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Forskere fra Norsk institutt for vannforskning (NIVA) og Akvaplan-niva (Apn) har med støtte fra
Svalbards miljøvernfond dukket ned i Ellasjøen og Laksvatn på jakt etter miljøgifter – og den beste
vitenskapelige metoden for å identifisere eventuelle gifter.
Arktiske økosystemer er utsatt for en kompleks blanding av menneskeskapte kjemikalier, både de
allerede kjente miljøgiftene, men også nye stoffer som har egenskaper som gjør dem til miljøgifter.
Disse blandingene inneholder vanlige miljøgifter som DDT, PCB og bromerte flammehemmere, men
også uregulerte og ofte ukjente forurensninger. Hvordan vi skal få identifisert disse miljøgiftene – og
hvilke eksisterer på Bjørnøya - var utgangspunktet for et forskningsprosjekt i regi av NIVA og Apn i
2016.

Modifisert kart fra https://www.sysselmannen.no/globalassets/svalbards-miljovernfonddokument/prosjekter/rapporter/2017/13-45-miljogifter-ellasjoen.pdf
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Gjennom mange tiårs erfaring fra forskning og prøvetaking på Bjørnøya kunne forskerne benytte
allerede eksisterende prøver av arktisk røye fra innsjøene Ellasjøen og Laksvatn, samt vann og luft
gjennom såkalt passiv prøvetaking. Bjørnøya er en relativt liten øy (20x15km) som ligger midt
mellom Svalbard (Spitsbergen) og fastlands Norge. Der finnes ingen lokal forurensning så alt kommer
med luftstrømmer, havstrømmer og biologisk transport via for eksempel sjøfugl.
I røye og innsjøsedimenter fra Ellasjøen har det tidligere blitt dokumentert svært høye nivåer av
kjente miljøgifter. Hovedårsaken til dette er at sjøfugl benytter innsjøen som hvileområde, noe som
fører til en oppkonsentrering av miljøgifter gjennom fuglenes guano (avføring). Dette fenomenet har
ført til at Ellasjøen er et "hotspot" for miljøgifter og dermed godt egnet til å oppdage nye miljøgifter
med uønskede egenskaper. Andre innsjøer på Bjørnøya, som Laksvatn, har få besøk av sjøfugl og
mottar derfor forurensninger i hovedsak via atmosfærisk nedfall.
Metoden forskerne benyttet for å komme til bunns i sakene kalles hypotesefri miljøscreening.
Hypotesefri miljøscreening er en analyseteknikk som benyttes i økende grad i miljøovervåking, og
blir omtalt i fagmiljøene som "ikke-spesifikk screening" eller "non-target screening". Mens
tradisjonelle kjemiske analyser av komplekse stoffblandinger i miljøprøver ofte er spesialtilpasset til
prøvetypen og således ikke gir forskerne mulighet til å se etter utvalgte stoffer, gir hypotesefri
miljøscreening anledning til å identifisere ukjente forbindelser. Miljødirektoratet har benyttet denne
analysemetoden i sin årlige miljøgiftscreening siden 2014.
Prøvene som ble benyttet i denne studien var røye fra Ellasjøen i 1998 og 2015, samt Laksvatn i
2015. Prøvene ble studert med en kombinasjon av avansert massespektrometri og statistisk
databehandling, der forskerne prøvde ut to ulike innfallsvinkler for å separere stoffer basert på
egenskapene til kjemikaliene de leter etter. Vannløselige stoffer ble undersøkt med en teknikk innen
analytisk kjemi kalt væskekromatografi, mens vannløselige og delvis fettløselige stoffer ble
undersøkt med en teknikk kalt superkritisk fluid kromatografi. Forskerne ønsket også å benytte en
tredje teknikk kalt gasskromatografi (GC) som egner seg for fettløselige stoffer, men det lot seg ikke
gjøre som en følge av utstyrssvikt. Tradisjonelle miljøgifter er ofte fettløselige stoffer.
En sammenligning av de to teknikkene viste at væskekromatografi skilte flest komponenter fra
hverandre. Dette funnet var overraskende, da superkritisk fluid kromatografi ofte fremstilles i
forskningslitteraturen som overlegen væskekromatografi i å separere stoffer. Denne undersøkelsen
kan dermed bidra til bedre valg av teknikk i fremtidig miljøgiftscreening for både forskere og
forvaltning.
Etter å ha landet på væskekromatografi som deteksjonsmetode, fortsatte forskerne med å
identifisere miljøgifter i prøvene ved å lete etter både gamle kjenninger (target screening) og etter
ukjente forurensninger (non-target screening). Av gamle kjenninger påviste forskerne 12 ulike stoffer
med en på sikkerhetsgrad 3 (skala 1 til 5). Interessant var det at 6 av disse 11 ble funnet i prøvene fra
Ellasjøen 2015. Dette kan tyde på en økning av vannløselige miljøgifter i Ellasjøen fra 1998 til 2015 –
og også en høyere forekomst av miljøgifter i Ellasjøen enn i Laksvatn. Dette bekrefter funnene fra
tidligere studier av tradisjonelle miljøgifter.
Det finnes mange stoffer i fisk, og de fleste av dem vil være like, slik som for eksempel fettsyrer,
hormoner og vitaminer. Utfordringen er å finne de stoffene som skiller fisken som lever i et rent
miljø fra fisk som lever i et miljø fullt av miljøgifter. Jakten på disse stoffene ga 76 treff på ulike
stoffer som forskerne regner med utgjør forskjellene på fisken i Ellasjøen 1998, Ellasjøen 2015 og
Laksvatn 2015. Å identifisere disse ulike stoffene er en annen prosess som krever ytterligere
ressurser, men en foreløpig identifikasjon kan tyde på at dette er stoffer som artene som lever i
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Ellasjøen og Laksvatn selv har begynt å produsere – en biologisk respons som et svar på eksterne
belastninger. Det kan se ut som noe av dette er hormonlignende substanser.
Prosjektet har gitt forskerne ytterligere innsikt i ulike teknikker for å finne og identifisere miljøgifter i
Arktis og undersøkelsene kan i fremtidige år også utvides til andre arter, andre forurensninger og
andre områder på Svalbard og i Arktis forøvrig.

Foto: Akvaplan-niva.
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NYMILARC - non-target analysis of
samples from Bjørnøya
Abstract
Previously sampled fish from Bjørnøya were analysed by non-target techniques to explore the
information these samples could provide. The techniques were employed in order to answer two
research questions: a) is there a different chemical space when fish extracts are analysed by
different chromatographic techniques? And b) is there a time and location difference of samples
collected from two pollution regimes and time scales on Bjørnøya? And if so, can the responsible
chemicals for the difference be identified?
To answer question a) different chromatographic techniques; liquid chromatography (LC) and
supercritical fluid chromatography (SFC) were employed to analyse the extracts. The detection of
compounds was done by high resolution mass spectroscopy (HRMS) in both cases. Ideally, gas
chromatography would also have been one of the methods employed, but this was not possible in
the time-frame of this project due to instrument break-down. Our conclusion of research question a)
was that LC were able to detect a higher number of compounds than SFC and was consequently
employed to answer research question b).
For question b) both a suspect screening and non-target analysis was performed. The suspect
screening tentatively identified 11 industrial compounds in Ellasjøen based on comparison with large
datasets online. However, the confidence of the identifications was intermediate (level 3 of 5), which
means that further confirmation is necessary. In the non-target evaluation of the samples, the PCA
revealed a separation in PC1 between Ellasjøen in 2015 on the right end and the samples from
Ellasjøen in 1998 and Laksvatn on the left end. PC2 revealed some difference between samples from
Ellasjøen in 1998 and Laksvatn, but less clear separation than PC1. The possible identifications
showed that the compounds responsible for the difference were high Mw compounds, and many of
them possibly biological response of the tested organisms to one or more external stressors.

1 Introduction
Arctic ecosystems are exposed to a complex mixture of man-made chemicals, both those already
known to be pollutants, but also new substances that have properties that make them harmful to
the environment. These complex mixtures contain common pollutants like
dichlorodiphenyltrichloroethane (DDT), polychlorinated biphenyl (PCB) and brominated flame
retardants (e.g. PBDEs), as well as new, unregulated and often unknown contaminants.
Persistent organic pollutants (POPs) are known environmental pollutants with potentially harmful
effects on ecosystems. POPs are organic compounds that are resistant to biological degradation.
Many POPs are characterised by low water and high lipid solubility, leading to their bioaccumulation
in the food chain. POPs with these characteristics are typically semi-volatile enabling them to move
long distances and condense in colder regions of the earth, such as the Arctic (Wania and Mackay,
1995). Many POPs have been detected extensively in the Arctic environment, and this is one of the
reasons why this group of compounds are now regulated in e.g. the Stockholm convention. Once in
the polar region, the low temperatures tend to reduce, but not preclude, volatilisation and
degradation, thus increasing the probability for contaminants to remain in the region. Long-range
atmospheric transport of POPs has been documented in a number of studies (AMAP, 2010).
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Bjørnøya and Svalbard belong to the main deposition area for POPs in the Norwegian Arctic
(Kallenborn et al. 2007). In 1994, a pilot investigation of the contamination levels in sediment and
Arctic char (Salvelinus alpinus), from Lake Ellasjøen on Bjørnøya (Bear Island) was carried out as part
of Arctic Monitoring and Assessment Programme (AMAP). The study revealed some of the highest
concentrations of PCB and dichlorodiphenyltrichlorethane (DDT, and especially the DDT-metabolite
1,1-dichloro-2,2-bis (4-chlorophenyl) ethylene-(DDE)) in freshwater sediments and fish ever found in
the Arctic (Skotvold et al., 1997, Skotvold et al., 1999). Since then several studies, documenting
levels of legacy and emerging contaminants in abiotic and biotic samples from lakes on Bjørnøya, as
well as effects of these compounds on Arctic char, have been carried out(Bytingsvik et al., 2015;
Evenset et al., 2004, 2005, 2007a, 2007b; Gauthier et al., 2018; Jørgensen et al., 2017; Kallenborn et
al., 2007; Petersen et al., 2017).
The main purpose of the proposed project is to map out how new pollutants work in the Arctic
environment. The project aims to identify prominent pollutants using a new analytical method called
hypothetical environmental screening to analyse already collected samples from freshwater
ecosystems on Bjørnøya. This method allows identification of new pollutants without selecting
which substances you want to look for in advance. Our overall hypothesis is that arctic ecosystems
are exposed to a complex mix of man-made chemicals. These complex mixtures contain known
environmental pollutants such as DDT, PCB and brominated flame retardants, as well as new
unregulated and often unknown contaminants. In fish from Ellasjøen on Bjørnøya there are very high
levels of known contaminants. The levels of PCBs in char from Ellasjøen are the highest discovered in
the Arctic. The main reason for this is that seabirds use the lake as a resting place, which leads to an
accumulation of environmental pollutants, mainly through guano from birds (Evenset et al. 2007).
This phenomenon has led to the lake Ellasjøen being a hotspot for pollutants, and it is therefore well
suited to detect environmental contaminants. Other lakes on Bjørnøya (eg. Øyangen and Laksvatn)
are not affected by seabirds and therefore only polluted through atmospheric deposition. Traditional
chemical analyses of complex compounds found in environmental samples from the Arctic are
challenging and costly. Such targeted (goal) analyses are often adapted to the sample type (matrix,
species) and selected components, and do not allow identification of non-selected substances to
start the analysis. With an analytical environmental screening (non-target), these unknown
substances in environmental samples can be identified since a much wider analysis is made.
Hypothesis-free environmental screening is an analytical technique used increasingly in
environmental monitoring and is also referred to as non-target screening. The Environmental
Directorate has used this method of analysis in its annual environmental protection survey since
2014. This project is based on previous and existing NIVA and Akvaplan-niva projects that aim to
detect new chemical contaminants in the Arctic. The analyses will be performed on already sampled
material collected on Bjørnøya in collaboration with Akvaplan-niva, where a test sample will be
analysed hypothetical environmental screening. In this project we focused on fish samples collected
from Ellasjøen at two different timepoints (2015 and 1998) and from Laksvatn in 2015.
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Materials and Methods

2.1 Biota samples
The fish samples analysed in this project was sampled in a fieldwork that was part of previous
projects. A brief description fish morphology is given in Table 1.. Char from Ellasjøen was sampled in
1998 and 2015, while char from Laksvatn was sampled in 2015.
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Table 1 Details of the fish
Site
Ellasjøen

Contamination
Polluted

Year
2015

1998

Laksvatn

Not polluted

2014

ID
01
05
10
15
18
19
E128
E129
E130
E131
E132
E133
E134
P2 L1
P2 L2
P2 L3

Fork length (cm)
41.0
38.9
39.2
45.1
33.4
49.4
48.0
36.7
36.8
27.8
20.5
66.0
39.5
52.5
43.5
56.1

Weight (g)
605
530
532
877
304
1263
1100
na
452
190
90
3133
571
1202
845
1283

Sex
F
F
F
F
F
F
F
F
F
F
F
F
F
M
M
M

2.2 Extraction
The fish samples (0.5-3 g) were homogenised after being added zinc-chloride (for lysing) and sodium
sulfate (drying). The homogenised samples were extracted by a mixture of acetonitrile: ethyl
acetate: HX (40:40:20, 10 mL). The extraction was enhanced by ultrasound (in a bath, 1 h), and
extracted overnight. This procedure was repeated three times, and the extract aliquots were
combined. The volume was reduced to 1 mL by a gentle stream of nitrogen, and solvent exchanged
to ethyl acetate. The extract was injected on different analytical instruments.

2.3 Instrumentation for non-target analyses
The extracts were injected on two instruments (LC-HRMS and SFC-HRMS) at NIVA for non-target
analyses as well as suspect screening. We also planned an injection on GC-HRMS, which would have
covered a different chemical space (different chemical compounds) than LC and SFC instruments. In
very general terms, LC and SFC will cover compounds that are water soluble to medium
hydrophobic, while GC will cover hydrophobic compounds like many of the POPs (e.g. PCBs, PBDEs,
DDT etc.). However, GC has up to now not been possible due to a break-down of NIVAs GC-HRMS
instrument. We have sent the biota samples to a collaborating lab in Sweden, but they have not
been able to inject our samples on their instrument within the time-frame of this report. However,
we hope that this will be possible in the future, since this complementary chromatographic
technique will greatly increase our knowledge about these samples.

2.4 Calculation of mass defects
Chemical mass defect, defined as the difference between the monoisotopic mass and the nominal
mass, became a useful criterion for sorting through a crowded mass spectrum from a complex
sample in order to identify compounds of interest among many unrelated ion peaks. It was first
utilized to visualise and identify different classes of compounds in petroleum samples, and later
found applications in drug metabolism and pharmacokinetics studies and identification of
endogenous compounds in complex biological samples (Pourshahian, 2017). In this report we use
both the chemical mass defect and the Kendrick mass defect to identify groups of different
composition. According to the procedure outlined by Kendrick, the mass of CH2 is defined as exactly
14 Da, instead of the IUPAC mass of 14.01565 Da, and hence Kendrick mass is calculated from Eq. 1

Kendrick mass = IUPAC mass ×
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(Eq 1)

For example, Kendrick analysis has been used to visualize families of halogenated compounds of
environmental interest that differ only by the number of chorine, bromine or fluorine substitution.
In a Kendrick mass analysis, the Kendrick mass defect is plotted as function of nominal Kendrick mass
for ions observed in a mass spectrum (Pourshahian, 2017) . Ions of the same family, for example the
members of an alkylation series, have the same Kendrick mass defect but different nominal Kendrick
mass and are positioned along a horizontal line on the plot. If the composition of one ion in the
family can be determined, the composition of the other ions can be inferred. Horizontal lines of
different Kendrick mass defect correspond to ions of different composition, for example degree of
saturation or heteroatom content. A Kendrick mass analysis is often used in conjunction with a twoor three- dimensional graphical analysis in which the elemental composition of the compounds are
plotted according to the atomic ratios H/C, O/C, or N/C.

3 Results and discussion
3.1 Assessment of the chemical space - LC-MS vs SFC-MS
The main objective of this part was to take a look at the chemical space, which in this report means
which kind of compounds we are able to detect by different analytical methods (see Figure 1). In this
project this was investigated by analysing the same extracts by two different widely used analytical
instruments: liquid chromatography connected to a high-resolution mass spectrometry (LC-HRMS) vs
super critical fluid chromatography coupled to an HRMS (SFC-HRMS). In this study we focused on the
effect of chromatography on the explored chemical space of the samples by utilizing the same
ionization technology (i.e. electron spray ionization (ESI) in positive mode). These two techniques (i.e.
LC and SFC) are to cover slightly different chemical space given that SFC provides a pseudo normal
chromatography while LC in this case was employed with a reverse phase chromatography.
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Figure 1 Visual illustration of “chemical space” – i.e. how many compounds that can be detected by the applied analytical
technique

In order to compare the chemical space of the samples explored by these two techniques, we
employed two different strategies. The first strategy consisted of detection of overall differences in
the averaged mass spectra produced via LC and SFC. Given the differences in these two
chromatographic methods, we generated an average spectrum of each technique by summing the
signal of each mass channel over the whole chromatogram (i.e. all scans), Figure 2.

Figure 2. The total ion chromatogram of one of the samples analysed with left) LC and right) SFC.
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By doing so we were able to directly compare the entire chromatograms produced with these two
different techniques. We employed principal component analysis (PCA) for these evaluations. Prior to
PCA, the averaged spectra were scaled by the signal of the injection standard oxazepam-D5. This
enabled us to take into account different levels of ionization efficiency provided by these two
techniques. The scaled data additionally was mean-centered and standardized by the square root of
the standard deviation of each mass channel across all the samples. After the pre-treatment, we used
these data for PCA analysis which is shown in Figure 3. Using only two PCs, we were able to explain
95% of the variability in our dataset. Most of the variability was observed along PC1 where the two
methods (i.e. LC and SFC) were distinguished from each other while the PC2 did not appear to be
highly significant. From the clustering of the data points in the scores plot, the LC method appeared
to be much more reproducible when compared to SFC.
On the other hand, when the loadings and scores were combined, the SFC appeared to produce larger
cumulative signals for 120 mass channels out of total of 190 statistically significate mass channels.
Additionally, 117 out of those 120 mass channels belonged to masses larger than 300 Da, which may
suggest higher sensitivity of SFC compared to LC for larger molecules. This was in agreement with our
expectations, given the overlap in the explored chemical space with SFC and gas chromatography (GC).

a)

b)

Figure 3 depicts a) the scores plot of the analysed samples and b) the loadings plot as well as the 10% boundaries for
statistical significance of each mass channel.

The second strategy consisted of performing feature detection in those samples and compare the
detected features via chemical mass defect. For the feature detection we used the apex detection
algorithm. The feature detection step produced around ~ 8000 features for the LC data while
producing only around ~ 1300 features for SFC ones. These detected features were divided in two
different categories: the features that belonged to the differentiating mass channels (i.e. statistically
significant based on the loadings plot Figure 3) hereafter referred to as uncommon features and the
features extracted from the mass channels that appeared to produce similar cumulative signals
referred to as common features. This combination enabled us to fully evaluate the coverage of the
chemical space provided by each method.
For the uncommon features (i.e. 190 mass channels), the LC chromatogram resulted in around 400
features while the SFC produced on average 50 features for the same mass channels Error! Reference

9

source not found.. Further evaluation of our data indicated that there were two major causes for SFC
to produce a smaller number of features compared to LC, lower chromatographic retention provided
by the SFC column vs the LC column and the fact that SFC failed to generate an adequate signal for
highly polar compounds due to low solubility of these chemicals in the mobile phase. When looking at
the distribution of the masses in the uncommon features, it appeared that SCF showed a higher
success rate in separating the features with small to middle range mass (i.e. 100 to 400 Da) and very
large masses (i.e. 700 to 800 Da) while it was less successful in separating the features between 400
to 700 Da, Figure 4. On the other hand, LC showed a higher resolving power for masses ranging from
400 to 700 Da. It should be noted that these results are highly dependent on the background signal
and may change from sample to sample. Moreover, we used a combination of conventional mass
defect and Kendrick mass defect plots to further evaluate the explored chemical space with each
approach Figure 5. Further evaluation of the mass defect plots of the uncommon features indicated
that in terms of the explored chemical space, there is a high level of overlap between the two
instrumentations. Additionally, we produced mass defect plots using other scales such as Cl, N, O, and
S to further evaluate the explored chemical space by these two methods Figure 6. By examining all
those mass defect plots, under those highly generic chromatographic conditions, the SFC instrument
does not provide any advantages over the LC instrument. However, it should be noted that for a
specific family of compounds where further optimization of SFC is possible, this method may explore
a larger chemical space compared to LC.
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b)

a)

Figure 4 Normalized frequency of detection of a mass among the uncommon features.
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Figure 5 shows a) the conventional mass defect and b) the Kendrick mass detect plots for the uncommon features.

Figure 6 depicts the Kendrick mass defect plots using a) Cl, b) N, c) O, and d) S rather than CH2 scale.

For the common features, we observed a similar trend to the uncommon features in terms of the
distribution of mass of the detected features and the mass defect plots Figure 7, Figure 8, and Figure
9. In this case also our results suggested that the SFC technology with a generic instrumental setup
may not provide any advantages over the LC instrument. This implies that the SFC, unless dealing with
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a group of compounds where method optimization is possible, may not be applicable for non-target
analysis. However, it should be noted that under certain conditions SFC may be more successful in
detection of the features. Therefore, further research in this direction is necessary. Our conclusion of
the results are that the number of compounds in the SFC chemical space are smaller (fewer) than
those that can be seen (detected) by conventional LC (see Figure 10 for an illustration).

Figure 7 depicts the normalized distribution of masses of the detected features using the common mass channels.

Figure 8 shows a) the conventional mass defect plot and b) the Kendrick mass defect plot of common features.
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Figure 9 depicts the Kendrick mass defect plots using a) Cl, b) N, c) O, and d) S for the common features.
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Figure 10 Figure illustrating our conclusion of part 1 regarding the “chemical space”
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3.2 Extended suspect and non-target screening by LC-HRMS
The main objective of this part was to employ the combination of an extended suspect screening
and non-target analysis for evaluation of the biota samples.

3.2.1 Suspect screening
For the suspect screening we employed the Norman SusDat, which consists of more than 40,000
compounds. This list was the result of an extensive curation process to capture the list of the
environmentally relevant chemicals. However, it should be noted that most of these chemicals are
LC analysable. Therefore, many of them have a low bioaccumulation potential. All the fish samples
including the blanks went through feature detection process. For feature detection, a recently
developed algorithm was employed. This is a self-adjusting algorithm where the feature detection
parameters are optimized over each iteration Figure 12. This algorithm has shown a great potential
in isolating the features in the sample while minimizing the effect of noise. The feature detection
resulted in around 8,000 features in each sample on average. The final feature lists were screened
for compounds in the SusDat list1 using the Universal Library Search Algorithm (ULSA) (Samanipour
et al., 2018). Overall, we were able to identify 11 features at confidence level 3 (Schymanski et al.,
2014). Confidence level 3 indicate that a tentative candidate for identification has been made
(structure, substituents and class of compounds). However, with a level 3 confidence, there are still
several uncertainties related to the identification of the tentative candidate. On the highest level of
confidence (1) indicate that the identification has been confirmed by a reference standard, while
confidence level 2 is a probable structure, either by a library spectrum match or by diagnostic
evidence. For lower levels of confidence, an unequivocal molecular formula (e.g. C28H49NO5 see the
compound with highest confidence in Figure 15) has been identified. At the lowest level of
confidence (5), an exact mass of interest has been identified (Mw).

Figure 11 Some of the compounds tentatively identified by suspect screening in Ellasjøen

The identified features (Figure 11) could mainly be related to industrial chemicals with a relatively
long atmospheric life (e.g. triphenylphosphine). However, it should be noted that these are tentative
identifications and further confirmation of these structures is necessary in order for us to provide
any interpretation of these results. Interestingly 6 out of 11 identified features were only detected in
the samples taken from the contaminated lake (Ellasjøen) in 2015, which can be interpreted as more
1

https://comptox.epa.gov/dashboard/chemical_lists/susdat
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chemicals being present in Ellasjøen relative to 1999, and relative to Laksvatn. However, this must
be interpreted with caution. The tentative IDs of these features appeared to suggest the presence of
monomers of some polymeric compounds (e.g. glycol dioleate). In this case also, further
interpretation of the results was not possible due to the difficulties in confirming the structure of
these features.

Figure 12 depicts a) the extracted ion chromatogram for compound with m/z 402.3476 Da, b) the base peak of that feature
in the mass domain, and c) the detected feature in 3D.

3.2.2 Non-target screening
We also performed non-target analysis of those biota samples. Our non-target workflow consisted of
feature alignment, feature filtering, statistical prioritization, deconvolution, and finally identification.
Feature alignment: for the feature alignment, we employed a home developed algorithm where its
main parameters are the mass and retention time window. This algorithm produces a final combined
feature-list with the averaged measured mass, averaged measured retention time, boundaries for
mass and retention time, and finally the intensity for that feature in each sample. The final outcome
of this algorithm is the list of unique features present in all the samples. For our analysis, we used a
mass window of 5 mDa and a retention window of 3 seconds (i.e. half of the peak width for an
average feature). This resulted in total of 40,000 unique features.
Feature filtering: the feature filtering consisted in removal of the features that were not present in
multiple replicates or were present at similar levels both in samples and the blanks. For the feature
filtering, we excluded the features that were not present in at least 60% of the samples. The
remaining features were further filtered for the blanks levels. We excluded the features that the
average over the replicates for that feature was not larger than 5 times the average levels in the
blanks. This procedure enabled us to reduce the level of noise in our dataset.
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Statistical prioritization: for the feature prioritisation, PCA was selected. The filtered features were
mean-centered and standardised prior to the PCA. For the PCA, singular value decomposition was
employed as the kernel. This was done based on the fact that this method can better handle the
situation of more variables than the measurements when compared to the other algorithms. The
loadings values for PC1 and PC2 were used for selection of the relevant features are shown in Figure
13. For the PC1 we used a threshold of 25% for the statistical significance whereas for PC2 this
threshold was set to 50% (Figure 14). Following this procedure resulted in total of 76 features that
appeared to describe around 50% of variance in our dataset Figure 14. In other words, these
features were able to describe the observed classification in our datasets. As can be seen from the
PCA, there is a separation of Ellasjøen (contaminated lake) from Laksvatn (clean lake) and Ellasjøen
in 1998 in the PC1 direction. On the other hand, PC2 explain some of the differences observed
between Ellasjøen 1998 and Laksvatn in 2015, however there is also a large degree of variation in
the results from Ellasjøen 1998 in PC2.

Figure 13 depicts a) the scores plot for PC1 and PC2, b) the loadings plot for PC1 and PC2, and c) the labeled loadings plot
for PC1 and PC2.
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Figure 14 shows a) the loadings values for the first PC and b) the loadings of PC2.

Deconvolution: for deconvolution we also used a NIVA developed algorithm which is based on the
similarity of the feature shape in the MS1 and potential fragments in MS2 domain. We extracted the
fragments associated to each of those 76 features. These fragments were used during the
identification process.
Identification: An algorithm (Sirus 4) was employed for the identification of those features. This
algorithm uses the combination of machine learning, database search, and in-silico fragmentation
for identification of the features. We employed a mass window of 30 ppm and a fragmentation tree
of at least 3 fragments during the molecular formula predication. This implied that a molecular
formula may be plausible only if it is within 30 ppm from the measured masses and explains at least
three fragments. The selected molecular formula then was used for database search Figure 15. We
employed PubChem (https://pubchem.ncbi.nlm.nih.gov/) as our database of choice. The resulting
chemical structures from our database inquiry then went through an in-silico fragmentation step.
The predicted fragments were compared with the measured ones in order to exclude the unlikely
candidates. Following this workflow, we were able to tentatively identify 8 features out of 76 at level
3 and 2 features at level 4. For six out of 10 tentatively identified features, both ULSA and our nontargeted workflow produced the same chemical formula, which may indicate the robustness of our
workflows.
In terms of the identified structures via our non-target workflow, most of them were large complex
molecules with multiple potential isomers (e.g. 3--Hydroxy-5-cholest-8-en-15-one) shown at the
right in Figure 16. It is worth noting that, based on the tentative structures of the identified
features, they appeared to be the biological response of the tested organisms to one or more
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external stressors. However, further investigation of the data and analysis are necessary to evaluate
this hypothesis.

Figure 15 screenshot of the formula prediction based on fragmentation tree.
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Figure 16 Tenatative non-target identifications of compounds from Ellasjøen 2015
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