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1. Executive Summary

BioReset proposes to advance treatment processes (chemical, physical, biological and their combination) to promote ecosystem
recovery and conservation and to develop assessment strategies. Diatoms will be used to model ecosystem conservation and
restoration since their communities show high levels of biodiversity. The diatoms will provide an expeditious method to compare
different recovery strategies and water treatment processes, allowing to address timescale and key conservation/restoration
questions. The full environmental, economic, and social viability of the upgraded and innovative treatment technologies will be
assessed. Based on this knowledge, scale-up studies in geographically different sites (Portugal and Spain) will be performed to
ascertain the technical and economic feasibility at a larger scale and recommended action guidelines will be issued.

BioReset also envisages the creation of a representative space-time picture of the presence of emerging contaminants in inland
waters and its correlation to effects on diatom communities. For this, powerful analytical techniques, such as gas- and liquid
chromatography, will be used. Besides these methods, and to obtain real-time information, miniaturized analytical platforms that can
perform fast, and on-site monitoring will also be employed.

Deliverable 1.1.4 provides details about microplastics in the environment in a landfill's case study and the analytical characterization
of selected points near the old Branasen landfill, located in Skedsmo (Lillestram municipality). There is a need to develop, test and
implement new methods to find and characterize sources of emissions of environmentally hazardous compounds. This report
demonstrates source tracking based on chemical analyzes of landfill runoff and water upstream and downstream the large recipient
(the Nitelva river).

2. Task description

WP1 regards analytical methods to analyse emerging contaminants (EC, pharmaceuticals and microplastics) in inland waters using
established and novel methods. Task 1.1 focuses on monitoring pharmaceuticals with ultra-high performance liquid chromatography
with tandem mass spectrometry (UHPLC-MS/MS) and microplastics with GC-Pyr-MS/MS. Only water samples that were accessible
to collect by laboratory equipment were taken at this study. The approach employed made use of a suspect screening methodology
based on Gas chromatography coupled to MS/MS, Ultra High-Performance Liquid Chromatography coupled to High Resolution Mass
Spectrometry, and GC-Pyr-MS/MS. The objective was to understand the potential diffuse leakage from the landfill site that it is not
collected in the urban sewage system and may reach to the immediate water recipients, the Nitelva river. A list of suspected
contaminants is presented, that will serve to select the target contaminants that are cause of concern for the future monitoring and
for achieving a better selection of the landfill leachate method or technology to be implanted in the area. The study will serve as
decision-making tool for performing extra measures such as construction of new boreholes for advanced monitoring or
implementation of mitigation strategies, and as a demonstration of a method for chemical source tracking of environmentally harmful
compounds.

Branasdalen waste landfill was established in 1970 and closed in around 1990. From 1992, residential construction was permitted in
the area and several detached houses were built right up to the edge of the landfill. In 2000, the Haugen and Lillehaugen housing
associations were built. In 2006, today's Nitteberg garden was included in the municipal plan as regulated as a residential area -
family housing. The regulatory plan was adopted in 2012 and the establishment of the housing estate began immediately afterwards.
In 2015, the municipality (Skedsmo) became aware that conditions had arisen in a single-family house, which was thought to have
been flushed to the landfill. Relatively large amounts of landfill gas were measured, and the house had large distortions. This led to
the redemption of the home and Skedsmo municipality contacted the County Governor in Oslo and Akershus to discuss what
measures should be implemented in the years to come. Since then, it is being thoroughly assessed by specialists, scientists and
consultants which measures should be implemented.

For a more detailed description of the Branasen landfill and the last years' data for leachate monitoring, we refer to this web page:
https://www_lillestrom.kommune.no/energi-klima-og-miljo/deponier/branasdalen-nedlagte-avfallsdeponi/
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3. WP1 -Task 1.1 team members

The Team members in WP1, Task 1.1, regarding microplastic analysis, were:

Name Organization Role

Laura Ferrando Climent  IFE Task coordinator
Mario Silva IFE Researcher
Vian Yasin IFE Researcher

4. Developed activities

Sampling

Samples were taken as random samples on 29.09.2022. The weather conditions were cloudy, with little rain showers and temperature
of 9 °C. No abnormal rains or overflows were registered before the sampling collection. Samples from landfill leachate in source point
(point 1) are presented in Figure 1. The sampling was performed in the points described in Figure 2.

5 liter of water sample were taken at every point (Figure 2) in glass bottles prewashed and preserved with sodium azide (1%) to stop
further degradation of organic components. Bottles were filled to the top avoid oxygen gap and transported to the IFE laboratory right
after the sampling. For the sample collection, a manual pump system connected to a 6-m water hose was used.

Figure 1. Branasen area and sampling point 1 (raw landfill leachate, point where urban system collects the landfill leachate, )
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Figure2. Sampling points in Branasen area: (1) Branasen landfill leachate, (2) municipal outlet stream to Nitelva, (3) 500 m downriver after point 2 and (4) 500 m
upriver before point 2.

Sample preparation and extraction

The samples were conserved at 5 °C for further use. Samples were centrifuge at 3000 rpm for 10 min and filtered through sequential
filters sizes, glass fiber filters of 1mm followed by a 47-um filter. They were transferred to 500-mL glass tubes containing 200 uL of
HCI (1M), and prepared for solid phase extraction (SPE). The SPE procedure was performed with ISOLUTE ENV+ sorbent (Supelco
® 200mg/6mL) columns using a vacuum system and involved several steps: 1) conditioning with methanol (2mL) followed by MilliQ
water (2 mL) at 2 mL/min, 2) loading 500 mL of sample at 1 mL/min, 3) washing with 1 mL milliQ water, and 4) elution in 1,5 mL of
acetonitrile (AcN). The extracts were dried with N2 and reconstituted in 1 mL of AcN, and later a portion was transferred into a
chromatographic vial with insert (300 pl aliquots) and analyzed through GC-MS/MS and UPLC-HRMS.

Analytical methods
Samples extracted were submitted to two different analytical methods: 1) Screening by GC-MS/MS and 2) Screening by UPLC-

HRMS. A third method is being considered for further exploration of microplastics, that it will employ GC-Pyr-MS/MS. The
characterization of suspected components in the samples was performed using existing libraries (NIST) and data processing tools
such as Compound Discoverer ®.

Screening analysis by GC-Pyr-MS/MS

This analysis was performed using a Thermo Scientific TraceTM 1310 gas chromatograph (Thermo Fischer Scientific, Waltham, MA,
USA) equipped with a Restek Rtx®-5MS column (30 m X 0.25 mm X 0.25 um) and coupled to a triple quadrupole mass spectrometer
Thermo Scientific TSQ 8000 (Thermo Fischer Scientific, Waltham, MA, USA). The temperature program of the oven was as follows:
initial temperature 50 °C kept for 3 min, followed by a ramp of 20 °C/min to 110 °C, and another ramp of 15 °C/min to 290 °C, and
finally 7 min at 290 °C. Helium with a purity of 99.999% (Praxair Norway AS, 0663 Oslo) was used as carrier gas at a constant flow
of 1 mL/min. The temperature of the injector was 250 °C and the temperatures of the ion transfer line and ion source were 290 °C
and 320 °C, respectively. The injector was operated in split-less mode for 2 min returning to split mode after this time. The mass
spectrometer (MS) was operated in electron impact (El) ionization mode (+70 eV) and full scan mode was used to monitor suspected
molecules within the range of 75-600 Da. The operation conditions of the MS were standard for all screening purposes.
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Screening analysis by UPLC-HRMS

The analysis was performed using an UPLC (Ultimate 3000 chromatograph with autosampler) coupled to a QExactive detector from
Thermo Scientific. The MS analysis was performed with an electrospray ionization (ESI) interface in positive ionization mode.
Chromatographic separation was performed using an Acquity BEH C18 column (150 mm x 2.1 mmi.d. 1.7 pym particle size; Waters
Corp. Mildford, MA, USA) where the separation was performed in 28 min using a binary mobile phase of formic acid 0.1% (solvent
A) and acetonitrile (solvent B) at 0.4 mL/min. The gradient elution started with 98% A and then increasing B to 100% in 28 min:
Solvent A, held for 5 min; 5-10 linear rate to 100% B, 10-26 linear rate to 100% B, held for 0.5 min; reconditioning with a linear rate
to 98% A, 26-28 min. Due to the chemical structure of suspect substances (cationic surfactants with large straight-chain and
branched alkanes), the gradient was performed using a ramp in the flow rate (0.4 mL/min from 0 to 5 min, 0.5 mL/min from 5 to 10
min, 0.5 mL/min held for 15 min and coming back to 0.4 mL/min). 5 ul of extracted sample was directly injected in the system. For
the MS detection, an acquisition method based on full scan mode at 70,000 resolution power was performed using a wide range of
masses (100-1000 Da) in order to acquire the maximum amount of data. Parallel to full-scan MS acquisition, data-dependent
acquisition (DDA) was used where the threshold of intensity (1000 counts) was used for triggering the ion masses to a MS/MS
experiment (35,000 resolution power). The chromatograms obtained were compared with blank samples.

Screening of microplastics by GC-Pyr-MS/MS

The method developed was based on Pyrolysis coupled to GC-MS/MS. Pyrolysis is an analytical technique that involves the thermal
decomposition of a sample by heating it to 550-1000 °C. When a Pyrolysis instrument is connected to a GC/MS it is possible to
identify plastic particles, by analyzing the thermally degraded larger molecules into smaller molecules in an inert atmosphere.
Depending on the pyrolysis temperature, this can lead to characteristic, volatile degradation products that either resemble or can be
traced back to the predecessor molecule. Sample material is placed on a Pt filament in a closed chamber with an inert atmosphere.
The sample will then thermally fragment and sent into the GC with the He mobile phase.

The microplastics Calibration Standard set employed contained 12 polymers which are homogeneously dispersed with a solid diluent
for easy weighing on semi-microbalances. The diluents weare SiO, and CaCOs. The microplastics substances targeted were:
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The calibration procedure for MP analysis by GC-Pyr-MS/MS is depicted in Figure 3.
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Figure 3. Calibration procedure for MP analysis by GC-Pyr-MS/MS.

The sample preparation of MPs and analysis in water samples is depicted in Figure 4.

Digestion with HCl 37% 1 L of sample was
(20mL) and H202 30% filtered by glass fiber gy;-Gc-Ms/s
(10mL) during 48 hours filters (non binded)
e—— with 0,45 pm. (Thermo Trace 1310 gas
chromatograph coupled
] with a triple quadrupole
O :';?O :?O MS Thermo TSQ 8000 and
o o o a Pyrola system on the top)

Figure 4. Sample preparation and MP analysis by GC-Pyr-MS/MS.
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5. Results

The suspect screening was performed using a wide spectrum of components commonly used in domestic household and the existing
information of the industry activities before the landfill was closed (Lillestram municipality).
Figure 5 shows the total ion chromatogram (TIC) for the relevant sampling points using GC-MS/MS after sample extraction. Relevant
similarities were observed in the composition of the point 1, point 2 and point 3 samples, as well as differences from point 4 and all
the controls (tap water, blanks).
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Figure 5. Total ion chromatogram (TIC) of Point 1,2, 3, 4, Tap water, MilliQ water and can used during the sample preparation.

The data processing work based on previous author strategies (Ferrando-Climent et al. 2016, Jaen-Gil et al 2020), allowed to identify
suspect components at samples collected at point 1, 2 and 3 that were not detected at samples collected in point 4, neither in blanks
(tap water, milliQ water and AcN).
A peak with high chromatographic intensity (108) was detected at 13.19 min. After data processing, the peak was tentatively identified
as Diethylenglycol dimethacrylate with a molecular mass (MW) of 242 and molecular formula of C12H180s (90% match by NYST

library). The tentative identification of this component is presented in Figures 6 and 7 (NIST library) and named as COMP242.
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Figure 6. Tentative identification of Diethylenglycol dimethacrylate (COMP242) at point 1, 2, and 3: Peak at 13.19 min with MS spectrum at 13.19 min.
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Figure 7. Identification of component COMP242 via NIST MS library.

Diethylenglycol dimethacrylate is used as a monomer to prepare Hydroxyapatite/Poly methyl methacrylate composites that have
applicability in bone cement, coatings, adhesives etc. A recent publication pointed out that ethylene glycol dimethacrylate and
diethylene glycol dimethacrylate exhibit cytotoxic and genotoxic effect on human gingival fibroblasts via induction of reactive oxygen
species (Bielecka-Kowalska et al. 2018).
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A second component (COMP 286) with a high chromatographic peak intensity (108) was detected at 15.21 min. After data processing,
the peak was tentatively identified as Triethylene glycol dimethacrylate with a molecular mass (MW) of 286 and molecular formula of
C14H2206 (97% match by NYST library). The tentative identification of this component is presented in Figures 8 and 9 (NIST library).

ci\xcalibur\..\earthresq\1_221021120125 21/10/2022 12:01:25
sigvann, 59.9838701, 11.0210480

RT: 14.62-15.59

NL

: RT: 15,
Point 1 (Landfill leachate) Amf‘aewos o
1.22102112
j 1466 1469 1474 1477 14.81 14.86 1492 14.95 14.99 1503 1506 15.10 15-15/ \1527 1532 15.37 1544 15.47 1552 1556 0125
*
. . . \ N
I RT:15.21 1.43E8
g Point 2 (Nitelva river, outlet), rep 1 1546 an 138089550 L
03 14.65 1470 1473 1475 1481 14.84 1487 1492 1496 1498 1504 15.08 1 " 1828 1532 1536 1540 1544 1547 1553 15.56
H NL;
. . . | RT:1520 1 2.55€8
w1 Point 2 (Nitelva river, outlet), rep 2 | oAazoosorzar L o wss
1B.15
Gi 14.66 14.69 14.72 14.76 14.80 14.83 14.86 14.91 14.97 15.02 15.05 15.09 /F\ 1525 15126 1531 1536 1540 1543 1547 15.53 15.55
1 T NL
. . . 1 1 8.76E7
g Point 4 (Nitelva river, upstream) s ! TC s
14.65 1470 14.73 1476 14.80 14.83 14.90 1494 14.98 1501 15.05 15.08 A 1519 1522 1597 1532 1537 1541 1543 1548 1553 1556
o s 20 .
1 T NL
. . . \ RT:1520 1 4.73E8
w4 Point 3 (Nitelva river, downstream) Apassseotasest I Tic w7
S 1465 1472 1475 14.80 14.83 14.88 14.91 1495 14.98 1503  15.08 15-13\ /N Ag27_1530 1532 1535 15.43 1549 1553 1558
L e e A e e e R e A i e e L e R o o B iasasns et
147 14.8 14.9 15.0 15.1 \ 152 U4 15.3 15.4 15.5
N\, 4
nme \N_fl
1221021120125 #2709 RT: 1521 AV: 1 NL: 4.27E8
T: + ¢ EI Full ms [40.000-550.000]
113.09
400000000 .
. MS spectrum at 15.21 min
- 3
] 69.06
300000000
250000000
E 1]
200000000 ”
1 p D/\‘xf’ D%W 1‘\.) \h‘-‘::-
150000000 ||
Ja1.07
100000000 112.00 -
E 86.05
50000000 45.06 11411
17 100.08 14310 172.12 200.11
o"”‘ seoo | gl C i 22305 243.13 281.13 297.23 32698 35512 377.04 _403.05 429.03 451.10 463.00 492.07 530.28
el R R R T e e ]
50 100 150 200 250 300 350 400 450 500 550

miz

Figure 8. Tentative identification of Diethylenglycol dimethacrylate at point 1, 2, and 3: Peak at 15.21 min with MS spectrum at 15.21 min.
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Figure 9. Identification of component COMP286 via NIST MS library.
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Triethylene glycol dimethacrylate also called Polyester resin,black or TGM 3 is an unsaturated polyester resin (UPR) and one of the
three most widely used matrix resin materials in resin matrix composites. It is widely used in epoxy/polyester mixed coatings, including
dental applications. To the date, insufficient data are available to determine the rate or importance of biodegradation of triethylene
glycol methacrylate in soil or water. If released to water, triethylene glycol dimethacrylate may adsorb to suspended solids and
sediment based on an estimated Ko value of 250. Triethylene glycol dimethacrylate will be non-volatile from water surfaces based
on an estimated Henry's Law constant of 1.7x10-'2 atm-cu m/mol. An estimated BCF value of 16 suggests that bioconcentration in
aquatic organisms is low (public data from publichem.com). A third component was tentatively identified (COMP286a) at 16.97 min
with similar chemical structure that COMP286 (Figures 10 and 11). This component is very likely a positional isomer of COMP286.
Two more positional isomers, COMP286b and COMP286¢ were identified at 18.54 and 19.96 min (Figures 12 to 15).
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Figure 10. Tentative identification of the isomer of Diethylenglycol dimethacrylate at point 1, 2, and 3: Peak at 16.97 min with MS spectrum at 16.97 min.
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Figure 12. Tentative identification of the isomer of Diethylenglycol dimethacrylate at point 1, 2, and 3: Peak at 18.54 min with MS spectrum at 18.54 min.
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Figure 13. Identification of component COMP286b via NIST MS library.
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Figure 14. Tentative identification of the isomer of Diethylenglycol dimethacrylate at point 1, 2, and 3: Peak at 19.96 min with MS spectrum at 19.96 min.

—
T o s T e Feearon Detat WLl = TF%. 13 speen] T
¥ Ede Seach Voew Iools Options W Help =lm ] =

LY T L E TR

@[3 | 5| 171 210z 1z zensems AT 165 i<l @) Eo ®|Q
% Tow Thee T o FTTESAT
T A Iz AT 1856 AV 1 0] :

el SO S e

s =
oo 2 LIPd m awom a0 ne oo x5 ag 327 34

s

7T A=

e e e e T e

Bl o500
i 0 e o 15T LA 1D QUL 71271 (08 1650 LR el

@5 75l Ve TR 0 R 43 47
ek e et e o
(vt ] i

3
Tyiara smaibaciis
e B e

'MIITITIIIITEIIIIIILEEEIITITITIIZLT

m S mathut A pacon. ci
B e ——

=)

2

3 T =

Figure 15. Identification of component COMP286¢ via NIST MS library.

1113



(3 biodiversa+ ater,  E
@ European Biodiversity Partnership &J P1 S

Results from GC-Pyr-MS/MS analysis
All the sample filters were subjected to three analysis (three regions of a single filter) and the results are presented in Table1. High
deviation was found in the triplicates of the filters.

Table 1. Results from GC-Pyr-MS/MS analysis.

Sample PE PP PET PS PU N6 N66
Landfill leachate <LOD 45ug/L <LOD <LOD <LOD <LOD <LOD
Nitelva Outlet <LOD <LOD <LOD <LOD <LOD <LOD <LOD
Nitelva Outlet 20m <LOD <LOD <LOD <LOD <LOD <LOD <LOD

Nitelva river upstream N.D. N.D. N.D. ND. ND. N.D. ND.
Nitelva river downstream  N.D. N.D. N.D. ND. ND. N.D. ND.
Tap water N.D. N.D. N.D. N.D. N.D. N.D. N.D.
LOD (ug/L) 10.0 7.1 12 1.1 2.1 1.0 2.0

6. Conclusion

The results derived from UPLC-HRMS will help to understand the degradation of such family of components that were present after
landfill premises. Though, the suspect screening has pointed out that there is potentially a source of methacrylates components that
are not present up in the Nitelva river and they were found at landfill leachate and later at two distances from the urban water
discharge down in the Nitelva river. In view of these results, it is recommended to a further study that can help to clarify the
concentration of such substances, the potential environmental risk and discard other sources for such type of components (apart of
the landfill leachate).

Take aways:

Several acrylate-type components and PP were found in the landfill leachate and the surface water recipient of Branasen case.
However, MPs found in surface waters analyzed were below LOD or not detected.

The results corroborate what other authors have found that the most common MPs found in environment are PS, PE and PP
(Lucia H.M.L.M. Santos et. al 2023)

Landfills might be a source of MPs and other associated components

The collection of the water samples represents a challenge to understand the occurrence of MPs since some MPs sink and
others float. Larger water volumes are recommended.

The MPs analysis might vary depending on the filter area (surface) launched for the analysis in the GC-Pyr-MS/MS. So, several
analyses are required for a single same sample.

This work has only focused on MP composition, but more efforts are required to assess the occurrence of MPs sizes.

A more extensive monitoring has been planned in the area to quantify the acrylamides-like components.
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