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ABSTRACT
We investigated the occurrence of microplastics (size range 5,000-50 µm) in leach-
ates at 11 landfills of different age and operational status in Finland, Iceland and Nor-
way. Collective sampling was carried out by pumping leachate with a stainless-steel 
submergible pump through a custom-made, stainless-steel filter unit containing fil-
ter plates with decreasing pore sizes (5,000, 417 and 47 µm, respectively). Samples 
were pre-treated and split into particles size classes above 500 μm and above 50 μm, 
and screened for occurrence of microplastics made of PE, PP, PVC, PS, PET, PA, PU, 
PC, PMMA, POM, SBR (rubber) or PMB (polymer modified bitumen). Samples were 
analysed by FT-IR spectroscopy, both to identify and to count microplastic particles 
(SBR and PMB were merely identified). Most samples tested positive for multiple mi-
croplastics. Three leachates, including drinking water (blank), tested positive for SBR 
particles and/or PMB only. Treated leachate samples exhibited lower total micro-
plastic’s counts than untreated, up to several orders of magnitude. National waste 
management practices over time, landfill age or operational status do not seem to 
explain differences in microplastic abundance or counts between leachates. Parti-
cle count and calculated loads of microplastic emissions through leachates differed 
several orders of magnitude between landfills. Results indicate that landfill leachates 
might be a relatively small source of microplastics (>50 µm) to surface waters com-
pared to untreated and treated sewage or road runoff. Continued data acquisition, 
improved sample preparation and understanding of variability of microplastics in 
landfill leachate are necessary, including particles smaller than 50 µm. 

1. INTRODUCTION
Although discovered in the oceans more than 40 years 

ago (Carpenter et al., 1972), microplastics have recently 
attracted growing public and scientific attention. Global 
plastics production is increasing, and expected to increase 
exponentially (Crawford and Quinn, 2017). Both macroplas-
tics (>5 mm) and microplastics (1µm < x < 5 mm) are of 
great concern, as they can spread and be ingested by or-
ganisms. Microplastics have, amongst other, been detect-
ed in deep sea organisms (Pereira et al., 2020), in remote 
mountainous areas (Ambrosini et al., 2019), fish (Seque-
ira et al., 2020), bottled water for human consumption 
(Welle and Franz, 2018), and human stool (Schwabl et al., 
2019). Plastics are considered a ubiquitous pollutant in the 
oceans (Eriksen et al., 2014). Some studies have shown 
that microplastics can have negative effects on aquatic 
and terrestrial organisms (Teuten et al., 2009; Deng et al., 
2017). Microplastics have been suggested to act as vec-
tors for antibiotic resistance genes (Su et al, 2021). Few 

studies, however, have indicated potential effects on fresh-
water ecosystems at microplastic concentrations current-
ly observed in the environment (Triebskorn et al., 2019). 
The potential risks of adverse effects of particles as small 
as 1 µm, and of nanoparticles, on organisms are not well 
understood, though (Triebskorn et al., 2019, Sana et al., 
2020). Waste management, especially landfilling of waste, 
has been pinpointed as a potentially significant source of 
microplastics (Sundt et al., 2014, Magnusson et al., 2016, 
Lestari and Trihadiningrum, 2019, Prata et al., 2020), in par-
ticular through the emission of landfill leachates, the liquid 
effluents from landfilled waste to surface waters. Leach-
ing of various contaminants from landfills, including plas-
tic additives, is well known and documented (Kjeldsen et 
al., 2002; Haglund et al., 2015; van Praagh et al., 2011 and 
2013). However, comprehensive information on microplas-
tic content in landfill leachates and on the potential impact 
of landfill leachate treatment on microplastic has only re-
cently come into research focus (Kokalj et al., 2019; He et 
al., 2019). 
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In order to address the questions of landfill leachates 
as potential sources of microplastics and of efficacy of pre-
vailing leachate treatment processes at landfills, the two 
working groups “Nordic Waste Group” and “Marine Group” 
under the Nordic Council of Ministers commissioned the 
design and completion of a study on the occurrence of 
microplastics in landfill leachates. (The Nordic Council is 
the official body for formal inter-parliamentary co-opera-
tion, formed in 1952 with members from Denmark, Finland, 
Iceland, Norway, Sweden, the Faroe Islands, Greenland and 
Åland). This study aimed at acquiring quantitative data on 
counts of microplastics, and at estimating their concen-
trations in leachates from landfills in Finland, Iceland and 
Norway (van Praagh et al., 2018). Furthermore, the aim was 
to acquire information on the impact of different leachate 
treatment methods on microplastic emissions, and to put 
potential microplastic emissions by landfill leachate into 
context with other potential sources of microplastics to 
surface water.

2. METHODS AND MATERIAL
2.1 Sampling locations

Leachate sampling took place during May 2018 (Ice-
land, then Finland, then Norway). After the sampling cam-
paign in Finland, a stormwater pond receiving runoff from 
local highways in Stockholm, Sweden, was sampled. Load-
ed filter plates were removed from the filtering unit with 
a stainless-steel knife, placed in stainless steel boxes, 
sealed, packed, and delivered by courier to the laboratory at 
the Environment Agency Austria (Umweltbundesamt), Vi-
enna, immediately at the end of each sampling campaign. 

2.1.1 Landfills
Table 1 shows the type of landfill, location and infor-

mation on operational status and leachate treatment at 
those landfills covered by this study. Landfills have been 
selected in order to reflect different levels of leachate treat-
ment and operational status, type and estimated age of the 

landfilled wastes. Additionally, different landfilled classes 
(hazardous and non-hazardous) were to be included. In to-
tal, samples were taken at 11 different landfill sites in three 
different countries. At some locations, leachate could not 
be sampled separately from other potential microplastic 
sources such as storm water, service road runoff or recy-
cling activities, as is common at waste management facil-
ities in the Nordic countries. The ratio of landfill leachate 
in the effluents sampled varied, and was estimated to be 
between 70 and 100%.

2.1.2 Storm water pond
A storm water pond in the municipality of Huddinge 

south of Stockholm, Sweden’s capital, was selected for a 
reference sample. The pond has a surface area of approx-
imately 670 m2 and a maximum depth of ca. 2.5 m. The 
pond receives runoff from adjacent local roads, a 880 m 
stretch of a 2-by-2 lane regional inner state highway, as well 
as from non-paved areas. Approximately 7.5 ha drainage 
area are connected to the pond. In the Stockholm area, the 
nominal annual precipitation is 600 mm. 

2.2 Definition of microplastics
For this study, microplastic particles were defined as 

particles within the size range of 5 mm and 50 μm, con-
sisting of manufactured polymers derived from petroleum 
or petroleum by-products. Landfill leachates were targeted 
for the following polymers:

• Polyethylene (PE) 
• Polypropylene (PP) 
• Polyvinylchloride (PVC) 
• Polystyrene (PS) 
• Polyethylene terephthalate (PET) 
• Polyamide (PA) 
• Polyurethane (PU) 
• Polycarbonate (PC) 
• Polymethylmethacrylate (PMMA) 
• Polyoxymethylene (POM)

Country No. Landfill class Type of waste Leachate treatment type Main effluents to 
sampling point Years of operation 

Finland 
  

1 Non-haz MSW None L 1971-1989

2 Non-haz MSW, IW None L (S) 1989-date

3 Haz IW Filtration and active carbon L 1989-date

4 Non-haz MSW, IW Artificial soil filtration L, (S) 1980-2001

5 Non-haz MSW None L, W 1959-2007

Norway
 
 

6 Non-haz MSW, IW Sequencing batch reactor L 1989-date

7 Non-haz Mixed None L 2009-date

8 Non-haz MSW, IW None L, (RR, S) NN-1987

Iceland
 
 

9 Non-haz MSW, IW Sand bed filtration L, (S?) 2012-date

10 Non-haz MSW, IW None L 2004-2012

11 Non-haz MSW, IW None L, (S?) 1989-date

TABLE 1: Type and location of landfills covered in this study (type of waste disposed of: MSW = municipal solid waste, IW = industrial 
waste; landfill class: Non-haz = non-hazardous waste, Haz = hazardous waste; landfills with years of operation, “-date” still in use at the 
time of sampling; effluents at sampling point: L = landfill leachate, RR = road runoff; S = storm water, W = other waste processing; minor 
contribution in brackets).
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• Styrene-Butadiene-Rubber (SBR, essentially the main 
component in tyre rubber)

• Polymer-Modified Bitumen (PMB, an admixture in as-
phalt paving, e.g., see Zhu et al., 2014)

According to PlasticsEurope, 2018, the first 10 poly-
mers in the list above represent the major share of plastics 
produced globally. 

2.3 Sampling and analysis
2.3.1 Collective sampling

Sampling was carried out by means of pumping lea-
chate through three custom-made stainless-steel filter 
plates with decreasing mesh sizes, incorporated in a stain-
less-steel unit. Filter mesh width were 5000, 411, and 47 
µm, respectively (filter unit designed and provided by Re-
source International, Iceland). A submersible, stainless 
steel pump (Proril X-SMART, 400A, 2", 0.4kW/230V/50 
Hz) was connected via a reinforced PVC-hose attached to 
brass hose nipples on the stainless-steel filter housing. The 
filter unit was equipped with a flow meter and a pressure 
release valve. Flow meter readings were annotated prior 
and after each sampling occasion. At two sampling cam-
paigns, in Finland and Iceland, flow meter readings were 
cross-refenced by means of timing filling containers with 
known volumes. 

In some cases, leachate was collected in a bucket (PE) 
and subsequently pumped through the filter unit as de-
scribed above (see Annex 1). Reasons for this approach 
were either extremely low water levels after a dry spring, or 
lack of accessibility at the sampling location. 

In order to evaluate potential cross-contamination of 
leachate samples due to a) occupational safety gear of the 
staff; b) the PVC hose and power cable connected to the 
pump; and c) the use of plastic buckets, a blank sample 
with drinking water was collected at landfill 3 and includ-
ed in the study as a control, or “blank”. The presence of 
plastic materials used during sampling was documented 
(photographed and labels identified). Sampling locations 
and sampling volumes collected are described in Annex 
1. Pumping and filtration took place until pressure built-up 
stalled further sampling, and flow was negligible or came 
to a total standstill. This was checked visually by observing 
that flow meter needles remained idle. The pressure re-
lease valve did not open during sampling on any occasion, 
which means that pressure was always below 1 bar. 

An exception from this rule occurred when sampling 
storm water. The sample was collected by means of haul-
ing a stainless-steel bucket attached to a stainless-steel 
wire repeatedly but at different lengths into the water pond 
(maximum 10 meters from the shore). The individual grab 
samples were then administered to the filtration apparatus 
directly, without using the stainless-steel pump. Sampling 
continued until no flow or dripping could be observed from 
the filter unit anymore. 

2.3.2 Sample pre-treatment
Filter plates and containers were back-flushed with ul-

trapure water (Milli-Q, particle filter 0.22 µm) and treated 
with hydrogen peroxide (15% H2O2) for at least five days to 

remove non-plastic organic matter (see for example Claes-
sen et al., 2013; Cole et al., 2014; Nuelle et al., 2014; Imhof 
et al., 2012). Some samples were additionally treated with 
small amounts of hydrochloric acid (10% HCl, see for ex-
ample Eriksen et al., 2013). The solid matter remaining af-
ter the chemical pre-treatment was wet-sieved through 500 
and 50 µm metal sieves, and thus separated into two size 
fractions: (1) particles larger than 500 μm and (2) particles 
of size 50-500 μm (Hohenblum et al., 2015; Robertson et 
al., 2015). Either size fraction (>500 µm and 50-500 µm) 
was removed from the metal sieves into ultrapure water. 
This particle-water suspension was homogenized, and a 
representative aliquot was transferred onto an inorganic 
filter membrane (Whatman Anodisc, 47 mm diameter, 0.2 
µm pore size) via vacuum filtration, and subsequently dried 
at maximum 60°C, as residual humidity can interfere the 
IR-signal. The total mass of solid residue was calculated by 
the weight differences before and after chemical treatment. 

Intermittently, all lab equipment was rinsed several 
times with ultrapure water that was pre-filtered through a 
50 µm stainless steel sieve. In addition, a blank sample, 
undergoing the whole sample preparation procedure was 
analysed: No micro plastic was found in the blank sample.

2.3.3 Analysis
Sample preparation for the qualitative and quantitative 

analysis included representative subsampling and loading 
of particles onto an inorganic filter membrane (alumin-
ium oxide), which were then analysed by µ-FT-IR (Fourier 
transform infrared)-spectroscopy and imaging (Spotlight 
400, PerkinElmer Inc., USA). Subsampling was performed 
by suspending the samples’ particles in water in a beaker. 
Numerous subsamples were subtracted while stirring the 
suspension. These subsamples were then combined and 
analyzed. Each subsample represented at least 20% of the 
respective total sample. In screening mode, samples were 
checked for occurrence of PE, PP, PVC, PS, PET, PA, PU, PC, 
PMMA, and POM (result of screening: present yes/no). 

For each sample, a total area of 12.5 cm² was then 
scanned via imaging for acquisition of transmission infra-
red spectra. Via software assisted comparison (based on 
correlation, SpectrumIMAGE, Version R1.8.2 0413, Perkin-
Elmer Inc., USA) with reference materials from a spectra 
database, the “chemical image” of the filter (2D map plus IR 
spectra) was evaluated for the polymers (see above), with 
an exemption for rubber (SBR) and polymer modified bitu-
men (PMB). Microplastic particle occurrence was estimat-
ed with the help of the counts of unambiguously identified 
particles.

Samples of three different SBR from two different 
Swedish producers as well as three different types of car 
tyres (PMB) were scanned and added to the laboratory’s 
IR reference material database. Samples of SBR were col-
lected by removing ca. 3x3 cm2 large parts from disposed 
tyres at a workshop. For screening of SBR and PMB par-
ticles, a different measurement technique was applied; 
rather than scanning from a distance in the so-called trans-
mission mode, the ATR (attenuated total reflection)-FT-IR 
micro-spectroscopy established contact between a Ger-
manium crystal and the suspected particles for reflection 
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measurements. The crystal was positioned onto 5 different 
spots on the filter, each of which exhibited an area of 0.16 
mm², where SBR/PMB particles were preliminary identi-
fied visually. The total sample area that was screened for 
the presence of SBR/PMB particles resulted in 0.8 mm². 
As this is only a tiny fraction of the total sample area, SBR 
and PMB particles were neither counted nor their numbers 
estimated. The ATR-measurements were combined with 
imaging. 

2.4 Mass calculations
Microplastic counts per litre were used to calculate 

mass concentration with the following assumptions. 

• Uniform density of particles of the same polymer 
• Density (kg/l or Mg/m3) PA: 1.05, PE: 0.965, PET: 1.45, 

PMMA: 1.20, PP: 0.91, PS: 1.1, PU: 1.2, PVC: 1.58 (max-
imum values in GESAMP, 2015, or Hidalgo-Ruz et al., 
2012)

• Uniform shape (globe) 
• Radius r = 50 µm (exception storm water sample >500 

µm: r = 250 µm)

No mass calculations for SBR and PMB have been 
undertaken, as these were only identified as part of the 
screening. 

3. RESULTS AND DISCUSSION
3.1 Screening results

Results from screening to elucidate the occurrence of 
microplastic particles in samples after pre-treatment and 
re-filtering are shown in Annex 2 alongside the mass load-
ing on the filters. No microplastics were found on 5000 µm 
filter meshes. Microplastics initial count and total amount 
of particulate matter remaining in the sample after chemi-
cal pre-treatment are depicted.

The mass of the remaining particles after chemical 
treatment can be used as an indicator of total microplas-
tics’ amounts in samples. The chemical treatment prior to 

the analysis described above does, however, not complete-
ly remove non-target matter. The 50 µm sample from land-
fill 8 reacted heavily upon contact with pre-treatment chem-
icals, producing precipitation residues. Large amounts 
of remaining insoluble inorganic residues impaired the 
screening for microplastics. An additional investigation 
into the nature of reaction products revealed prevailing 
minerals containing iron and silica. Double-checking with 
the landfill operator did not reveal any chemical anomalies 
in the sample which might suggest what caused the reac-
tion with pre-treatment agents. The leachate from the sam-
ple point is normally rich in iron, but this is not uncommon 
for MSW-landfill leachates.

Generally, negligible numbers of microplastic particles 
of the size 5000-500 µm were detected, with an exception 
for the storm water sample. Rather, particles much small-
er than 500 µm, and approximately closer to 50 µm were 
detected on the 411 µm screens. Consequently, a partition 
in particle size fractions was not considered meaningful, 
and results are displayed as sum of particles > 50 µm sub-
sequently. Microplastics (including SBR and PMB) where 
detected in all samples. In three samples, a single polymer 
was detected: SBR residue was found in treated leachate 
from landfill no 6, leachate from no 10, as well as in the 
blank sample. 

Abundance of identified plastics in leachate samples 
is shown in Figure 1. Except for PE, it differs from polymer 
production figures for EES/EU27. Historical data indicates 
that few changes in ranking of abundance have occurred 
since production started (Roland et al., 2017).

The lack of larger particles might be explained by the 
fact that landfill leachate quality is likely to be dominated 
by the lowest waste layer deposited, or rather the lowest 
layer of waste contributing to leachate drainage. The po-
rosity of this layer i likely to be relatively low due to deg-
radation of organic material and compression (Bleiker 
et al., 1995; Muaaz-Us-Salam et al., 2019). It can be as-
sumed that small pore size restricts larger particles being 
drained.

FIGURE 1: Production of polymers in Mtons (left, polymers for extrusion in EES-countries, year 2017, PlasticsEurope, 2018; SBR = tire pro-
duction EU27, Echa, 2017), and abundance of polymers identified in leachate sample screening (right, total counts for all samples, PC = n.d.).
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The presence of SBR in the blank sample indicates that 
cross-contamination has occurred. At first, residues from 
the rubber seals between sections of the filter unit were 
suspected. 

However, the rubber seal material is significantly differ-
ent from SBR-samples used for IR-imaging control spectra, 
and mixing up spectra is highly unlikely. The tap water for 
the blank sample was collected through a 5-meter-long 
reinforced PVC hose and pumped from the same bucket 
(PE) used at locations were submerging the stainless-steel 
pump was not possible. Staff was wearing personal pro-
tection equipment (PPE) comprising of PVC-gloves and 
PET-clothing. Consequently, contamination with these 
polymers might be expected, but was not detected. As the 
PE-bucket was open to the atmosphere at landfill site No. 
3, where the blank sample was taken, air-born particles 
might have entered the sample. Although the sampling 
equipment was rinsed, filter plates renewed after each 
sampling occasion and the filter unit swapped with paper 
towels between sampling occasions, cross-contamination 
from prior sampling occasion cannot be ruled out. At this 
point, sources of sample contamination can neither be un-
ambiguously identified nor ruled out. 

3.2 Results from microplastic quantification
In Table 2, the microplastic counts and concentration 

as counts per sampling volume are displayed (observe 
that PMB and SBR were only screened for but could not be 
quantified, see the discussing section).

As can be derived from the results displayed in Table 2, 
polymer particles were quantified in all samples, except for 
the control sample (No. 0), and leachate samples Nos. 5, 

6-treated and 10. The restrictions of the analytical method 
for black particles (see chapter 2), let to SBR- and PMB-par-
ticles not being accounted for, although they were identi-
fied in the previous “screening”. 

The number of different identified polymers varies from 
0 to 7 between samples, with PE being the most abundant 
polymer, found in 11 of 15 leachate samples with a total of 
301 counts. Overall, counts in treated samples are ca 1 or 
even 2 orders of magnitude lower than in untreated sam-
ples, except for landfill no 3. 

PE was found to be the dominant polymer in other 
studies on both leachate and other sources, as well (see 
Table 3, and even Silva et al., 2021, for a compilation of 
microplastic counts in landfill leachates).

Although differences between landfills/waste treat-
ment facilities appear in the first three studies depicted 
in Table 3, the order of magnitude of observed maximum 
microplastics’ counts per liter in leachates appears to be 
comparable. Su et al., 2021, and Xu et al., 2020, reported 
concentrations almost three orders of magnitude higher. 

3.3 National differences and years of landfill opera-
tion

Little is known about the main factors influencing mi-
croplastic particle release from landfills (Silva et al., 2021). 
Still, the amount and kind of plastic waste entering the 
landfill is likely to play a role, together with other potential 
sources of microplastics, such as recycling operations 
and service road runoff on site, atmospheric deposition, 
as well as materials used in leachate or landfill gas col-
lection and treatment systems. Economic growth (Gardin-
er and Hajek, 2020), laws and regulations (van Praagh and 

No. PE PP PVC PS PET PA PU PMMA Total count Count/l

0 control 0

1 13 6 19 0.16

2 19 15 17 25 4 8 4 88 1.10

3 untreated 9 9 18 0.30

3 treated 25 35 60 0.32

4 untreated 41 16 8 73 138 1.97

4 treated 4 2 6 0.03

5 0

6 untreated 22 4 26 1.3

6 treated 0

7 6 51 26 57 1.40

8 10 10 1.00

9 untreated 14 2 4 40 60 0.20

9 treated 15 15 0.06

10 0

11 132 25 17 25 199 4.51

Storm water 50 µm a 8 23 10 109 150 4.17

Storm water 500 µm a 8 6 16 51 81 2.25

a particles of PVC, PMMA, PA and PU were not quantified (fewer than 5 particles detected in screening-mode)

TABLE 2: Results from microplastic quantification (counts >50µm, blank cells = non detect).
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Persson, 2006), consumption habits (Kagawa et al., 2007), 
cultural aspects in economic sectors (Ajayi et al., 2016), 
type of waste management strategy and organisation (Le-
stari and Trihadiningrum, 2019); all these factors impact on 
amounts and types of waste going to landfill. Landfilling 
of (micro)plastics and microplastic emissions through lea-
chates might be dependent on those factors, as well. 

Plastics have been and are still target of direct or in-
direct waste management policy efforts in the Nordic 
Countries (Norden, 2017; Papineschi et al., 2019). Differ-
ences in recycling performance occur (Behzad et al., 2020; 
Zaman and Swapan, 2016). Performance figures for MSW 
management in the Nordic countries and EU average are 
displayed in Figures 2, 3 and 4 (data from Norden, 2020, 
where available; the term “Nordic countries” is used to dis-
cuss the data and figures, although not all Nordic Countries 
are included in the data).

Figure 2 indicates that most Nordic countries have a 
per capita MSW production comparable to the EU-aver-

age. Exceptions are Denmark with a continuously higher 
per capita production, and Norway. The apparent steep 
decrease in waste production year 2001, as well as the 
apparent steep increase in 2016 are suspected to reflect 
different input data or different definitions of “MSW”, rather 
than real developments in MSW per capita.

Over time, percentages of collected MSW going to 
landfills have differed considerably between the Nordic 
countries (Figure 3). Although following the EU-average un-
til year 2001, a much larger proportion of MSW ended up 
in landfills in Norway compared to Sweden, Denmark and 
Greenland. The same is true for Finland until 2016, and it 
appears to be true for Iceland year 2018. Residual waste, 
i.e. non-source separated waste is likely to contain plastic 
waste (Papineschi et al., 2019). 

Only three active landfills covered in this study started 
operation in the time frame covered in the data behind Fig-
ures 2 to 4: two in Iceland (triangles in Figure 2) and one in 
Finland (dot in Figure 3). 

Study No 
samples

Size range
[µm]

Analytical 
technique Count/l No of polymers included/

identified (most abundant) Comment Reference

This study 15 50-5,000 FT-IR 0-4.5 11/11 (PE) Van Praagh et al., 2018

Treated leachates 
in Sweden 7 ≥ 100 Mi-

cro-scope 0-2.7 - Waste facilities with 
landfill

Swedish Waste Associ-
ation, 2018

Sorting facility 
Sweden 1 ≥ 100 Mi-

cro-scope 2.3-4.2 - Waste facility with-
out landfill

Swedish Waste associ-
ation, 2018

Chinese landfills 12 25-500 FT-IR 0.4-2.6 17/17 (PE) He et al., 2019

Chinese landfill 18 10-150 µ-Raman ø235 12/27 (PE) a Su et al., 2021

Chinese landfills 1b 20-100 FT-IR 291 4/? (PP) Xu et al., 2020
a raw leachate, study covered different parts of leachate collection and treatment system; b duplicate

TABLE 3: Compilation of results from studies on microplastics in leachates.

FIGURE 2: Municipal solid waste produced per capita in some Nordic countries (in Kg/capita; countries covered in this study in red text, 
EU depicts average of member countries, cut lines = missing data; different number of countries apply through timeline; Norden, 2020. 
Different definitions of “household waste” might apply, see e.g., Papineschi et al., 2019).
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Generally, resource efficiency regarding plastics have 
increased in Nordic countries over time (see Figure 4, and, 
e.g., Robaina et al., 2020). As can be derived from Figure 
4, material recycling rates in Finland and Norway were 
considerably higher than the EU-average up until around 
2007/2008. Recently, recycling rates have moved closer 
to the EU-average, which in turn has steadily increased 
since 1995. The data behind Figure 4 covers a wide range 
of materials such as metal, paper, cardboard and plastic, 
and plastic material recovery lags (Robaina et al., 2020; 
Milios et al., 2018). Consequently, it can be assumed that 
between 95 and 70% of plastics in MSW have not been 
subject to material recycling in the Nordic countries be-
tween 1995 and 2018; either they ended up in waste in-
cineration, were exported, became litter, or – to a smaller 

extent – were disposed of at landfills prior to landfill bans 
on combustible waste (observe that this observation is 
true for plastic packaging only for items not subject to de-
posit-refund-schemes). Diversion of plastics from landfills 
started not least in the wake of the EU landfill directive 
and related waste acceptance criteria (EC, 1999 and EC, 
2002).

Although Norway and Iceland remain outside the union, 
Norway’s landfill regulations are similar to the EU’s, such 
prohibiting landfilling of organic waste, and separate col-
lection of plastic packaging waste is available in more than 
80% of municipalities (Papineschi et al., 2019). Still, even 
without a detailed look at particular waste acceptance data 
from the landfills included in this study, it is safe to assume 
that plastic materials have been disposed of at the landfills, 

FIGURE 3: Municipal solid waste landfilled (deposited onto or into land) in Nordic countries (in %; countries covered in this study in red text, 
EU depicts average of member countries, cut lines = missing data, symbols depict year of start (blank symbols) or closure (solid symbols 
with red outline) for Iceland (triangel), Norway (box) and Finland (dot) in the indicated time period; Norden, 2020).

FIGURE 4: Municipal solid waste recycled (material recycling) in some Nordic countries (in %, countries covered in this study in red text, 
EU depicts average of member countries, cut lines = missing data; Norden, 2020).
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albeit in different amounts and with declining rates since 
turn of the last century.

(Micro)plastics are relatively recalcitrant to degradation 
(Barnes et al., 2009). Plastics are found in abundance in 
waste from landfill excavation (Canopoli et al., 2018). Still, 
biodegradation has been shown to occur, even under an-
aerobic conditions, and by microbes isolated from landfills 
(Ganesh Kumar et al., 2020; Giacomucci et al., 2020, Park 
and Kim, 2019). Aging, alteration and degradation might 
occur over time in the waste body (Hou et al., 2021; Su et 
al., 2021). However, landfill conditions are unlikely to be 
favourable for microbial degradation of plastics, not least 
due to the abundance of other, more readily available mi-
crobial substrates and mass-transfer limitations (Shah et 
al., 2009; Canopoli et al., 2020; Tansel, 2019, Ishigaki et al., 
2004). Still, differences in microplastic emissions might be 
expected between landfills of different age due to the fac-
tors stated above. 

Figure 5 depicts the number of microplastic counts per 
litre leachate in untreated leachates against the number of 
years since start of landfill operation, with the additional 
information of country of origin and mode of operation for 
each landfill.

Leachate samples from landfills in Iceland exhibit both 
non-detect and the highest microplastic counts per litre. 
Microplastic counts in leachate samples from Norway 
show relatively little variation (average count per litre for 
all untreated leachate samples is 0.995 l-1). As the active 
Finnish landfills started operating round about the same 
time (1987 to 1989, blue dots in Figure 5), similar age, op-
erational procedures and/or similarities in waste disposed 
of might lead to comparable microplastic concentrations 
in counts per litre. With the data at hand, this cannot, how-
ever, be verified statistically. 

Considering the limited data on microplastic counts 
in leachate samples, and the lack of detailed information 

about amounts and types of plastic waste actually land-
filled at the sampling locations, no link can be drawn be-
tween the two. 

3.4 Landfill leachates as sources of microplastics 
In Table 4, the summarized analytical results of mi-

croplastics in landfill leachate are put into perspective 
to results from other published studies, both on different 
microplastics sources and pathways. Scope, sampling 
methods and analytical techniques differ widely between 
studies. Particle size cut-offs differ considerably between 
studies. Therefore, results have not been recalculated to 
mass-concentrations. Consequently, the loads emitted by 
different sources should be regarded preliminary indica-
tions.

3.5 Limitations and potential sources of error
Not least due to the lack of standardization regarding 

sampling and analysis of microplastics, certain sources of 
error cannot be ruled out. No duplicate or triplicate sam-
ples have been analysed, and the sampling method has not 
been verified with spiked samples with known microplas-
tic contamination. As a result, error margins and detection 
limits are not verifiable, which warrants caution when inter-
preting results. Optical analytical methods such as FT-IR 
are susceptible to influence from non-plastic material in 
samples, and pre-treatment to remove non-target materi-
al has been shown to impact analytical results (Masura et 
al., 2015, Simon et al., 2018, Collard et al., 2015). Thus, an 
initial follow-up trial on a number of samples taken in this 
study has been conducted at Lund University. Samples on 
aluminium oxide filter plates from the initial FT-IR analysis 
have been re-examined.

Initial results indicate that increasing the H2O2 concen-
tration from 15 to 30% (reaction time 6 days) enables pre-
viously unidentified plastic particles to become “visible” in 

FIGURE 5: Years since start of landfill operation vs. microplastic count per litre in untreated leachates with country indicated (triangle=Ice-
land, box=Norway, dot=Finland; closed landfills are represented in red).
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the filter residues (Simongini, 2021), putting into question 
whether microplastic counts might actually be higher than 
depicted above.

As a result of the sampling method, variations in par-
ticle content of the leachates caused different sampling 
volumes, as sampling prevailed until the smallest filter got 
clogged. Sampling a fixed amount of leachate at one oc-
casion with subsequent filtration in the laboratory would 
most likely have given different results. In that case, the 
chance of “catching” microplastics would have been much 
lower. If microplastic particle concentrations were, in fact, 
correlated to particle concentrations of non-plastic matter 
in leachates, the sampling method chosen for this study 
should have enabled representative sampling. 

Sampling pre-treatment might have removed or altered 
microplastic particles (Karami et al. 2017). 

Although similarities of different SBR-materials and 
different polymer-modified bitumen are likely to create 
similar and coherent FT-IR patterns, it cannot be ruled out 
that microplastic particles of significantly different blends 
of both materials than those used as references might go 
undetected in leachate samples: According to a producer 
of polymer modified bitumen, there is an almost unlimited 
number of blends that can be used with different fractions 
of added polymers. 

The polymers included in the screening represent the 
main plastics used in the Technosphere (>80%). Still, it can-
not be ruled out that microplastics of non-targeted poly-
mers were present in the samples. 

The filter equipment was cleaned between samples, 
and treated samples were taken before untreated samples. 
Still, cross-contamination cannot be ruled out, which is in-
dicated by SBR particles in the blank sample. 

The choice of lower size limit of 50 µm (47 µm during 
sampling) is likely to exclude numerous smaller particles. 
Particularly regarding microplastic particles from PE and 
PVC, but also others, it cannot be ruled out that these at 

least partly stem from landfill drainage and leachate treat-
ment and collection systems rather than from the landfilled 
waste itself. This could, for example, explain the occur-
rence of PE and PS particles in the treated leachate at land-
fill 3 (although an investigation into the material used in the 
on-site treatment facility was inconclusive). 

The variation of (micro)particles in landfill leachates 
over time, and factors influencing the emission of these 
have, to the knowledge of the authors, not been subject of 
comprehensive studies before. Silva et al. (2021) pointed 
out this knowledge gap, as well. Consequently, variations 
of microplastic concentration in leachate, e.g., season-
al variations or the influence of heavy rainfall events, are 
not accounted for in this study (what is more, the northern 
hemisphere experienced unusual weather conditions year 
2018, with large, but relatively early, spring floods, and ex-
tremely dry and warm weather during the sampling cam-
paign). Although landfill leachate treatment methods ap-
peared to be effective for the sum of microplastic particles 
(5000-50 µm) with reduction ratios of between 3 and 100%, 
the sources of error mentioned above restrict comprehen-
sive conclusions regarding treatment efficacy. 

Although the landfills covered in this study, with the 
exception of the hazardous waste landfill no. 3 in Finland, 
were chosen as “typical landfills” in their respective coun-
tries, it is unknown how representative they actually are 
when it comes to the emission of microplastic particles in 
the Nordic countries as a whole. 

4. CONCLUSIONS
Microplastic counts and the abundance of different 

microplastic polymers vary largely in leachates sampled 
at landfills in Finland, Norway and Iceland. Counts and 
calculated annual loads from leachate emissions appear 
to be small compared to other sources or pathways such 
as untreated and treated sewage and road runoff. Based 

Source/
pathway

Particle size range
µm

Count/L 
(µg/L) Annual Load Comment Reference

Landfills 50-5,000 0-4.5a

(0-2.4) 15 g - 25 kgb on average This study; van Praagh 
et al. 2018

Landfills in Sweden ≥ 100 0-2.7 0-170 kg treated leachate Swedish Waste 
Association, 2017

Incoming Sewage to 
WWTP, Sweden >20 20-80 2.6·1012 particles Magnusson and 

Wahlberg, 2014

Effluent WWTP,  
Sweden >20 10-100 2.6·1011 particles Magnusson and 

Wahlberg, 2014

Traffic in Sweden >100 n.d. 7,670 tons Magnusson et al., 2016

Storm water pond 
inner-city highway 5000-50 6.4

(195)
c This study

Air deposition in Paris 100-5,000 3-10 tons fibres Dris et al., 2016

Artificial turfs in 
Sweden >100 n.d. 1,640-2,460 tons Magnusson et al., 2016

Players on artificial 
turfs in Norway 2 ml 65 tons 2 ml per game and 

player Sintef, 2018

a calculated with the assumption in chapter 2.5; b calculated with annual leachate production volume for the last year available, provided by the respective 
landfill operator (see van Praagh et al., 2018 for details); c as the sample was not taken in the outflow but from the water body of a pond, emissions cannot 
be calculated

TABLE 4: Approximated microplastic concentrations and estimated loads from different potential sources/pathways.
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on the results from this study, the underlying hypothesis 
of landfills generally being a relatively large source of mi-
croplastics is put in doubt. As this study neither covered 
time-series nor duplicate samples, and weather conditions 
were extraordinary at most locations, further studies are 
needed to determine the range of microplastics concentra-
tions in treated and untreated leachates.

In 3 out of 4 studied cases, landfill leachate treatment 
seems to significantly reduce the counts of microplastics 
larger than 50 µm. Future work on microplastics should fo-
cus on standardization of leachate sampling and finetuning 
analytical techniques, in order to comprehensively eluci-
date the variability of microplastic concentrations in landfill 
leachates and of treatment efficacy, despite the challeng-
ing chemical matrix landfill leachates often present. Quan-
tification methods for tyre rubber and polymer-modified 
bitumen microplastics should be developed, and future 
sampling and analysis of landfill leachates should include 
microplastic particles smaller than 50 µm, preferably even 
nanoparticles.
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ANNEX 1

Landfill Untreated leachate Sample volume Treated leachate Sample volume

No. Location L Location L

0 Tap water (PE-bucket) 105

1 Pumping station 120

2 Pumping station 80

3 Pumping station (PE-bucket) 70 Pumping station (PE-bucket) 190

4 Pond 70 Pipe (PE-bucket) 210

5 Pond 10

6 Pumping station 20 Pumping station 5

7 Pumping station 40

8 Well 40

9 Bore hole 295 Pipe (PE-bucket) 255

10 Pipe 307

11 Pond 44

Storm water Pond + steel bucket 36

TABLE: Sampling locations for blank sample, stormwater, untreated and, if available, treated leachates and respective sample volumes 
(in L, blank cells = no leachate treatment).

TABLE 2: Microplastic polymers identified by screening and total mass on sample filters after pre-treatment (neg = negative, n.d. = non 
detect, limit <0,001 mg).

No. Polymers detected Total mass 50 µm filter Total massa 500 µm filter

Unit mg mg

0 control SBR 8 11

1 PE, PP, PMB 64 93

2 PE, PVC, PS, PET, PA, PU, PMMA 11 n.d.

ANNEX 2
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No. Polymers detected Total mass 50 µm filter Total massa 500 µm filter

3 untreated PET, PU 2 23

3 treated PE, PS, PMB 5 2

4 untreated PE, PS, PET, PU 27 n.d.

4 treated PE, PS 12 n.d.

5 SBR, PMB 60 11

6 untreated PE, PET, SBR 9 10

6 treated SBR 29 122

7 PET, PMMA 23 9

8 Negativeb, PE 483b 15

9 untreated PE, PS, PET, PU 4 5

9 treated PE, SBR 21 12

10 SBR 11 1

11 PE, PP, PS, PU, PMB, SBR 16 46

Storm water 50 µm : PE, PP, PVC, PS, PET, PA, PU, PMMA, PMB, SBR, 500 µm : PE, PP, PVC, 
PS, PET, SBR

<1 <1

a Total mass includes recalcitrant inorganic or non-plastic organic material, which was not removed by the chemical pre-treatment; b chemical reaction and 
precipitation occurred, see discussion.


