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Summary

Microplastics ending up in nature as a result of end-of-life processes for plastic packaging is a serious
environmental concern, and was addressed in the Packnoplast project through sampling at three sites: one
biogas facility in Norway and two thermoplastic recycling plants, one in Norway and one in The Netherlands.

The amounts of microplastics ending up in soil from biogas digestate was estimated to represent 0.4-2 mg/kg
soil per year if 6 t/daa of biogas digestate is used as fertilizer. Food packaging is estimated to represent 75%
of this. The amounts of microplastics measured are significant, but too small to affect soil properties even on
a time-scale of decades. The risk of adverse effects on soil quality, plant growth or soil organisms seem very
low at the current predicted rates of plastic inputs to soil. Since plastics are virtually non-degradable, they
are still prone to accumulate in soil, and waste streams recycled to soil need to address and prevent plastic
contamination even better than today.

Thermoplastic recycling plants are handling large amount of plastic, and during processes in the plant,
microplastic are generated. Concentrations of microplastic particles varied from 7 to 51 particles per liter in
the effluent water from the two plants. Discharges of effluent water are often through the sewer system
and/or into a water body. Today regulations regarding discharges of microplastic are missing. Sand filter
treatment of the effluent water was a promising treatment technique to remove the microplastics.
Background concentrations of microplastic, comparable to pristine areas, were found in blue mussels
sampled outside the thermoplastic recycling plant in Norway. Knowledge about the risk imposed by
microplastics to the aquatic environment is today not known.
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1 Introduction

The PacKnoPlast project has the following aim:

Plastic should only be used as part of a food product packaging system where it is proven the most
environmentally preferable option relating to climate effects and plastic littering, based on packaging
functions required to minimise food waste. The knowledge base and decision-making tool developed in this
project will enable designers of packaging systems to make the environmentally correct choices and
communicate their reasoning.

The project was organised into work packages (WP) as shown in Figure 1.

PAC

WP1. Develop a knowledge bank for environmental data throughout plastic packaging i KNO

value chains T
Functional Pﬂ_—,&%
* requirements: P- Food waste
Pack, S-Pack, T-
pack*

Climate impact

WPS5. Project
management

WP2. Develop decision tree
for sustainable food

packaging solutions
WP4. Dissemination

and communication

No

= \\VP3. Develop new packaging solutions based on the decision tree

Figure 1. Organisation of the PacKnoPlast project.

This report documents the knowledge built up in WP1 about microplastics ending up in nature as a result of
end-of-life processes for plastic packaging. The two types of processes studied were biogas production and
thermoplastic recycling. The empirical and experimental data for this work was based on samples gathered
from three sites: one biogas facility in Norway and two thermoplastic recycling plants, one in Norway and
one in The Netherlands.
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2 Plastic emission to soil via biogas substrate

Samples of biogas digestate were collected at three different times (2" March, 12t June, 23" June 2020)
from a waste treatment plant in SE Norway receiving food waste from 1.2 M inhabitants, and to a variable
degree food waste from commercial customers. Food waste is processed mechanically to open bags and
remove plastic debris (sieves for plastic removal have a mesh size of 3 mm). After this processing, food waste
and animal manure is mixed at a ratio of 1:4 prior to digestion. After biogas production, the digestate is
returned to farmland, and at this stage, the digestate was sampled from a mixed and pumped digestate
volume. Sampling was made using washed glass bottles (1L) and included blanks (empty bottles opened at
the sampling site for a duration equivalent to bottles used for sampling. Three replicate samples were taken
at each sampling time and stored cold until subsamples were taken for dry matter determinations, separation
and extraction. Subsamples of 100 ml were taken after homogenization by shaking. Each sub-sample was
sieved at 0.5 mm and the retained solid material digested for 16 h using concentrated hydrogen peroxide.
Samples were then sieved through a stack of sieves with mesh sizes of 2, 1 and 0.5 mm, and subjected to
microscopic sorting and analyses by FTIR-ATR. 108 samples, including 27 blanks were examined.

Per time point

2 000 000 000 000
1mm 000 000 000 000
>05mm OO0 OO0 OO0 OO0

Figure 2. Schematic diagram of the samples analyzed.

Quantification and identification of plastics were done using a stereomicroscope (LEICA MZ8, ocular x10,
objective x0.63-5.0) and hand sorting after transferring samples from the sieves to a gridded glass fibre filter
(Figure 3). Recovery criteria and registrations included number of fibres and fragments, colour, morphology
and texture. All samples were treated by the same trained user and findings documented by microscopic
photos.

Recovered plastic particles were weighed using a micro balance (MettlerToledo XP6 Excellence Plus; 1 pg
accuracy). Dry matter content of digestate was measured after drying for 72h at 80 °C.

Plastic particles were subjected to FTIR-ATR analyses using a Bruker Tensor 27 (wavelength range 400-4000
cm?, resolution 4 cm™, 16 scans per sample) and compared to standard spectra for polymers. Due to variable
confidence (% match with virgin polymers) for polymers other than LDPE, only LDPE was quantified and
reported.
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Figure 3. Plastic particles larger than 4 mm.
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3 Plastic discharges to water from plastic recycling plants

Effluent water from two plastic recycling plants, one in the Netherlands and one in Norway were sampled.
Concentrations and type of plastic particles in the effluent water from both plants were analysed. At the
Norwegian plant, blue mussels collected from a small fjord system receiving effluent water from the plant
were collected and analysed for microplastic as well. Plastics larger than 5 mm are not considered
microplastics by the definition applied in this report and results above 5 mm are not reported.

3.1 Sampling and analysis of effluent water in the Netherlands

Burned and washed glass bottles (3 L) had been shipped from NIVA to the Dutch plant for collection of
effluent samples. Sampling of effluent water was conducted in a Dutch plant handling and recycling plastic
waste from households. Effluent water was sampled from a dissolved air flotation unit (DAF), which utilise
dissolved air in the water to separate solid waste from the water. The foam layer on the top, containing solid
waste and large plastic material is then scooped off by a skimming device. Sampling of effluent water was
conducted by placing a broomstick with a polyethylene (PET) measuring cup taped to the side into the DAF.
The PET-cup was used to fill up the 3 L glass bottles. Ten samples were taken out within one hour, close to
the outflow of effluent water from the DAF-unit.

Further in the process the effluent water was stored in storage tanks and eventually reused (together with
some additional clean water to make up for any losses that have occurred during the process). Finally, the
effluent water from the factory was discharged to the municipality’s sewage system. The bottles were
shipped to Norway by a vehicle, at ambient temperature, and the time from sampling to arrival in Norway
was approximately 72 hours.

Ten unmarked glass bottles with water samples were prepared and analysed in the microplastic laboratory
at NIVA. Each glass bottle had between 2.45 L to 2.80 L of water with a light brownish colour, with several
containing visible particles. The water samples were stored at 4°C and analysed shortly after arrival in
Norway.

The number and type of microplastic particles in each sample were investigated. To avoid clogging of the
filters, each sample was size fractionated using metal sieves with pore sizes of 1 mm, 500 um, 355 um, 250
pm, 125 um, and 53 um. Then, 10 % KOH was added to the Erlenmeyer flasks with the samples, covered with
aluminium foil and placed in an incubator at 40 °C, 100 rpm, for 24 hours. The remaining material left on the
sieves was rinsed into Erlenmeyer flasks with filtered “reverse osmosis” water (RO water filtered through a
0.22 um membrane filter). Then, KOH was added to the Erlenmeyer flasks with the samples, covered with
aluminium foil and placed in an incubator at 40 °C, 100 rpm, for 24 hours. On the following day, samples were
filtered through a GF/A glass fibre filter (pore size 1.6 um, 47 mm diameter).

Each filter was examined under a microscope (x20 magnification) prior to filtration, to control that the filters
were not contaminated in advance. All equipment used for preparation, processing and analysis was pre-
rinsed with filtered RO water to avoid contamination. All analyses were performed in accordance with NIVA's
procedure for control of contamination in connection with preparation and analysis at NIVA's microplastic
laboratory.

Blank samples were taken during preparation and filtration to examine any contamination from equipment,
clothing, water and chemicals used during the analysis. During filtration, 3 blank samples consisting of filtered

4
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RO water were filtered at the beginning, after filtration of half of the samples, and at the end. In addition, a
blank sample was also taken to examine any contamination from the KOH used during the samples
processing.

After filtration, visual analysis was performed using a stereomicroscope (Nikon SMZ745T, magnification x20).
Length and width (um) of the assumed plastic particles were measured with the software Infinity Analyze
Capture 6.5, and morphology (fragment, fibre, etc.) and colour were noted. The depth (um) of the particles
was also estimated, to calculate the mass of each particle. After the visual analysis, the particles were
chemically characterized using WFTIR (Spotlight 400 UFTIR spectrometer, PerkinElmer). FTIR was performed
on 93% of the particles. The remaining 7% of the particles were either lost before or during FTIR analysis.
These were not included in the number of microplastic particles counted, as it is unknown whether these
particles were natural or synthetic.

After identification on the type of polymers, mass was calculated from density (g/cm?3) of the polymer types
and volume (cm?3) of the particles. It was assumed that all fragments of the film type had the same depth,
and that all fibers had a round diameter and thus the same depth and width.

3.2 Sampling and analysis of microplastic in effluent water from NOPREC
(Norwegian Plastic Recycling)

NOPREC (https://noprec.no) is a recycling company in Trondelag receiving plastic from the Norwegian
aquaculture sector. In Figure 4 a map is showing the NOPREC location and stations for sampling of blue
mussels. NOPREC has established a sand filter for treatment of effluent water, which discharges into a creek
that runs into the stream from the lake Storeveavatnet (water body id. 143-69-R, not shown on the map).
The stream from Storeveavatnet empties into the marine waterbody Rgrviksundet , close to Lonet (water
body id. 0341030202-4-C), see Figure 4, and https://vann-nett.no. Effluent water, before and after sand
filtration were sampled by personnel working at NOPREC. The sampling was conducted by filling up 2 L pre-
burnt glass bottles provided by NIVA. The samples were transported to NIVA where they were analyzed for
microplastics using fourier-transform infrared spectroscopy (FTIR).

The methods used for analyses of effluent water from NOPREC were identical to those for effluent water
from the Netherlands in 3.1. above.

3.3 Sampling of blue mussels from a fjord system receiving effluent water from
NOPREC

Ten to fifteen blue mussels were collected from the three different sampling locations, Straumen, Isakstranda
and Lonet, on the 18™ of December 2020 (Feil! Fant ikke referansekilden.). The mussels were wrapped in
aluminium foil and kept frozen at NOPREC until shipped over night to NIVA for analysis. The mussels were
received frozen at NIVA and kept frozen until processing.

The presence and number of microplastic particles in 10 mussels from each sampling site were investigated.
Analyses were performed in accordance with NIVA's procedure for control of contamination in connection
with preparation and analysis at NIVA's microplastic laboratory.


https://noprec.no/
https://vann-nett.no/
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The mussels were measured and opened with a scalpel, the soft tissues removed and transferred to
Erlenmeyer flasks and weigh of the soft tissues recorded. 10% KOH was added to each flask, covered with
aluminium foil, and placed in an incubator at 40 °C, 100 rpm, for 24 hours to dissolve the mussel’s soft tissues.
On the following day, samples were filtered on GF/A glass fibre filter (pore size 1.6 um, 47 mm diameter).
Before filtration, each filter was examined under a microscope (x20 magnification) to control that the filters
were not contaminated beforehand. All equipment used for preparation, processing and analysis was pre-
rinsed with filtered reverse osmosis water (RO water, filtered through a 0.22 um membrane filter) to avoid
contamination. Three blank samples were taken during preparation and processing, to control for any
possible contamination from the laboratory. For this, Erlenmeyer flasks with 10% KOH were filtered at the
beginning, after half of the mussel samples had been filtered, and at the end.
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Figure 4. Location of NOPREC in Trondelag. Facilities like oil separators and sand filters are shown. Effluent
water was sampled from the sand filters. Blue dots indicate locations for sampling of blue mussels. The
sampling locations Lonet, Isakstranda, and Straumen are situated in the marine water body Rgrviksundet
(water body id. 0341030202-4-C), see https://vann-nett.no for more information.

After filtration, visual analysis was performed using a stereomicroscope (Nikon SMZ745T, x20 magnification).
The particles were measured by the longest and shortest length (um) with the software Infinity Analyze
Capture 6.5, particle type (fragment, fibre) and colour. After the visual analysis, all particles were chemically
characterized using UFTIR (Spotlight 400 uFTIR spectrometer, PerkinElmer).
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4 Results

4.1 Plastics in biogas digestate

4.1.1 Size and shape

Fragments of plastic film were found in most samples and in all three size classes (Figures 5-10). No plastic
particles were found in any of the blanks.

Some plastic particles had one or two dimensions exceeding 3 mm, but could easily have passed through a 3
mm sieve due to their plastic/malleable nature (Figure 5).

Figure 5. Recovered plastic fragments exceeding even the size limit of the current legislation (red square).
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Figures 6-10. Particles recovered on sieves with consecutively finer meshes.

4.1.2 Plastic fragments >0.5 mm in digestate (mg/g dw)

Results on quantification of plastic particles showed high variability between sampling times, but also
between sub-samples within the same main sampling (Figure 11). Highest and lowest single measurements
of total plastics amounted to 1.8 and 0.1 mg/g dry matter, respectively. The largest size class (>2 mm)
dominated and accounted for 57-78 % (average: 72 %) of the recovered mass of plastics. Means across
repeated measurements and sub-samples diverged less and showed values for total plastics ranging from
0.3-0.9 mg/g with a mean value of 0.6 mg/g. Dry matter determination of digestate showed a stable dry
matter content of 4,6 % on average.

+ H>2 mm- Dry matter content 4.6%
= 0.5-2 mm
£ 15 Total 0.1-1.8 mg/g
o
2
)
Z 10
2
£
&
< 05 I I I I
s I I ||| L. -I 11
0.0
2.03.2020 12.06.2020 23.06.2020

Figure 11. Quantity of plastic fragments of two particle size classes, <2 mm and 0.5-2 mm
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4.1.3 Plastic fragments >0.5 mm in g per 1000 L liquid digestate

Calculating the amount of plastics back to content in liquid digestate, we reach maximum and minimum
recorded values of 70 and 12 g/1000 L, and average plastic content of 41 and 15 g/1000 L, respectively (Figure
12). Amounts spread on agricultural land are limited by nutrient content, but may reach 6 metric tonnes per
daa (60 t/ha) per year. This implies a maximum spread of 0,4-2 mg per kg soil when incorporated into the
plough layer.

Application rate 6000 L/1000 m?

80

Fa 1000 L/167 m?
el 1 m? (plough layer 20 cm) = 200 kg
60 . soil dw
40 12 g/1000 L = 0.4 mg/kg soil dw
i 70g/1000 L = 2 mg/kg soil dw
20
HEm i

2.03.2020 12.06.2020 23.06.2020

Plasticfragments in g,/1000 L digestate

Figure 12. Amount of plastic fragments in liquid digestate and calculation of amount entering soil.

4.1.4 Polymer identification

! ; ?}T ) : LELTTEER
3 N ) m
2 fi A s ‘~ p - -
e e
-~ 13 L] 3 .
- g g :
& 4 £ 1
i |
li-: { .
DP DP
Hit Quality 96% Hit Quality 86% Hit Quality 63% Hit Quality 79%

Low Density Polyethylene (LDPE): 25% w/w of the >2 mm fraction
Figure 13. Examples of more or less transformed LDPE particles.

Data from the sampled waste treatment plant show that incoming waste contains 40 g plastics per kg dry
weight, including 30 g/kg from plastic packaging (Waggnes et al. 2021). In samples from the digestate, LDPE
constituted 25 % of the identified plastic fragments >2 mm particle size. Waste processing and sample
digestion modify LDPE slightly (Figure 13), resulting in identification certainty ranging from 63-96 %. Within
this range, identification was deemed reliable.
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40 g/kg waste dry weight, including 30 g/kg from plastic packaging

i
~ -e
-
e
e . .
o o result in 0.8 mg/kg soil,
- 75 % from plastic packaging

Figure 14. 6 L bio-fertilizer/m?, once a year represents 72 — 420 mg microplastics per m2.

If the data we have presented on plastic in incoming waste and in digestate are representative, the biogas
processing is able to remove a large part of the plastics. Plastics in in-coming food waste amounting to 40
g/kg diluted 1:4 with animal manure result in 0.8 % plastics prior to fermentation. Dry matter loss during
biogas production is 12pprox.. 50%, rendering an expected residue of 1.6 % in the digestate dry matter. The
measured content was on an average 0.6 mg/g, which is only 4 % of the plastics entering the fermentation
process (Figure 14). The removal efficiency thus seems to be 96 %.

12
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4.2 Plastics in effluent water and mussels

4.2.1 Presence of microplastics in the effluent water from the Netherlands

Only microplastics with a size between 50 um and 5 mm were analysed, as 50 um is the lower detection limit
of the method used, and the size above 5 mm is not considered as microplastic by the definition used in this
report. The length of the microplastic varied from 50 to 2416 um (Table 1). The number of microplastic
particles varied from 7 to 37 particles per litre of water sample (

Table 2). Fragments accounted for 96 to 100% of all microplastic particles in each sample, while fibers
accounted for 0 to 4%. A high variation in morphology and colour of the microplastic particles were observed
(Figure 15).

Table 1. Minimum and maximum length (um) of the microplastics particles present in each water sample from
the plant in the Netherlands.

Length (um)
Sample # Min. Max. Average

1 123 1042 333
2 74 277 485
3 62 2416 481
4 85 701 244
5 70 2270 360
6 80 1941 298
7 63 1384 246
8 53 1566 293
9 50 1540 276
10 67 675 197

Table 2. Number of fibres, fragments, and total number of microplastic particles per litre present in each
water sample.

Number of particles characterized with FTIR

Water
Sample # volume Number of Number of Total Number of
analysed (L) fibres fragments number microplastic
particles per litre

1 2.70 0 27 27 10
2 2.50 4 88 92 37
3 2.75 0 18 18 7
4 2.70 0 24 24 9
5 2.50 2 51 53 21
6 2.80 0 39 39 14
7 2.80 0 46 46 16
8 2.70 0 73 73 27
9 2.45 0 33 33 13
10 2.75 0 36 36 13

13
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Figure 15. Examples of microplastic particles from the fraction 125-250 um present in the different samples.

Regarding the different type of polymers identified (

15
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Table 3 and Table 4), polypropylene (PP) was found most frequently, accounting for 7 to 45% of the
microplastic particles in the samples. Polyethylene (PE) was second most frequent, detected in 6 out of 10
samples, and accounted for 0 to 29% of the microplastic particles. In minor concentrations the following
plastic particles were found: acrylic paint particles (between 0 to 13%), particles of acrylic (0-2%),
acrylonitrile-butadiene-styrene (ABS; 0-5%), polymethacrylate (0-3%), ethylene vinyl alcohol (EVOH; 0-4%),
poly(vinyl acetate) (EVA; 0-3%), expanded polystyrene (EPS; 0-4%), polyester (0-4%), alkyd lacquer and
polyurethane (0-4%), ethylene propylene diene monomer (EPDM), silicone rubber (0-6%), viscose and
cellulose acetate (0-1%).

Some microplastic particles was of a synthetic polymer type that was difficult to specify. These particles had
a flaky shape and were not elastic as polyethylene or polypropylene and were categorized as "assumed
paint". The proportion of these particles varied from 22% to 47% in 9 of the samples. In sample 7, 74% of the
microplastic particles were "assumed paint".

One fibre was observed in 1 of 3 blank samples, and 1 fibre in the KOH blank. There was a blue viscose fibre
in 1 blank, and a black cotton fibre in the KOH blank. These results were used to detect any contamination
occurring during analyses.

16
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Table 3. Number of microplastic particles of each polymer type detected in each water sample. PP —
polypropylene; PE — polyethylene; ABS - acrylonitrile-butadiene-styrene; EVOH - ethylene vinyl alcohol; EVA -
poly(vinyl acetate); EPS - expanded polystyrene.

Sample PE
#
1 12 4
2 41 14
3 7 5
4 6 7
5 19 3
6 6 7
7 3 0
8 15 6
9 9 1
10 11 2

Acrylic
paint

AP PP NP WP, WONPE

Acrylic = ABS
0 0
2 0
0 0
0 0
0 1
0 2
0 2
0 1
0 1
0 1

Poly-

methacrylate

O r PP, OFRL OO OO

EVOH /

polyvinyl
alcohol

0

OO woo ok oo

EVA EPS Polyester

O OO kFr PP OOO OO
O O OO Fr OO0 O K K
O O OO ONOO WO

Table 4. Number of microplastic particles of each polymer type detected in each water sample. EPDM -
ethylene propylene diene monomer. Blank values have been subtracted.

Sample #

[y

1

O OO NOOUVLA,WN
P W wkrk wWwNEFR = O

[y
o

Alkyd lacquer
polyurethane

EPDM -/ silicone

rubber
0

O OO0 00O K -

Viscose/cellulose
acetate

0

O OO ONOO O K

“Assumed paint”

8
27
4
6
21
14
34
34
14
17

The density of the polymer types ranged from 0.86 to 1.53 g/cm3. When estimating mass, the density of
"assumed paint" was set at 1.2 g/cm? as an average of the different types of paint. The mass varied from 8.4
pg to 312.9 ug microplastic per litre of water sample (Table 5).

Table 5. Overview of estimated mass (ug) microplastic per litre of water.

Sample # Water volume (L)

NOoOO U, WNR

2.70
2.50
2.75
2.70
2.50
2.80
2.80

Estimated masse (ug)

47.5
242.1
860.6

22.7

80.4
800.1
343.2
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Estimated masse (ug) per litre of water

17.6
96.9
312.9
8.4
32.2
285.8
122.6
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Sample # Water volume (L) Estimated masse (ug) Estimated masse (ug) per litre of water

8 2.70 115.3 42.7
9 2.45 33.0 13.5
10 2.75 39.9 14.5

4.2.2 Presence of microplastics in the effluent water from NOPREC

Concentrations, length, and type of microplastic found in sand filtered effluent water from NOPREC is shown
in Figure 16 and Figure 17.
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Figure 16. Concentration and length of microplastics in sand filtered effluent water from NOPREC. Total
concentration of microplastic particles in this sample was 51 particles/L.
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Figure 17. Type and total concentration of microplastic particles in sand filtered effluent water from NOPREC.
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Microplastic particles with length 500 um to 5 mm were most abundant, and polyethylene and polypropylene
were the dominating plastic types detected.

4.2.3 Presence of microplastics in the mussels sampled at Straumen, Isakstranda and
Lonet

The colour of mussels’ soft tissues from the three sampling sites was mostly orange, except for a few
individuals. One mussel from Straumen had a greenish colour (Figure 18), while one individual from
Isakstranda and four from Lonet had a slightly pale and yellowish colour.

Figure 18 (a-c). Soft tissues of some of the analysed mussels from Straumen station. a) Samples after
transferred to the Erlenmeyer flasks; b) Samples after the addition of 10% KOH (sample "Straumen 1" with a
slightly greenish colour); c) Samples after being dissolved in 10% KOH and filtered onto a GF/A filter.

The formation of pearls was observed in almost all individuals (Figure 19). The mussels from Straumen had 1
to 200 pearls, the mussels from Isakstranda had 0 to 28 pearls, and the mussels from Lonet had 0 to 74 pearls.
Length (mm), weight (g) and number of pearls in the mussels from the three sites are shown in Table 6.
According to Brate et al. (2018), pearls can occur naturally in mussels, but its formation may possibly be
increased by the presence of microplastic particles within the mussels.
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Figure 19. Examples of pearls found in mussels from the sampling sites. a) Pearls from a mussel from Straumen
(x10 magnification); b) Pearls from a mussel from Lonet (x20 magnification).

Table 6. Length (mm) and weight (g) of the mussels and number of pearls detected in the mussels from the 3
sampling sites (10 individuals per site were analysed).

Length (mm) Weight (g) Number of pearls
Site Min. Max. Average Min. Max. Average Min. Max. Average
Straumen 54 75 68 6.3 17.4 11.1 1 200 39
Isakstranda 59 76 70 7.5 13.4 10.5 0 28 9
Lonet 53 89 72 5.4 22.0 13.1 0 74 19

The number of microplastic particles and morphology in the mussels from the different sites varied (Table 7).
Particles of cellulose were found in the mussels from Straumen and Isakstranda. As cellulose is a natural
polymer, it was not considered as a microplastic particle. No particles (neither synthetic nor natural
polymers) were found in the mussels from Lonet, the site closes to NOPREC. Microplastic particles were
found in the mussels from Straumen in three out of ten individuals, and the number of microplastic particles
per individual varied from zero to two. In total, two white fragments of polypropylene (synthetic, Figure 20)
and three fibers of viscose (semi-synthetic) - one transparent, one grey and one black, were found. Viscose
was detected in two out of ten mussels from Isakstranda, and the number of microplastic particles per
individual varied from zero to one. A total of 2 viscose fibers in the colours transparent and grey were found
(Figure 20).

Table 7. Number of synthetic/semi-synthetic polymers in mussels from the 3 stations (10 individuals per site).

Site Polypropylene Viscose Total
Straumen 2 3 5
Isakstranda 0 2 2
Lonet 0 0 0
Total 2 5 7
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Table 8. Overview of the number of fibers and fragments in mussels from the 3 stations (10 individuals per
site).

Site Fibre Fragment Total
Straumen 3 2 5
Isakstranda 2 0 2
Lonet 0 0 0
Total 5 2 7

Figure 20. Microplastic particles found in mussel tissues after processing and filtration. a) Microplastic
particles in a mussel from Straumen; fragments 1 and 2 are polypropylene, while 3 is a cellulose fibre. b)
Microplastic particles in a mussel from Isakstranda; 1 is a viscose fibre and 2 is a cotton fibre.

One fibre was observed in two of the three blanks. It was a red and grey fibre, identified as cotton according
to the chemical characterization with YFTIR. As both fibers were cotton, no correction was made for
microplastic contamination from the lab.

Although the lower detection limit of the used method is 50 um and the analysis included all particles from
50 um to 5 mm, the smallest particle observed in the mussels was a fibre with a length of 114 pum and the
largest particle was a fibre of 2222 um. In the mussels from Straumen, the microplastic particles varied from
114 to 1850 um, and in the mussels from Isakstranda the particles varied from 1290 to 2220 um.
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5 Conclusions

5.1 Plastics in biogas digestate

Biogas digestate does contain plastic materials, particularly when the biomass used for biogas production is
food waste (Figure 19). This is partly due to plastic bags used for collection of food waste (found and identified
as such here), but also from food packaging and incorrectly disposed waste. The proportion of plastics from
food packaging was not possible to determine in the present study, but is likely higher from commercial food
waste than from households, as e.g. expired food are delivered to biogas plants without removing packaging
or even plastic wrappings of boxes and pallets. The amounts found ranged from 0.1-1.8 g/kg dw of digestate.
For the recovered particles larger than 2 mm, 25 % consisted of LDPE.

Further polymer analysis needed

Figure 19. Sources/origin of the recovered plastic materials

5.2 Microplastics in soils — what consequences?

The amounts of microplastics ending up in soil was estimated to represent 0.4-2 mg/kg soil per year if 6 t/daa
of biogas digestate is used as fertilizer. These amounts are significant, but too small to affect soil properties
even on a time-scale of decades. Though soil organisms may ingest plastic particles, these are not likely to
affect gut passage of food or nutrient acquisition due to their shapes and low concentrations. Earthworms
are known to ingest microplastics and transport them within the soil, apparently without any harm to the
worms (Rillig et al. 2017 and Figure 20). Microarthropods seemingly do not ingest microplastics, but also
contribute to spreading them within the soil (Maass et al. 2017). Plants and earthworms may be affected by
large amounts of microplastics, the levels used to demonstrate this have been approx. 1000 times higher
than our annual input estimate (Boots et al. 2019; Lozano & Rillig 2020; Silva et al. 2021). Microplastics do
not seem to act as a vector for heavy metals (Hodson et al. 2017) or hydrophobic organic pollutants (Wang
et al. 2019). The risk of adverse effects on soil quality, plant growth or soil organisms thus seem very low at
the current predicted rates of plastic inputs to soil. Since plastics are virtually non-degradable, they are still
prone to accumulate in soil, and waste streams recycled to soil need to address and prevent plastic
contamination even better than today.
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72 - 420 mg microplastics per m?

!

0.4 - 2 mg microplastics per kg soil dry weight

Consequencgs for earthworms?

Growth and survival
affected at a few g/kg
(PS flakes, PE spheres)
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Subcellular effects
observed from 100 mg/kg
(PE fragments)

Figure 20. Currently not likely to be any risk associated with the observed levels.

5.3 Microplastic in effluent water from plastic recycling plants and in blue
mussels from a water body receiving effluent water from NOPREC

Microplastics were found in the industrial effluent water from two plastic recycling companies studied. The
concentrations in the effluent water varied from 7-51 microplastic particles/L. In a recent study, a much
higher concentration of microplastics (96-201 particles/L) was found in effluent water from three companies
recycling PET bottles in China (Guo et al., 2022). In another study, effluent water from recycling companies
treating electronic plastic waste (PET bottles) and household waste in Vietnam was found to have even
greater concentration of microplastics ranging from 9 - 10°/L (Suzuki et al, 2022). Comparing the results is
somehow difficult, due to great variations in the methods used from sampling to detection of microplastic,
as well as differences in water matrix including composition and source of microplastics.

Microplastics were detected in three out of ten blue mussels collected at Straumen, the location furthest
from NOPREC. The number of microplastic particles per individual varied from zero to two, and all particles
were made of polypropylene. In blue mussels sampled from Lonet, the site closes to NOPREC, no microplastic
was detected. Similar levels of microplastics in blue mussels have been found by NIVA in pristine areas in
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Norway (Lusher et al. 2017; Brate, et al. 2020). Polypropylene was the most prevalent microplastic type
detected in the effluent water from NOPREC. It is not possible to identify the sources of the microplastics
found in the blue mussels from Straumen, but if NOPREC was a major source, the highest concentrations
would most likely have been at Lonet, the sampling location closes to NOPREC.

The discharges of plastic waste to aquatic environment and subsequent degradation into microplastic
particles can potentially have an impact on organisms. However, the current understanding of the potential
impacts of this type of pollution to aquatic organisms is still limited and insufficient to fully assess the
associated environmental risks. To be able to execute a consistent environmental risk assessment of
microplastics in the aquatic environment, it is necessary to compile data not only on the concentration of
microplastics in the environmental compartment, but also to acquire enough knowledge on the associated
effects to biota.

Characterizing the risk related to microplastics in the aquatic environment through the risk quotient (RQ) is
still not possible (VKM 2019), as the PEC (Predicted environmental concentration) and PNEC (Predicted no-
effect concentration) values have not been fully determined for microplastics. The species sensitivity
distribution (SSD) is another tool that can be used to assess environmental risks of exposure to
anthropogenic material. This is a statistical tool used for establishing safe limits on different concentrations
of compounds in surface waters, as different species show different sensitivities to the same substance.
The SSD is used to calculate concentration of the compounds that protects a given percentage of species in
a theoretical aquatic community, for example by deriving a HC5 (hazardous concentration for 5% of
species). Several attempts of establishing SSDs for microplastics have been already made and have been
used in the present study (Adam et al. 2019; Besseling et al. 2019; Burns and Boxall 2018; Everaert et al.
2018; Gomes et al., 2021; VKM 2019).

5.3. General conclusions

Biogas production based on organic wastes is an increasingly popular treatment method that will result in
enhanced volumes being spread on Norwegian agricultural soils in the future. Seemingly, only small amounts
of plastics enter soil from biogas digestate today, but large variability among biogas plants are expected,
particularly depending on composition of waste (proportion of food waste relative to manure, proportion of
waste from the commercial sector, local strategy on food waste collection, etc.), technology used for plastics
removal, and post-fermentation digestate treatment. The estimated contribution of food packaging
materials to microplastics in biogas digestate (75 %) shows that choices of food packaging materials is
important in managing and reducing microplastics pollution, and the on-going efforts to reduce and replace
plastic packaging is thus important and should also be prioritized in the future.

In order to secure and improve the sustainability of plastic products, increased recovery and recycling of
plastic products are in the progress and will expand in the future. Discharges of plastic material from plastic
recycling plants should not occur. So far, at least in Norway, regulations regarding discharges of plastic
material from plastic recycling and plastic producing plants (200 members according to Norsk Industri,
www.norskindustri.no) are not in place. A study by Umar et al. (2021) showed that sand filter as a treatment
of effluent water from NOPREC, removed most of the microplastic (30 um - 5 mm). Sand filter as a treatment
of effluent water is a simple and inexpensive way to remove microplastic from effluent water if handled
appropriately.

24



PacKnoPlast — environmental contamination by plastics NCRSUS

6 References

Boots B, Russell CW, Green DS. 2019. Effects of microplastics in soil ecosystems: Above and below ground.
Environmental Science & Technology 53:11496-11506.

Brate, I.L.N., Hurley, R., Iversen, K., Beyer, J., Thomas, K.V., Steindal, C.C., Green, N.W., Olsen, M. &
Lusher, A.L. 2018. Mytilus spp. as sentinels for monitoring microplastic pollution in Norwegian
coastal waters: A qualitative and quantitative study. Environmental Pollution 243: 383-393.

Brate, I.L.N., Hurley, R., Lusher, A.L., Buenaventura, N., Hultman, M., Halsband, C. & Green, N., 2020.
Microplastics in marine bivalves from the Nordic environment, NMR report, 127. Tilgjengelig fra:
https://doi.org/10.6027/TemaNord2020-504

Guo Y, Xia X, Ruan J, Wang Y, Zhang J, LeBlanc GA, An L. 2022. Ignored microplastic sources from
plastic bottle recycling. Sci Total Environ. 156038.

Hodson ME, Duffus-Hodson CA, Clark A, Prendergast-Miller MT, Thorpe KL. 2017. Plastic bag derived-
microplastics as a vector for metal exposure in terrestrial invertebrates. Environmental Science &
Technology 51:4714-4721.

Lozano YM, Rillig MC. 2020. Effects of microplastic fibers and drought on plant communities. Environmental
Science & Technology.

Lusher, A.L., Brate, I.L.N., Hurley, R., Iversen, K. & Olsen, M., 2017. Testing of methodology for
measuring microplastics in blue mussels (Mytilus spp) and sediments, and recommendations for
future monitoring of microplastics (R & D-project). Rapport for Miljgdirektoratet, M-897. 90 sider.

Maal S, Daphi D, Lehmann A, Rillig MC. 2017. Transport of microplastics by two collembolan species.
Environmental Pollution 225:456-459.

Rillig MC, Ziersch L, Hempel S. 2017. Microplastic transport in soil by earthworms. Scientific Reports 7:1362.

Silva CJM, Patricio Silva AL, Campos D, Soares AMVM, Pestana JLT, Gravato C. 2021. Lumbriculus variegatus
(Oligochaeta) exposed to polyethylene microplastics: Biochemical, physiological and reproductive
responses. Ecotoxicology and Environmental Safety 207:111375.

Suzuki G, Uchida N, Tuyen LH, Tanaka K, Matsukami H, Kunisue T, Takahashi S, Viet PH, Kuramochi H, Osako
M. 2022. Mechanical recycling of plastic waste as a point source of microplastic pollution, Environmental
Pollution, 303, 119114.

Umar, M, Singdahl-Larsen og Sissel B. Ranneklev. 2021. Microplastics removal from industrial wastewater
using sand - filtration, NIVA-notat 0391/21.

VMK, 2019. Microplastics; occurrence, levels and implications for environment and human health related to
food, ISBN: 978-82-8259-332-8, ISSN: 2535-4019. Norwegian, Scientific Committee for Food and
Environment (VKM), Oslo, Norway.

Wang J, Coffin S, Sun C, Schlenk D, Gan J. 2019. Negligible effects of microplastics on animal fitness and hoc
bioaccumulation in earthworm Eisenia fetida in soil. Environmental Pollution 249:776-784.

25



PacKnoPlast — environmental contamination by plastics NCRSUS

Waggnes T, Askham C, Coutris C. 2021. PacKnoPlast delrapport. DELPROSJEKT T.1.3, 13.9.2021 -V.7.0.
NoWaste! Norway.

26



NCRSUS

Norwegian Institute for
Sustainability Research

The vision of NORSUS Norwegian Institute for Sustainability Research
(formerly Ostfold Research) is to provide knowledge for sustainable
societal development. We apply and develop knowledge and methods
to understand and implement sustainable solutions in society.
Together with a wide range of public and private clients, we undertake
projects locally, nationally and internationally to enhance
environmental performance, often also generating economic benefits.

WEBSITE E-MAIL ORG.NO. ADDRESS

WWW.NOrsus.no post@norsus.no 989 861 751 MVA Stadion 4, N-1671 Krakergy



	Summary
	1 Introduction
	2  Plastic emission to soil via biogas substrate
	3 Plastic discharges to water from plastic recycling plants
	3.1 Sampling and analysis of effluent water in the Netherlands
	3.2 Sampling and analysis of microplastic in effluent water from NOPREC (Norwegian Plastic Recycling)
	3.3 Sampling of blue mussels from a fjord system receiving effluent water from NOPREC

	4 Results
	4.1 Plastics in biogas digestate
	4.1.1  Size and shape
	4.1.2  Plastic fragments ≥0.5 mm in digestate (mg/g dw)
	4.1.3  Plastic fragments ≥0.5 mm in g per 1000 L liquid digestate
	4.1.4  Polymer identification

	4.2 Plastics in effluent water and mussels
	4.2.1  Presence of microplastics in the effluent water from the Netherlands
	4.2.2  Presence of microplastics in the effluent water from NOPREC
	4.2.3  Presence of microplastics in the mussels sampled at Straumen, Isakstranda and Lonet


	5 Conclusions
	5.1 Plastics in biogas digestate
	5.2 Microplastics in soils – what consequences?
	5.3 Microplastic in effluent water from plastic recycling plants and in blue mussels from a water body receiving effluent water from NOPREC

	6 References

