive lands ackrediteringsorgan. Ej ackrediterade analyser ar markerade med *

Matosékerheten, om inget annat anges, redovisas som utvidgad matosékerhet med tackningsfaktor 2. Undantag relaterat till analyser utférda utanfor

Sverige kan forekomma. Ytterligare upplysningar samt matosakerhet och detektionsnivaer for mikrobiologiska analyser lamnas pa begaran. 7 1
Denna rapport far endast aterges i sin helhet, om inte utférande laboratorium i forvag skriftligen godkant annat. Resultaten relaterar endast till det

insénda provet. Sida 2 av 2
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Ackred. nr 1125

Provning
ISO/IEC 17025

Eurofins Environment Testing Sweden AB
Box 737
531 17 Lidkdping

TIf: +46 10 490 8110
Fax:  +46 10 490 8051

AR-20-SL-080205-01

EUSELI2-00741021

Kundnummer: SL8419231

Uppdragsmarkn.
Rdsaberga
Analysrapport

Provnummer: 177-2020-03270649 Provtagningsdatum 2020-03-25
Provbeskrivning: Provtagare HK
Matris: Jord
Provet ankom: 2020-03-26
Utskriftsdatum: 2020-04-09
Analyserna paborjades: 2020-03-26
Provmaérkning: PG5
Provtagningsplats: Rdésaberga
Analys Resultat  Enhet Mato. Metod/ref
Torrsubstans 785 % 10% SS-EN 12880:2000 b)
Glodférlust 36 %Ts 10% SS-EN 12879:2000 b)
TOC beraknat 21 %Ts b)
pH 6.0 0.2 SS-EN 15933:2012 b)
Bens(a)antracen <0.030 mg/kg Ts 25% 1ISO 18287:2008 mod b)
Krysen <0.030 mg/kg Ts 25% 1ISO 18287:2008 mod b)
Benso(b,k)fluoranten <0.030 mg/kg Ts 25% 1ISO 18287:2008 mod b)
Benzo(a)pyren <0.030 mg/kgTs 25% 1ISO 18287:2008 mod b)
Indeno(1,2,3-cd)pyren <0.030 mg/kg Ts 25% 1ISO 18287:2008 mod b)
Dibens(a,h)antracen <0.030 mg/kgTs 30% 1ISO 18287:2008 mod b)
Naftalen <0.030 mg/kgTs 25% 1SO 18287:2008 mod b)
Acenaftylen <0.030 mg/kgTs 40% 1ISO 18287:2008 mod b)
Acenaften <0.030 mg/kg Ts 25% 1ISO 18287:2008 mod b)
Fluoren <0.030 mg/kg Ts 30% 1ISO 18287:2008 mod b)
Fenantren <0.030 mg/kg Ts 25% 1ISO 18287:2008 mod b)
Antracen <0.030 mg/kgTs 25% 1ISO 18287:2008 mod b)
Fluoranten <0.030 mg/kg Ts 25% 1ISO 18287:2008 mod b)
Pyren <0.030 mg/kg Ts 25% 1ISO 18287:2008 mod b)
Benzo(g,h,i)perylen <0.030 mg/kg Ts 25% 1ISO 18287:2008 mod b)
Summa PAH med lag molekylvikt <0.045 mg/kgTs b)
Summa PAH med medelhdg molekylvikt <0.075 mg/kg Ts b)
Summa PAH med hdg molekylvikt <0.11 mgkgTs b)
Summa cancerogena PAH <0.090 mg/kgTs b)
Summa 6vriga PAH <0.14 mg/kgTs b)
Summa totala PAH16 <0.23 mg/kgTs b)
PCB 28 <0.0020 mg/kg Ts 30% EN 16167:2012 mod b)

Eérklaringar AR-003v55

Laboratoriet/laboratorierna ar ackrediterade av respektive lands ackrediteringsorgan. Ej ackrediterade analyser ar markerade med *

Matosékerheten, om inget annat anges, redovisas som utvidgad matosékerhet med tackningsfaktor 2. Undantag relaterat till analyser utférda utanfor

Sverige kan férekomma. Ytterligare upplysningar samt métosakerhet och detektionsnivaer fér mikrobiologiska analyser Iamnas pa begaran.

Denna rapport far endast aterges i sin helhet, om inte utférande laboratorium i forvag skriftligen godkant annat. Resultaten relaterar endast till det

inséanda provet. Sida 1av2
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PCB 52 <0.0020 mg/kg Ts 25% EN 16167:2012 mod b)
PCB 101 <0.0020 mg/kg Ts 25% EN 16167:2012 mod b)
PCB 118 <0.0020 mg/kg Ts 25% EN 16167:2012 mod b)
PCB 153 <0.0020 mg/kg Ts 25% EN 16167:2012 mod b)
PCB 138 <0.0020 mg/kg Ts 25% EN 16167:2012 mod b)
PCB 180 <0.0020 mg/kg Ts 25% EN 16167:2012 mod b)
S:a PCB (7st) <0.0070 mg/kg Ts EN 16167:2012 mod b)
Totalkvave (Kjeldahl+dewardas) 760 mg/kg 20% SS 028101 a)
Totalkvéve (Kjeldahl+dewardas) 0.097 %Ts 20% Beréknad fran analyserad b)
halt
Arsenik As <23 mg/kgTs 25% EN ISO 11885:2009 / SS b)
028311 utg 1
Barium Ba 38 mgkgTs 25% EN ISO 11885:2009 / SS b)
028311 utg 1
Bly Pb 59 mg/kgTs 25% EN ISO 11885:2009 / SS b)
028311 utg 1
Fosfor P 420 mg/kg Ts 20% SS028311 / ICP-AES b)
Kadmium Cd <0.20 mg/kgTs 25% EN I1SO 11885:2009 / SS b)
028311 utg 1
Kobolt Co 5.7 mg/kgTs 25% EN ISO 11885:2009 / SS b)
028311 utg 1
Koppar Cu 5.5 mgkgTs 25% EN ISO 11885:2009 / SS b)
028311 utg 1
Krom Cr 8.2 mglkgTs 25% EN ISO 11885:2009 / SS b)
028311 utg 1
Kvicksilver Hg 0.024 mg/kg Ts 20% S$S8028311mod/SS-EN b)
1ISO17852mod
Nickel Ni 51 mg/kgTs 25% EN ISO 11885:2009 / SS b)
028311 utg 1
Vanadin V 16 mg/kg Ts 25% EN ISO 11885:2009 / SS b)
028311 utg 1
Zink Zn 26 mg/kg Ts 25% EN ISO 11885:2009 / SS b)
028311 utg 1
Utférande laboratorium/underleverantor:
a) Eurofins Food & Feed Testing Sweden (Lidkdping), SWEDEN, ISO/IEC 17025:2005 SWEDAC 1977
b) Eurofins Environment Testing Sweden AB, SWEDEN, ISO/IEC 17025:2005 SWEDAC 1125
Gustav Stenhammar, Rapportansvarig
Denna rapport ar elektroniskt signerad.
Fdrklaringar AR-003v55
Laboratoriet/laboratorierna ar ackrediterade av respektive lands ackrediteringsorgan. Ej ackrediterade analyser ar markerade med *
Matosékerheten, om inget annat anges, redovisas som utvidgad matosékerhet med tackningsfaktor 2. Undantag relaterat till analyser utférda utanfor
Sverige kan forekomma. Ytterligare upplysningar samt matosakerhet och detektionsnivaer for mikrobiologiska analyser lamnas pa begaran. 73
Denna rapport far endast aterges i sin helhet, om inte utférande laboratorium i forvag skriftligen godkant annat. Resultaten relaterar endast till det
inséanda provet. Sida2av 2
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Provning
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Eurofins Environment Testing Sweden AB

Box 737
531 17 Lidképing

TIf: +46 10 490 8110
Fax:  +46 10 490 8051

AR-20-SL-080206-01
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Kundnummer: SL8419231

Uppdragsmarkn.
Rdsaberga
Analysrapport
Provnummer: 177-2020-03270650 Provtagningsdatum 2020-03-25
Provbeskrivning: Provtagare HK
Matris: Jord
Provet ankom: 2020-03-26
Utskriftsdatum: 2020-04-09
Analyserna paborjades: 2020-03-26
Provmarkning: PG6
Provtagningsplats: Rdésaberga
Analys Resultat  Enhet Mato. Metod/ref
Torrsubstans 818 % 10% SS-EN 12880:2000 b)
Glodforlust 08 %Ts 10% SS-EN 12879:2000 b)
TOC beraknat 046 %Ts b)
pH 5.7 0.2 SS-EN 15933:2012 b)
PCB 28 <0.0020 mg/kg Ts 30% EN 16167:2012 mod b)
PCB 52 <0.0020 mg/kg Ts 25% EN 16167:2012 mod b)
PCB 101 <0.0020 mg/kg Ts 25% EN 16167:2012 mod b)
PCB 118 <0.0020 mg/kg Ts 25% EN 16167:2012 mod b)
PCB 153 <0.0020 mg/kg Ts 25% EN 16167:2012 mod b)
PCB 138 <0.0020 mg/kg Ts 25% EN 16167:2012 mod b)
PCB 180 <0.0020 mg/kg Ts 25% EN 16167:2012 mod b)
S:a PCB (7st) <0.0070 mg/kg Ts EN 16167:2012 mod b)
Totalkvave (Kjeldahl+dewardas) 1000 mg/kg 10% SS 028101 a)
Totalkvave (Kjeldahl+dewardas) 012 %Ts 20% Beraknad fran analyserad b)
halt
Arsenik As <23 mgkgTs 25% EN ISO 11885:2009 / SS b)
028311 utg 1
Barium Ba 40 mg/kgTs 25% EN ISO 11885:2009 / SS b)
028311 utg 1
Bly Pb 6.7 mg/kg Ts 25% EN ISO 11885:2009 / SS b)
028311 utg 1
Fosfor P 570 mg/kg Ts 20% SS028311 / ICP-AES b)
Kadmium Cd <0.20 mg/kgTs 25% EN ISO 11885:2009 / SS b)
028311 utg 1
Kobolt Co 6.4 mg/kgTs 25% EN ISO 11885:2009 / SS b)
028311 utg 1
Koppar Cu 13 mgkgTs 25% EN ISO 11885:2009 / SS b)
028311 utg 1
Krom Cr 9.2 mg/kgTs 25% EN ISO 11885:2009 / SS b)
028311 utg 1
Forklaringar AR-003v55
Laboratoriet/laboratorierna ar ackrediterade av respektive lands ackrediteringsorgan. Ej ackrediterade analyser ar markerade med *
Matosékerheten, om inget annat anges, redovisas som utvidgad matosékerhet med tackningsfaktor 2. Undantag relaterat till analyser utférda utanfor
Sverige kan forekomma. Ytterligare upplysningar samt matosakerhet och detektionsnivaer for mikrobiologiska analyser lamnas pa begaran. 74
Denna rapport far endast aterges i sin helhet, om inte utférande laboratorium i forvag skriftligen godkant annat. Resultaten relaterar endast till det
insanda provet. Sida 1 av 2



AR-20-SL-080206-01

EUSELI2-00741021

Kvicksilver Hg 0.023 mg/kg Ts 20% S$S028311mod/SS-EN b)
1SO17852mod
Nickel Ni 54 mgkgTs 25% EN ISO 11885:2009 / SS b)
028311 utg 1
Vanadin V 19 mg/kgTs 25% EN ISO 11885:2009 / SS b)
028311 utg 1
Zink Zn 35 mgkgTs 25% EN ISO 11885:2009 / SS b)
028311 utg 1
Utférande laboratorium/underleverantor:
a) Eurofins Food & Feed Testing Sweden (Lidkdping), SWEDEN, ISO/IEC 17025:2005 SWEDAC 1977
b) Eurofins Environment Testing Sweden AB, SWEDEN, ISO/IEC 17025:2005 SWEDAC 1125
Gustav Stenhammar, Rapportansvarig
Denna rapport ar elektroniskt signerad.
Fdrklaringar AR-003v55

Laboratoriet/laboratorierna ar ackrediterade av respektive lands ackrediteringsorgan. Ej ackrediterade analyser ar markerade med *

Matosékerheten, om inget annat anges, redovisas som utvidgad matosékerhet med tackningsfaktor 2. Undantag relaterat till analyser utférda utanfor
Sverige kan férekomma. Ytterligare upplysningar samt méatosakerhet och detektionsnivaer fér mikrobiologiska analyser Iamnas pa begaran.

Denna rapport far endast aterges i sin helhet, om inte utférande laboratorium i forvag skriftligen godkant annat. Resultaten relaterar endast till det

insénda provet.

75
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Ackred. nr 1125

Provning
ISO/IEC 17025

Eurofins Environment Testing Sweden AB

Box 737
531 17 Lidképing

TIf: +46 10 490 8110
Fax:  +46 10 490 8051

AR-20-SL-080207-01

EUSELI2-00741021

Kundnummer: SL8419231

Uppdragsmarkn.
Rdsaberga
Analysrapport
Provnummer: 177-2020-03270651 Provtagningsdatum 2020-03-25
Provbeskrivning: Provtagare HK
Matris: Jord
Provet ankom: 2020-03-26
Utskriftsdatum: 2020-04-09
Analyserna paborjades: 2020-03-26
Provmarkning: PG7
Provtagningsplats: Rdésaberga
Analys Resultat  Enhet Mato. Metod/ref
Torrsubstans 86.6 % 10% SS-EN 12880:2000 b)
Glodforlust 23 %Ts 10% SS-EN 12879:2000 b)
TOC beraknat 13 %Ts b)
pH 5.6 0.2 SS-EN 15933:2012 b)
PCB 28 <0.0020 mg/kg Ts 30% EN 16167:2012 mod b)
PCB 52 <0.0020 mg/kg Ts 25% EN 16167:2012 mod b)
PCB 101 <0.0020 mg/kg Ts 25% EN 16167:2012 mod b)
PCB 118 <0.0020 mg/kg Ts 25% EN 16167:2012 mod b)
PCB 153 <0.0020 mg/kg Ts 25% EN 16167:2012 mod b)
PCB 138 <0.0020 mg/kg Ts 25% EN 16167:2012 mod b)
PCB 180 <0.0020 mg/kg Ts 25% EN 16167:2012 mod b)
S:a PCB (7st) <0.0070 mg/kg Ts EN 16167:2012 mod b)
Totalkvave (Kjeldahl+dewardas) 530 mg/kg 20% SS 028101 a)
Totalkvave (Kjeldahl+dewardas) 0061 %Ts 20% Beraknad fran analyserad b)
halt
Arsenik As <21 mgkgTs 25% EN ISO 11885:2009 / SS b)
028311 utg 1
Barium Ba 27 mglkg Ts 25% EN ISO 11885:2009 / SS b)
028311 utg 1
Bly Pb 3.0 mgkgTs 25% EN ISO 11885:2009 / SS b)
028311 utg 1
Fosfor P 360 mglkg Ts 20% SS028311 / ICP-AES b)
Kadmium Cd <0.20 mg/kgTs 25% EN ISO 11885:2009 / SS b)
028311 utg 1
Kobolt Co 48 mglkgTs 25% EN ISO 11885:2009 / SS b)
028311 utg 1
Koppar Cu 52 mgkgTs 25% EN ISO 11885:2009 / SS b)
028311 utg 1
Krom Cr 8.4 mg/kgTs 25% EN ISO 11885:2009 / SS b)
028311 utg 1
Forklaringar AR-003v55
Laboratoriet/laboratorierna ar ackrediterade av respektive lands ackrediteringsorgan. Ej ackrediterade analyser ar markerade med *
Matosékerheten, om inget annat anges, redovisas som utvidgad matosékerhet med tackningsfaktor 2. Undantag relaterat till analyser utférda utanfor
Sverige kan férekomma. Ytterligare upplysningar samt méatosakerhet och detektionsnivaer fér mikrobiologiska analyser Iamnas pa begaran.
Denna rapport far endast aterges i sin helhet, om inte utférande laboratorium i forvag skriftligen godkant annat. Resultaten relaterar endast till det 76
insanda provet. Sida 1 av 2
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Kvicksilver Hg 0.020 mg/kg Ts 20% $S028311mod/SS-EN b)
1ISO17852mod

Nickel Ni 40 mgkgTs 25% EN ISO 11885:2009 / SS b)
028311 utg 1

Vanadin V 19 mgkg Ts 25% EN ISO 11885:2009 / SS b)
028311 utg 1

Zink Zn 16 mg/kg Ts 25% EN ISO 11885:2009 / SS b)
028311 utg 1

Utférande laboratorium/underleverantor:

a) Eurofins Food & Feed Testing Sweden (Lidképing), SWEDEN, ISO/IEC 17025:2005 SWEDAC 1977
b) Eurofins Environment Testing Sweden AB, SWEDEN, ISO/IEC 17025:2005 SWEDAC 1125

Gustav Stenhammar, Rapportansvarig

Denna rapport ar elektroniskt signerad.

Fdrklaringar AR-003v55
Laboratoriet/laboratorierna ar ackrediterade av respektive lands ackrediteringsorgan. Ej ackrediterade analyser ar markerade med *

Matosékerheten, om inget annat anges, redovisas som utvidgad matosékerhet med tackningsfaktor 2. Undantag relaterat till analyser utférda utanfor

Sverige kan forekomma. Ytterligare upplysningar samt matosakerhet och detektionsnivaer for mikrobiologiska analyser lamnas pa begaran. 77

Denna rapport far endast aterges i sin helhet, om inte utférande laboratorium i forvag skriftligen godkant annat. Resultaten relaterar endast till det

insénda provet. Sida 2 av 2
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Provning
ISO/IEC 17025

Eurofins Environment Testing Sweden AB
Box 737
531 17 Lidkdping

TIf: +46 10 490 8110
Fax:  +46 10 490 8051

AR-20-SL-080208-01

EUSELI2-00741021

Kundnummer: SL8419231

Uppdragsmarkn.
Rdsaberga
Analysrapport
Provnummer: 177-2020-03270652 Provtagningsdatum 2020-03-25
Provbeskrivning: Provtagare HK
Matris: Jord
Provet ankom: 2020-03-26
Utskriftsdatum: 2020-04-09
Analyserna paborjades: 2020-03-26
Provmaérkning: PG8 (SLB58-2)
Provtagningsplats: Rdésaberga
Analys Resultat  Enhet Mato. Metod/ref
Torrsubstans 68.7 % 10% SS-EN 12880:2000 b)
Glodférlust 64 %Ts 10% SS-EN 12879:2000 b)
TOC beraknat 36 %Ts b)
pH 6.2 0.2 SS-EN 15933:2012 b)
Bensen <0.0035 mg/kg Ts 30% EPA 5021 b)
Toluen <010 mg/kgTs 30% EPA 5021 b)
Etylbensen <010 mg/kgTs 30% EPA 5021 b)
M/P/O-Xylen <010 mg/kgTs 30% EPA 5021 b)
Summa TEX <0.20 mg/kgTs 30% EPA 5021 b)
Alifater >C5-C8 <50 mgkgTs 35% SPI 2011 b)
Alifater >C8-C10 <3.0 mgkgTs 35% SPI 2011 b)
Alifater >C10-C12 <5.0 mgkgTs 30% SPI 2011 b)
Alifater >C12-C16 <50 mgkgTs 30% SPI 2011 b)
Summa Alifater >C5-C16 <9.0 mg/kgTs b)
Alifater >C16-C35 <10 mg/kgTs 30% SPI 2011 b)
Aromater >C8-C10 <4.0 mg/kgTs 30% SPI 2011 b)
Aromater >C10-C16 <0.90 mgkgTs 20% SPI 2011 b)
Metylkrysener/benzo(a)antracener <0.50 mg/kgTs 25% SIS: TK 535 N 012 b)
Metylpyren/fluorantener <0.50 mg/kgTs 25% SIS: TK 535N 012 b)
Aromater >C16-C35 <0.50 mg/kgTs 25% SIS: TK 535 N 012 b)
Oljetyp < C10 Utgar b)*
Oljetyp > C10 Utgar b)*
Bens(a)antracen <0.030 mg/kg Ts 25% 1ISO 18287:2008 mod b)
Krysen <0.030 mg/kg Ts 25% 1ISO 18287:2008 mod b)
Benso(b,k)fluoranten <0.030 mg/kgTs 25% 1ISO 18287:2008 mod b)
Benzo(a)pyren <0.030 mg/kg Ts 25% 1ISO 18287:2008 mod b)
Forklaringar AR-003v55

Laboratoriet/laboratorierna ar ackrediterade av respektive lands ackrediteringsorgan. Ej ackrediterade analyser ar markerade med *

Matosékerheten, om inget annat anges, redovisas som utvidgad matosékerhet med tackningsfaktor 2. Undantag relaterat till analyser utférda utanfor

Sverige kan férekomma. Ytterligare upplysningar samt métosakerhet och detektionsnivaer fér mikrobiologiska analyser Iamnas pa begaran.

78

Denna rapport far endast aterges i sin helhet, om inte utférande laboratorium i forvag skriftligen godkant annat. Resultaten relaterar endast till det

insénda provet.
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Indeno(1,2,3-cd)pyren <0.030 mg/kg Ts 25% 1ISO 18287:2008 mod b)
Dibens(a,h)antracen <0.030 mg/kgTs 30% 1ISO 18287:2008 mod b)
Naftalen <0.030 mg/kgTs 25% 1SO 18287:2008 mod b)
Acenaftylen <0.030 mg/kgTs 40% ISO 18287:2008 mod b)
Acenaften <0.030 mg/kg Ts 25% 1ISO 18287:2008 mod b)
Fluoren <0.030 mg/kgTs 30% 1ISO 18287:2008 mod b)
Fenantren <0.030 mg/kg Ts 25% 1ISO 18287:2008 mod b)
Antracen <0.030 mg/kgTs 25% 1ISO 18287:2008 mod b)
Fluoranten <0.030 mg/kg Ts 25% 1ISO 18287:2008 mod b)
Pyren <0.030 mg/kgTs 25% 1ISO 18287:2008 mod b)
Benzo(g,h,i)perylen <0.030 mg/kg Ts 25% 1ISO 18287:2008 mod b)
Summa PAH med lag molekylvikt <0.045 mg/kg Ts b)
Summa PAH med medelhdg molekylvikt <0.075 mg/kg Ts b)
Summa PAH med hég molekylvikt <011 mgkgTs b)
Summa cancerogena PAH <0.090 mg/kg Ts b)
Summa 6vriga PAH <014 mg/kgTs b)
Summa totala PAH16 <0.23 mg/kgTs b)
PCB 28 <0.0020 mg/kg Ts 30% EN 16167:2012 mod b)
PCB 52 <0.0020 mg/kg Ts 25% EN 16167:2012 mod b)
PCB 101 <0.0020 mg/kg Ts 25% EN 16167:2012 mod b)
PCB 118 <0.0020 mg/kg Ts 25% EN 16167:2012 mod b)
PCB 153 <0.0020 mg/kg Ts 25% EN 16167:2012 mod b)
PCB 138 <0.0020 mg/kg Ts 25% EN 16167:2012 mod b)
PCB 180 <0.0020 mg/kg Ts 25% EN 16167:2012 mod b)
S:a PCB (7st) <0.0070 mg/kg Ts EN 16167:2012 mod b)
Totalkvave (Kjeldahl+dewardas) 1100 mg/kg 10% SS 028101 a)
Totalkvéve (Kjeldahl+dewardas) 016 %Ts 20% Beraknad fran analyserad b)
halt
Arsenik As <27 mgkgTs 25% EN ISO 11885:2009 / SS b)
028311 utg 1
Barium Ba 59 mg/kgTs 25% EN ISO 11885:2009 / SS b)
028311 utg 1
Bly Pb 9.6 mg/kgTs 25% EN ISO 11885:2009 / SS b)
028311 utg 1
Fosfor P 580 mg/kg Ts 20% S$S028311 / ICP-AES b)
Kadmium Cd <0.20 mg/kgTs 25% EN ISO 11885:2009 / SS b)
028311 utg 1
Kobolt Co 49 mgkgTs 25% EN ISO 11885:2009 / SS b)
028311 utg 1
Koppar Cu 8.7 mgkgTs 25% EN ISO 11885:2009 / SS b)
028311 utg 1
Krom Cr 7.6 mgkgTs 25% EN ISO 11885:2009 / SS b)
028311 utg 1
Kvicksilver Hg 0.028 mg/kg Ts 20% SS028311mod/SS-EN b)
1ISO17852mod
Nickel Ni 44 mgkgTs 25% EN ISO 11885:2009 / SS b)
028311 utg 1
Vanadin V 16 mg/kg Ts 25% EN ISO 11885:2009 / SS b)
028311 utg 1
Zink Zn 48 mg/kg Ts 25% EN ISO 11885:2009 / SS b)
Fdrklaringar AR-003v55
Laboratoriet/laboratorierna ar ackrediterade av respektive lands ackrediteringsorgan. Ej ackrediterade analyser ar markerade med *
Matosékerheten, om inget annat anges, redovisas som utvidgad matosékerhet med tackningsfaktor 2. Undantag relaterat till analyser utférda utanfér
Sverige kan forekomma. Ytterligare upplysningar samt matosakerhet och detektionsnivaer for mikrobiologiska analyser lamnas pa begaran. 79

Denna rapport far endast aterges i sin helhet, om inte utférande laboratorium i forvag skriftligen godkant annat. Resultaten relaterar endast till det
inséanda provet. Sida2av3
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028311 utg 1

Diklormetan <0.0050 mg/kg Ts 30% EPA 5021 b)
Triklormetan <0.0050 mg/kg Ts 25% EPA 5021 b)
Tetraklormetan <0.0050 mg/kg Ts 25% EPA 5021 b)
1,1,2-Trikloreten <0.0050 mg/kg Ts 20% EPA 5021 b)
Tetrakloreten <0.0050 mg/kg Ts 20% EPA 5021 b)
1,1-Dikloretan <0.0050 mg/kg Ts 30% EPA 5021 b)
1,2-Dikloretan <0.0050 mg/kg Ts 25% EPA 5021 b)
1,1,1-Trikloretan <0.0050 mg/kg Ts 25% EPA 5021 b)
1,1,2-Trikloretan <0.0050 mg/kg Ts 30% EPA 5021 b)
cis-1,2-Dikloreten <0.0050 mg/kg Ts 30% EPA 5021 b)
trans-1,2-Dikloreten <0.0050 mg/kg Ts 30% EPA 5021 b)
Vinylklorid <0.0050 mg/kgTs 25% EPA 5021 b)

Utférande laboratorium/underleverantor:

a) Eurofins Food & Feed Testing Sweden (Lidképing), SWEDEN, ISO/IEC 17025:2005 SWEDAC 1977

b) Eurofins Environment Testing Sweden AB, SWEDEN, ISO/IEC 17025:2005 SWEDAC 1125

Gustav Stenhammar, Rapportansvarig

Denna rapport ar elektroniskt signerad.

Forklaringar AR-003v55

Laboratoriet/laboratorierna ar ackrediterade av respektive lands ackrediteringsorgan. Ej ackrediterade analyser ar markerade med *

Matosékerheten, om inget annat anges, redovisas som utvidgad matosékerhet med tackningsfaktor 2. Undantag relaterat till analyser utférda utanfor
Sverige kan férekomma. Ytterligare upplysningar samt méatosakerhet och detektionsnivaer fér mikrobiologiska analyser Iamnas pa begaran.

Denna rapport far endast aterges i sin helhet, om inte utférande laboratorium i forvag skriftligen godkant annat. Resultaten relaterar endast till det

insénda provet.
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Ackred. nr 1125
Provnin,
ISO/IEC 17025

Eurofins Environment Testing Sweden AB
Box 737
531 17 Lidkdping

TIf: +46 10 490 8110
Fax:  +46 10 490 8051

AR-20-SL-082861-01

EUSELI2-00742261
Kundnummer: SL8419231

Uppdragsmarkn.
Rdsaberg
Analysrapport
Provnummer: 177-2020-04010299 Ankomsttemp °C Kem 11,0
Provbeskrivning: Provtagningsdatum 2020-03-31
Matris: Grundvatten Provtagare Lisa Westander
Provet ankom: 2020-03-31
Utskriftsdatum: 2020-04-16
Analyserna pabérjades: 2020-03-31
Provmarkning: PG1GW (PLW65-1)
Provtagningsplats: Résaberga
Analys Resultat  Enhet Mato. Metod/ref
Bensen <0.00050 mg/l 30% LidMilj6.0A.01.09 c)
Toluen <0.0010 mg/l 30% LidMilj6.0A.01.09 c)
Etylbensen <0.0010 mg/l 30% LidMilj6.0A.01.09 c)
M/P/O-Xylen <0.0010 mgl/l 30% LidMilj6.0A.01.09 c)
Summa TEX <0.0020 mg/l LidMilj6.0A.01.09/15 c)
Alifater >C5-C8 <0.020 mg/l 35% SPI 2011 c)
Alifater >C8-C10 <0.020 mg/l 35% SPI1 2011 c)
Alifater >C10-C12 <0.020 mg/l 20% Intern metod c)
Alifater >C5-C12 <0.030 mgl/l Intern metod c)
Alifater >C12-C16 <0.020 mg/l 20% Intern metod c)
Alifater >C16-C35 <0.050 mg/l 25% Intern metod c)
Alifater >C12-C35 <0.050 mgl/l Intern metod c)
Aromater >C8-C10 <0.010 mg/l 30% SPI1 2011 c)
Aromater >C10-C16 <0.010 mgl/l 20% Intern metod c)
Aromater >C16-C35 <0.0050 mgl/l 25% Intern metod c)
Oljetyp < C10 Utgar c)*
Oljetyp > C10 Utgar c)*
Bens(a)antracen <0.010 g/l 25% Intern metod c)
Krysen <0.010 pg/l 25% Intern metod c)
Benso(b,k)fluoranten <0.020 g/l 25% Intern metod c)
Benso(a)pyren <0.010 pg/l 30% Intern metod c)
Indeno(1,2,3-cd)pyren <0.010 g/l 30% Intern metod c)
Dibens(a,h)antracen <0.010 pg/l 30% Intern metod c)
Summa cancerogena PAH <0.20 g/l Intern metod c)
Naftalen 0.12  pg/l 30% Intern metod c)
Acenaftylen <0.010 g/l 25% Intern metod c)
Fdrklaringar AR-003v55

Laboratoriet/laboratorierna ar ackrediterade av respektive lands ackrediteringsorgan. Ej ackrediterade analyser ar markerade med *

Matosékerheten, om inget annat anges, redovisas som utvidgad matosékerhet med tackningsfaktor 2. Undantag relaterat till analyser utférda utanfor
Sverige kan férekomma. Ytterligare upplysningar samt méatosakerhet och detektionsnivaer fér mikrobiologiska analyser Iamnas pa begaran.

Denna rapport far endast aterges i sin helhet, om inte utférande laboratorium i forvag skriftligen godkant annat. Resultaten relaterar endast till det

insénda provet.

81

Sida 1 av 4




AR-20-SL-082861-01

EUSELI2-00742261

Acenaften <0.010 g/l 25% Intern metod c)

Fluoren <0.010 pg/l 25% Intern metod c)

Fenantren <0.010 g/l 25% Intern metod c)

Antracen <0.010 g/l 25% Intern metod c)

Fluoranten 0.013 g/l 25% Intern metod c)

Pyren 0.012 g/l 25% Intern metod c)

Benso(g,h,i)perylen <0.010 pg/l 30% Intern metod c)

Summa 6vriga PAH <0.30 g/l Intern metod c)

Summa PAH med lag molekylvikt <0.20 g/l Intern metod c)

Summa PAH med medelhdg molekylvikt <0.30 g/l Intern metod c)

Summa PAH med hég molekylvikt <0.30 g/l Intern metod c)

PCB 28 <0.010 g/l 40% Intern metod c)

PCB 52 <0.010 g/l 40% Intern metod c)

PCB 101 <0.010 g/l 40% Intern metod c)

PCB 118 <0.010 ug/l 40% Intern metod c)

PCB 138 <0.010 g/l 40% Intern metod c)

PCB 153 <0.010 pg/l 40% Intern metod c)

PCB 180 <0.010 g/l 40% Intern metod c)

S:a PCB (7st) ND Intern metod c)

pH 6.2 0.2 SS-EN ISO 10523:2012 b)

Temperatur vid pH-matning 20.2 °C SS-EN ISO 10523:2012 b)

Fosfor P 0.53 mgl/l 10% SS-EN ISO 15681-2:2005 b)

Kvave-N 47 mgll 10% 1SO 29441:2010 b)

Arsenik As (filtrerat) 0.0027 mg/l 20% EN ISO 17294-2:2016 c)

Barium Ba (filtrerat) 0.14 mg/l 25% EN ISO 17294-2:2016 c)

Bly Pb (filtrerat) 0.00083 mg/l 20% EN ISO 17294-2:2016 c)

Kadmium Cd (filtrerat) 0.000099 mg/l 20% EN ISO 17294-2:2016 c)

Kobolt Co (filtrerat) 0.0082 mgl/l 20% EN ISO 17294-2:2016 c)

Koppar Cu (filtrerat) 0.0054 mg/l 25% EN ISO 17294-2:2016 c)

Krom Cr (filtrerat) 0.00094 mg/l 20% EN ISO 17294-2:2016 c)

Kvicksilver Hg (filtrerat) <0.00010 mg/l 20% SS-EN ISO 17852:2008 c)

mod
Nickel Ni (filtrerat) 0.0032 mgl/l 20% EN ISO 17294-2:2016 c)
Vanadin V (filtrerat) 0.00089 mg/l 20% EN ISO 17294-2:2016 c)
Zink Zn (filtrerat) 0.034 mgl/l 25% EN ISO 17294-2:2016 c)
Glyfosat <0.010 g/l 13% Anal Bioanal Chem (2008) a)
391:2265-2276 mod.

AMPA <0.010 g/l 13% Anal Bioanal Chem (2008) a)
391:2265-2276 mod.

Atrazine <0.010 g/l 25% Enviromental Science & a)
Technology vol.31,no 2
mod.

Atrazine-desethyl <0.010 g/l 25% Enviromental Science & a)
Technology vol.31,no 2
mod.

Atrazine-desisopropyl <0.010 g/l 25% Enviromental Science & a)
Technology vol.31,no 2
mod.

Atrazin-2-hydroxy <0.010 g/l 25% Enviromental Science & a)
Fdrklaringar AR-003v55
Laboratoriet/laboratorierna ar ackrediterade av respektive lands ackrediteringsorgan. Ej ackrediterade analyser ar markerade med *

Matosékerheten, om inget annat anges, redovisas som utvidgad matosékerhet med tackningsfaktor 2. Undantag relaterat till analyser utférda utanfor
Sverige kan forekomma. Ytterligare upplysningar samt matosakerhet och detektionsnivaer for mikrobiologiska analyser lamnas pa begaran. 82

Denna rapport far endast aterges i sin helhet, om inte utférande laboratorium i forvag skriftligen godkant annat. Resultaten relaterar endast till det
insanda provet. Sida 2 av 4
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Technology vol.31,no 2
mod.

Bentazone <0.010 g/l 25% Enviromental Science & a)
Technology vol.31,no 2
mod.

Cyanazine <0.010 g/l 25% Enviromental Science & a)
Technology vol.31,no 2
mod.

2,6-Diklorbenzamid 0.040 g/l 25% Enviromental Science & a)
Technology vol.31,no 2
mod.

D-2,4 <0.010 g/l 25% Enviromental Science & a)
Technology vol.31,no 2
mod.

Diclorprop <0.010 g/l 25% Enviromental Science & a)
Technology vol.31,no 2
mod.

Diuron <0.010 g/l 25% Enviromental Science & a)
Technology vol.31,no 2
mod.

Fluroxypyr <0.010 g/l 25% Enviromental Science & a)
Technology vol.31,no 2
mod.

Imidacloprid <0.010 g/l 25% Enviromental Science & a)
Technology vol.31,no 2
mod.

Isoproturon <0.010 g/l 25% Enviromental Science & a)
Technology vol.31,no 2
mod.

Klopyralid <0.010 pg/l 25% Enviromental Science & a)
Technology vol.31,no 2
mod.

Kvinmerac <0.010 g/l 25% Enviromental Science & a)
Technology vol.31,no 2
mod.

MCPA <0.010 g/l 25% Enviromental Science & a)
Technology vol.31,no 2
mod.

Mekoprop <0.010 g/l 25% Enviromental Science & a)
Technology vol.31,no 2
mod.

Metazaklor <0.010 g/l 25% Enviromental Science & a)
Technology vol.31,no 2
mod.

Terbuthylazine <0.010 g/l 25% Enviromental Science & a)
Technology vol.31,no 2
mod.

Diklormetan <0.10 g/l 30% Intern metod c)

Pirimicarb <0.010 g/l 25% Enviromental Science & a)
Technology vol.31,no 2
mod.

Propyzamide <0.010 g/l 25% Enviromental Science & a)
Technology vol.31,no 2
mod.

Terbutylazin-2-hydroxy <0.010 g/l 25% Enviromental Science & a)
Technology vol.31,no 2
mod.

Terbutylazin-desetyl <0.010 pg/l 25% Enviromental Science & a)
Technology vol.31,no 2
mod.

Triklormetan <0.10 g/l 25% Intern metod c)

Forklaringar AR-003v55
Laboratoriet/laboratorierna ar ackrediterade av respektive lands ackrediteringsorgan. Ej ackrediterade analyser ar markerade med *

Matosékerheten, om inget annat anges, redovisas som utvidgad matosékerhet med tackningsfaktor 2. Undantag relaterat till analyser utférda utanfor

Sverige kan forekomma. Ytterligare upplysningar samt matosakerhet och detektionsnivaer for mikrobiologiska analyser lamnas pa begaran. 83

Denna rapport far endast aterges i sin helhet, om inte utférande laboratorium i forvag skriftligen godkant annat. Resultaten relaterar endast till det

inséanda provet. Sida 3 av 4
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Tetraklormetan <0.10 g/l 25% Intern metod c)
Trikloreten <0.10 g/l 20% Intern metod c)
Tetrakloreten <0.10 g/l Intern metod c)
1,1-Dikloretan <0.10 g/l 30% Intern metod c)
1,2-Dikloretan <0.10 g/l 25% Intern metod c)
1,1,1-Trikloretan <0.10 g/l 25% Intern metod c)
1,1,2-Trikloretan <0.10 g/l 30% Intern metod c)
cis-1,2-Dikloreten <0.10 g/l 30% Intern metod c)
trans-1,2-Dikloreten <0.10 g/l 30% Intern metod c)
1,1-Dikloreten <0.10 g/l 30% Intern metod c)
Vinylklorid <0.10 g/l 25% Intern metod c)

Utférande laboratorium/underleverantor:

a) Eurofins Food & Feed Testing Sweden (Lidkdping), SWEDEN, ISO/IEC 17025:2005 SWEDAC 1977

b) Eurofins Water Testing Sweden, SWEDEN, ISO/IEC 17025:2005 SWEDAC 10300

c) Eurofins Environment Testing Sweden AB, SWEDEN, ISO/IEC 17025:2005 SWEDAC 1125

Sara Gustavsson, Rapportansvarig

Denna rapport ar elektroniskt signerad.

Edrklaringar AR-003v55

Laboratoriet/laboratorierna ar ackrediterade av respektive lands ackrediteringsorgan. Ej ackrediterade analyser ar markerade med *

Matosékerheten, om inget annat anges, redovisas som utvidgad matosékerhet med tackningsfaktor 2. Undantag relaterat till analyser utférda utanfor
Sverige kan férekomma. Ytterligare upplysningar samt méatosakerhet och detektionsnivaer fér mikrobiologiska analyser Iamnas pa begaran.

Denna rapport far endast aterges i sin helhet, om inte utférande laboratorium i forvag skriftligen godkant annat. Resultaten relaterar endast till det

insénda provet.

Sida 4 av 4
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Ackred. nr 1125
Provnin,
ISO/IEC 17025

Eurofins Environment Testing Sweden AB
Box 737
531 17 Lidkdping

TIf: +46 10 490 8110
Fax:  +46 10 490 8051

AR-20-SL-082862-01

EUSELI2-00742261
Kundnummer: SL8419231

Uppdragsmarkn.
Rdsaberg
Analysrapport
Provnummer: 177-2020-04010300 Ankomsttemp °C Kem 11,0
Provbeskrivning: Provtagningsdatum 2020-03-31
Matris: Grundvatten Provtagare Lisa Westander
Provet ankom: 2020-03-31
Utskriftsdatum: 2020-04-16
Analyserna pabérjades: 2020-03-31
Provmarkning: PG2GW (PLW65-1)
Provtagningsplats: Résaberga
Analys Resultat  Enhet Mato. Metod/ref
Bensen <0.00050 mg/l 30% LidMilj6.0A.01.09 c)
Toluen <0.0010 mg/l 30% LidMilj6.0A.01.09 c)
Etylbensen <0.0010 mg/l 30% LidMilj6.0A.01.09 c)
M/P/O-Xylen <0.0010 mgl/l 30% LidMilj6.0A.01.09 c)
Summa TEX <0.0020 mg/l LidMilj6.0A.01.09/15 c)
Alifater >C5-C8 <0.020 mg/l 35% SPI 2011 c)
Alifater >C8-C10 <0.020 mg/l 35% SPI1 2011 c)
Alifater >C10-C12 <0.020 mg/l 20% Intern metod c)
Alifater >C5-C12 <0.030 mgl/l Intern metod c)
Alifater >C12-C16 <0.020 mg/l 20% Intern metod c)
Alifater >C16-C35 <0.050 mg/l 25% Intern metod c)
Alifater >C12-C35 <0.050 mgl/l Intern metod c)
Aromater >C8-C10 <0.010 mg/l 30% SPI1 2011 c)
Aromater >C10-C16 <0.010 mgl/l 20% Intern metod c)
Aromater >C16-C35 <0.0050 mgl/l 25% Intern metod c)
Oljetyp < C10 Utgar c)*
Oljetyp > C10 Utgar c)*
Bens(a)antracen 0.013 g/l 25% Intern metod c)
Krysen 0.011 g/l 25% Intern metod c)
Benso(b,k)fluoranten 0.024 g/l 25% Intern metod c)
Benso(a)pyren 0.011 g/l 30% Intern metod c)
Indeno(1,2,3-cd)pyren <0.010 g/l 30% Intern metod c)
Dibens(a,h)antracen <0.010 ug/l 30% Intern metod c)
Summa cancerogena PAH <0.20 g/l Intern metod c)
Naftalen 0.043 g/l 30% Intern metod c)
Acenaftylen <0.010 g/l 25% Intern metod c)
Fdrklaringar AR-003v55

Laboratoriet/laboratorierna ar ackrediterade av respektive lands ackrediteringsorgan. Ej ackrediterade analyser ar markerade med *

Matosékerheten, om inget annat anges, redovisas som utvidgad matosékerhet med tackningsfaktor 2. Undantag relaterat till analyser utférda utanfor
Sverige kan férekomma. Ytterligare upplysningar samt métosakerhet och detektionsnivaer fér mikrobiologiska analyser Iamnas pa begaran.

Denna rapport far endast aterges i sin helhet, om inte utférande laboratorium i forvag skriftligen godkant annat. Resultaten relaterar endast till det

insénda provet.
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Acenaften <0.010 g/l 25% Intern metod c)

Fluoren <0.010 pg/l 25% Intern metod c)

Fenantren 0.013 ug/l 25% Intern metod c)

Antracen <0.010 g/l 25% Intern metod c)

Fluoranten 0.023 g/l 25% Intern metod c)

Pyren 0.019 g/l 25% Intern metod c)

Benso(g,h,i)perylen <0.010 pg/l 30% Intern metod c)

Summa 6vriga PAH <0.30 g/l Intern metod c)

Summa PAH med lag molekylvikt <0.20 g/l Intern metod c)

Summa PAH med medelhdg molekylvikt <0.30 g/l Intern metod c)

Summa PAH med hég molekylvikt <0.30 g/l Intern metod c)

PCB 28 <0.020 g/l 40% Intern metod c)

PCB 52 <0.020 g/l 40% Intern metod c)

PCB 101 <0.020 g/l 40% Intern metod c)

PCB 118 <0.020 g/l 40% Intern metod c)

PCB 138 <0.020 g/l 40% Intern metod c)

PCB 153 <0.020 g/l 40% Intern metod c)

PCB 180 <0.020 g/l 40% Intern metod c)

S:a PCB (7st) ND Intern metod c)

pH 6.3 0.2 SS-EN ISO 10523:2012 b)

Temperatur vid pH-matning 225 °C SS-EN ISO 10523:2012 b)

Fosfor P 0.47 mg/l 10% SS-EN ISO 15681-2:2005 b)

Kvave-N 43 mgll 10% 1SO 29441:2010 b)

Arsenik As (filtrerat) 0.0013 mg/l 20% EN ISO 17294-2:2016 c)

Barium Ba (filtrerat) 0.14 mg/l 25% EN ISO 17294-2:2016 c)

Bly Pb (filtrerat) 0.0012 mg/l 20% EN ISO 17294-2:2016 c)

Kadmium Cd (filtrerat) 0.00012 mg/l 20% EN ISO 17294-2:2016 c)

Kobolt Co (filtrerat) 0.0057 mg/l 20% EN ISO 17294-2:2016 c)

Koppar Cu (filtrerat) 0.0084 mg/l 25% EN ISO 17294-2:2016 c)

Krom Cr (filtrerat) 0.00092 mg/l 20% EN ISO 17294-2:2016 c)

Kvicksilver Hg (filtrerat) <0.00010 mg/l 20% SS-EN ISO 17852:2008 c)

mod
Nickel Ni (filtrerat) 0.0021 mgl/l 20% EN ISO 17294-2:2016 c)
Vanadin V (filtrerat) 0.0013 mgl/l 20% EN ISO 17294-2:2016 c)
Zink Zn (filtrerat) 0.050 mg/l 25% EN ISO 17294-2:2016 c)
Glyfosat <0.010 g/l 13% Anal Bioanal Chem (2008) a)
391:2265-2276 mod.

AMPA <0.010 g/l 13% Anal Bioanal Chem (2008) a)
391:2265-2276 mod.

Atrazine <0.010 g/l 25% Enviromental Science & a)
Technology vol.31,no 2
mod.

Atrazine-desethyl <0.010 g/l 25% Enviromental Science & a)
Technology vol.31,no 2
mod.

Atrazine-desisopropyl <0.010 g/l 25% Enviromental Science & a)
Technology vol.31,no 2
mod.

Atrazin-2-hydroxy <0.010 g/l 25% Enviromental Science & a)
Fdrklaringar AR-003v55
Laboratoriet/laboratorierna ar ackrediterade av respektive lands ackrediteringsorgan. Ej ackrediterade analyser ar markerade med *

Matosékerheten, om inget annat anges, redovisas som utvidgad matosékerhet med tackningsfaktor 2. Undantag relaterat till analyser utférda utanfor
Sverige kan forekomma. Ytterligare upplysningar samt matosakerhet och detektionsnivaer for mikrobiologiska analyser lamnas pa begaran. 86

Denna rapport far endast aterges i sin helhet, om inte utférande laboratorium i forvag skriftligen godkant annat. Resultaten relaterar endast till det
insanda provet. Sida 2 av 4
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Technology vol.31,no 2
mod.

Bentazone <0.010 g/l 25% Enviromental Science & a)
Technology vol.31,no 2
mod.

Cyanazine <0.010 g/l 25% Enviromental Science & a)
Technology vol.31,no 2
mod.

2,6-Diklorbenzamid 0.060 pg/l 25% Enviromental Science & a)
Technology vol.31,no 2
mod.

D-2,4 <0.010 g/l 25% Enviromental Science & a)
Technology vol.31,no 2
mod.

Diclorprop <0.010 g/l 25% Enviromental Science & a)
Technology vol.31,no 2
mod.

Diuron <0.010 g/l 25% Enviromental Science & a)
Technology vol.31,no 2
mod.

Fluroxypyr <0.010 g/l 25% Enviromental Science & a)
Technology vol.31,no 2
mod.

Imidacloprid <0.010 g/l 25% Enviromental Science & a)
Technology vol.31,no 2
mod.

Isoproturon <0.010 g/l 25% Enviromental Science & a)
Technology vol.31,no 2
mod.

Klopyralid <0.010 pg/l 25% Enviromental Science & a)
Technology vol.31,no 2
mod.

Kvinmerac <0.010 g/l 25% Enviromental Science & a)
Technology vol.31,no 2
mod.

MCPA <0.010 g/l 25% Enviromental Science & a)
Technology vol.31,no 2
mod.

Mekoprop <0.010 g/l 25% Enviromental Science & a)
Technology vol.31,no 2
mod.

Metazaklor <0.010 g/l 25% Enviromental Science & a)
Technology vol.31,no 2
mod.

Terbuthylazine <0.010 g/l 25% Enviromental Science & a)
Technology vol.31,no 2
mod.

Diklormetan <0.10 g/l 30% Intern metod c)

Pirimicarb <0.010 g/l 25% Enviromental Science & a)
Technology vol.31,no 2
mod.

Propyzamide <0.010 g/l 25% Enviromental Science & a)
Technology vol.31,no 2
mod.

Terbutylazin-2-hydroxy <0.010 g/l 25% Enviromental Science & a)
Technology vol.31,no 2
mod.

Terbutylazin-desetyl <0.010 pg/l 25% Enviromental Science & a)
Technology vol.31,no 2
mod.

Triklormetan <0.10 g/l 25% Intern metod c)

Forklaringar AR-003v55
Laboratoriet/laboratorierna ar ackrediterade av respektive lands ackrediteringsorgan. Ej ackrediterade analyser ar markerade med *

Matosékerheten, om inget annat anges, redovisas som utvidgad matosékerhet med tackningsfaktor 2. Undantag relaterat till analyser utférda utanfor

Sverige kan forekomma. Ytterligare upplysningar samt matosakerhet och detektionsnivaer for mikrobiologiska analyser lamnas pa begaran. 87

Denna rapport far endast aterges i sin helhet, om inte utférande laboratorium i forvag skriftligen godkant annat. Resultaten relaterar endast till det

insénda provet. Sida 3 av 4
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Tetraklormetan <0.10 g/l 25% Intern metod c)
Trikloreten <0.10 g/l 20% Intern metod c)
Tetrakloreten <0.10 g/l Intern metod c)
1,1-Dikloretan <0.10 g/l 30% Intern metod c)
1,2-Dikloretan <0.10 g/l 25% Intern metod c)
1,1,1-Trikloretan <0.10 g/l 25% Intern metod c)
1,1,2-Trikloretan <0.10 g/l 30% Intern metod c)
cis-1,2-Dikloreten <0.10 g/l 30% Intern metod c)
trans-1,2-Dikloreten <0.10 g/l 30% Intern metod c)
1,1-Dikloreten <0.10 g/l 30% Intern metod c)
Vinylklorid <0.10 g/l 25% Intern metod c)

Kemisk kommentar

Hojd rapporteringsgrans fér PCB pa grund av svar matris.

Utférande laboratorium/underleverantor:

a) Eurofins Food & Feed Testing Sweden (Lidkdping), SWEDEN, ISO/IEC 17025:2005 SWEDAC 1977

b) Eurofins Water Testing Sweden, SWEDEN, ISO/IEC 17025:2005 SWEDAC 10300

c) Eurofins Environment Testing Sweden AB, SWEDEN, ISO/IEC 17025:2005 SWEDAC 1125

Sara Gustavsson, Rapportansvarig

Denna rapport ar elektroniskt signerad.

Edrklaringar AR-003v55

Laboratoriet/laboratorierna ar ackrediterade av respektive lands ackrediteringsorgan. Ej ackrediterade analyser ar markerade med *

Matosékerheten, om inget annat anges, redovisas som utvidgad matosékerhet med tackningsfaktor 2. Undantag relaterat till analyser utférda utanfor
Sverige kan férekomma. Ytterligare upplysningar samt méatosakerhet och detektionsnivaer fér mikrobiologiska analyser Iamnas pa begaran.

Denna rapport far endast aterges i sin helhet, om inte utférande laboratorium i forvag skriftligen godkant annat. Resultaten relaterar endast till det

insénda provet.

88
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Ackred. nr 1125
Provnin,
ISO/IEC 17025

Eurofins Environment Testing Sweden AB
Box 737
531 17 Lidkdping

TIf: +46 10 490 8110
Fax:  +46 10 490 8051

AR-20-SL-086171-01

EUSELI2-00742261
Kundnummer: SL8419231

Uppdragsmarkn.
Rdsaberg
Analysrapport
Provnummer: 177-2020-04010301 Ankomsttemp °C Kem 11,0
Provbeskrivning: Provtagningsdatum 2020-03-31
Matris: Grundvatten Provtagare Lisa Westander
Provet ankom: 2020-03-31
Utskriftsdatum: 2020-04-20
Analyserna pabérjades: 2020-03-31
Provmaérkning: PG3GW
Provtagningsplats: Résaberga
Analys Resultat  Enhet Mato. Metod/ref
Bensen <0.00050 mg/l 30% LidMilj6.0A.01.09 b)
Toluen <0.0010 mg/l 30% LidMilj6.0A.01.09 b)
Etylbensen <0.0010 mg/l 30% LidMilj6.0A.01.09 b)
M/P/O-Xylen <0.0010 mgl/l 30% LidMilj6.0A.01.09 b)
Summa TEX <0.0020 mgl/l LidMilj6.0A.01.09/15 b)
Alifater >C5-C8 <0.020 mg/l 35% SPI 2011 b)
Alifater >C8-C10 <0.020 mg/l 35% SPI 2011 b)
Alifater >C10-C12 <0.020 mg/l 20% Intern metod b)
Alifater >C5-C12 <0.030 mgl/l Intern metod b)
Alifater >C12-C16 <0.020 mg/l 20% Intern metod b)
Alifater >C16-C35 <0.050 mg/l 25% Intern metod b)
Alifater >C12-C35 <0.050 mgl/l Intern metod b)
Aromater >C8-C10 <0.010 mg/l 30% SPI1 2011 b)
Aromater >C10-C16 <0.010 mgl/l 20% Intern metod b)
Aromater >C16-C35 <0.0050 mgl/l 25% Intern metod b)
Oljetyp < C10 Utgar b)*
Oljetyp > C10 Utgar b)*
Bens(a)antracen <0.010 g/l 25% Intern metod b)
Krysen <0.010 pg/l 25% Intern metod b)
Benso(b,k)fluoranten <0.020 g/l 25% Intern metod b)
Benso(a)pyren <0.010 pg/l 30% Intern metod b)
Indeno(1,2,3-cd)pyren <0.010 g/l 30% Intern metod b)
Dibens(a,h)antracen <0.010 pg/l 30% Intern metod b)
Summa cancerogena PAH <0.20 g/l Intern metod b)
Naftalen 0.023 g/l 30% Intern metod b)
Acenaftylen <0.010 g/l 25% Intern metod b)
Fdrklaringar AR-003v55

Laboratoriet/laboratorierna ar ackrediterade av respektive lands ackrediteringsorgan. Ej ackrediterade analyser ar markerade med *

Matosékerheten, om inget annat anges, redovisas som utvidgad matosékerhet med tackningsfaktor 2. Undantag relaterat till analyser utférda utanfor
Sverige kan férekomma. Ytterligare upplysningar samt méatosakerhet och detektionsnivaer fér mikrobiologiska analyser Iamnas pa begaran.

Denna rapport far endast aterges i sin helhet, om inte utférande laboratorium i forvag skriftligen godkant annat. Resultaten relaterar endast till det

insénda provet.
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Acenaften <0.010 g/l 25% Intern metod b)
Fluoren <0.010 pg/l 25% Intern metod b)
Fenantren <0.010 g/l 25% Intern metod b)
Antracen <0.010 g/l 25% Intern metod b)
Fluoranten <0.010 pg/l 25% Intern metod b)
Pyren <0.010 pg/l 25% Intern metod b)
Benso(g,h,i)perylen <0.010 pg/l 30% Intern metod b)
Summa 6vriga PAH <0.30 g/l Intern metod b)
Summa PAH med lag molekylvikt <0.20 g/l Intern metod b)
Summa PAH med medelhdg molekylvikt <0.30 g/l Intern metod b)
Summa PAH med hég molekylvikt <0.30 g/l Intern metod b)
PCB 28 <0.020 g/l 40% Intern metod b)
PCB 52 <0.020 g/l 40% Intern metod b)
PCB 101 <0.020 g/l 40% Intern metod b)
PCB 118 <0.020 g/l 40% Intern metod b)
PCB 138 <0.020 g/l 40% Intern metod b)
PCB 153 <0.020 g/l 40% Intern metod b)
PCB 180 <0.020 g/l 40% Intern metod b)
S:a PCB (7st) ND Intern metod b)
pH 6.9 0.2 SS-EN ISO 10523:2012 a)
Temperatur vid pH-matning 20.7 °C SS-EN ISO 10523:2012 a)
Fosfor P 0.65 mgl/l 10% SS-EN ISO 15681-2:2005 a)
Kvave-N 40 mgl 10% 1SO 29441:2010 a)
Arsenik As (filtrerat) 0.0015 mgl/l 20% EN ISO 17294-2:2016 b)
Barium Ba (filtrerat) 0.13 mg/l 25% EN ISO 17294-2:2016 b)
Bly Pb (filtrerat) 0.000095 mg/l 20% EN ISO 17294-2:2016 b)
Kadmium Cd (filtrerat) 0.000010 mg/l 20% EN ISO 17294-2:2016 b)
Kobolt Co (filtrerat) 0.0035 mgl/l 20% EN ISO 17294-2:2016 b)
Koppar Cu (filtrerat) 0.0018 mg/l 25% EN ISO 17294-2:2016 b)
Krom Cr (filtrerat) 0.00045 mg/l 20% EN ISO 17294-2:2016 b)
Kvicksilver Hg (filtrerat) <0.00010 mg/l 20% SS-EN ISO 17852:2008 b)
mod
Nickel Ni (filtrerat) 0.0045 mg/l 20% EN ISO 17294-2:2016 b)
Vanadin V (filtrerat) 0.00060 mg/l 20% EN ISO 17294-2:2016 b)
Zink Zn (filtrerat) 0.028 mgl/l 25% EN ISO 17294-2:2016 b)
Diklormetan <0.10 g/l 30% Intern metod b)
Triklormetan <0.10 g/l 25% Intern metod b)
Tetraklormetan <0.10 g/l 25% Intern metod b)
Trikloreten <0.10 g/l 20% Intern metod b)
Tetrakloreten <0.10 g/l Intern metod b)
1,1-Dikloretan <0.10 g/l 30% Intern metod b)
1,2-Dikloretan <0.10 g/l 25% Intern metod b)
1,1,1-Trikloretan <0.10 g/l 25% Intern metod b)
1,1,2-Trikloretan <0.10 g/l 30% Intern metod b)
cis-1,2-Dikloreten <0.10 g/l 30% Intern metod b)
Forklaringar AR-003v55

Laboratoriet/laboratorierna ar ackrediterade av respektive lands ackrediteringsorgan. Ej ackrediterade analyser ar markerade med *

Matosékerheten, om inget annat anges, redovisas som utvidgad matosékerhet med tackningsfaktor 2. Undantag relaterat till analyser utférda utanfor
Sverige kan férekomma. Ytterligare upplysningar samt méatosakerhet och detektionsnivaer fér mikrobiologiska analyser Iamnas pa begaran.

Denna rapport far endast aterges i sin helhet, om inte utférande laboratorium i forvag skriftligen godkant annat. Resultaten relaterar endast till det

insénda provet.
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Kemisk kommentar
Hojd rapporteringsgrans for PCB pa grund av svar matris.

EUSELI2-00742261
trans-1,2-Dikloreten <0.10 g/l 30% Intern metod b)
1,1-Dikloreten <0.10 g/l 30% Intern metod b)
Vinylklorid <0.10 g/l 25% Intern metod b)

Utférande laboratorium/underleverantor:

a) Eurofins Water Testing Sweden, SWEDEN, ISO/IEC 17025:2005 SWEDAC 10300
b) Eurofins Environment Testing Sweden AB, SWEDEN, ISO/IEC 17025:2005 SWEDAC 1125

Paola Nilson, Rapportansvarig

Denna rapport ar elektroniskt signerad.

Forklaringar

AR-003v55

Laboratoriet/laboratorierna ar ackrediterade av respektive lands ackrediteringsorgan. Ej ackrediterade analyser ar markerade med *

Matosékerheten, om inget annat anges, redovisas som utvidgad matosékerhet med tackningsfaktor 2. Undantag relaterat till analyser utférda utanfor
Sverige kan férekomma. Ytterligare upplysningar samt méatosakerhet och detektionsnivaer fér mikrobiologiska analyser Iamnas pa begaran.

Denna rapport far endast aterges i sin helhet, om inte utférande laboratorium i forvag skriftligen godkant annat. Resultaten relaterar endast till det

insénda provet.
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Ackred. nr 1125
Provnin,
ISO/IEC 17025

Eurofins Environment Testing Sweden AB
Box 737
531 17 Lidkdping

TIf: +46 10 490 8110
Fax:  +46 10 490 8051

AR-20-SL-083793-01

EUSELI2-00742591
Kundnummer: SL8419231

Uppdragsmarkn.
Roseberga
Analysrapport
Provnummer: 177-2020-04011412 Ankomsttemp °C Kem 10
Provbeskrivning: Provtagningsdatum 2020-03-25
Matris: Grundvatten Provtagare Lisa Westander
Provet ankom: 2020-04-01
Utskriftsdatum: 2020-04-16
Analyserna pabérjades: 2020-04-01
Provmarkning: PG5
Analys Resultat  Enhet Méto. Metod/ref
Bensen <0.00050 mg/l 30% LidMilj6.0A.01.09 b)
Toluen <0.0010 mgl/l 30% LidMilj6.0A.01.09 b)
Etylbensen <0.0010 mg/l 30% LidMilj6.0A.01.09 b)
M/P/O-Xylen <0.0010 mgl/l 30% LidMilj6.0A.01.09 b)
Summa TEX <0.0020 mg/l LidMilj6.0A.01.09/15 b)
Alifater >C5-C8 <0.020 mg/l 35% SPI1 2011 b)
Alifater >C8-C10 <0.020 mg/l 35% SPI 2011 b)
Alifater >C10-C12 <0.020 mg/l 20% Intern metod b)
Alifater >C5-C12 <0.030 mgl/l Intern metod b)
Alifater >C12-C16 <0.020 mg/l 20% Intern metod b)
Alifater >C16-C35 <0.050 mgl/l 25% Intern metod b)
Alifater >C12-C35 <0.050 mgl/l Intern metod b)
Aromater >C8-C10 <0.010 mgl/l 30% SPI 2011 b)
Aromater >C10-C16 <0.010 mg/l 20% Intern metod b)
Aromater >C16-C35 <0.0050 mgl/l 25% Intern metod b)
Oljetyp < C10 Utgar b)*
Oljetyp > C10 Utgar b)*
pH 5.9 0.2 SS-EN ISO 10523:2012 a)
Temperatur vid pH-métning 209 °C SS-EN ISO 10523:2012 a)
Fosfor P 12 mgll 10% SS-EN ISO 15681-2:2005 a)
Kvave-N 53 mgl/l 10% 1SO 29441:2010 a)
Arsenik As (filtrerat) 0.00054 mg/l 20% EN ISO 17294-2:2016 b)
Barium Ba (filtrerat) 0.20 mg/l 25% EN ISO 17294-2:2016 b)
Bly Pb (filtrerat) 0.000034 mg/l 20% EN ISO 17294-2:2016 b)
Kadmium Cd (filtrerat) 0.000028 mg/l 20% EN ISO 17294-2:2016 b)
Kobolt Co (filtrerat) 0.0041 mg/l 20% EN ISO 17294-2:2016 b)
Koppar Cu (filtrerat) 0.0023 mgl/l 25% EN ISO 17294-2:2016 b)
Fdrklaringar AR-003v55

Laboratoriet/laboratorierna ar ackrediterade av respektive lands ackrediteringsorgan. Ej ackrediterade analyser ar markerade med *

Matosékerheten, om inget annat anges, redovisas som utvidgad matosékerhet med tackningsfaktor 2. Undantag relaterat till analyser utférda utanfor
Sverige kan férekomma. Ytterligare upplysningar samt méatosakerhet och detektionsnivaer fér mikrobiologiska analyser Iamnas pa begaran.

Denna rapport far endast aterges i sin helhet, om inte utférande laboratorium i forvag skriftligen godkant annat. Resultaten relaterar endast till det

insénda provet.
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Krom Cr (filtrerat) 0.00045 mg/l 20% EN ISO 17294-2:2016 b)
Kvicksilver Hg (filtrerat) <0.00010 mg/l 20% SS-EN ISO 17852:2008 b)
mod

Nickel Ni (filtrerat) 0.00066 mg/l 20% EN ISO 17294-2:2016 b)
Vanadin V (filtrerat) 0.00015 mg/l 20% EN ISO 17294-2:2016 b)
Zink Zn (filtrerat) 0.0040 mgl/l 25% EN ISO 17294-2:2016 b)

Utférande laboratorium/underleverantor:

a) Eurofins Water Testing Sweden, SWEDEN, ISO/IEC 17025:2005 SWEDAC 10300

b) Eurofins Environment Testing Sweden AB, SWEDEN, ISO/IEC 17025:2005 SWEDAC 1125

Sara Gustavsson, Rapportansvarig

Denna rapport ar elektroniskt signerad.

Forklaringar AR-003v55

Laboratoriet/laboratorierna ar ackrediterade av respektive lands ackrediteringsorgan. Ej ackrediterade analyser ar markerade med *
Matosékerheten, om inget annat anges, redovisas som utvidgad matosékerhet med tackningsfaktor 2. Undantag relaterat till analyser utférda utanfér
Sverige kan férekomma. Ytterligare upplysningar samt méatosakerhet och detektionsnivaer fér mikrobiologiska analyser Iamnas pa begaran.

Denna rapport far endast aterges i sin helhet, om inte utférande laboratorium i forvag skriftligen godkant annat. Resultaten relaterar endast till det
insénda provet.
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Ackred. nr 1125

Provnin,

ISO/IEC 17025

Eurofins Environment Testing Sweden AB
Box 737
531 17 Lidkdping

TIf: +46 10 490 8110
Fax:  +46 10 490 8051

AR-20-SL-083794-01

EUSELI2-00742591
Kundnummer: SL8419231

Uppdragsmarkn.
Roseberga
Analysrapport
Provnummer: 177-2020-04011413
Provbeskrivning:
Matris: Grundvatten
Provet ankom: 2020-04-01
Utskriftsdatum: 2020-04-16
Analyserna paborjades: 2020-04-01
Provmarkning: PG8
Analys Resultat  Enhet Méto. Metod/ref
Bens(a)antracen 0.095 g/l 25% Intern metod b)
Krysen 0.097 ug/l 25% Intern metod b)
Benso(b,k)fluoranten 0.17  pg/l 25% Intern metod b)
Benso(a)pyren 0.12  pg/l 30% Intern metod b)
Indeno(1,2,3-cd)pyren 0.056 g/l 30% Intern metod b)
Dibens(a,h)antracen 0.011 g/l 30% Intern metod b)
Summa cancerogena PAH 0.56 ug/l Intern metod b)
Naftalen 0.056 g/l 30% Intern metod b)
Acenaftylen <0.010 g/l 25% Intern metod b)
Acenaften 0.049 g/l 25% Intern metod b)
Fluoren 0.080 g/l 25% Intern metod b)
Fenantren 0.31  pg/l 25% Intern metod b)
Antracen 0.037 ug/l 25% Intern metod b)
Fluoranten 0.32 g/l 25% Intern metod b)
Pyren 0.27 g/l 25% Intern metod b)
Benso(g,h,i)perylen 0.037 g/l 30% Intern metod b)
Summa 6vriga PAH 1.2 gl Intern metod b)
Summa PAH med lag molekylvikt <0.20 g/l Intern metod b)
Summa PAH med medelhdg molekylvikt 1.0 g/l Intern metod b)
Summa PAH med hég molekylvikt 0.59 g/l Intern metod b)
pH 6.2 0.2 SS-EN ISO 10523:2012 a)
Temperatur vid pH-matning 210 °C SS-EN ISO 10523:2012 a)
Fosfor P 61 mg/l 10% SS-EN ISO 15681-2:2005 a)
Kvéve-N 110 mgl/l 10% 1ISO 29441:2010 a)
Arsenik As (filtrerat) 0.0011  mg/l 20% EN ISO 17294-2:2016 b)
Barium Ba (filtrerat) 0.14 mg/l 25% EN ISO 17294-2:2016 b)
Bly Pb (filtrerat) 0.00045 mg/l 20% EN ISO 17294-2:2016 b)
Fdrklaringar AR-003v55

Laboratoriet/laboratorierna ar ackrediterade av respektive lands ackrediteringsorgan. Ej ackrediterade analyser ar markerade med *

Matosékerheten, om inget annat anges, redovisas som utvidgad matosékerhet med tackningsfaktor 2. Undantag relaterat till analyser utférda utanfor
Sverige kan férekomma. Ytterligare upplysningar samt méatosakerhet och detektionsnivaer fér mikrobiologiska analyser Iamnas pa begaran.

Denna rapport far endast aterges i sin helhet, om inte utférande laboratorium i forvag skriftligen godkant annat. Resultaten relaterar endast till det

insénda provet.
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Kadmium Cd (filtrerat) 0.000025 mg/l 20% EN ISO 17294-2:2016 b)
Kobolt Co (filtrerat) 0.0036 mgl/l 20% EN ISO 17294-2:2016 b)
Koppar Cu (filtrerat) 0.0038 mg/l 25% EN ISO 17294-2:2016 b)
Krom Cr (filtrerat) 0.00061 mg/l 20% EN ISO 17294-2:2016 b)
Kvicksilver Hg (filtrerat) <0.00010 mg/l 20% SS-EN ISO 17852:2008 b)
mod
Nickel Ni (filtrerat) 0.0012 mg/l 20% EN ISO 17294-2:2016 b)
Vanadin V (filtrerat) 0.00072 mg/l 20% EN ISO 17294-2:2016 b)
Zink Zn (filtrerat) 0.018 mg/l 25% EN ISO 17294-2:2016 b)
Utférande laboratorium/underleverantor:
a) Eurofins Water Testing Sweden, SWEDEN, ISO/IEC 17025:2005 SWEDAC 10300
b) Eurofins Environment Testing Sweden AB, SWEDEN, ISO/IEC 17025:2005 SWEDAC 1125
Sara Gustavsson, Rapportansvarig
Denna rapport ar elektroniskt signerad.
Fdrklaringar AR-003v55
Laboratoriet/laboratorierna ar ackrediterade av respektive lands ackrediteringsorgan. Ej ackrediterade analyser ar markerade med *
Matosékerheten, om inget annat anges, redovisas som utvidgad matosékerhet med tackningsfaktor 2. Undantag relaterat till analyser utférda utanfor
Sverige kan forekomma. Ytterligare upplysningar samt matosakerhet och detektionsnivaer for mikrobiologiska analyser lamnas pa begaran. 95

Denna rapport far endast aterges i sin helhet, om inte utférande laboratorium i forvag skriftligen godkant annat. Resultaten relaterar endast till det
insanda provet. Sida2av 2



