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Abstract
To understandactors governing concentratioothe potent neurotoximethyl mercury

(MeHg) in surface watersa study of the processtransportingtotal mercury TotHg)
and/or methyl mercury MeHg) from the catchment soils tihe surface waterswith
dissolved natural organic matter (DNOM) agransport vectors neededThis study
shows thahigh molecular weight (HMW) antbw molecular (LMW) dissolved natural
orgaric matter (DNOM) size fractionshad differencesin biodegradability, and
differences inTotHg ard MeHg concentrationsThis is of large significancbecause
DNOM stimulatesmicrobial activity, which could lead tdotHg andor MeHg being

introduced tahe food chain

The use of tangential flow filtratiofTFF) for size fractionation ofDNOM was
investigatedand an optimaprocedure was developddr it. The performance of the
polysulfone membranes with a nominal molecular weightaftitof 10 kDa for the
summer samplegand 100 kDdor the fall samplesvas examined on the Inlet andit®t
sampledrom thedystrophiclake Langtjern In addition,a reference material collected
from the same lakevas studied.After DNOM size fractionationexcitation-emission
fluorescenceand UW-VIS spectraconfirmed thathe HMW DNOM compounds were
isolated in thenfluent, i.e. < 0.2 pmand Concentraiée. 0.2 um10 kDa or 0.2 uriL00
kDa, size fractios. It was also confirmed that thé1W DNOM compounds wernsolated

in the Permeate size fractidre. < 10 kDa or100 kDa

—) ratio, was foundin the HMW size

The highstrelative amount of TotHg,e. (

fraction for both the Inlet andthe Outlet samplesin the fall However, thiswas not
observedn the summer sampte The reasondr this was that the DOC inithLMW
fractionwas found to be below thmethod limit of quantification (MLOQ)The highest

—)-100ratio, in the fall samplesvas found

relative amounof methylated Hgi.e.

in the LMW DNOM fraction, i.e. < 100 kDan both the Inlet and Outlet samples, with
values of 16% and 6%, respigely. For the samples collected inet summer, MeHg in

the LMW fraction, i.e. < 10 kDa, was found to below the method limit of detection
(MLOD). Therefore, it was not possible to ctude whether this fractioalsohadthe
highest relative amount of MeH§ince most of the MeH the fall samplevas found

in the most bioavailable fraction, although not to a high degree, this could cause the MeHg

to be introduced to the food web.
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1. Introduction

1.1 Background

The high concentration ¢fie semivolatile mercury andhe persistent organipollutants

(POPs) ahorthernlatitudesis attributed to a procegsown as global distillatiorin this

process pollutants, such as mercury (kg transported by wind currents fravarmer

to colder areas, where they are subsequently trapged accumulated due to low
temperaturesThroughout thigprocessalsoreferred to as grasshoppéfeet, chemicals

repeatedly evaporate and condemstheir journey toward thArctic. They can condense
direcly on to the Earthds surface, or on
(aerosat), which are then deposited with rain or sn@ania, 2003)Moreover, the level

of pollutants increase in cold and dark polar regions, where thelesmdikely to be

degraded, resulting in high concetrations.

Hg emissions, predominantly in the Ietiged gaseous elemental formdd®) are slowly
oxidised to more reactive divalent forms, i.e.?Hipat readily deposit to marine and
terrestrial ecosystems. The historical impact of natural and anthropogenic Hg emissions
on deposition has been investigated using environmenal archives such as ice cores
(Schuster et al., 2002pke sedimentéFitzgerald et al., 2009nd peat bogMartthez

Cortizas et al., 1999Dn the basis of shallow lake sediments Hg deposition has increased
by a factor 3 + 1 since preindustrial timgg&nrico et al., 2017)Deeper lake sediments

and peat archives probing the Holocene Era also suggest an increase in Hg deposition in
present timegAmos et al., 2015)rends in Hg deposition are governed by a combination

of anthropogenic emissions, -velatilisation, atmospheric Hg concentrations and

residence timegenrico et al., 2017)

The primary natural sources of Hg emissions into the atmosphere are volcanoes,
geothermal sources and topsoil enriched in Hg, whereas -#mission of previously
deposited Hg on vegetation, land or water surfaces is primarily related to land use changes,
biomass burning and meteorological conditiGRgrone et al., 2001; Mason, 2008ig

can also be released to the atmosphere from a large nunayehajpogenisourceskFor
instance, cal burning togenerate electricity releases small amounts of mercury after the
flue gasdesulphuisaion process, which is used to remove sulphur dioxide from exhaust

flue gasses of fossilel plants. The burning of oil also produces significant air pollution
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in the form of nitrogen oxides, carbon dioxide, methane, heavy metals such as mercury
and volatileorganic compoundddg is also emitted from neferrous metal industries

from copper zinc and lead smelteksy was also employed to assist with the extraction

of gold and silver from ore because it readily forms alloys with gold and silver amalgams
(Pirrone et al., 2010All of theseprocesses generatiftg, among other contaminants,
occur worldwide, transporting Hg around the world byinds and ocean currents to
northern latitudes.

High concentrations of Hg have been found in catchments soils rich in organic matter, for
instance in Southern Norw#gyackson, 1997; Poste et al., 20IR)is is because Hg is a
B-type metal cation, and thus binds stronglyréducel sulphur functional groups in
organic matter(Ravichandran, 2004)Moreover, dissolved natural organic matter
(DNOM) plays an important role in the transport and fate of most metals, including Hg,
from the catchment soil into tlsairface water. Photochemical reactions in s@rfeaters

break the molecule oDNOM containingHg, i.e. DNOMHg?*, down into smaller
compounds making it more bioavailable for bacterial consumpBoaham et al., 2013)
ThusDNOM-Hg?* increases the risk of methyl mercury (Mehgdduction in soils and
aquatic ecosystentsy providing food for the methylation of Aigto MeHg. Methylating
organisms such as sulphur reducing bacteria (SRB), iron reductigriaa(IRB),
methanogens or archaea are responsible for this process. This is because these organisms
have been found toontainthe hgcAB gene cluster, which is necessary for methylation

in many organism(Paranjape and Hall, 2017)

Mercury exists in several forms in the environment, but of particular comeéleHg,

an organic compounthat is highy bic-accumulative and strongly neurotoXiBloom,

1992; Poste et al., 2015)he level of MeHg in freshwater fish is increasing in many
regions in the Nordic countrieBraaten et al., 2014)despite apparent deddis in
atmospheric Hg deposition during recent decéBesaten and de Wit, 2®). Therefore,

it is important to understand the biogeochemical cycling of Hg in aquatic environment.
In particular, the increase in terrestrial loading of DNOM to boreal aquatic environments
(Monteith et al., 2007)which over the past 30 years has likely had a strong effect on
MeHg loading to freshwatefGrigal, 2002) cycling (Ullrich et al., 2001)and

bioaccumulation processésrench et al., 2014; Poste et al., 2015)
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Bioaccumulation of MeHg in fish and its toxicity to humans are attributdd¢éoH g 6 s
high affinity for sulphufcontaining proteins, such as metallothionein ghdathione,

making it available in the food weblalbach, 1995)MeHg poisoning is a slow process

that can take months or even years before the effects become noticeable, according to the
U.S. National Institutes of Health (NIH). MeHg from food sources is absorbed into the
blood stream through the intestinal wall, and then carried through the body. The kidneys,
which filter the blood, can accumulate MeHg over time, and other organs capealso
affected. Negative effects from MeHg contamination may include neurological and
chromosomal problems having significant imgadhe toxicity of MeHg may also have
consequences for pregnant women, with an increased risk of miscarriage. Moreover, the
babies may develop deformities or severe nervous system digBaadford, 2016)The
awareness of Hg as a threat to human health and the environment has led to international
agreements to reduce Hg emission through the Minar@atavention on Mercury of the

United Nations Environmental Programme in Geneva, Switzerland, in 2013.

1.2. Am of the study: DNOM Linked to TotHg and MeHg Transport and U ptake

The overarching aim of this master thesis is to examine the phkgtsécoical prperties
and biodegradability of DNOM, which is empirically and conceptually linked to
processes governing transport, bioavailability and uptake of TotHg and MeHg.

The hypothesis that were set out to test were that temporal differences in the relative
amownt of DNOM size fractions can contribute to explain fluctuations in TotHg and
MeHg levels in freshwaters, and thereby food web exposure of MeHg through
differences in bioavailability. It was hypothesised that the main bulk of Hg (i.e. TotHQ)
would be foundn the HMW DNOM size fraction and that the main amount of MeHg
would be found in the LMW DNOM fraction, which at the same time is easily
biodegradable by bacteria. Size fractionation of DNOM was conducted with the use of
tangential flow filtration (TFF)Biodegradability of the different DNOM size fractions

was tested by the use of a sensor dish reader monitoring the oxygen consumption.

! Minamata has a special position in mercumgtory because of the release of MeHg through the industrial wastewater

from a factory into a river, from 1932 to 1968. This caus
whose diet was based on shellfish and fish having an accumutgtimeHg. This poisoning affected the nervous

system of people and animals causing loss of peripheral vision, damage to hearing and speech, and in extreme cases
insanity, paralysis, coma and even death (Withrow e2@0?).
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Outlet and Inlet water samplesliected from the lake Langtjefra longterm ecological
monitoring station, were piieeated at NIVA bysize fractionation witifFF to produce
different fractions bBsed on their molecular siz&NOM fractions were characterised by
measuring the amount of dissolved organic carbon (D@®@ich is approximately 50%
of the DNOM(Schnitzer and Khan, 1972; Thurman, 198%)each size fractiorand by
spectroscopic methods measuring-W\5 and molecular fluorescence.

2. Theory

2.1 Natural Organic Matter

Natural Organic Matter (NOM) is a heterogeneous mixture of organic compounds
comprised by the major elemergarbon hydrogenand «xygen The major source of
NOM is plant material and animal remairisis mainly formedfrom deadorganisms
through incomplete bioticdecay (microbial oxidation), abiotic oxidation and
transformation processeérhurman, 1985Jollowed by recombinatiorfHayes, 2009)
NOM, also termed humus, affects numerous biogbainprocesses in soi[Stevenson,
1994)

NOM in soil and water exits as patrticles, colloids and dissolved molecules. It is
appropriate d regard these distinctions dynamically, however, because organic matter
can be inteconverted between these forms by dissolution or dissociation and
precipitation, sorption and desorption, aggregation and disaggred&edue and
Ritchie, 2003)

NOM is classifed into two different categoriespn-humic and humic matter. Nemumic
matter includesimple identifiablecompoundssuch as amino acids, carbohydrates, fats,
waxes, resins, organic acids and othBW dissolvedorganic matter (Schnitzer and
Khan, 1972)Humic mattercomprises complexatge molecular weight compound.
HMW DNOM, which are mainly composed afomatic units and aliphatic chains with
functional groups sth ascarboxylic acid, phenolic ahalcoholic hydroxyls attached to

it (Gaffney et al., 1996)The HMW DOM is furtherclassified according tthree diferent

categories or fractions:umic acids(HA), fulvic acids (FA) and humin. Generic

2 http://www.niva.no/langtjern.
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molecular structuretor HA andFA proposed bystevenson (1982) and Buffle (1977),
respectively, can be seen in Figure 1.

HA constitue the main fraction of NOM. K are considered as degradatioesistant
polyelectrolytic macromolecules of undefined structliteeyhavebeen found to contain
larger content of fatty acids, which resultamore hydrophobic charact@Beck et al.,

1993) Moreover, HA is dominated by conjugated aromatic rii@@gffney et al., 1996)

FA constitue the second largest moiety of NOM. They consdt more simple
compounlsthanthosefound in HA (Choudhry, 1984; Stevenson, 199BA arefurther
characterisdby having a lower molecular weight antiigher OC ratiothan HA(Figure

1). The higheroxygen content of FA is attributed to a higher content of carboxylic
(COOH) and phenolic (OH) functional groups, which results in a more acidic character
(Stevenson 1985

Humic acid
HC =0

|
COOH (H'?’C'Hh

CooH
CH CHa
Q = e

[etelel ]

R CH
C o}
TH Fulvic acid
OH COOH CHzOH
HOOC CHz CH CHg
c CcH
I CH;—COOH
HOOC Chz _CHOH
COOH OH CHZ—(l:I COOH
0

Figurel Generic molecular structure of humicids(Stevenson 1982) and fulvic acids (Buffle 1977).

2.2 Dissolved Natural Organic Matter (DNOM)

Dissolved Natural Organic Matter (DNOM) is operationally defined as the fraction of
NOM in solution not retained by 0.45 um membrane filter, while the remairgagdn

is termed as Particulate Organic Matter (POM). Concentration levels and physico
chemical properties of DNOM vary significantly in space and over time. On average
roughly 50% of DNOM iscarbon; the other maielementsare oxygen,hydrogen,
nitrogen and sulphuiSchnizer and Khan, 1972; Thurman, 198bhe concentration of
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DNOM is approximated by measuring the concentration of dissolved organic carbon
(DOC) ortheUV absorbance

DNOM contains a variety of functional sites such as carboxylic, alcoholic and phenolic
groys Figurel). It is aubiquitous complexing agent of heavy metals, and its lipophilic
moieties absorb persent organic pollutants (POP§)ipping, 2002; AlReasi et al.,
2011) DNOM thereforencreases the mobility of heavy metals and organic contaminants
by complexation and sorption, respectively, and therebreasethe loading of micre
pollutants from soils to surface waters. DNOM in aquatic systes characteresl by
source oforigin and classified as either allochthonous, coming from the terrigenous
watershed, or autochthonous, derived within the aquéaes itself. Allochthonous
DNOM is thus produced on land arfeh washed into the water bo@lyhurman, 1985;
Abbt-Braun and Frimmel, 1999; Tipping, 2002; -Reasi et al., 2011)whereas
autochthonous DNOM is generated within the water column by microorganisms such as
algae andbacteria(McKnight et al, 2001; AlReasi et al., 2011)in general, the
allochthonoudraction of DNOM tends to be darker in colp@omprising more HA
while autochthonouBNOM is lighter and consists mainly of EA

Due to their absorbance in the visible region, wsatentaining high concentration of
humic matter are usually yellow to brown in colour, which is undesirable to tap water
consumersMoreover, the humic matteaases fouling in the drinking water distribution
network. The removal of DNOM hashus been a major remrch interest fokvater
treatmenplants that use surface water as raw water soUudd¢OM related studiebave
become more important due to increases in colour and concentrabGW in many

of the water systemaf the Northern Hemisphemver the last 20 year§urthermore,
shiftsin DNOM levels and changes in its composition arspcial concern due to its
significance in aquatic ecosystems functioniiipe main governing factors for this
increase in DNOMoncentrations seems to be related talgweasen atmospheric acid

deposition and the increasing impact of climate change agents (Pagano 2014).

2.3 Characteris ation of DNOM using size fractionation techniques

Fifty years ago it was shown that dissolved humic substances (HS) in water could be
separated into a number of féifent size fractions using gel filtration chromatography
(Gjessing, 1965)Since thendifferent techniques anaiethods for DN®™ fractionation

have been studiedo define and describe the physidoemical properties and
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composition of HS. The use of DNOM fractionation techniques, based on properties such
as salbility, molecular size, charge and adsorptt@sorption has extendedhe
knowledge of molecular properties and characteristi€NDM (Swift 1985).

In this study,tangential flow filtration (TFFWwas usedo size fractionate thBNOM
based on molecular siz&his was done tmvestigatethe importace of HS both as a

carrier and aamediator of Hg transport from soil to surface water

TFFis a technique used for fractionatiogjloidsand dissolved compoundmaller than
0.2um in natural water systems. This technique is also refesr@slcrosslow filtration
wherethe solute flow, known also as Influent difliEent, istangential to the surface of

the membranel FF enables the filtering of sampligom 10 to 100L, depending on the
system, without clogging of the membrane. Accumulatibmaterial on the membrane
surface, known as fouling, can disturb the quantitative measurements of compounds
associated with colloids and dissolved compourféisuling constitutes the main
limitation of this technique, and depends on operational condifjoarticularly cross

flow tangential velocity) ath physicechemical interactions of molecules with the

membrane surface mater{aan-jun et al., 2000; Guéguen et al., 2002)

2.4 Characteris ation of DNOM using spectroscopic t echniques
Spectroscopic techniques comprise a range of prased to characterigbe physice
chemical properties of DNOM he results may besadto assestherole of DNOM and
predict its fate in the environmembsorption in the ultraviolet (UV) and visible (VIS)
spectraand Fluoresagce spectroscopic techniques were usedthis studyfor this

purpose.

2.4.1 UV-Visible absorb ance

TheUV-Visible (UV-VIS) spectrum refers tthe electromagneticadiation within 200 to
800 nm. The wavelength range of UV radiation starts at around 208nthends ahe
blue end of the visible light approximately 80 nm (Figure 2 This radiation has
enough energy to excite valence electrons in atoms and molethuled))V radiation is
involved in electronic excitation. Visible liglt within a wavelength of 400 nm to 800

nm (Figure 2).
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Figure2 Electromagnetic spectrurwith the visible light spectrumwww.sincyscience.wordpress.com

Absorption of UMVIS radiation in surface waters t® a large degree attributed to
aromatic chromophoritmoieties in DNOMmolecules, primarilyn the humic fraction.
Humicmolecules arelso thought to be largely responsible for the fluorescenoatural
waters. UV VIS spectra of DNOM are typidgl broad and nearly featurelesbhis is
because thepectrum is the sum of a largamber ofdifferent types of chromophores,
and none possess easily distinguishable spectrufbeenheer and Croué, 200%rom
about 200 nmD N O M Galksorbance alwaydecrases with increasing wawegigth
(AppendixSection F.3 Figures 3%3).

Several UMVIS absorbance indexes have been proposed to characteriphytie-
chemicalpropertiesof DNOM, and in this study three such indexes were studied. The
first, pecific UV absorbancésUVa), is defined as the abdmnceat 254 nnrmormalized

to the concentration dbissolved Organic Carbon (DOQ)e. (—)'100. This

index is strongly related to the amount of aromatic moieties presented in MV

8 Chromophores: A part of a molecule (moiety) responsible for the colour. The chromophore is a region in the
molecule where the energy difference between two separated molecular orbitals fall within the range of the visible
spectrum. Visible giht that hits the chromophore can thus be absorbed by exciting an electron from its ground state
into an excited state. In another word, the chromophore is a functional group in a molecule that can cause a structural
change when hit by light. Some exampém be seen belo@icNaught et al., 1997)

-C=C-; C=0; NQ; C=S; C=GC=C
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and Gjessing, 2008; Frimmel and Aiitaun,2009) A high sUVavalueindicatesa large
fraction of conjugated double bonds ar@matic ring moieties in DNOMThe second
index, pecific visible absorbae (sVISg, is defined as the absorbanae 400 nm

normalsedto the concentration of DOCe. (—) "1000. This index is related to

the amount of higher molecular weight chromophdiésgt and Gjessing, 2008)n
addition the gecific absorbanceratio (SARw), which is déned as the ratio of
absorbancat 254nm divided by 406m, was calculatedlhis index serves as a proxy
for the relative contribution of lower to highmolecular weight chromophor@gogt and
Gjessing, 2008)A low SAR indicatesnoreHMW organic compoundsnd a low degree

of conjugated aromatic rings.

2.4.2 Fluorescence Spectroscopy

Fluorescencenay occur when an electron in an atom ahalecule is excitedrom its
ground state to one dhe various vibrational statedue to the absorbana@é photon
energy fronthe electromagnetic radiation. This excited electron may return to its ground
state by emitting light energyin the form of fluorescencgVan Cleave 2011). The
excitation and emission wavelength at which fluorescence occurs are characteristic to
specific molecular structuré¢Bbellman et al., 2010Y0rganic compounds that absaid

re-emit light are known as fluorophor@dopper et al., 1996)

Characteriation of DNOMby fluorescence does not providpecificinformation on the
chemical structure of DNOM or the concentration of organic compoulius.exact
chemical compounds responsible for DNOM fluorescence are still undefined, but on a
general basidluorescenceprovides information regarding the contentfloforophore
moieties of the DNOM, such as lignin, tannins, polyphenols, melanimsicacids and

fulvic acids These aromatic compounds are usually responsible for the bulk of humic
DNOM fluorescence in natural wat€fSreen and Blough, 1994; Del Vecchio and Blough,
2004; Fellman eal., 2010) Quinone moieties have also been suggested to contribute to
humic DNOM fluorescence, and research has shown that more than half of DNOM

fluorescence is potgially due to such structuré€ory and McKnight, 2005)

Molecular strucure and fluorescence characteasion of DNOM
Fluorescence DNOM measurements are commonly collectethreedimensional

excitation emission matrige EM) contourplots EEM contour plotsare produced from
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multiple emission spectra collected at successively increasing excitation wavelengths
(Chen et al., 2003)Four general areas of excitation and emission lsagéhs are
constructed in which fluorescence is linked to ecologically meaningful characteristics of
DNOM: humic-like peaks A andC, soluble microbial by produdike peak M, and
proteirtlike peaks B and T (FigutgandTable 1)
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Figure 3 Subdivision of the EEM spectraof waters containing DNOM, with the position of the five primary

fluorescence peaks A, C, M, B, and T. Modiffeom (Mohr, 2017).

The group of peaks withumic-like components (AandC) are composd of a set of
compounds referred to as huramidlike (C) and fulvicacid like (A) (Figure 3andTable
1). In general paksthat exhibitemissionat long wavelengthssuch asA and C, are
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referredt o as A r*é @nd ddvabroad esghission maximaontaining many
conjugated fluorescence molecul@hesecompounds are aromatic, highly conjugated,
and likely represent thelMW fraction of the INOM pool (Coble et al., 1998)Such
compounds are mainlderived from vascular plantge. mainly of terrestrial origin. In
contrast,peaks that exhibiemission at short wavelengthsuch as peaks B, T and M
(Figure 3andTable 1) are referredoa s i b led’@ Thesk compoundse thought
to be less aromatic and of lower malr weight than peaks A and(Eellman et al.,
2010). The group of proteinlike components (peaks Bnd T) are either tyrosine or
tryptophanlike fluorescence componenihese compunds are amino acids which are
free or bound in proteins, or associated withMW DNOM. These proteiflike
components maydicate more degraded peptide matandDNOM.

Tablel Summary ofthe commonly observed natural flugescence peaks of aquatic DNO(Rellman et al., 2010)

Component Excitation and| Peak Probable source Description
emission maxima| name
(nm)
Tyrosinelike ex< 250 nm B,T Terrestrial, Amino acidsfree or bound in proteinsMay
em <350 nm Autochthonous, indicate more degraded peptide material.
Tryptophanlike Microbial.
Soluble microbial by| ex250-280 nm M Terrestrial, LMW.
productlike em <380 nm Autochthonous, Common in marine environments. Associat
material Microbial. with biological activity. Found in wastewate
wetland, andin agricultural environments.
Fulvielike ex <260nm A Terrestrial. HMW humic substancesbut smaller tharthe
em> 350 nm molecular weight ohumiclike components.
They are wdespread, beingpighest in wetlands
and forested environments.
Humiclike ex> 2% nm C Terrestrial. HMW humic substances
em> 380nm They are widespread, beimighest in wetlands
and forest environments.

4 Red shift: A spectra shift towaschigher wavelength&e. lower energy and lower frequendy called red shift or
bathochromisshift (Prens., 2015).

5 Blue shift: A spectrahift towards lower waelengthsj.e. hicher energy and higher frequeniy called blue shift or
hypochromic shif{fPrens., 2015)
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2.5 Biodegradation of DNOM

The term biodegradability is described as a measurement dégree olutilisation of
organic compounds, in this case DNOM, by microorgani@mslegradation of organic
compounds could be complete, giving £4hd HO as productsor incomplete leading

to partialoxidation andragmentation of the originabenpoundMarschner and Kaitz,
2003)

DNOM is aheterogeneous and continugusture ofa broad range dfifferentorganic
molecules and thereforis assumed t@omprisethree different pools regarding its
biodegradability.

1. The labile pool, which includes DNOM that is rapidiyodegradable. This
fraction is mainlydominated by fulvic substancaadLMW DOM, and presest
a more aliphatic character. This pool consists of carbohydrates, amino acids,
amino sugars, andlMW proteins (Lynch, 1982; Qualls and Haines, 1992;
Guggenberger et al., 1994; Kiusel and Drake, 1998; Kaiser et al., 2001; Koivula
and Hanninen, 2001)

2. Themoderatelybiodegradable pool includes a relatively stable DNOM fraction,
which probably contains polysaccharidasd other degradation produetich
are more slowly biodegradéilarschner and Kalbitz, 2003)

3. The pool of recalcitrant DNOM is mainly dominated hymic acidswith
aromatic and complestructuresThis aromatic characteenders it moréifficult

for bacteria to biodegrad®arschner and Kalbitz, 2003)

Scientists use different methods to quantify the biodegradabilitpN®M. This is

because no general accepted standard methods are established, and parameters such as
type and duration of incubation, initial DOC concentration, nutrient addition, type and
amount of inoculum added to the sampleg temperaturemamg othes, may affect the

final result. Of these parameters, duration of the incubation during biodegradation
experiments seems to bef high importance for the quantification of DNOM
biodegradabilityAddition of nutrients will accelerate DNOM biodegradatibtarschner

and Kalbitz, 2003)

In this study, biodegradationof DNOM was investigated bymonitoring oxygen
consumptiorfor 72 hoursjn the different size fractionationwith a sensor dh eader

(SDR) Thisprinciple is explaineth detail in Section 3.4.2 Biodegradation experiment.
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2.5.1 Factors controlling DNOM biodegradability
The biodegradability of DNOM is controlled by numerous factors that can be divided into
three categorie@Marschner and Kalbitz, 2003)

2.5.1.2ntrinsic DNOM characteristics

Molecular size and chemical structure is frequently associated with biodegradability,
probablybecausenicroorganism#iavelimitationsin their capacity irdegrading certain
aromatic and larger moleculeSherefore, we could expect thabn-humic LMW
compoundsind humic compoundgith less complex organic structur@e. alighatic and
hydrophilic compounds, as well as sorudvic acidg are more biodegradabkhan
compoundsvith morecomplex organic structurgise. aromatic compounds (humic acids)
(Marschner andalbitz, 2003) Aromatic compounds with high sUVa, which tells us
about the degree of aromaticity, are commonly found to be pergistentin the
environment as they are less biodegradable. On the other handatdd\aflects the
extent to which DNOMabsorb2JV radiation, and thus the potential for phatddation
and degradation of the mater{larschner and Kalbitz, 2003)

Fluorescence spectroscopy has also been used to obtain information about the
biodegradability of DNOM(Glatzel et al., 2003; Kalbitz et al., 2003; Marschner and
Kalbitz, 2003) This is done by using the assumption that more condensedt&roma
structures with digher degree of ¢gugated fluorescent molecule. peaks AandC

(Figure 3)are less biodegradable than structures with a low degree of condensation and

conjugationi.e. peaks B, MandT (Figure 3)(Marschner and Kalbitz, 2003)

2.5.1.2 Soil properties
Nutrients availability, microbial community, and the presence of toxic substances can
influence the degradation procéb&arschner and Kalbitz, 2003)

2.5.1.3 Externafactors

Temperature, rainfall regime andgetation cycles will inducgeason variality of both
DNOM inputs and microbial activity, which can affect intrinsic DNOM quality
parameters and soil solution proper{ig&grschner and Kalbitz, 2003)
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2.6  Biogeochemical cycling of mercury in soil -aquatic ecosystems
Mercurytransportn the Environment can take several pathwajsrcuryoccurs in two

stable oxilation states in the atmospherarganic Hg?*) and mercurickig®). Hg is the
dominant specie in the atmosphere, and can be easily transported for tens of thousands of
kilometres followed by dry and/or wet deposition into terraktand/or aquatic
ecosystems. Hg deposited on terrestrial ecosystems may be lost either gitirou
volatilisation Hg° back to the atmosphere, orsolution (Hg") via stream flonhaving

great implications for aquatic ecosystems and thus for public h¢&dtiroeder and
Munthe, 1998; Grigal, 2002)

This study is based on the falcat there is a large pbof Hg?* accumulated in the organic
forest floor in the southern part of the Nordic countries dutepmsition of long range
transported pollutant3.his studyrelates to théiogeochemical processes governihg
transport of mercurgpeciegrom soils into water systems, whigkain mechanisms seem
to be linked ® DNOM acting as &ransport vectofor Hg?* and MeHgfrom catchment

soils into surface watefsrigal, 2002)

DNOM is a compleig agent of heavy meta{Sipping, 2002; AlReasi et al., 2011and

its reducedorganosulfur thiolgroups(-SH) are in sufficient abundance to bind to all
availableHg in natural terrestrial systems. Data frpnevious researct{Aastrup et al.,
1991)showed thatthe organic forest floor iscandinavia act as sinks for atmospheric
inputs of HG* becausef their strong binding to organic and mineral particles in the soils.
Following this previous argumentconcentrations of DOC show strong spatial
correlatons with concentrations of mercuity lakes andsurface waters in Scandinavia
(Meili et al., 1991)

During the biogeochemical cycling of Hg several orgapecies can be fored. MeHg
formation is of special concern. diccurs wherHg® is slowly oxidised toHg?*, and
subsequentlgepositedria throughfall or litter-fall into terrestrial or aquatic ecosystems
It can then be transformed (methylated) to Mdbgng able to enter thimod chain
affecting humans and wildlifHightower and Moore, 2003; Wiener et al., 2003; Hall et
al., 2008)
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2.6.1 Methylation and demethylation processes

Methylation canoccurin the soil, surface waters, wetlands, sedimtge and inundated
environmentsunderslightly reducing conditionsamong otherdn terrestrialand aquatic
ecosystems Hg can be methylated to MeHg thrdubiotic and abiotic pathways.

It has been welestablished that DNOM, one of the main abiotic factors controlling
mercury methylation, stimulates microbial activity and thus methylahi@®M acts as
substrate inhe methylation process because carbots as an electron donor when
sulphate is reduced to sulphide by methylating organigiesks et al., 2013forest
harvest plays an iportant role in MeHg production lsgducing transpiration for a period
of time, during which wetter soitonditions with reducingcondtions can promote Hg
methylation DNOM can canplexto bothTotHg andVieHg (Ravichandran, 2004YVhen

it complexes to TotHg and ieansporeédto surface waterst can be methylated armshter

the food web.Other abiotic factors controlling methylation atee lack of oxygen
availability, temperature, salty, pH, and light.

Biotic methylation by microbes is the primary source of MeHg in aquatic ecosystems.
Sulphatereducing bacteriaSRB) were the first organisms identified as the primary
bacteria respusible for methylation, howeverironrreducing bacteria [RB) and
methanogens havalso been identified as significant sowed MeHg production
(Gilmour et al., 2013h)ontrary to past researessertinghat mehanogens onlhada
minor role in méhylation(Ullrich et al., 2001)Theymay evenbe the primary methylator,
especiallyin environments such gsuvial lakes(Hamelin et al., 2011)Studies have
found that &B, IRB and methanogerigve in commorthe presence digcAB gene
cluster which isresponsible for methylation. The preseméehis genein organisms
living in methanognc environmentgsuch as rice pade or animal digestive systems),
extreme pH conditions or higdalinity levels(Gilmour et al., 2013akould broaden the
range of environments at risk for Hg methylation. Potential environments in which
methylation may occur, as suggested byARj@ene, includeall areas with reducing
conditions with DNOM available for methylating organisimsgertebrate digestive tracts,
thawing permafrost soilgnd extreme environmetal conditiongPodar et al., 2015The
influence of floodhg hasalso beendemonstrate through thedisproportionalityhigh
levels of MeHg found irrice compared with other crops;result of its cultivéion in
flooded conditions increasirtge anoxic environment in which methylating orgarésm
thrive (Qiu et al., 2008)
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Methylation in aquatic ecosystems (Figure 4) can take place in the sediméresyater
column, andon the periphytof (Li and Cai, 2013) The methylation of Hg on the
periphyton is of special concern because it can be the base of food for other
microorganism in aquatic environmenasdtherebyenteringthe foodchain(Cleckner et

al., 1999) Recent studies have confirmed the sediment and ywater of aquatic
environments to be key loitans of methylation, and have shovmow methylation
potential may change in proportion to depithvm the sediments. Liu et aR@15), found

that methylation occurs mainlyn the upper layers of the sediments where there is
significant microbial activity. A similar effect has been observed in peatland porewaters,
with higher MeHg concentratiortseing found closéo the surfacgSelvendiran et al.,
2008) Methylation potential dcreasewith increasing distance from the seéim water
interface. This may beug to bacteriarbm the sediment moving into the wataiumn

once oxygen is depletgBckley and Hintelmann, 200@figure 4).

MeHg demethylationthe revers@rocess of H§f methylation,occurs due to exposure to
sunlight in the upper phatizone of the water columfigure 4). UV radiations (U\A

and U\W-B) have been confirmed to be the primary driver of MeHg pletgradation
(Lehnherr and St. Louis, 2009Pemethylation can also proceed through biainel
abiotic pathwaysin whichthe same organisms responsible for methylatBRB, IRB

and methanogenspuld be the primary microorganismesponsible for this procedsie

to different redox conditiongLi and Cai, 2013) However, the chemical processes
governing MeHg photodemethylatiormains unclear. The variation of MeHg photo
demethylation pathwayin different aquatic systems may be caused by differences in

their chemical characteristice.g.differences in DNOM concentration

8 Periphyton: Aquatic organisms such as certain algae, cyanobacteia, microbes or detritus that live attached to the
rocks orother surfaces (Collings English Dictionary 2014).
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to toxic methylmercury
via fish or seafood
consumption

Figure4 Cycling of mercury in aquatic environmen{Boulain and Barkay, 2013)

2.6.2 Bioavailability of mercury species in aquatic ecosystems

Production of MeHg requires Hito be available to methylating @gisms. Deposition
of Hg?", although decreasinglobally, is not expected toecline to zero. In addition,
legacymercurydeposits currently sgiestered in sediments, wetlasoils and forests
may become mobilduring disturbance of these systemsuch as forest fise harvest
activities orerosion thus increasing thelg?* available for MeHgroduction(Paranjape
and Hall, 2017)The bioavailability ofmercuryspecies in aquatic ecosystems is mainl
determined byhe speciation bmercuryin the water phase, and its distributioetween
the soil andaqueous phaséHg?* distribution between the soil and aqueous phase is
expected to ffect the bioavailability oHg?* becausenly dissolvedorms of Hg?* can
be transported through cell membranes and be methylatednoettiglated(Li and Cai,
2013) Hg?* and MeHg in aquatic enviroments are gendhanot free ions, but complexed
to various inorganic or organanionligands, including hydroxide, chloridsulphides
and CNOM (Morel et al., 1998; Li and Cai, 2013)
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3. Materials and methods
Three sets direshwater sampleéSection 3.1.2jrom Langtjern forested lake catchment

were used for this studf¥wo of them,corresponding to the second and the third sets of
water samples, were completepalysed, characteed and assessedhe first set of
water samplescollected inMarch 2016, was used for method developmentl6F,
described in detail in Section 32 This set of samples was also used to implement and

testall the analytical methodsefore analysing theamples from sets 2 and 3.

Complementinghese three sets of water samples form Langt a reference material
previouslyobtained byfreeze dryingReverse Osmosis (R@NOM from the lake was
also charactere, and used for this studihe reference mateal is descriled in more

detail in Section 3.3

Figure 5 provides a complete overview of the sample preparation, fractionation, treatment

and characterisation conducted in this study.
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0.2 um-100kDa <100 kDa
- 0.2 pm-10kDa/100kDa > =< z10kDaor 100kDa
“‘““-../
Analyssnﬂneframms Influent < 0.2 pm; Concentrate 0.2 um-10 or 100kDa; Permeate <10 or 100kDa
DOC analyser &= (uv) > & ¢ /q $ - mmw
o] [ [sae) O o s

Figure5 Flow chart showinghe Samplepre-treatment, fractionation, treatment and Characterisation carried out
in this mater thesis
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3.1 Study site

3.1.1 Sampling site description

Langtjern(Figure 6)is a forested borealumic lake catchment located i@&h-Easer
Norway 6 0 A 3 7 6 N), atapphokidaiely 80 km northwest of Osleith an elevation
of 500710 metersThe lake covers a surface acd®.23 knf, with amaximum and mean
depth of 12 and 2 metersrespectively. Thesummer thermocline is located at
approximately 3n. The catchrant area comprises 4.&8n%, most of which consists of
sparse coniferous pine forest (638&6) thin podzolicmineral soils withgranitic gneiss
bedrockoutcrops, angeatbogs (16%)Wright, 1983) The area is acigensitive and acid

deposition has driven the original trout population to extingBraatern 2019.

Langtjern has been the reseasitie fornumerous studies of precipitation, streasmter
and lakewater chemistry and biology since 1973. From 1973 #81Bese studies were
included inthe SNSF project:Norwegian Interdisciplinary Researghr oj e ct
precipitation-e f f ect o n fatthowts SNSRcondinudédiurgill@F@om this
yearthese studies were continued by the Norwegian Institud&/ &er Research (NIVA)
and Langtjern became one of 5 field ecological monitoring statiorthe Norwegian
National Environmental Monitoring Program. EHig@ 7 shows a map of Langtjern
modified from(de Wit et al 2014yvith its Outlet LAEO1,and Inletd. AEO2 and LAEOQ3.
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Figure6 Langtjern catchmen{NIVA 2010.
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Figure7 Map of Langtjernand its catchments showing th@®utlet stream (LAEO1}wo inflowing streams(LAEO2
and LAEO3and itssub catchmentsModified from (de Wit, 2014).

3.1.2 Water sampling

The following sets of water samples are included in this study.

1. The F'water sample was collectedMuarch14™", 2016 This was a 54 L saphe from
the Qutlet stream (LAEO1) of LangtjernThe temperature of the Outléluring
sampling wasapproximately0°C. There were no intense precipitation periods
registeredfor the meteorological station Gulsvik I, 132 m elevatios, A3 8 6 N ;

9°606 E(www.aguamonitor.no/Langtjeynn March prior to sampling. his sample

wasmainly used ér TFF method developmeand familiarization with the analyses
(Figure 5) A trial attemptfor the size fractionatiowith a membrane ctaff of 10
kDawas conductedAll the trials and size fractionation procedures for the different
sanples using TFF are described in Section2322

2. The 29set ofwatersamples was collected dlune &, 2016. This sampling includes
20 L from both theOutlet (LAEO1) and the mlet (LAEO3) of Langtjern. Thisset of
samples was used to test the TFF and it@sstituted the first real samplanalysed.
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For size fractionation with TFF a membrane-ofitof 10 kDa was usedThe
temperature of the Inlet and Outtegistered in the monitoring data from Langtjern
during samplingwas approximately9°C and 19.5€C, respectively.No intensive
precipitation periods were registered prior to sample collection.

3. The 3 set of samples was collected3eptember 15 2016, This sampling includes
18 L from boththe Outlet (LAEO1) and hlet (LAEO3) of the lake. Forsize
fractionation,a new membrane cuaifff of 100 kDa was usk The reason for this
change inthe membrane cuiff is explained in detail in Section 3.2.Zhe
temperature of the Inlednd Outlet during sampling wabout9.°C and 16.5C
degrees, respectivelffour moderate precipitation periods were registered from the
end of June towards the end of August.

4. The 4" sample comprises20 L sanple from a RO anéreeze dried DNOM isolate
from Langtjern, which was filtered through 0.2 um fitt@rior to characterisation.

For the 29and 3 set of water samples, samples fromlitlet and Qitlet were collected

in four separa10 L high density polyethylene camners fwo containes for the Inlet,

and two for the @tlet), transported from the lalkad stored in a dark amdld room for

less than 24 hours prior to filtration.

Before fltration samples from the same sampling siteereulked and homogenized in

25 L containers, one container for each sample. All sample containers were thoroughly

acid washed with a solution of 7% HN®eforehand Containers were coveresiith

aluminium foil to avoid any possible photochemical reaction.
3.2 Sample pre-treatment

3.2.1 Filtration

After less than 24 hours of sample storage, samples were fittemdyh0.7 pumglass
fibre filters, and subsequentthrough 0.2um membrandilters. Colloids are defined as
suspendegbarticlessmaller than0.2 um By prefiltering the sample through Q. pm
filters, bacteria (according to this criterion) in the samplesar®ved andthe sample

is sterilisedFigure 8)
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Figure8 Sizerange of particulate (POM) and dissolved organic matter (DOM) and organiopounds in natural
waters. AA, amino acids; CH@rbohydrates; CPOMcoarse particulate gganic matter; FA, fatty acids; FPQNine

particulate organicmatter (Nebbioso and Piccolo 20)2

The glass fibre filters were previously poembusted in afurnae (Naber
Industrieofenbau E2804 Lilienthal/Bremenfor appoximately 5 hours at 450°his
was done in order to remove any potent@htanination coming from the filtersvhich
may otherwise release components such as carbon, nitrogen or mercuryfititaiiog

into thesample.

Filtration through a pore size @.45 um is commonly usedto separate between
particulate ad dissolvedconstituents in a water sampg(€igure 8)(Thurman, 1985)
Particulate organic mattePQM) is thusconsidered as the organic matter fraction that is
retained orthe 0.45 um membranglter. Nevertheless, the filters used in this thesis had
pore sizes of 0.7 um and 0.2 pRrefiltration through0.7 um filters was conducted in

order to remove the larger particles, thereby speeding up the 0.2 um filtration process.

Filtration was conducted using two water vacuum purkfers werepre-rinsed using
150 mL of Milli-Q Type | water, and coditioned with approximately 10thL of the
sample prior to filtrationSubstantial removal gdarticulate mattewasobserved during

the first filtration sted0.7 um filters) (Figure 9.

The Qutlet samplegpresented more particulate matettzn the Inlesample,and thus

filtration through 0.7 pm filters waslower. Figure 9shows an example of how the filters
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appearediter filtrating the first 900 mLof the Outlet andrlet samples collected in

Septembethrough 0.7and 0.2 pmmembrane filters.

3 ‘;.\bd. 23 um asdh O 2 fanv
Pl

Figure9 0.7 and 0.2um filters after filtrating the first 900 mL of sample

3.2.2 Size fractionation with Tangential Flow Filtration (TFF)

TFF membranes used to fractionate colloids in aquatic environments are usually made of
regenerated cellulose or polysulfone. The lattargsally wsedto filtrate water collected

form estuarieslakes, seawaters and riweaters(Guéguen et al., 2002n this study two
different polysulfone membranes were used for the size fractionation procedure. For the
first fractionation a plyethesulfone(PES)membraneupplied by GEwith a cutoff of
10kDawas wsed. This membrane has a maximum operatmegsure of 13 barkor the
secondfractionation, a GR40PP polysulfone membré&oen Alfa Laval with a cutoff

of 100 kDa and a maximum operati pressure of 15 bars, was usddhe 100 kDa
membrane needed pexial chemical cleaning withGa2% Na-EDTA and NaOHalkaline
washto remase the protectivecoating materiathat it presentean the surface. Teh
increaseof membrane cubff from 10 kDa to 100 kDa was donebecausethe DOC
concentrationnn thePermeatdractions< 10kDa wereclose thdimit of detection (LOD),

0.56 mgC/L, and below the limit of quantification (LOQ), 1.86 r8¢_. This impliesthat
therewasno significant amount of DNOMelow10kDa. This fractions usually referred

to as LMW DNOMand is thus the fraction that is most bioavailable

Figure 10shows the membrane fractionation principle of THRe Effluent or the

Influent samplas thepre-filtered sample containing DNOM 0.2 um to be fractionatd
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using TFFConcentratés the retentate fraction that does not pass through the membrane,
and thus is comprised of DNOM with the size between 0.2 um and 10 KD2 @mand

100 kDa.The term Concentrate reflects that more watetecules passeablrough the
membrane than DNOMleading to an wgoncentration of the fraction not passing
through the membran@ermeate ishie fraction passing throughe TFF membrane. In

this casehrough a membrane coff of 10 kDa or 100kDa.

Influent/Effluent Permeate
Concentrate

Figurel0 Membrane fractionation

3.2.2.1 Fractionation procedure

Figure 11depictshe TFF system useaf the fractionation proceduiethis master thesis.

TFF consists of an ultrafiltration membrane and a paltist pump (Watson Marlow
701S),which ensures the tangential circulation of the fluid in tleemorane Two modes

of ultrafiltration can be used; the recirculatiomodeand the concentrate mode. In the
recirculationmode the Permeate and théoncentrate i@ recycled Thereforethe sample
volume remains constant. Recirculation mode is normally used for the membrane
cleaning and conditioningprocess.In the ©ncentration mode, th&®ermeate and

Concentrate areollectedin separate reservoi(Bigure 9).

Three replicates fathe Inletand Qutlet samplespreviously filtered through 0.7 and 0.2
um membrane filters, wersize fractionated Prior to fractionation, the system was
flushed out with a large voluenof ROwaterfor approximately 1 hour in order temove

any possible residual organic carbon in thaesys Blanks for the feed tank (Influent),

Permeate anddcentrate were collected prito sample fractionation. A DOC balance
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between th amount corresponding to Concentrate, Permeatenfindrt wascalculated
to see if the fractiorteon procedurdy using ratio 4:1i.e. by introducing 4 L of the bulk
solution (<0.2 ym) into the feed tanknd producing 1 L of Permeate and 1 L of

Concentrategave reliable results.

Figurell Tangential Flow Filtration system (TFF).
3.2.2.2 TFF Method development

3.2.2.2 ITrial attempt with the Qutlet sample usinga membrane cuioff of 10 kDa

Procedure

Sampledor fractionation method development werdlected in Marchand fractionated
in April 2016, i.e. T sample Chapter 3.1.2Three replicatesvere mae to test the
repeatabilityof the fractionation method by using ratio 4Thethreefractionatiors took
placeon three different days, April 15 18" and 2¢", unde the same conditions at a

pressure of 10 mbars, and by using a new membrane for each replicate.

Results
The DOC balance can be seertha Table 2
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Table2 DOC balancef the fractionation method development using 10 kDmembrane cutoff.

MWCO range DOC DOC+ | Sample | DOC DOC Feed to DOC
§ error volume | mass distribution | permeate | gain/loss
S ratio
=
i (mg/L) () (mg) % %

Influent < 0.2 pm 11.37 0.23 4.10 46.@2 4.10 -0.37

Concentrate (16Da-0.2 | 11.41 0.23 3.10 35.38 76.17

Hm)

Permeate < 1RDa 11.07 0.22 1.00 11.07 23.8
R1 | Total mass = Permeate+ 46.4 100

Concentrate

Recovery Recovery | 99.63

Influent < 0.2 um 12.35 0.25 4.00 49.38 8.51 -6.58

Concentrate (10 kDa.2 | 12.8 0.26 3.53 45.20 97.98

Hm)

R2 | Permeate < 10 kDa 1.99 0.04 0.47 0.93 2.02

Total mass = Permeate- 46.13 100

Concentrate

Recovery Recovery | 93.42

Influent < 0.2 um 1032 021 4.25 43.86

Concentrate (10 kD@.2 | 11.78 0.24 3.17 37.37 95.69 3.9 -10.97

Hm)

R3 | Permeate < 10 kDa 1.56 0.3 1.08 1.68 431

Total mass = Permeate- 39.05 100

Concentrate

Recovery Recovery | 89.03

Discussion

A good fractionationrequires lowloss of DOCduring the procedureDuring size
fractionation,some problemsvere encountered.off instanceReplicate 1 could ndbe
taken into account due fmwor performance of the membranegst likely because of a
leakage This can be seen ifable 2 were the Permeate size fraction presema
concentration of 11.mg C/L, which is much higher thathe concentratiorobtainedin
the Permeate size fraction Replicates 2 and After sizefractionation,the Rermeate
typically presents the lowedDOC concentratiorascanbeensea in Replicates 2 and 3

In Replicate 2 the €edto Permeate rati@btainedwas~ 8:1, which wasotthe desird
ratio. This high ratio can beexplained becauste Permeate production was extremely
slow andthereforethe Permeate productidmadto be reduced to half of the volumee.
~0.5L. The lossof DOC in Replicate 2 waspproximately %, which is acceptabl&@he
only satisfactory fractionation was achieved with Replicate 3, where the Feed to Permeate
ratio was~ 4:1 and the loss of DOC was11%. Theloss of DOC can beexplainedby

fouling of carbon on the membrane, which is aggahproblemencountereavith TFF.
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Conclusion

It seemedhatsizefractonation with anembrane cudff of 10 kDaand ratio 4:1 could
work, however, only Replicate 3 showed satisfactory results. For the upcoming
experimers, we dedded to continue usinthe 4:1 ratio and keepthree replicates for

testing the repeatability of the fractionatiomrethod

3.2.2.2.2 First sample fractionation; Inlet and O utlet samples size fractionated using a

membrane cut-off of 10 kDa

Procedure
Watersamplesfrom the Inlet and Outlet of Langtjemere collected irthe beginning of
June2016 Triplicates of the Outlet sample wereesiractionated odune 18, 11" and

12", and tiplicates of the Inlet samples were fractionatedwmeJld, 14" and 19

Themainaim of thisexperimentvasto test the rpeatability of the fractionation method
For this all replicates wreused In addition Replicate Zor both Inlet and Outlet samples
wasalsousedfor the assessment tife biodegradability anthe spectroscopic properties
of DNOM fractions linked to Hg and MeHgansport and uptakdherefore during the
size fractionation oReplicate 2a higher volume of samplgasusedin order to obtain

the desird volume to carry out all the analysesaple 3and4).

Results
DOC balance for the Inlet and Outlet can be seen in Table 3 and 4, respectively.
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Table3 DOC balance of the fractionation method using 10 kDa membraneaftion the Inlet sample in the summer

of 2016.
MWCO range DOC DOC+ | Sample | DOC DOC Feed to DOC
3 error volume | mass distribution | permeate | gain/loss
S ratio
2
& (mg/L) L) (mg) % %
Influent < 0.2 um 1211 0.24 1.40 1695 4.67 -12.42
Concentrate (18Da-0.2 | 1325 0.27 1.10 1458 98.16
Hm)
Permeate < 1RDa 091 0.02 0.30 0.27 1.84
R1 | Total mass = Permeate+ 1485 100
Concentrate
Recovery Recovery | 87.58
Influent < 0.2 um 12.55 0.25 6.00 75.30 4.00 -21.27
Concentrate (10 kDa.2 | 12.99 0.26 4.50 58.46 98.61
Hm)
R2 | Permeate < 1BDa 0.55 0.01 1.50 0.82 1.39
Total mass = Permeate- 59.28 100
Concentrate
Recovery Recovery | 78.73
Influent <0.2 um 12.70 0.25 1.20 15.24
Concentrate (10 kD@.2 | 13.78 0.28 0.90 12.40 97.57 4.00 -16.59
Hm)
R3 | Permeates 10 kDa 1.03 0.02 0.30 0.31 2.43
Total mass = Permeate- 0.25 12.71 100
Concentrate
Recovery Recovery | 8341

Table4 DOC balance of the fractionation method using 10 kDa membramiedff on the Outlet sample irthe

summer of 2016.

MWCO range DOC DOC | Sample | DOC DOC Feed to | DOC
9 + volume mass distributi permeate | gain/loss
= error on ratio
k3,
7] (mg/L) L (mg) %
& %

0

Influent < 0.2 pm 8.58 0.17 1.20 10.30 4.00 -18.97
R1 Concentrate @ kDa0.2 | 8.86 0.18 0.90 7.97 95.58

Hm)

Permeate < 1RDa 1.23 0.02 0.30 0.37 4.42

Total mass = Permeate- 8.34 100

Concentrate

Recovery Recovery | 81.03

Influent < 0.2 um 8.78 0.18 6.00 52.68 4.00 +11.85

Concentrate @ kDa0.2 | 12.89 0.26 4.50 58.01 98.45

pm)
R2 | Permeate < 1RDa 0.61 001 1.50 0.92 1.55

Total mass = PermeateH 100

Concentrate 58.92

Recovery Recovery | 11185

Influent < 0.2 um 8.70 0.17 1.40 12.18

Concentrate (10 kDa.2 | 8.87 0.18 1.10 9.76 96.61 4.67 -17.09

pm)
R3 | Perneate < D kDa 1.14 0.02 0.30 0.34 3.39

Total mass = Permeate- 10.10 100

Concentrate

Recovery Recovery | 82.91
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Discussion

The DOC recoveryduring the fractionation procedurs notstablebetween replicates

For thelnlet sample(Table 3)it canbe seen a DOC loss between 12 and%lwhich is

not ideal. For the Gtlet sample(Table 4) aloss of DOC of approximatel20% is
observed, asvell as aDOC gainedof about12% in Replicate 2 A gain in DOC afer
fractionationcan be eplained by a possible source of contamination coming either from
the TFF systemor from theglasswaraised during fractioation procedure (i.e. beakers

or sample containersjiespite the fact that all the material was previously washed and
combusted in the furnace in order to avoid contaminakimmeoverthe low DOC values

in the Permeate fractidifable 3 and 4)close to the LOD, are highly uncertaind thus

could explairthe poor reproducibility in thBOC balancdetween replicates

Conclusion
Due to the lowconcentratiorof DOC in the< 10 kDa Permeate fraction it was decided

to change the membrane to a biggeiecular cuoff.

3.2.2.2.3Trial attempt with the Langtjern ROisolate using a molecular cut-off of 100
kDa.

Procedure
Prior to fractionation of the real samples with the membraneftutf 100 kDa, a test

with the RO Langtjern isolate was dotweverify the repeatabilityf thefractionation.

Results
The DOC balance for the trial attetwaith the RO Langtjern isolatsan be seen indble
5.
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Table5 DOC balancef the fractionation method using 100 kDa membrane eoff on the RO isolate sampl

MWCO range DOC DOC+ | Sample | DOC DOC Feed to DOC
§ error volume | mass distribution | permeate | gain/loss
S ratio
=
i (mg/L) () (mg) % %
Influent < 0.2 um 9.96 0.20 120 1196 +1123%
Concentrate (100 kba | 1253 0.29 0.90 1127 84.76% 4.00
0.2um)
Permeate < 100 kDa 6.75 0.14 0.30 2.03 15.24%
R1 | Total mass = Permeate+
Concentrate 1330 100%
Recovery
Recovery | 11123%
Influent < 0.2 um 1056 021 120 1267 4.00 +17.62%
Concentrate (100 kba | 1433 0.29 0.90 1290 86.53%
0.2 pum)
R2 | Permeate < 100 kDa 6.69 0.13 0.30 201 13.47%
Total mass = Permeate-
Concentrate 14.90 100%
Recovery Recovery | 11761%
Influent < 0.2 um 1059 0.11 120 1271
Concentrate (100 kDa | 1445 0.29 0.90 1301 88.41% 4.00 +15.7%%
0.2 um)
R3 | Permeate < 100 kDa 5.68 0.21 0.30 171 11.5%
Total mass = Permeate- 1471 100%
Concentrate Recovery | 11574%
Recovery
Discussion

A DOC gainranging from11% to 18% was found in all replicatedAs previously
explained this gain can be due top@ssible source of contaminatiooming either from
the system or from thglasswareused during the fractionatioeven though perfect
results in the DOC balance were not obtained, it was decided to comtitiu¢his
approach becaughe DOC concentrations in theitneate fraction treased fron®.6
and 1.2 mg C/L to 5.7 arél7 mg C/L,respectivelyand therefordetter results could be

expected.
Conclusion

Because ofthe increase in DOConcentrationin the Rermeate fraction, and after
considering that theagn in DOC was not exceeding 2Qit was decided to continue

using the 100 kDa membrane -@if for the next fractionation.
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3.2.2.2.4 Secondsample fractionation; Inlet and O utlet samples size fractionated using

a membrane cut-off of 100 kDa

Procedure

Samplesfrom LangtjernOutletand hlet, were collected irBeptenber 15", 2016 Three
replicates from thenlet were fractionated on October™&nd 2@, and three replicates
from the Qutlet on October 21and24". As a result of changing the membrane to a bigger
cut-off, the fractionation proedure was much faster, allowing fractionation té@icates
with thesame membranandon the same day @plicate 1 and 2)The membrane was
changed for Bdicate 3, which was the samplased for the assessment thfe
biodegradability andhe spectroscopic properties of DNOM fractions linkedHp and
MeHg transport and uptake.

Results

The DOC balance for thalet and Qutlet canbe seen iTable 6 and 7respectively.

Table6 DOC balancef the fractionation method using 100 kDa membrane eoff on the Inlet sample in the fall in
2016.

MWCO range DOC DOC+ Sample | DOC DOC Feed to DOC
;:"_,J error volume | mass distribution permeate gain/loss
8 ratio
a
i (mg/L) L) (mg) % %
Influent < 0.2 um 1549 031 1.25 1936 -5.71%
Concentrate (100 kDa | 1763 0.35 0.95 16.75 91.7M 4.17
0.2 pm)
Permeate < 100 kDa | 5.03 0.10 0.0 151 8.27%
R1 | Total mass =
Permeate+ Concentrat 1826 100%
Recovery
Recovery 94.2%
Influent < 0.2 pm 1554 031 125 1943 4.17 -2.8%
Concentrate (100 kDa | 1858 0.37 0.95 1765 93.52%
0.2 pm)
R2 | Permeate < 100 kDa | 4.08 0.08 0.30 1.22 6.48%
Total mass =
Permeate+ Concentrat 1888 100%
Recovery
Recovery 97.1%%
Influent < 0.2 um 1547 0.07 5.40 8354
Concentrate (100 kDa | 18.76 0.38 425 7973 94.7M 450 +0.68%
0.2 um)
R3 | Permeate <100 kDa | 3.65 031 1.20 4.38 5.51%
Total mass = 8411 100%
Permeate+ Concentrat
Recovery Recovery 100.68%
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Table7 DOC balance of the fractionation method using 100 kDa membraneattion the Outlet samplen the fall

in 2016.
MWCO range DOC DOC+ Sample | DOC DOC Feed to DOC
ﬁ error volume mass distribution permeate gain/loss
S ratio
=1
i (mg/L) L) (mg) % %
Influent < 0.2 um 1217 0.24 216 2631 +6.70%
Concentrate (100 kDa | 1391 0.28 1.86 2590 92.25% 7.21
0.2 um)
Permeate < 100 kDa | 7.25 0.15 0.30 218 7.7%%
R1 | Total mass =
Permeate+ Concentrat 2808 100%
Recovery
Recovery 106.70%
Influent < 0.2 um 1194 0.24 1.20 1433 4.00 +4.86%
Concentrate (100 kDa | 1488 0.30 0.90 1339 89.1%%
0.2 um)
R2 | Permeate <100 kDa | 544 011 0.30 163 10.868%
Total mass =
Permeate+ Concentrat 1502 100%
Recovery
Recovery 104.860
Influent < 0.2 um 1194 0.11 3.30 3940
Concentrate (100 kDa | 1433 0.29 2.30 3296 85.7%% 3.30 -2.44%
0.2 um)
R3 | Permeate < 100 kDa | 5.48 024 1.00 548 14.26%
Total mass = 3844 100%
Permeate+ Concentrat
Recovery Recovery 97.56/
Discussion

DOC concentrations in the thresplicates of the 100 kDa Permeate fraction were all well
above theMLOD and MLOQ. The DOC recoveryin all three replicates after

fractionationrangel from -6% to +1%, for therlet (Take 6), androm -2% to +7%, for

the Qutlet (Table 7). These values suggest that the change of membrao# wats

satisfactoy.

Conclusion

Forfuture size fractionation experiments the use of 100 kDaffis recommended.

3.3 Langtjern isolate produced by Reverse osmosis (RO)

In addition to thevatersamplesthe size fraction < 0.2 um @fRO isolate material from

Langtjern was studied and characterifedcomparison with the same size fractioin

thefresh lake watesamples collected in June and Septemb2016.

Thestudyof the RO isolate also contributed to the TFF metiheeklopmentpreviously
explained inSection 3.22.2.3.
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3.3.1 ROGeneral Principle

RO is a common technique to isolate DNOfvbm aquatic ecosystem# feed
solutionconsisting of water and aqueous solutes is separated if@rnaeateand

a ConcentratgRetentate)solution (Figure 12). The sample reservoir is filled with the
feed solutionwhich is normally waterpreviously filtered through 85 um membrane
filter. The feed solution is passed through a cation exchange resin With Beoid the
fouling of the RO membrane by precipitation with calcium carbonate, or iron (lll)
hydroxide among otherés this water is pumpeihto the RO system, theo@centrate
returns back tthe sample reservaind the Brmeatgvirtually clean waterjs discarded.

In order to maintain a constant water level in the sample reservoir, more feed water is
added(IHSS 2016).

The concentration of the solutes that are rejected by @en@mbrangi.e. retentate,

graduallyincrease in the sample reservagmore feed solution is processed.

This process continues until a sufficient volume of feed sallitas been processed. After
this the concatrated, partially desaltedNOM, is freezedriedin order to preserve the
integrity of theDNOM sample(IHSS, 2016).

Retentate -
Solution

Feed
, Solution
Source
Water RO
System
Y

Permeate

Prumy . ¥
. Solution

Caton
. Sample Exchange
Prefilters Sample Resin

Reservoir

Figurel2 General schematic diagram for RO proc€d4S$2016).
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3.32 Preparation and storage of theRO Langtjern isolate

On April 5" 2006, 675 L of water were collected downstream ofQbéet (LAEO1L) of
Langtjern and transported 5 L containers to the University of Agdd{ristiansand,
Norway. There DNOM wassolated by Professor Dag Olav Andersen using@ R
isolation system. As a resuR]1.6 g of isolate were produced. DNOM isolatwas
conducted in collaboration with Biochemistry Research Project ithBior Watersheds
(BNW) (Bodding 2007).

A Langtjern DNOMsample was prepared from the RO isolaté&ebruary 14, 24" and
29", The amounbf RO isolate weighted for thisurposewas basedn the fact that
Langtjern has mearDOC concentratioof about 10 mg C/L in Aprjlmonthin which
this sample was collected aisdlatedin 2006(Bodding 2007).

On February 19, two solutions of 2 L each were madnd ket in the stirringdevicefor
48 hours to reach complete dissolution. These solutionscegered in aluminium foil
to avoid photochemical reactiariBhe same procedure was dameFebruary 2% and
29" however,this timethree and five solutions of R eachwere madgerespectively.
After this, the 10 solutions werébulked togethem a 25L containerand homogenised
prior tofiltration through0.2 pum cellulose acetafd#ters. After filtration, the sample was
kept in adarkroomat 4£C until furtheranalyss.

3.4 Chemical analyses
The following chemicalanalysesvere conducted on all filterednd size fractionated

water samples.

3.4.1 Water sample treatment
Conductivity and pHneasurementsere conductedtthe Department of Chemistrat

the Univergy of Oslo (UiO) in accordance withSO 7888(1985)and 1ISO 10523
(2008) methodsrespectivelyA volume of approximately 1L per sample was fits
measuredor conductivity using a MettleToledo AG FiveGd&" electrodefollowed by
pH analysis using an Orion pHneterequipped with a combined Ross electrdgleth
instruments were previously calibrateith a standard solution of 85 uS ¢pandwith

a buffer solution with pH 4.01 and pHOD forconductivityand pH, respectively.
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3.4.2 Elemental composition and speciation

3.4.2.1Total Organic Carbon (TOC

Sampledor TOCwere analysgatthe Department of Biology, UiQusing a TOCVCpH
analyser with arASI-V auto-sampler (both from Shimadzu corporatioioljowing the
ISO 82451999)method. The instrumental setting called Neurgeable Organic Carbon
(NPOC) was applied to remove inorganic carbon by acidifying the sampleks2@ oy
adding 1.86 2M of HCI in the samples. The remainiPOCwas decomposeid COp
over a titani um o,anddneasucedfterarémowng all the twate 8 0 e C
vapour by a nondispersive infrared sensor [R)Odetector. In Table B AppendixB.3,
the instrumensettingsof the TOCGanaly®r arepresented, and the calibratioarve is
presentd in Figure 1 in Appendix B.IThe TOC instrument measures eaample 3 to
5 times, until the B of the signal area is &1 or the RSD is 2%. MLOD andMLOQ
are0.56 mg C/L and 1.88 mg C/L, respectively.

3.4.2.2Major Anions

The concentration ofmajor anims fluoride (), chloride CI), sulphate $Q:%), and
nitrate (NOs) wasdetermined athe Department of ChemistryiO, in accordance with
ISO 103041 (2007) method using a Dionex Integrion high performance ion
chromatograpliHPIC) systemequipped with a AS 4 um anioranalytical(AS4)column
an anion electrolyticallyregenerated suppressor (AER&)d aconductivity detectorThe
calibration curves foall major amons are presented in Figure$ i AppendixC.1,and

the instumentsetting arepresented in Table ih AppendixC.2.

The analytes are transported throughABd columnusing a mobile phase, apdrtition
between the stationary and the mobile phages place These analytes atbereby
separatedtom eah other based on their charge &ndc radius The ions to beeparated
must be negatively charggde. anionsto interact with the positig charged stationary
phaseof the AS! column Moreover,the greater the aniodghargethe greater the
interaction with the stationary phase and consequently the longeetdmion time
(Figures 620 C3). A suppressofAERS)is placed after the colunrecause the eluent
contains relatively igh amounts of salts anthus has high backgroundconductivity.
Thereforeto be able to detesmalldifferences irthecondudivity of the eluatewith the
presence of the analyte igressuppression process is desiralblee AERS principle is
based on removingl major base catior(snainly C&*, Mg?*, Na" andK*) from the eluent
and replace them with hydronium ions formed by electrolysis tie eluent These

46



hydronium ions combined with the hydroxyl or carbonate ions from the éaaghto the
formation ofwater andcarbonic acidyespectivelywhich have very low conductivity
compared to the hydxgl or carbonateMoreover, the analyses are associated with H
which has arery high specific conductivity, upon passing through the deteatmancing

thusthe sensibility of the detector towards Hr@onic analytes.

3.4.2.3Major cations

In addition to the major catiomsicium (C&*), magnesium (M%), potassium (K) and
sodium (N4&), andthe concentration of aluminium (&), iron (F€") and manganese
(Mn?*) was determineat the Department of Clngistry, UiO, in accordance witt5O
22036 (2008) method using a Varian Vista AXCCD simultaneous axial viewing
inductively coupled plasma optical emissigestromete(ICP-OES), withacone spray
nebulizer ané Sturman Master spray chambe€he calibration curves fahecationsare
presented in Figes 2228 in AppendixD.1, and the LOD and LOQ are presented in
Tables 10 and 11 in Appendix D:Bhe sample was introduced by a hose connected to a
peristaltic pump, which pushes the sample smuthroughthe hose and into the
nebulizer In the nebulizer, theample is converted intoraix of finely divided droplets,

i.e. aerosa Theaerosols are separated into #pray chambewhere the large droplets

go to drain £ 99%), and the finelroplets are carried to the plasma%o). Due to the high
temperature of the plasnf@00010000K), the analytes are excitéeladng to photon
emission and ionizatiormhe wavelength of the emittdithe spectrunis speciespeific

and by using the plasn@th atom and ion lines can be obtained. Prior to analysis, all
sampls and standard solutions wemmatrix matchedadding 65% HNQ® to a
concentration 00.3M in the sampls andin the standardsA rinsing solution of 0.8
HNOs was also madeand used forinsing between measuremeimtsorder to avoid

carryover.In Table 9in AppendixD.2the instrumensettingsfor ICP-OESarepresented
3.4.3 Total mercury and methyl m ercury

Principlefor total mercury determination

The method fordtal mercury (TotHgyeterminatiorfollows EPA 16312002)protocol.
The calibration curve is presented in Figugar2AppendixE.2.

CVAFS systems consist of a kgld vapour(CV) generatoand a atomic fluorescence
spectrometry AFS) detector Figure H4). The AFS detector determines toeémentary
mercury (Hg®) at 53.7 nm The first requirementis to releaseall inorganic Hg?*
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compounds from the sample matrand convert all organic forms of Hg to Hdoy

digestion or oxdation processes. In this cads®mide monocloride (BrCl), an oidant

and preservative for Telg Pecieswas added to the sampl&ubsequentlystannous
chloride (SnGJ) was added to reduce Hgo elemental mercury vapor (gThe HJ

produced igpurgedout of the sampl@nd carried to the AFS detectny argon gas (Ar)

The following reactiorshowsthe reduction of H§ to Hd by the addition of SnGl

Hg2*+ Sr#* A HgP + Srf*

Principle of methyl nercury determination

The analytical method fateterminingMleHg concentrationgn watersamplesvas based
on EPA 1630 (1998)rotocol Watersampleswveredistilled to removepotential matrix
interferencesPrior to distillation, a chelatingsolution of 1% ammonium pyrrolidine
dithiocarbonate (APDC) was added to each samphter distillation, the distillate
samplescontainingHg were ethylated usingn acetate buffer sodium tetraethyl borate
(NaBEt?). Figure 13shows the distillatiorcuipment.The MeHg calibration awe can

be seen irFigure 30in AppendixE.2.

7APDC is a chelating agent that is used to complex the species from the matrix (EPA 1630, 1998).
8NABEf is an acetate buffer that serves to derivate the two remaining ionic Hg species after distillatioganic

Hg*, and CBEHg* to their ethylated forms, diethyHg and methykthyl-Hg, respectively)EPA 1630, 1998)
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Figurel3 Hg dstillation equipment.

The ethylated mercury species in ttstillate sampleare purgedout with nitrogen gas

(N2) for approximatly 20 minutes andollected on a&arbonsample trap. Thethylated
mercury speciesire desorbed thermally from the sample trap, separated using a gas
chromatography (GC) column, reduced using a pyrolytic coluand, detectedising
CVAF. In Figure 14t canbesee the schematic diagram of CVAFS.
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Figurel4 Schematic diagram of the cold vapor atomic fluorescenpecrometer (CVAFSEPA 16301998.

The methods limit of detection (MLOD) was 0.02g/L and 0.1 ng/L (3 standard
deviations othemethod blanks) for MeHg and TadHg, respectively. For bothpecies,
automated systems were used for analysis (Brooks Rand Labs MERX automated systems
with Model Il AFS Detector).

In Tables 16and 17 in Appendix E.1 the instrument settings for TotHg and MeHg

analyserarepresented.
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3.4.4 Structural characterization of DNOM

3.4.4.1UV-/VIS Absorbance

A full absorbancespectrum of the samples was measwaedradiance of light at
wavelengths from 200 nm to 800 nm, using 1cm quartz cuvettes on a Varian Cary 100
Bio UV-VIS spectrophotometeat the UiO. The UV-VIS photometer was background
comected prior to analysis using tveoivettes containing type | water. During thezan,
onecuvette containing type | watemwas kept as a referenciable 26 Appendix F.1 the
instrumentsetting of the photometeairepresented.

3.4.4.2 Fluorescence Spectroscopy

Fluorescence analysis was performed using a quavitteuon a Varian Cary Eclipse
fluorescencemectrophotometer at the Norwegian Institute for water Research (INIVA
EEM specta were obtained by scanning the emission from 200 to 600 nm by increasing
the excitation wavelength by 25 nimcrementsfrom 250 to 450 nm. Excitation and
emission slit widths were set to 10 anairf, respectively. Scan speed was set to 600
nn/min. Data wee processed using Varian Cary Eclipse fluorescence software.

3.4.5 Biodegradation experiment

3.4.5.1 Inoculum preparation
Two water samplg, one foeach set of samplesymmerandfall), containing indigaous

bacteria from Langtjern weresed for this purpose.

The preparation of the inoculum was made by filtering t0of raw waterthrough a

pore size filter of 2.0 umThis pore sizélter wasselectedo excludeany microorganism
longer than bacteria, including the main competitors: zooplankton and phytoplankton
(Figure8). It has been previously proved that the addition of phosphorousR®© a
nutrient, increases microbial community growtldrinkingwater(Miettinen etal., 1997)
Thereforea solution of 10 mMPQ* was made and consequently addethe inoculum

and the sample3he 100 mL ofiltered water for the inoculum preparatioragput in a

250 mL Erlenmeyeflask and dnL of 10 mM phosphorousRQs*) was added to favour
bacterial growh (Miettinen et al., 1997 The inoculum, covered in aluminium foil, was
keptin a shakedeviceat room temperaterof approximately 21 degreesrf48 hours

allowing the bacteria to groeforethe biodegradation experiment.
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3.4.5.2Samplepreparation

A solution of glucos€CeH1206) containing a concentration of 10 mg Gilas used as
reference material to test the microbial activéydalsoto compare iwith therest of the
samples.

All samples, includingthe reference materiaand blank were preparedin 25 mL
volumetric flaskgFigure 15). 250 (L of nutrients {0 mM PQ*) and200 pLof inoculum

were addedo 24.55 mL of each sample.

Figurel5 Sample preparation fothe biodegradation experiment

3.4.5.2Sensor dish reader (SDR) to monitaxygen consumptiorby bacteria during

the biodegradation experiment.

Biodegradatiomn the samplegvas followedduring incubatiorby measuringhe oxygen
consumptiorusing asmall 24channelsensor dish eader (SDR¥ituated under a set of

multi-disheswith vials (Figure16).

Everyvial has asensofocated at the baim cortaininga luminescent dyeThis dyeis
excited by the SDRystem locatednderthe multidish, and its luminescence lifetime is
then detected notinvasively through the transparent botto(Rigure 173. The
luminescence lifetime of the dye dependstioe oxygen partial pressuretime sample.

Here the Qacts as a quencher, reducing the luminescent lifetime. This relationship can
be calclated by the computer by converting the sensor response te\aiu@. This is

done by using a variant of the stérnlmer equation(Presens 2012Where b denotes
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the luminescence lifetime&ith no G, | the actual luminescence lifetime of the sample,
and KSV the quenching rate.

‘0O¢

o) P LY® /¢

The SDR systengan be used in incubatoasid on shakers, being afeal tool for cell
cultivation. In this masterthesis,the biodegradation experimewas carried out in a
Thermax incubatolocatel at the Department of BiologyUiO, (Figure 18). he SDR
systentogether with the samples to be degraged placedhside the Thermax incubator,

andkeptfor approximately three dayat 20°C for the summesamplesandat 18°C for

thefall samplesconnected to aomputerecordng the okygen consumptian

| @ Software
Splitter | power

Supply  SDR Basic Set

SDR SensorDish” Reader

- e

SDR SensorDish® Reader

(up to 9 Extension Sets)

Figurel6 Sensor dish reader (SDR) equipment with a small 24 channel reader to the left, and a-dmstiocated

with the vials on the top of the SDR to the right (Presens 2012).
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Excitation Emission

Figurel7 Sensor located at the bottom of

the vial (Presens 2012).

Figa&Thermax incubator.
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4. Results and discussion

4.1 pH
pH in the different size fractions, including the Raw water, for the Inlet arttktOu
samples fractionated wittD or 100 kDa membrane cut off are presented in Figuaed 9

20, respectively.

The lake was found to leidic, as expected (Section 3.1.1), with pH values less than 6.
pH and conductivity measements for each size fractiosing 10 or 100 kDaut-offs,
respectively, are given in Tables 1 and 2 in Appendix A.

The pH in the Influent and Concentrate in timek and Outlet sample=llected in the
summemvere within the same rangeith values around 5 (Figure 19)he Permeate size
fraction(Inlet and Outlet samples), which was expectambttainthe most acit DNOM
fraction (i.e. low molecular weight ainydrophilic compounds with high density of weak
acid functional groupsand thus lower pH, actually haglightly higher pH This can be
explained by that the amount of DNOM in this fraction was so low thaspractically

distilled waterwith pH values 0f5.54 and 6.02 for the Inlet and Outlet, respectively.

ThemeasuregH of the Outlet Raw water sampbken in the summeb.17,was lower
than the values obtaineoly the Aqua Mortbr station at Langtjern. In that day, a
maximum pH of 5.5 and a minimupH of 5.42 were registered. The reason for the
difference can be attributed for instance to the use of differemetérs in the field and

in the laboratory.

The pH values for all the size fractions of the Inlet and Outlet samples collected in the
fall and fractionated withO0 kDaare shown in Figure 2@l the fractions hagH values
ranging from 5.05 to 5.4@able 2 in Appendix A). fie pHvalueof the Outlet Raw water
sample, 5.04vas within the pH values obtainbg the Aqua Mortor station at.angtjern.

In that day, a maximum pH of 5.14 and a minimum pH of 5.04 were registered.
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pH values summer samples pH values fall samples

7.0 7.0 -
m Raw water E Raw water
6.5 1 minfluent 6.5 1 minfluent
m Concentrate
6.0 - 6.0 - m Concentrate
O Permeate @ Permeate
5 55 1 Iss-
5.0 - 5.0 -
45 - 45 -
4.0 - 4.0 -
INLET OUTLET INLET OUTLET

Figurel9 (left) pH values for the Raw water, Influent, Concentrate and Permeate for the Inlet and Outlet samples
collected in the summer of 2016, and fractionated with a membrane -afit of 10 kDa. Figure20 (right) pH values
for the Raw water, Ifluent, Concentrate and Permeate for the Inlet and Outlet samples collected infiiieof 2016,

and fractionated witha membrane cutoff of 100 kDa.

4.2 Dissolved Organic Carbon (DOC)

DNOM is comprised of abou86 of carbor{Schnitzer and Khan, 1972; Thurman, 1985)
Therefore, by measimg DOC it is possible thave a good approximation of the amount
of DNOM in thesample.

Measured and estimattBOC concentration (mg C/L) in the samples that were size
fractionatel with 10 kDa membrane coff, i.e. Inlet and Outlet saptes collected in the
summer irR016 are given in Table 3 iAppendix B2. The estimated DOC concentration

in each sizerhctionis presented in Figure 21.

The DOC in the <0 kDa Permeate fracticaccounted for only 4% and 1.5% of the
DOC in the Inletand Outlet samples, respectively (Section 3.2.2.2.2). ifrip8ed that

there was no significant amount of DNOM below 10 kDa. These DOC values were also
found to be close the MLOD and beldlme MLOQ of the instrument.

% The estimate@®OC concentratiois calculated based on the DOC percent distribution in the different size fractions
after fractionation, considering that the Influent size fraction contains 100% of the DOC (Table 3 in Appendix B.2).
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The estimated DOC concentratidn the samples that were size fractionated ol
kDa, i.e. Inlet and Outletollected in the fall in 201&re shown in Figure 22.

DOC in the Inlet Permeate after fractionation with 100 k&xzounted for 5.5% of the
total DOC. Similarly, the DOC in th@utlet Permeate comprised 1% 3f the Influent
DOC. These DOGraluesin the Permeate size fraction were well above the MLU®@.
measured and estimated DOC concentratioth@samples size fractionatevith 100
kDa membrane cuaff are presenteh Tablke 4 in Appendix B.2.

Estimated DOC concentration, Estimated DOC concentration,

20 1 summer samples (10 kDa) 20 fall samples (100 kDa)

18 - 18

16 BInfluent 16 E Influent

14 m Concentrate 14 m Concentrate
12 O Permeate 12 - OPermeate
210 1 glo -
E 8 - = 8 -

6 - 6 -

4 4

2 2

0 - 0 -

INLET OUTLET INLET OUTLET

Figure21 (left) Estimated DOC concentration (mg C/h)the different size fractions ofhe Inlet and Outlet samples
size fractionated with a membrane cutff of 10 kDaFigure22 (right) Estimated DOC concentration (mg C/L) in the

different size fractions of the Inlet and Outlet samples size fractionated with a membraneatfibf 100 kDa.

Thelnlet samples from the summer ahéfall hadhigher DOC concentrations compared

to theOutlet (Figures 21 and 22). For instance, the Inlet Influent in the summer had a
DOC concentration of 12.6 mg C/L, whereas the Outlet Influent had a concentration of
8.78 mg C/L. This decrease in DOC from the Inlet to the Outlet of thectakkd be due

to partial mineralization of the DNOM by biological and abiotic (phoxadation)
processes. However, the Inlet might not be representative of all the water flowing into the
catchment, and therefore have higher or lower DOC concentration than that fomead in t
lake itself. This is because the concentration of DOC in the lake is an avenabatof
comes into the reservoir. Thereforegatuld beaffectedby the concentration of DOC in

the otheittributaries, or bygroundwater seepage with low DOC concentration.
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The DOC concentration was higher in the fall compared to the summer safmie
instance, the values in the Inlet Influent increased from 12.6 mg C/L in the summer to
15.5 mg C/L in the fall. Similarly, the DOC in the Outlet Influent increased fromr8g/8

C/L to 11.9 mg C/L. The higher DNOM concentrations in the fall saygae be
explained by that the fall sampling time was preceded by four moderate precipitation
periods, lasting from the end of June towards the end of August
(www.aguamonitor.no/LangtjeynThis has led to more water flowing through shallow

sublateralflow-paths richer in DNOM, bypassing the adsorptive capacity of the deeper
mineral soil layers, causing more transport of organittenérom the soil directlynto

the surface water.

Typical seasonal fluctuations in DOC concentrations in the Inlet aneét@atlangtjern

are shown in Figure 2(Austen pers. @anm, 2015) Likewise, unpublished data from
2016 (Garmo pers. comm2016),i.e. the year in which the samples were collected,
showed a very similar fluctuatigrattern The pattern observed in Figure 23y partly

be explained by the stratification of the lake water taking place in winter and summer. In
winter, an ice layer forsion the surface of the lake. This becomes a barrier to- wind
induced mixing of the slightly warmer surface water layer beneath the iceherdst of

the water column. In the spring, the ice melts drewater column becomes uniform,
reachinga temperatre of approximately°C, from top to bottom. The water column
mixes completely in a process called spring turno&esimilar situationoccurs in the
summer, whefight energy is absorbed IBNOM andconverted to heat energy, resulting

in warming of the surface water. This creates thermal stratification with warmer water in
the epilimnion and colder in the hypolimnion, whigsually lasts all summer. During this
time, the thermocline creates a stromgl &ffective barrier to waterolumn mixing In

the late summer and fall, the epilimnion begins to cool and the temperature zonation
begins to break down. Once the thermal barrier is gone, the lake reaches a uniform
temperature, and completely mixes, omnti over, from top to bottom. This

destratification process often called fall turn ovelDavenport2017).

The variationin DOC concentratiorfrom June to Decembewras higherin the Inlet
compared to the Outlef the catchmer(fFigure 23) Thiscan beattributed to a shift from
slow groundwater seepage, i.e. low in DOC, during the winter to a high flux of DNOM
due to more allochthonous producti@md more water flowing through shallow flew
paths into the lakduring the summer. During the spring and tate fall turnovers, the
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reservoir acts as a buffer balancing tdoacentration of DOC in the Inlet and Outtét

the lake. This can be seen in Figure 23 when the two curves intersect.
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Figure23 DOCconcentrations inthe Inlet and Outlet of Langtjernn 2015, modified from Austnes pst @mm.,

2015.

4.3 Water characterization: Major anions and cations

The concentration (peg/L) of the major aniondN@M-A", CI, SQ%, NOs and F) and
cations (C&, Mg?*, Na', and H) arepresented in Figures 24 and 25 for the Inlet and
Outlet Influent(< 0.2 um) samples collected in the summer and in the fall of 2016. The
concentratiorof DNOM-A"was estimated based on charge balance and ashagiel by

Oliver et al (1983) wittanadaptedcharge densitythe DOC and pH of the water sample.

Tables 14 and 15 in Appendix D.3 list the concentration of each ion in each size fraction
(Influent, Goncentrate and Permeafej the Inlet and Outlet samplesll samples from
both seasons were analgs®gether presenting therefore the same L&D LOQfor

each ion.

The composition of the major anions and cations in the Influe@®Z<um) summer
sample is shown in Figure 24 significantdifference between the concentration of
inorganic anions anchtions was observed in the Inlet and the Outlet samples, where the
inorganic anionic concentration was lower than the catiagocentration. This
differenceis accounted for by a large contribution of organic anions (DNOM

balancing the charge in thaystrophic lake.

In order to acquire charge balance, the charge density of the DAIQMed in the model
of Oliver et al. 883, had to be adjustéd 7.8 and 8.5 peg/mg C for the Inlet and Outlet,
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respectively. The concentrat®of ions from the Inleto the Outlet of the lakevere
within the same range. A twgample {testof the set of water samples collected in the
summerassuming unequal (p < 0.05) and equal (p > 0.05) variance foa@a Md*,
respectively, was calculated. Thitest was carrig outin order to test thRypothesis that

the Outlet of the lakecontained more water that had seeped into the lake from
groundwater sources than the Inlet stream. This groundwatdmdieess concentratian

of Ca¢* and Md¢* compared to the Inles itis primarily originated from theleeper
mineral soil deposits and fromwater saturated peat bogs at Langtjefimis ttest
confirmed that there weretatisticaly significant differences (p < 0.05)n the

concentration of these cationic sps, being highen the Outlet compared to the Inlet.

The concentration of the ionic species in the Influeri.&<um) samples collected in the
fall are presenteth Figure 25. A highesum of equivalentoncentration of cationic
species compared to anionic speciesagasn observed for both Inlet and Outlet samples.
However, to a less degree compared to the summer saseglage higher concentrations

of DNOM. In order to acquire charge balance, the density of the DMON&d to be
adjusted to 3 and 2.5 peg/mg C foetimlet and the Outlet, respectivelyhis is rather
strange sincthe typical DNOMA" density used to obtain charge balance ranges between

5 and 10 peqg/mg C.

A two-sample ttest, assuming equal variance (p < 0.08)s carried ouagain to test the
previoushypothesighatthe Outlet of the lakeomprised more water seeping into the lake
than the Inlet stream. Thidest showedtatistical signifiant difference (p < 0.01) ithe
concentration oMg?*, and norstatisttal differences (p > 0.05) ithe concentration of

C&* in the Outlet compared to the Inlet
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Figure24 (left) Concentratiors of the major anions and cations in the Influent size fraction in the samples collected
in the summer of 2016Figure25 (right) Concentratiors of major anions and cationg the Influent size fraction in

the samples collected in the fall of 2016.

By comparing the water chemistry in the summer and in the fall (Figure 24 and 25), it can
be seen that the iongpecies were more diluteet30%) in the fall compared to the
summer. Thiscould be due tdhe four moderate precipitatioperiods registered at

Langtjernfrom the end of June and towards the end ofustigSection 4.2

4.4 Total mercury in the different DNOM size fractions

The estimated total Hg (TotHg) concentratiim the differentlO kDasize fractions for
the Inlet and Outlesummersamplesare shown inFigure 26. The estimated TotHg
concentration was calculated based on the distribution percerdtdfyTin each size
fraction (Table 18 Appendix E.3).

The Outlet sampleontainedhigher TotHg concentratignin all the size fractions
compared to the Inlet. The measuadx$oluteandthe estimatedelative(—__) ratio

(Table22 and 23 in Appendix E.73howed that the LMW DNOM fractigfe. Permeate)
contained more TotHg per DOC compared to the HMW DNOM fragtieninfluent and
Concentratejor both Inlet and Outlet sampleldowever, previoustudies(Hintelmann

et al., 2000; Wu et al., 2004ad showrotherwise.

Estimated concentratigof TotHg in the differenfl00 kDasize fractios in the samples

collected in the falare shown in Figure 27. The corresponding data are given in Table
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19in Appendix E.3 The Outlet sampleada nonsignificanty higher concentratiorp(<

0.0)) of TotHg compared to the Inlet sample. The measatesbluteand estimated

4.
relative ( ﬂ?m— ratio (Table 24 and 25 in Appendix E.7) showed the opposite trend
T D

from what wasobserved with the 10 kDa membrane. Both the absolute and the
relative, the HMW DNOM had more TotHg per DOC compared to the LMW DNOM
fraction, whichis in agreement with previous studies(bntelmam et al., 2000; Wu et
al., 2004)

Estimated TotHg Estimated TotHg
concentrations, summer concentrations, fall samples
40  samples (10 kDa) ®!nfiuent 4.0 (100 kDa) ~ ®nfluent
35 Bl Concentrate 3.5 B Concentratt
3.0 @ Permeate __.30 O Permeate
< -
925 225
220 £ 20
8 8
5 15 S 1.5
1.0 1.0
0.5 0.5
0.0 0.0

INLET OUTLET INLET OUTLET

Figure26 (left) Estimated total Mercury concentrations in the Influent, Concentrate and Permeate size fractions
collected in the summer of 2016,nal size fractionatel with a membrane cuff of 10kDa for the Inlet and Outlet
samples.Figure27 (right) Estimated total Mercury concentrations in the Influent, Concentrate and Permeate size
fractions collected in the fall of 204, and size fractionated with a membrane coff of 100kDa for the Inlet and

Outlet samples.

Summary

1. <l
The 1||=—<T|Df_ ratio in all the size fractions in the Outlet samples, for the 10 and 100
[

kDa cutoff, were higher compared to the Inlet samples. The highest absolute and relative

RIS |

T%l_ ratio was found in the LMW DNOM fraction in the samplexctionated with
mFF

10 kDa, whereas for those fractionated with 100 kBeas found in the HMW DNOM
fraction. The inconsistency of these results can be explained by the low concentration of
LMW DNOM, i.e. < 10 kDa, causing the DOC concentration to be bé&@wMLOQ,
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thereforeresulting in maccurate( —51— ratios. In this study, there was insufficient

data toconsistentlyprove thehypothesighatthe HMW DNOM fraction contains more
TotHg per DOC (Hintelmann et al., 2000; Wu et al., 200dhdfurther studies must be

conductedo confirm that theory

TotHg and DOC correlation from January to December 2016

TotHg concentrations in the Inlet atite Outlet of Langtjern wer@ot found to differ
significantly (p > 0.05) inthe monitoring data from 2015 ar&)16 assuming equal
variance(Unpublished datade Wit and Braaterpers comm, 2016).This suggestshat

there is nbnetlossof TotHg in the lake.

Ekl6f et al. (2012), in a study carried out from 2000 to 2010 in 19 watercourses in Sweden,
foundstrong spatial correlations between TotHg and DOC. It was therefore expected that
the concentration of TotHgould follow that of DOC. However, no temporal correlation
between TotHg and DOC was found in 2016, neither in the Inlet nor the Outlet of the
lake. Such lack of temporal correlation was also observed l@f &ikhl., (2012). Even if

DOC increased in mostatercourses, the TotHg increased significantly in just one. This
implies that a temporal increase in DOC does not necessarily results in an increase in
TotHg, despite the strong spatial correlations between these two substancesEkidact,

et al. (202) observed a stronger temporal correlation between TotHg and colour of

organic matter (CDNOM), measured as absorbance at 4268unimg these 10 years.

4.5 Methyl m ercury in the different DNOM size fractions

The estimated concentrat®of methyl mercury(MeHg) in thel0 kDa andLOO kDacut-

off size fractionsdr the Inlet and Outlet samplase shown irFigures 28 and 29. The
data forMeHg concentratiomare givenin Tables 20 and 21 in Appendix E.4. The

b 00h”

Wéﬁ-%) 100ratiowas also calculated, and is presented in Tables 22 to 25 in Appendix
E.5 for both10 and 100 kDa&lthough the concentration of MeHg was found to be below
MLOD (0.02 ng/L) in thesummerPermeatesamplesvalues were reported. This was
done in order to estiate how MeHg was distributed in the different size fractions.

In Figure 28, it can be seen that the Itiat higherestimatedconcentration of MeHg

compared to the Outlet. The———) ratio was also found to be higher in thdetn
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samples. e uncertainty in the MeHg data, being below ML@Tthe Permeate fraction

made itimpossible to test whether thisMW DNOM fraction presented the highest

—:)-100ratio. Consequently, it wasnly possible to test this ratio ftre Influent

and Concentrate fractions. In the Inlet Influent and Concentrate, approximately 7% of the
estimatedlTotHg (Table 22 in Appendix E.5) was the form of MeHg For the Outlet
Influent andConcentrate, appraxately 2.4% of theestimatedl otHg was in the form of

MeHg, suggesting that there waretative netoss of MeHg in the lake.

The estimated MeHg concentratigdn the 100 kDa membrane cufff size fractions for
the fall samplesaregiven in Figure 291ad Table 21 in Appendix E.4. The MeHg values
obtained for the Inlet and Outlet Permeate fractions were tddbe MLOD, however,
they are presentetiecause they wenesedto calculate the distribution percentage of
MeHg in each fraction, and becausedlative standard deviatioRED) did notexceed

20% of uncertainty.

The highest————)-100 estimatedratio, was found in the& MW DNOM fraction,

where 16.3% and 6.1% of the TotHg was in the form of MeHg in the InleQartidt
Permeate, respectivelygble 24 Section E.5This fraction was also characterised as the
most bioavailable fraction (Section 4.7.2 biodegradation experiment). A net loss of MeHg
from the Inlet to the Outlet of the lake walso observedrhe percetage of TotHg in the

form of MeHg decreased from 4.6% to 3.0% for limduent samples, and from 4%&to

2.9% for the Concentrate samples.

Statisticalsignificant differencegp < 0.01), were found in the concentration of MeHg in
the Inlet and Outlet dhe lake from January to Decembelbil6 (Unpublished datde
Wit and Braateypers comm, 2016). Concentrations were found to be lower in the Outlet

compared to the Inlet.
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Figure28 (left) Estimated methyl nercury concentrations(ng/L) in the different size fractions for the Inlet and
Outlet samples collected in the summer of 2016, and fractionated using a 10 kDaftutigure29 (right) Estimated
methyl mercury concentration(ng/L)in the different DNOM size fractions in the fall of 2016 and fractionated with

100 kDa cuboff.

Summary

A net loss ofMeHg from the Inlet to th@©utlet of the lake was observed in all the size
fractions in the summer and the fall. A tsamples test, assumip equal variance,
showed statistical significant differences (p < 0.05) in the concentration of MeHg in the
Inlet and Outlet of Langtjern from January to December in 2016 (de Wit; Braatan pers.
comm; 2016).

The highesestimated —:)-100 ratio in thesamples fractionated wittDO kDawas

found in the LMW Inlet and Outlet size fractions, i.e. < 100 kDa, with values of 16% and
6%, respectively. This ratio could not be tested, howdgethe LMW Inlet and Outlet
Permeatesamplesiue tothe concentration dfleHg and DOC being below MLOD and

MLOQ, respectively.
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4.6 Structural Characterization of DNOM
4.6.1 UV-VIS Absorbance

Absor bance at @& 254 naswégllds\vhe spaatrakcopic cdlcul@tedn m
proxies sUVasVISa and SARire given inTables 27 and 28 in Appendix FPhe UV-

VIS spectra for thénlet and Outlet size fractiorsse shown ifrigures 3143 in Appendix

F.3.

sUVa values for the Inlet and Outlet samples fractionated with 10 kDa and 100 kDa cut
off are depicted inFigures 30 and 31respectively sUVa generally decreaseavith
molecular size, suggesting that the Permeaitaitms (LMW) are less aromatican the
Influent and Concentrate fractions (HMW). This is in accordance with the general
consensus found in the literatudogt and Gjessing, 2008; Frimmel and Alidraun,
2009) However, the <10 kDa Permeatm the Outlet sample (Figure Bthas a slightly
higher sUVa compared to the Concentrdtais is likely due to thdarge uncertainty in
theDOC concentrationbeing below MLOQIn this fraction.

sUVa values summer (10 kD: sUVa values fall (100 kDa)
6.0 @ Influent 6.0 @ Influent
B Concentrate o B Concentrate
o 50 3 5.0
3 OPermeate : O Permeate
A @)
O 40 B 4.0
3 o
) <
3 3.0 g 3.0
Q %
3 <
< 20 =20

[
o

[

o

0.0 0.0
INLET OUTLET INLET OUTLET

Figure 30 (left) Values forthe Specific UV Absorbance, (Abs254nm/DAODY, of the different fractions in the
samples collected from the Inlet and Outlet in the summef 2016, and fractionated witta 10 kDa cubff. Figure
31 (right) Values forthe Specific UV Absorbance, (Abs254nm/DAOY, of thedifferent fractions in the samples
collected from the Inlet and Outlet in the fall of 201@&nd fractionatedwith a 100 kDa cubff.

sVISa values for the 10 and 100 kbai-off size fractionsare presenteth Figures 32
and 33 respectivelysViSadecrease, asinherentlyexpected, with decreasing molecular
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weight The samples presenting the lowest sVISa ileeeeforethe Rermeate samples,
especially theOutlet Permeatec 10 kDa. h the summer sample, the Inlet fractions
presented a higher sVISa than thatlé fractions(Figure 32) This implies that the
DNOM in the Inlet had a higher amount of HMW chromophores. However, this was not
observed for the fall sampleshere the sVISa values for the Inlet and Outlet were

significantly different

sVISa values summer (10 kDa) sVISa values fall (100 kDa)
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8.0 8.0
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7.0 e 7.0
o @ Permeate S OPermeate
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S 40 g 40
S 3
3 30 2 30
<20 2.0
1.0 1.0
0.0 0.0
INLET ~ OUTLET INLET OUTLET

Figure32 (left) Values for the Specific Visibksbsorbance, (Abs400nm/DOAPO0 , of the different fractions in the
samples collected from the Inlet and Outlet in the summer of 2046d fractionatedwith a 10 kDa cubff. Figure
33 (right) Values for the Specific Visible Abdmance, (Abs(400nm/DOE)000), from the different fractions in the
samples collected from the Inlet and Outlet in the fall of 20&6d fractionated witha 100 kDa cubff .

The highest SAR valgewerefound in the Permeate size fraction in all the samples
(Figure 34 and 35)This confirmed that this fraction is mainly dominated by LMW
DNOM, while the Influent and Concentrate ar®re dominated by HMW aromatic
DNOM. The SARvalues thusupported previous findings using sUVa and sVISa proxies.

The higher thsUVa and sVISa, and the lower the SAR, the more difficult it is for bacteria

to biodegrade the organic matter in the sample. THistiser explained in Section 4.7
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Figure34 (left) Values for the Specific Absorbance Rat®AR (Abs254nm/ Abs400nm), of the different fractions in
the samples collected from the Inlet and Outlet in the summef 2016 and fractionated witha 10 kDa cubff.
Figure35 (right) Values for the Specific Absorbance Ratio, SARs254nm/ Abs400nm), of the different fractions
in the samples codicted from the Inlet and Outletn the fall of 2016 andractionated with a 100 kDa cubff.

4.6.2 UV-VIS Fluorescence excitatioremission matrix contour plots
Fluorescencé&xcitationEmission Matrix (EEM) contour plots, corrected for absorbance,

of the DNOMIin the different size fractiorare presented in Figures 36 andB7e peaks
observed in these EEM contour ploss,and C, have a broad emission maximum
containing manyconjugated fluorescence molecules, and are mainly derived from
vascular plants (primarily of terrestrial origifBeaks located in Position @Figure 36)
represent more aromatic and hydrophobic humic acid, whereas peaks located in Position
A correspond tanore aliphatic and fulvic acids (Section 2.4 P)e location of the two

main peaks, A and Gn the EEM contour plots based on their excitation and emission

wavel engt hare givenerhables-29xand 30 in Appendix G.1.

The fluorescence EEM conto plots for the samples fractionated with 10 kRae
presented in Figure 3@.he general picturebserved for botlthe Inlet andthe Outlet
sampless thatwith decreasing molecular weight towards the LMW size fraction, i.e.
from Concentrate t®ermeatethe aromatic acid (Peak C) completely disappeared, and

the fulvic acid (Peak A) remained, however, to a very low degree.
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Figure36 Fluorescence EEM spectra contour plots for the different size fractions of the Inlet and Outlet samples

collected in the summer of 201@&nd fractionated using a 10 kDa cuff.
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