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Abstract 
Temporal and spatial variations of microlitter (ML) concentrations in Gothenburg were measured by 
sampling surface water. ML was divided into three main categories; microplastics (MP), fibers (F) and 
other anthropogenic particles (OA). Samples were collected using a pump installed with 300 µm and 50 
µm stainless mesh filters, during three separate field sampling campaigns during the fall and early winter 
of 2017. Samples were treated with H2O2 digestion for removing organic material. Microlitter were then 
visually counted and categorized for all samples under light microscope. In the 300 µm fraction, F was 
most prevalent at 84.6 %, MP at 12.9 % and OA at 2.5 %. Concentrations of MP varied from 0.1 to 22 
MP/m3 in the 300 µm size fraction and from 0 to 81 MP/m3 in the 50 µm size fraction. MP concentrations 
collected on the 50 µm size filter were higher compared to the 300 µm size filter in all but two samples. 
MP from the 300 µm size fraction was further subcategorized as particle/fragment (71 %), film (14 %), 
filament (9 %), expanded cellstructure (3 %) and pellets (3 %). MP concentrations found in Gothenburg 
surface water are comparable to what has been found in other urban cities of Sweden, but higher 
compared to studies measuring MP concentrations along the Swedish east, west and southern coastline. 
The polymeric structure of MP particles from the 300 µm size fraction was analyzed with Attenuated 
Total Reflection Fourier Transform IR (ATR-FTIR) and were identified as polyethylene (46.5 %), 
polypropylene (17.2 %), polystyrene (9.0 %), polyethylene terephthalate (3.1 %), polyamide (1.2 %), and 
23 % were unmatched. Possible correlating factors such as precipitation and ML concentrations were 
explored but the data was insufficient for any decisive conclusions to be made. Flow rate, the volume of 
water passing per time unit in the water course was shown to have an inverse correlation with 
concentration. Large temporal variation was observed at most of the sampling sites. It is not possible to 
pin point or quantify any particular source of ML pollution with this data, however it can be stated that 
ML’s from various urban sources indeed do contribute to ML pollution, and that the pollution from these 
sources vary over time based on factors that are not yet known. 
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1. Introduction 
Plastics is a catch-all term for anthropogenic polymers synthesized from monomers to form long chains 
of repeating units. Common examples of plastic polymers include polyethylene (PE), Polypropylene (PP), 
polystyrene (PS), polyethylene terephthalate (PET), and polyamide (PA). These polymers make up the 
structural foundation of the plastic material, into which additives are often added in order to enhance 
physical and chemical properties of the material for commercial purposes. Common examples of 
additives are plasticizers, flame retardants and different type of colorants. 

In 2016 it was estimated that the global annual production of plastic products was in the excess of 300 
million tons (Suaria et al., 2016). Plastics are commonly used for packaging of food and other consumer 
products, and is often discarded immediately after use (Rios et al., 2007). It becomes an environmental 
issue whenever plastic waste material is improperly disposed of, thus causing it to enter the 
environment as a form of pollutant. Some studies found that plastic debris make up between 60% to 
80% of the total mass of litter in the oceans, coastlines and freshwater systems (Derraik, 2002).   

The term microplastics (MP) is used to describe synthetic polymers of sizes between 0.1 µm to 5 mm 
(Moore, 2008). There are two types of MP in terms of origin, primary and secondary MP (IVL, 2016). 
Primary MP describes plastic products that already is smaller than 5 mm in its virgin state, such as small 
plastic resin pellets used as raw material for plastic products, or exfoliating MP in cosmetics and 
pharmaceuticals (Carr et al., 2006). Secondary MP is formed from the fragmentation of larger plastic 
debris into smaller and smaller pieces. Fragmentation of larger plastic material can occur through several 
ways. UV radiation from sunlight can break the chemical bonds in the plastic polymer structure and 
cause it to become brittle and break apart over time. Fragmentation can also occur through 
biodegradation or mechanical breakdown (i.e. cutting, tearing, breaking, shaving, etc.) to form smaller 
abrasion particles. The breakdown of plastic is often a slow process and the rate of breakdown will vary 
depending of the environmental conditions present. It has been estimated that MP particles can persist 
for hundreds of years in the environment (Barnes et al., 2009). A study on UV photo degradation of 
polyethylene samples showed that after 300 hours of UV solar radiation, only 0.39% of the initial weight 
of the polyethylene samples had been lost (Zhao et al., 2007).  

The toxicological effects of plastics is not fully understood. Toxic effects from plastics and additives seem 
to be negligible for macro- and microplastics. Large plastic debris is mainly a concern due to physical 
harm, either from entanglement or accidental ingestion (Beer et al., 2017). However, toxic effects can be 
observed as plastic particles reach nano size, as was shown by Sjollema et al. in 2016 where they 
measured how growth and photosynthetic capacity of algae was affected when exposed to micro- and 
nanoplastics of polystyrene and found that toxic effects were greater with decreasing particle size.  

When sampling MP it is important to consider the comparability of the chosen method to other studies. 
It is important to understand that MP concentrations between different studies can only be compared if 
the mesh filters are of comparable size. Generally, mesh filters with smaller pore size will collect more 
MP particles compared to mesh filters with larger pore size (Cole et al., 2011). One Meta study made by 
Hidalgo-Ruz et al. (2012) concluded that the two most common filter mesh sizes used for MP studies 
were in the ranges of (1) 0.5-5 mm and (2) 1-500 µm.  
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There is not yet a universally established definition as to what anthropogenic litter is included in the 
term MP. For the purpose of enabling comparability, the term microlitter (ML) was used in this project to 
describe all anthropogenic micro sized particles. ML was then divided into three main categories:(1) 
Microplastics (MP), which includes all micro particles of plastic polymeric material; (2) Fibers (F) which 
consists of both natural fibers, such as cotton, and synthetic fiber of polymeric material; (3) Other 
anthropogenic particles (OA), such as metal, glass, oily particles and paraffin. 

The United Nation calls for the prevention and significant reduction of marine pollution, as part of 
sustainable development goal 14, of which one main index for monitoring progress toward this goal is by 
tracking the amount of plastic debris in marine environments (United Nations, 2017). Knowledge 
regarding the presence of MP in Swedish freshwater systems, their migration, distribution and polymeric 
composition is presently limited. It has however been assumed that a non-negligible amount of MP come 
from multiple sources and move through rivers and various routes until ultimately reaching the ocean. 
Roughly 80% of plastic debris in the ocean have been estimated to originate from land-based sources 
(Sheavly & Register, 2007). The chemical composition, density and shape of MP particles will affect their 
movement and distributional patterns. Vertical distribution of MP in water depend on the buoyancy of 
the particles – particles of lower density will maintain their position near the surface and higher density 
particles will sink (Kukulka et al., 2012). Most of the commonly produced plastic polymers have densities 
lower than that of water, which cause most MP to remain near the surface. However, over time MP 
particles often atttract a surface biofilm which can facilitate the attachment of sand and other high 
density materials, causing the particle to gain density over time, thus giving it less buoyancy causing it to 
sink (Ye & Andrady, 1991; Rummel et al., 2017). A list of common plastic polymers and their respective 
densities is listed in Table 1.  

Table 1: Names and abbreviations (Abbr.) of different plastic polymers and its respective densities. Table adapted from Enders et 
al. (2015). 

Abbr. Polymer g cm−3 

PP Polypropylene 0.85–0.92 

LDPE High density polyethylene 0.89–0.93 

HDPE High density polyethylene 0.94–0.98 

PS Polystyrene 1.04–1.06 

PA Polyamide 1.12–1.15 

PC Polycarbonate 1.20–1.22 

PET Polyethyleneterephthalate 1.38–1.41 

PVC Polyvinylchloride 1.38–1.41 

During 2015-2017 IVL Svenska miljöinstitutet mapped potential sources, primarily land-based sources of 
ML contamination in Sweden (Naturvårdsverket rapport 6772). The study concluded that the main 
sources of ML come from road and rubber tire abrasions, artificial grass fields, industrial production, 
handling of virgin plastics, washing of textiles, boat paint, and littering. However, due to lack of available 
data, it was concluded that it is not currently possible to estimate how much of the ML from each of the 
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sources actually reach the oceans and fresh waters systems. The only sources that can be tracked 
currently are the ones where the source are in direct physical contact with the water or where the 
release is directly into the water, as for example from the surface of boats, and the release from sewage 
water treatment plants (Bråte et al., 2017). This means that the contribution from each source to 
Swedish coastal waters cannot be estimated and remains largely unknown due to insufficient data. It is 
therefore of great value to investigate ML concentrations along transport pathways as this would give 
knowledge about which ML sources actually contributes to the pollution. 

This master project was conducted through a collaboration between the City of Gothenburg “Göteborgs 
stads miljöförvaltning” and Örebro University. The project was included as a part of the Gothenburg city 
project “Förekomst av miljögifter i vattendrag i Göteborg” (Presence of environmental pollutants in 
water courses in Gothenburg). 

1.1. Aim and objectives:  
This project aims to study temporal and spatial variations of ML concentrations in surface water systems 
in and around urban areas of Gothenburg and, if possible, identify point sources of ML pollution. 
Furthermore, this project aims to improve methods for sampling and analysis of ML, and to explore the 
use of hyperspectral imaging for rapid and high throughput analysis of MP down to 50 µm.  

To achieve this, the following objectives were set: 

- Sample different locations in and around urban areas.  
o Upstream and downstream 
o Examine possible temporal trends 
o Explore possible correlation between ML concentrations and variables such as: 

 Precipitation 
 Water flow 
 Water chemistry 

• pH 
• Electrical conductivity 

- Improve extraction methods of samples collected with 50 µm filters 
- Plastic polymer characterization through ATR-FTIR analysis (300 µm) 
- Develop PLS-DA for automatic characterization of plastic particles in samples scanned through 

hyperspectral imaging (50 µm & 300 µm) 
- Compare ATR-FTIR and hyperspectral imaging in terms of: 

o Accuracy of polymer characterization  
o Time efficiency  

1.2.  Visual classification  
Traditional methods for distinguishing plastics from non-plastic material includes visual inspection under 
light microscope, where MP are confirmed through verification of typical plastic morphological features 
(Enders et al., 2015; Noren, 2007). Typical plastic features are: homogeneous color, jagged edges, 
smooth scratched surface, rigidity, and absence of cell structures. Synthetic fibers are recognized by its 
typical smooth surface and equal thickness along the length. Further confirmation can be made through 
the use of a hot needle - heating the plastic to confirm that it does indeed melt like plastic (Karlsson et 
al., 2017). The benefit of visual classification is that it can sometimes be used for source identification of 
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specific MP pollution. For example, the shape of a MP particle could indicate pollution from an industry 
process, particularly if the particle is very common in the sample and have similar shape and chemical 
structure. 

There are some limitations with visual characterization, such as time consumption and not being reliable. 
It is a subjective method where researchers are likely to make both random and systematic mistakes, 
leading to either over- or underestimation. It has been demonstrated that different researchers often 
report different MP concentrations when looking at the same sample (Olenin et al., 2010). It is therefore 
recommended that visual characterization be supplemented with spectral analysis to minimize 
misidentification (Enders et al., 2015).  

1.3.  ATR-FTIR 
ATR-FTIR is a technique used for collecting information of infrared absorption and emission over a wide 
spectral range. The technique works by emitting a beam of light containing many wavelengths onto a 
sample. The compounds in the sample will selectively absorb the radiation of specific wavelengths. The 
specific wavelengths absorbed corresponds to the molecular bonds present in the sample, as different 
molecular bonds will absorb radiation at different energy levels and convert it into molecular vibrational 
energy. Therefore, by analyzing the FTIR spectra, one can obtain information about the molecular 
structure. This enables the possibility of using the FTIR spectrum as a fingerprint to match samples such 
as plastic polymers with reference materials from a database (Gulmine et al., 2002).  

Absorption peaks at 2 912 cm-1 can be assigned to CH stretching in the CH2 bonds, which make them of 
particular interest for most plastic polymer characterization (Stark & Matuana, 2007). Other regions at 
3 000–2 800, 1 550–1 400 and 750–650 cm−1 are also useful as they provide information which enables 
the spectra to be used as a fingerprint (Gulmine et al., 2002). 

There are some FTIR instruments available that utilize image FTIR and sweeping techniques that can scan 
entire samples. However, those techniques are still relatively expensive and time consuming. Other 
traditional FTIR instruments are cheap but can only analyze individual particles one at a time. This means 
that before analysis, particles from a sample must first be selected individually though a visual 
characterization. There is also a size limitation where particles smaller than 500 µm become increasingly 
difficult to handle and is occasionally lost during transfer to the FTIR instrument. 

1.4.  NIR hyperspectral imaging 
Near infrared (NIR) hyperspectral imaging is a technique with a wide set of applications and has been 
used to successfully identify MPs in environmental samples (Karlsson et al., 2016). NIR hyperspectral 
imaging works by gathering spectral information from a large number of images taken of the sample. 
Each image of the sample represent a different spectral scan of a certain wavelength. All images are then 
combined to form a three dimensional hyperspectral data cube, where x and y represent spatial 
dimensions and z represents the different wavelengths (Grahn & Geladi, 2007). The benefit of 
hyperspectral imaging lies in the ability of the hyperspectral instrument to quickly scan an entire surface 
and provide spectral information at each point of the sample. The points of the sample will be 
represented by a pixel in the image containing the spectral information from all the different 
wavelengths. The resolution of the hyperspectral image is determined by the number of wavelengths 
used and by the number of pixels - increasing number of wavelengths and pixels leads to better 
resolution. Hyperspectral imaging have been demonstrated to be able to successfully distinguish plastic 
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particles down to 300 µm from organic debris collected from sea water filtrates, using scans in the 
wavelengths of 1 000–2 500 nm (Karlsson et al., 2016).  

1.5.  Chemometrics  
Hyperspectral data cubes contain large amount of data and requires multivariate analysis for data 
reduction. Principal component analysis (PCA) is a statistical method that work by defining principal 
components in order to explain the distribution of the points in the dataset. The first principal 
component is defined by drawing the longest possible line through the n-dimensional (n equal to the 
number of variables) dataset where there is most variance in the data. The second principal component 
is orthogonal to the first one, meaning that it explains the variance of the data points that are distributed 
perpendicularly to the first principal component. Each principal component has an eigenvector which 
indicate the direction of the principal component. Each data point from the original dataset is then 
multiplied with the eigenvalues to give a score for each point. The points are then projected onto a 
graph, usually called a score plot, where the x and y axes are defined by the principal components. Points 
that have similar spectral profiles will have similar score values and thus be situated close to each other 
in the score plot to form clusters, which represent different groups with similar chemical composition in 
the dataset (Geladi & Dåbakk 1995). The importance of the different variables and how they affect the 
points in the score plot is expressed by the loading-plot. The number of variables in the dataset are also 
effectively reduced as highly correlated variables will be sorted together. Partial least squares 
discriminant analysis (PLS-DA) prediction models can be constructed with the use of software for 
recognizing reference plastics and then be applied to environmental plastic samples collected in the field 
(Broek et al., 1996).  
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2. Material and methods  
 

2.1.  Sampling location 
The study area was located in and around urban areas within the city of Gothenburg, a coastal city with 
just over half a million inhabitants located on the central west coast of Sweden. A total of 10 sites along 
free running watercourses were selected with the guidance of Jenny Toth from Göteborgs stads 
miljöförvaltning (Table 2, Figure 1). A more comprehensive table with address and GPS coordinates is 
listed in Appendix 1. For the four watercourses Lärjeån, Säveån, Mölndalsån, and Göta älv, two sites 
were selected along each watercourse, one upstream and the other downstream of urban and/or 
industrial areas. The sampling sites had to fulfil certain requirements regarding water depth, flow, and 
also have a suitable bridge or pier to stand on during sampling, for practical reasons. These requirements 
limited the number of sites available for sampling and some compromises had to be made. For the 
watercourse Kvilleån (K2) and Stora Ån (Å2) only one suitable sampling site could be located in 
connection to the watercourse that fulfilled all requirements needed for sampling. 
 
Table 2: Description of the ten sampling sites explaining abbreviation and address of each sample location 

Sample 
ID 

Name of water course Description 

L1, L2 Lärjeån upstream (L1) and downstream (L2) L1= Bridge along walkway near the street 
of Vråsseredsvägen 
L2= Bridge in proximity to Eriksboskolan 

S1, S2 Säveån upstream (S1) and downstream (S2) S1= Bridge at the street of Lemmingsgatan 
S2= Pedestrian bridge at the street of 
Waterloogatan 

M1, M2 Mölndalsån upstream (M1) and downstream 
(M2) 

M1= Close to the street of Mölndalsvägen 
97 
M2= Pedestrian bridge along the street of 
Smedmästare Karlssons gångväg 

K2 Kvillebäcken downstream Pedestrian bridge at the street of 
Deltavägen 

Å2 Stora Ån downstream Bridge near the address of Askims 
Sörgårdsväg (colony lot area) 

G1, G2 Göta älv upstream (G1) and downstream 
(G2) 

G1=The Alelyckans raw water intake 
(alelyckans råvattenintag) 
G2=Pier at Eriksberg.  
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2.2.  Prevention of contamination 
Precautions were taken during the entire procedure to minimize plastic background contamination. All 
laboratory equipment was cleaned before use, containers were washed in a dishwasher and 
subsequently rinsed with deionized water (milliQ). When possible, samples were covered with either lids 
or aluminum foil to minimize contamination of plastics or fibers via air. All samples were stored in a 
cooling room at 6 °C awaiting analysis. Most laboratory work took place in well ventilated fume hoods. 
Field blanks were measured to assess level of contamination. The sampling pump was rinsed with tap 
water before each field sampling campaign. All stainless mesh filters were scrubbed and washed with 
dish washing liquid and then put in an ultrasonic bath with deionized water and soap for 30 minutes, and 
then rinsed with milliQ before being covered in aluminum foil and stored in jars until sampling.  

  

Figure 1: GPS map, pin pointing the ten different sampling locations 
in Gothenburg. The full name of each sample location ID’s are listed 
in table 2.  (Adapted from Google maps). 
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2.3.  Selecting sample size 
A target volume was set to 20 m3 for the 300 µm filter sampling. This volume was deemed to be large 
enough to ensure that the samples would contain enough microplastics to exceed LOD (Limit of 
detection). A target volume of 2 m3 was set for the 50 µm filter sampling. However, due to clogging from 
accumulation of organic and inorganic debris on the filters, sample volume had to be limited in some of 
the samples. A complete list of sample volumes for the 300 µm filters have been listed in (Appendix 2), 
and sample volumes for the 50 µm filters have been listed in (Appendix 3). 

2.4.  Sample collection 
Samples were collected from near-surface water at each of the 10 sites during three different field 
sampling campaigns during the fall and winter of 2017. The first round was collected between 11-13 
September, the second round between 4-6 October, and the third round between 11-13 December. One 
blank sample was taken on each day of sampling. The blank samples was processed and stored in the 
same way except they were not submersed under water.  

2.5.  Sample equipment 
Samples were collected using a pump, developed by KC Denmark in cooperation with researchers at 
Örebro University during the EU CleanSea project in 2012-2014 (Figure 2). The pump is made out of 
stainless steel and contain no plastic parts (230V AC, 0.55 kW), it has a total length of 160 cm, a 
maximum width of 29 cm and a total weight of roughly 35 kg. The pump can be installed with removable 
filters that collect particles passing through the pump. The pump is equipped with an electromagnetic 
flow meter (PD340) at the bottom that measures the volume of water passing through with high 
precision. The pump has a maximal capacity of 25 000 L/h and is able to operate down to a depth of 60 
m.  

For this project the pump was held in a horizontal position and hung from a bridge or pier with the water 
inlet 5-10 cm below the water surface. The removable filters are laser cut out of stainless steel and have 
a diameter of 14 cm. Filters with mesh sizes of 300 µm and 50 µm were chosen, 300 µm is a commonly 
used filter size for microplastic sampling.  
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Figure 2: (Left) The pump with a motor, water inlet, a filter stack with room for three removable mesh filters, and a digital flow 
meter. (Right) the pump during sampling held in a horizontal position submersed 5-10 cm under the water surface. 

2.6.  Precipitation data 
Precipitation data were collected from the Swedish Meteorological and Hydrological Institute (SMHI). It 
was decided that the data processing would also include data from four days prior and including the 3 
days of sampling during the three different field sampling campaigns. Precipitation data from the days 
prior was included to check for any delayed correlation between MP concentrations and precipitation. 
Five different meteorological stations were selected due to their near proximity to or upstream of the 
different sampling sites (Figure 3; Table 3). The recorded precipitation data for the specific days are listed 
in (Appendix 4). 

Table 3: The five meteorological stations from which precipitation data were collected. The stations are listed in order from north 
to south in how they appear in figure 3. 

Station Longitude Latitude 
Mollsjönäs D 57.8638 12.1399 
Göteborg A 57.7157 11.9925 
Härryda 57.6865 12.2986 
Askim D 57.6283 11.9613 
Kållered D 57.6095 12.0673 
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Figure 3: GPS map showing the locations of the five different meteorological stations marked with blue circles. The five following 
stations are listed in order as they appear in the map from north to south, Mollsjönäs D, Göteborg A, Härryda, Askim D, Kållered 
D (Adapted from Google maps). 

2.7.  Flow rate data 
Excel sheets with flow rate data was collected from SMHI, listing daily average m3/s in each of the six 
different watercourse systems, measured during the day of sampling and as close to the sampling site as 
possible. Daily average flow rates during each of the specific days are listed in (Appendix 4).  

2.8. Chemical analysis 
Water samples were only collected during the second and third field sampling campaigns. During the 
first field sampling campaign electrical conductivity was measured on site. No pH measurements were 
made during the first campaign. Water samples from each sampling site during the second and third 
campaign were collected in 50 mL tubes and measured for pH (744 from Metrohm) and electrical 
conductivity (sensION EC7 from Hack) at the laboratory.   
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2.9. Digestion and extraction 
 

2.9.1. 300 µm 
Samples with lots of organic debris, such as vegetation or microorganisms, were treated with 30% H2O2 
for three days at room temperature to digest the organic debris. For the following samples, organic 
debris was minimal and H2O2 digestion was therefore not necessary (G1_1, G2_1, G2_2, K2_1, K2_2, 
Å2_2). After digestion, samples were analyzed visually under a light microscope (Stemi 508, Zeiss).    

2.9.2. 50 µm 
All 50 µm filters were treated with H2O2, using the same procedure as described for the 300 µm mesh 
filters. After H2O2 digestion, samples were transferred to 250 mL amber glass containers with plastic lids 
by rinsing. Blanks were taken to ensure there was no contamination from the plastic lids. 

2.9.2.1.   Density separation  
Two samples (L1_3, Å2_3) contained significant amounts of inorganic debris, small gravel and clay 
particles. For these two samples, an additional extraction method based on density separation was used. 
The two samples were dried in an oven at 60 °C until dry and then transferred to 50 mL Sarstedt tubes. 
NaCl (1.2 g/mL) saturated water was added to the tubes and then shaken by hand for 1 minute. Samples 
were then left to sediment for 3 h. The supernatant was then transferred manually by carefully 
decanting it to another 50 mL Sarstedt tube, without unsettling the sediment. This step was repeated 
three times for each sample to ensure that as much as possible of the microplastics had been 
transferred. After density separation samples were rinsed with milliQ and ethanol, and then vacuum 
filtered using teflon filters. For all other samples, density separation was not necessary so these samples 
were immediately vacuum filtered over to the Teflon filters. 

2.10. Visual characterization 
 

2.10.1. 300 µm 
All samples were visually analyzed under a light microscope (Stemi 508, Zeiss). Objects that fulfilled some 
or all of the established criteria for visual characterization were transferred, using tweezers, over to 40 
mm Duroplan petri dishes. Touching suspected objects with a needle or tweezer to feel for texture and 
rigidity was also part of the visual characterization.  

Three main categories were used to sort anthropogenic material found in the samples – microplastics 
(MP) fibers (F), and other anthropogenic particles (OA). The term microlitter (ML) was used as a name for 
the total number of particles from the three main categories put together. The three main categories 
were then further sub-categorized by a list of criteria based on their morphological structure (Table 4). A 
few examples of the different MP categories are illustrated in Figure 4. The length of all ML were 
estimated under microscope by visually comparing the length of the object against the 300 µm long 
pores in the mesh filter. F were sorted by color and length. OA and MP were counted and sorted by size 
and color. A more precise description were added for unique particles. Particles which were large 
enough were then removed from the petri dish and placed in a 24-well plate to be photographed and 
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further analyzed by ATR-FTIR. From samples G2_2, G2_3 and K2_1, all particles were transferred. In the 
other samples, many particles were too small and only a portion of the particles could be transferred and 
analyzed. In total, 28.5% of all particles were selected for photographing and ATR-FTIR analysis. 
Photographs were taken with a camera (Axiocam ERc 5 ) mounted to a light microscope. The photos 
taken were processed using computer software (ZEN 2.3 lite).  

Table 4:  Subcategories to describe F, MP and OA particles. 

Classification Type 
Fiber (both synthetic and organic) Fiber 
Filament (longer and thicker than fibers, always of synthetic material) Microplastic 
Particle/fragment Microplastic 

Film Microplastic 

Expanded plastic cellstructure  Microplastic 
Pellets Microplastic 
Black particles (oil or combustion material)  Other anthropogenic particles 
Semi solid synthetic particles (paraffin)  Other anthropogenic particles 
Other (metal, glas, etc.) Other anthropogenic particles 

 

 

Figure 4: These are three pictures taken with a camera (Axiocam ERc 5) mounted on a light microscope (Stemi 508, Zeiss). A blue 
filament (left), two white transparent pellets (middle) and a white expanded plastic cellstructure (right). A scale bar of 500 µm in 
length is in the upper left corner of each picture. 

2.10.2. 50 µm  
Visual analysis was made under light microscope (Stemi 508, Zeiss). For this fraction a rough size 
estimate was used to divide the objects into two size categories of 50-300 µm and >300 µm, some 
particles which have an oblong shape with a narrow side can pass through the 300 µm filter, so the >300 
µm size category was made for these particles. The length of the particles were measured at the longest 
point. Visual characterization was limited to visual cues only since most particles were too small to touch 
with needles and tweezers. A few examples of the different MP categories are illustrated in Figure 5. 
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Figure 5: These are four pictures taken with a camera (Axiocam ERc 5) mounted on a light microscope (Stemi 508, Zeiss). From 
left to right; a green pellet, a light pink filament, a dark particle, pink particle. 

2.11. Mass concentration 
The total weight of all MP in each of the samples collected on the 300 µm mesh filter were weighed on a 
precision scale (8598 Explorer MyCal) with a standard deviation of 0.0003 g. Weighing was performed 
after ATR-FTIR and hyperspectral analysis. Particles which were not identified as plastic by spectral 
analysis were excluded, unless there were good reasons to include them. An example of such a reason is 
when there is a strong indication from the visual classification that the particles is indeed plastic, but too 
small or too dark for a successful spectral measurement. Individual particles were not weighed as the 
majority of particles had a mass well below the standard deviation of the precision scale. 

MP from the 50 µm size fraction were not weighed. Neither digestion with H2O2 or KOH were sufficient 
enough to completely digest all organic material. And density separation with NaCl saturated water at 
1.2 g/ml could not effectively separate all the inorganic material from the microplastics. Therefore, mass 
concentration for the 50 µm fraction could not be measured.   
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2.12.  ATR-FTIR 
FTIR spectra were obtained via spectral measurements on a UATR Two PerkinElmer. The representative 
fraction thathad been selected and photographed during the visual characterization of the samples 
collected from the 300 µm mesh filters, were selected for ATR-FTIR analysis. Due to practical limitations, 
only particles >300 µm were analyzed using the ATR-FTIR. Particles from the 50-300 µm could not be 
analyzed with this instrument. Most of the filaments from the 300 µm fraction were too small and 
weathered plastic film were often too brittle for ATR-FTIR analysis. This created a selection bias towards 
some of the different categories listed in table 4. A goal of testing a minimum of 10% of all particles from 
each sample was set. Each of the particles scanned in the ATR-FTIR were matched against a database 
with virgin plastic reference material using a computer software (PerkinElmer Spectrum). A statistical 
match of 90% with the software was considered a good match. All the ATR-FTIR spectra along with the 
match percentage and a short description of each sample were documented and put in Appendix 5. 

2.13.  NIR Hyperspectral imaging 
NIR Hyperspectral scans were obtained using a scanner stage (Via-Spec II) with a NIR camera (SWIR 3 
Spectral Camera) developed by SPECIM. When scanning samples from the 300 µm fraction an OLES 15 
lens from SPECIM was used. And for the 50 µm fraction a OLES 56 lens from SPECIM, which has a smaller 
focal point, was used. With this lens each pixels in the image cover a distance of 27 µm.   

The selected particles from the 300 µm sample fraction that were analyzed with ATR-FTIR were also 
selected for hyperspectral imaging. However, a few of the particles had been destroyed or lost during 
the ATR-FTIR analysis, so no hyperspectral scans could be made for those particles. Hyperspectral scans 
were taken on each petri dish containing samples from the 300 µm and the 50 µm fraction.  

2.13.1.  Software and data analysis.  
Data from the hyperspectral images were processed with the Breeze software developed by Prediktera 
AB. The software performed a PCA based on the spectral information from all pixels of the entire image. 
Before further processing, the data was transformed through standard normal variate (SNV) 
transformation. Background pixels were removed so that the PCA only included pixels of the actual 
particles in the sample. The PCA grouped the pixels from the image according to their spectral profile, 
which was then compared with spectra from virgin plastic reference material to match polymer type. 

  



19 
 

2.13.2.  Creating a model and PLS-DA 
A number of virgin plastic reference material were scanned to create a library, to which plastics from 
environmental samples could be matched (Figure 6A). With the use of PCA, the spectral information 
from each plastic reference material could be separated into different clusters in a score plot (Figure 6B). 
A PLS-DA model was then created from the scanned images by first removing background pixels and 
then including the pixels containingthe spectral information from virgin plastic reference material into 
the predictive model. The model worked by taking the average of the pixels within an object and then 
matching it with the reference material based on the average. The model was first tested by scanning 
samples spiked with virgin plastic reference material in order to assess how accurately the model could 
match the correct plastic material. The model was then used on environmental samples collected from 
300 µm and 50 µm filters. 

 

 

 

 

 

 

 

 

 

Figure 6. (6A) Photographic scans of the reference plastic material. All colored pixels represent the different pellets of plastic 
reference material that has been included in the PLS-DA model. (6B) PCA show clustering with good separation between plastic 
polymer types.  
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3. Results and discussion 
 

3.1. Quality control 
 

3.1.1. Contamination control 
A few fibers (F) were found in the blanks on the 300 µm and 50 µm mesh filters. Average blank F count 
were calculated for each size fraction and is presented in Table 5. Limit of detection (LOD) were 
calculated by taking the average and adding the standard deviation multiplied by 3. F found on blanks 
were mostly non-synthetic, perhaps indicating that they come from the textile clothing and lab coats 
worn during analysis that break off and then land on the filter during times when the filters have been 
uncovered. No MP or OA were found in any of the blanks. 

Table 5. Average number of fibers (F) found on each blank mesh filter. Limit of detection (LOD) was calculated by adding the 
standard deviation multiplied by 3 to the average count.  

Size fraction Average F count LOD F count 
300 µm 3.2 9.4 
50 µm 1.4 4.82 

 

3.1.2. Recovery runs 
Recovery tests of the density separation method was conducted by taking one of the field samples and 
measuring them by doing a visual count of MP and F under a microscope before and after density 
separation with sodium chloride solution 1.2 g/mL. For MP, a recovery rate of 73 % was obtained. 
Recovery rates for F were 43 %. It should be noted that recovery rates for different MP categories, 
filament, fragments and film were unequal, indicating that (1) different MP categories behave different 
during the density separation step; (2) different polymers behave differently due to different densities, 
or (3) the uncertainty of the visual identification step has skewed the numbers.  

There is likely room for further development to improve recovery rates. Previous studies have shown 
that density separation of MP using sodium chloride solution 1.2 g/ml gives recovery rates up to 82% 
(Thompson et al., 2004; Hassellöv et al., 2018). It should be noted that the method described by 
Hassellöv and colleagues includes a drop of oil to be added in the NaCl saturated water, to allow for 
plastics and fibers to stick to the oil drop and not the inner surface of the container. Another study 
suggest the use of pine oil (0.625 mg/L) along with a wetting agent added to the solvent in order to 
improve the interaction between liquids and solid particles and prevent air bubbles to attach to the 
solids and thus making them float (Imhof et al., 2012). Without this wetting agent, a portion of sediment 
and debris will float. It is also recommended that specially designed equipment for density separation to 
be used, such as for example the “Munich Plastic Sediment Separator”, developed by Imhof et al. (2012). 
Unfortunately, no such equipment was available during this project.  
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3.2. Concentrations of microplastics, fibers and other anthropogenic 
particles 

Concentrations were measured in numbers of MP, OA and F per m3. Microlitter (ML) represents the total 
concentration (MP+OA+F). The average total concentration in the >300 µm fraction were found to be 
15.2 ML/m3 with a standard deviation of 23.3 ML/m3. These concentrations can be compared with the 
results from other studies listed in table 7.  

Table 7: A list of studies, including this one listing average concentrations of microplastics (MP), other anthropogenic particles 
(OA), and fiber (F) collected with 300 µm mesh filters. Not all studies include all three categories in their reported concentrations. 
Therefore, to avoid incorrect comparisons, the three main categories are reported in three different columns, together with a 
total in the final column to the right. 

Source Location Year  Average concentrations Average total 
concentration 
(ML/m3) 

(MP/m3)  (OA/m3) (F/m3) 

This study Göteborg urban 
surface water 

2017 2.23 0.32 12.7 15.2 

Norén et al. 
(2013) 

Göteborg and 
Bohuslän coastline   

2013    10.3 

Norén et al. 
(2014) 

Göteborg and 
Bohuslän coastline   

2014    0.84 

Norén et al. 
(2015) 

Skåne coastline 2015 0.55  2.74 3.28 

Measurements 
taken by Örebro 
University for 
various projects. 
 

Östersjön 2014 0.27    
Gullmarsfjorden 2017 0.17    
Nyköpingsåarna 2017 0.30    
Lake waters from 
Mälaren, Hjälmaren, 
Vänern, Vättern 

2017 <0.20-
0.40 

   

Close to urban areas 
(Stockholm) in 
Mälaren 

 0.90-2.7    

Outlet points (Svartån 
to Hjälmaren and 
Munksjön to Vättern) 

2017 7.2    

 

Results show that concentrations of MP and F are significantly higher in the smaller >50 µm size fraction 
than in the larger >300 µm size fraction. The total concentrations of all anthropogenic particles in the 
>50 µm fraction were found to be 52.82 ML/m3 with a standard deviation of 52.98 ML/m3. 

Concentrations of OA were found to be lower in the >50 µm fraction. The relative distribution of each 
MP subcategory were different in the two size fractions. Average concentrations of the MP subcategory 
“filaments” and “particle/fragment” were higher in the 50 µm fraction compared to what was found in 
the 300 µm fraction. Different results from the two size fractions should be treatedwith some caution 
since different extraction methods were used for the two size fractions.  
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There is a strong correlation between the MP concentrations in the two size fractions – high MP 
concentration in the larger >300 µm fraction often meant higher MP concentrations in the 50-300 µm 
size fraction (Figure 7 & 8). 

  

 

 

 

 

 

 

 

 

 

 

 

Figure 8: Illustrates the correlation between the two size fractions, >300 µm and 50-300 µm by comparing logarithmic averages 
(ln MP/m3) from each sample location. 

H2O2, which was used for digestion during sample extraction, has been reported to affect some plastic 
polymers (Nuelle et al., 2014), while other studies report no affect from H2O2 digestion (Hassellöv et al., 
2018). Since no recovery tests were made for H2O2 digestion it cannot be excluded that some of the 
plastics could have been affected or even destroyed during the H2O2 digestion procedure. Studies 
examining other methods of digestion suggest that KOH can digest organic debris while not destroying 
MP’s (Strand & Tairova, 2016; Enders et al., 2017). However, attempts to digest using KOH during this 
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project were unsuccessful, as this did not digest all organic debris and left a layer of potassium 
carbonates on the samples. 

3.2.1. 300 µm  
 

3.2.1.1. Microplastics  
The samples collected on the 300 µm mesh filters contained 1 to 132 MP per sample corresponding to 
0.1 to 22 MP/m3. The average MP concentration was 2.2 MP/m3 with a standard deviation of 4.1 MP/m3. 
The relatively large standard deviation indicates a large variance of MP concentrations at the different 
sample locations. A few locations showed consistently low concentrations of MP; Lärjeån upstream (L1, 
0.4-0.6 MP/m3), Göta älv upstream (G1, 0.2-0.6 MP/m3), and downstream (G2, 0.1-0.7 MP/m3) (Table 8). 
The sample containing the highest concentration of MP were taken in Säveån upstream during the 
second field sampling campaign (S1-2, 22 MP/m3). It should be noted that this sample contained a lot of 
organic and inorganic debris, which obstructed the filter to the point which only 4.7 m3 of the target 
volume of 20 m3 could be filtered. Other samples with relatively high concentrations of MP were Stora 
Ån (Å2-1, 6.6 MP/m3) and Lärjeån downstream (L2-1, 5.9 MP/m3).  

3.2.1.2. Other anthropogenic particles 
The samples collected on the 300 µm mesh filters contained 0 to 79 OA per sample corresponding to 0 to 
3.95 OA/m3. Average concentrations were 0.32 OA/m3, with a standard deviation of 0.77 OA/m3. OA 
were less prevalent than MP, and only found in half of the samples (Table 8). Two samples from 
upstream of Mölndalsån, samples (M1-1, 4.0 OA/m3) and (M1-2, 1.6 OA/m3), contained a significant 
number of black bitumen like particles.  

3.2.1.3. Fiber 
The samples collected on the 300 µm mesh filters contained 23 to 1 131 F per sample  1.2 to 93 F/ m3. 
Average F length was 2.2 mm with a standard deviation of 1.98 mm. Average concentration of F per 
sample was 11.50 F/m3, with a standard deviation of 24.54 F/m3. The locations with the highest 
concentrations of F were Säveån (S1-2, 115 F/m3), and Göta älv upstream (G1_2, 57 F/m3). One 
interesting finding was observed in sample G1_2 where F’s had clumped together to form entangled 
clots consisting of many different F’s of varying colors and thicknesses, contained within some sort of 
organic jellylike substance (Figure 9). These types of clots were observed in several other samples but 
were particularly prevalent in (G1_2, 56.55 F/m3), which explains why the F concentration obtained in 
this sample was so high compared to the other samples taken from this location; (G1_1, 1.15 F/m3) and 
(G1_3, 3.15 F/m3).  

3.2.1.4. Mass concentration 
The mass concentration varied from 0 to 1.76 mg/m3. Average mass concentrations were 0.30 mg/m3 
with a standard deviation of 0.46 mg/m3. The locations with the lowest mass concentrations were 
Lärjeån upstream (L1, 0.012-0.288 mg/m3), Göta älv upstream (G1, 0.0-0.048 mg/m3), and downstream 
(G2, 0.018-0.192 mg/m3) (Table 8). The locations with the highest mass concentrations were Mölndalsån 
downstream (M2, 0.042-1.76 mg/m3), Säveån upstream (S1, 0.066-1.63 mg/m3), and Kvillebäcken (K2, 
0.132-1.10 mg/m3). 
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Table 8. Concentrations of microplastics (MP), other anthropogenic particles (OA), and fiber (F) >300 µm in the 10 different 
locations from three different field sampling campaigns. In the abbreviations listed in the left column, the first letter indicates at 
what location the sample was taken, the first number indicates (1) upstream (2) downstream, and the last number indicates in 
what field sampling campaign the sample was taken (1) (2) (3). Ex, L1_1 is Lärjeån upstream, first field sampling campaign. 
*These concentrations are estimated, the flow meter malfunctioned during these samplings, sample volumes were therefor 
based on estimated flow rate multiplied by sampling times. 

Sample Sample 
location 

MP/m3 MP mass/m3 (mg) OA/m3 F/m3 ML/m3 

L1_1 Lärjeån 
upstream 

0.60 0.024 0.25 1.50 2.35 

L1_2 Lärjeån 
upstream 

0.35 0.012 0.00 2.10 2.45 

L1_3 Lärjeån 
upstream 

0.60 0.288 0.00 4.93 5.53 

L2_1 Lärjeån 
downstream 

5.87 0.522 1.09 10.65 17.61 

L2_2 Lärjeån 
downstream 

0.60 0.102 0.05 1.55 2.20 

L2_3 Lärjeån 
downstream 

0.15 0.018 0.00 1.85 2.00 

M1_1 Mölndalsån 
upstream 

2.95 0.15 3.95 25.55 32.45 

M1_2 Mölndalsån 
upstream 

3.89* 0.14 1.56* 23.11* 28.56* 

M1_3 Mölndalsån 
upstream 

0.50 0.036 0.00 1.85 2.35 

M2_1 Mölndalsån 
downstream 

3.65 1.758 0.15 11.05 14.85 

M2_2 Mölndalsån 
downstream 

2.67 0.127 0.00 39.61 42.28 

M2_3 Mölndalsån 
downstream 

0.90 0.042 0.65 1.30 2.85 

S1_1 Säveån 
upstream 

2.62* 0.227 0.05* 25.44* 28.10* 

S1_2 Säveån 
upstream 

21.91 1.634 0.00 93.19 115.11 

S1_3 Säveån 
upstream 

0.55 0.066 0.50 4.10 5.15 

S2_1 Säveån 
downstream 

4.21 0.537 0.21 15.37 19.79 

S2_2 Säveån 
downstream 

0.80 0.144 0.00 9.35 10.15 

S2_3 Säveån 
downstream 

1.00 0.384 0.35 6.60 7.95 

K2_1 Kvillebäcken 0.62* 0.825 0.00* 4.62* 5.23* 
K2_2 Kvillebäcken 0.95 1.104 0.05 4.10 5.10 
K2_3 Kvillebäcken 0.70 0.132 0.00 2.25 2.95 
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Å2_1 Stora ån 6.60* 0.21 0.20* 13.05* 19.85* 
Å2_2 Stora ån 0.95 0.072 0.10 3.45 4.50 
Å2_3 Stora ån 1.30 0.054 0.15 2.65 4.10 
G1_1 Göta älv 

upstream 
0.15 0.042 0.00 1.15 1.30 

G1_2 Göta älv 
upstream 

0.40 0.018 0.00 56.55 56.95 

G1_3 Göta älv 
upstream 

0.55 0.192 0.00 3.15 3.70 

G2_1 Göta älv 
downstream 

0.65 0 0.20 5.95 6.80 

G2_2 Göta älv 
downstream 

0.05 0.042 0.00 2.10 2.15 

G2_3 Göta älv 
downstream 

0.05 0.048 0.10 1.50 1.65 

 

 

Figure 9 Picture taken of G1_2 under a light microscope, showing a common occurrence where fibers have grouped together to 
form clots of many fibers inside of some jelly like substance. 

3.2.1.5. Microplastic type composition and distribution 
The composition of the three main categories MP, OA and F in the >300 µm size fraction is presented in 
(Figure 10). F was the largest of the three main categories (84.6 %). The second largest group were MP 
which, divided into its different subcategories made up, particles/fragments (9.2 %), film (1.9 %), 
expanded cell structure (0.4 %), filament (1.1 %), pellets (0.4 %). OA was the least prevalent of the three 
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main categories which, divided into its different subcategories made up, oil particles (2.2%), metal (0.2 
%), semi solid particles (0.07 %), and combustion particles (0.06 %). A F to MP ratio of roughly 8:1 is fairly 
consistent with reports from other similar studies (Beer et al., 2017; Norén and Magnusson 2014; IVL 
Svenska Miljöinstitutet, rapport 2018:28). 

 

 

Figure 10: Circle diagram showing the results from the visual classification under microscope, the total composition of fibers (F) 
and the different subgroups of microplastics (MP) and other anthropogenic particles (OA) in the >300 µm size fraction of all 
samples. 

A list of the composition of MP, OA and F for each specific sample can be found in Appendix 6. A 
graphical illustration of a selected number of samples is presented in Figure 11. As can be seen in figure 
10, F was the most prevalent category in all samples. The relative abundance of the three main 
categories MP, OA and F were similar between replicates for most locations apart from locations M1 and 
G1. This could perhaps be expected as MP and OA is likely to vary due to unknown factors governed by 
various events in the city at each location. As can be seen in Figure 11, the prevalence of black semi solid 
sticky oily particles were significant in two of the replicates in Mölndalsån upstream. This location were 
right next to a construction site where construction workers were laying asphalt during the time of 
sampling (Figure 12). This could be a temporary source of the black oily particles since asphalt is made of 
a mixture of bitumen, which have a strong visual and physical resemblance to the black oily and sticky 
particles that were found on the samples. Another interesting find was the relative high occurrence of 
pellets in sample G1_3 (Göta älv upstream) (Figure 11 & 13).  
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Pellets were present in 12 different samples, with the most noticeable occurrence being in the sample 
mentioned G1_3 which were taken in 2018-12-13 at Göta älv upstream, where a surge of 6 pellets were 
found in the sample.  

 

 

Figure 11: Relative composition of microplastic type found on the >300 µm filter in replicate 1, 2 and 3 from samples M1 
(Mölndalsån upstream), K2 (Kvillebäcken), Å2 (Stora ån), and G1 (Göta älv upstream). M2_1 (Mölndalsån, upstream, first 
replicate). A complete list of the relative composition of all samples can be found in Appendix 6. 
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Figure 12: (Left) Black semi solid sticky oily particles, possibly bitumen, categorized as “oil particles”, found in abundance in 
sample M2_1 and M2_2 of Mölndalsån upstream. (Right) A picture of a construction worker burning asphalt at the sample 
location of Mölndalsån upstream. 

 

Figure 13: Pellets found on the >300µm filter in sample G1_3 (Göta älv upstream). The pellets were identified as PE (left), PE 
(middle), and PS (right) 

. 
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3.2.2. 50 µm  
 

3.2.2.1. Microplastics  
The samples collected on the 50 µm mesh filters contained 0 to 54 MP per sample, corresponding to 0 to 
80.8 MP/m3. Average MP concentrations were 14.6 MP/m3 with a standard deviation of 18.16 MP/m3. 
The relatively large standard deviation indicates a large variation between different sample locations. 
The locations with consistently low concentrations of MP were, Lärjeån upstream (L1, 2.94-9.43 MP/m3), 
Göta älv upstream (G1, 3.33-4.57 MP/m3), and Göta älv downstream (G2, 0-6.5 MP/m3) (Table 9).  

The highest concentration of MP was obtained from Säveån upstream (S1-2, 80.8 MP/m3). Other 
locations with high concentrations were Stora ån (Å2, 17.5-41.1 MP/m3) and Mölndalsån upstream (1.6-
36.21 MP/m3). Concentrations between replicates at each locations were less consistent compared to 
the variation between replicates on the 300 µm filters.  

The number of particles collected on the 50 µm filter is dependent on the sample volume, which in turn 
is limited to the amount of organic and inorganic debris present in the water, as explained in the 
method, section 2.3. Sample volumes for the 50 µm mesh filters varied from 0.093 to 2.48 m3, with an 
average sample volume of 1.29 m3. The varying sample volume could possibly be a contributing factor to 
the irregularity of MP concentrations at this size fraction.   

3.2.2.2. Other anthropogenic particles 
The samples collected on the 50 µm mesh filters contained 0 to 4 particles of OA per sample, 
corresponding to 0 to 3.74 OA/m3. Average concentrations were 0.32 OA/m3, with a SD of 0.79 OA/m3. 
OA was only found in 5 out of the 30 samples (Table 9). The relative number of OA were much lower in 
the 50 µm fraction compared to the 300 µm fraction. This could indicate a bias in the method with an 
underrepresentation of OA in the data due to difficulties identifying OA in this size fraction. 

3.2.2.3. Fiber 
The samples collected on the 50 µm mesh filters contained 6 to 291 F per sample, corresponding to 3.7 
to 172 F/m3. Average concentrations of F were 37.9 F/m3, with a SD of 40.2 F/m3 (Table 9). In 
correspondence with the results of the 300 µm fraction, F were the most prevalent of the three main 
categories, making up 73.9 % of the total number of (MP+OA+F).  

Table 9. Concentrations of microplastics (MP), other anthropogenic particles (OA), and fiber (F) in the >50 µm size fraction found 
at the 10 different locations during three different field sampling campaigns. The first letter in the sample name indicates at 
what location the sample was taken Lärjeån (L) Mölndalsån (M) Säveån (S) Kvillebäcken (K) Stora ån (Å) and Göta älv (G), the 
first number indicates (1) upstream (2) downstream, and the last number indicates in what field sampling campaign the sample 
was taken (1) (2) (3). *The flowmeter malfunctioned during these samplings, sample volumes for these samplings were 
estimated based on the average pump velocity with the 50 µm mesh filter installed. ** This sample had an unusually small 
sample volume of less than 0.1 m3, the results for this sample carry high uncertainty.  

Sample Sample location MP/m3 OA/m3 F/m3 ML/m3 
L1_1 Lärjeån upstream 2.94 1.47 19.12 23.53 
L1_2 Lärjeån upstream 7.30 0.00 21.90 29.20 
L1_3 Lärjeån upstream 9.43 0.00 56.60 66.04 
L2_1 Lärjeån downstrean 32.26** 0.00** 172.04** 204.30** 
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L2_2 Lärjeån downstrean 6.53 0.00 43.27 49.80 
L2_3 Lärjeån downstrean 0.00 0.00 8.40 8.40 
M1_1 Mölndalsån upstream 17.50 0.00 66.25 83.75 
M1_2 Mölndalsån upstream 36.21 0.00 47.35 83.57 
M1_3 Mölndalsån upstream 1.60 0.00 3.74 5.34 
M2_1 Mölndalsån 

downstream 
4.62 0.00 16.92 21.54 

M2_2 Mölndalsån 
downstream 

14.51 0.00 21.77 36.28 

M2_3 Mölndalsån 
downstream 

10.96 0.00 17.66 28.62 

S1_1 Säveån upstream 55.24* 1.90* 53.34* 110.48* 
S1_2 Säveån upstream 80.77 0.00 119.23 200.00 
S1_3 Säveån upstream 2.69 0.00 19.90 22.59 
S2_1 Säveån downstream 6.00 0.00 14.67 20.67 
S2_2 Säveån downstream 9.50 0.00 18.50 28.00 
S2_3 Säveån downstream 3.67 0.00 17.11 20.78 
K2_1 Kvillebäcken 13.71* 3.05* 16.76* 33.53* 
K2_2 Kvillebäcken 17.54 0.00 34.19 51.73 
K2_3 Kvillebäcken 5.24 0.00 23.38 28.62 
Å2_1 Stora ån 41.14* 2.29* 30.48* 73.91* 
Å2_2 Stora ån 17.49 0.00 21.99 39.48 
Å2_3 Stora ån 20.81 0.00 147.72 168.53 
G1_1 Göta älv upstream 4.57* 0.00* 16.76* 21.33* 
G1_2 Göta älv upstream 3.33 0.00 34.17 37.50 
G1_3 Göta älv upstream 3.53 0.00 21.18 24.71 
G2_1 Göta älv downstream 6.50 0.00 27.00 33.50 
G2_2 Göta älv downstream 3.00 1.00 7.50 11.50 
G2_3 Göta älv downstream 0.00 0.00 17.39 17.39 

 

3.2.2.4. Microplastic type composition and distribution 
The total composition of all ML in the >50 µm size fraction had a different profile compared to the larger 
>300 µm size fraction. The total number of particles found were 1 764 and of those, the majority were F 
(74 %), particles/fragment (22 %), film (2 %), filament (2 %), and pellets (0.057 %) (Figure 14). No 
expanded plastic cellstructures were found and identified in any of the samples. F is still the most 
prevalent of the three main categories, but to a lesser extent than what was found in the >300 µm size 
fraction. A possible explanation for this phenomenon could be due to fragmentation, where MP’s, due to 
its three dimensional structure has the potential to fragment into more particles than F’s, which typically 
only fragment lengthwise due to its one dimensional structure.  

OA were less prevalent in this size fraction and made up 0.6 % of the total number of particles and of 
those, oil particles were most prevalent at 0.57 % of the total number followed by 0.07 % semi solid 
synthetic particles. Metals were not counted in this fraction due to contamination from the aluminum 
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foil inside the storage jar. The 50 µm filters were stored at the bottom of the storage jar and in direct 
contact with the aluminum foil. This likely caused the aluminum foil to oxidize and break apart into small 
fragments that fused with several of the 50 µm filters. 

 

 

Figure 14 Circle diagram showing the total composition of fibers (F) and the different type categories of microplastics (MP) and 
other anthropogenic particles (OA) in the >50 µm size fraction of all samples. 

A list of the composition for each specific sample can be found in Appendix 7. A graphical illustration of a 
selected number of samples is presented in Figure 15. F was the most prevalent of the three main 
categories in the majority of the samples. Particles and fragments were present as the most prevalent 
MP type in all but one sample (L1_1). No MP or OA were found in samples L2_3 and G2_3. Pellets were 
only found in Göta älv downstream (G2_1) where one small green pellet was found (Figure 5). The low 
prevalence of pellets could be an indication that the industrial production and use of pellets smaller than 
<300 µm may be rare. 
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Figure 15. Relative composition of MP, OA and F found on the >50 µm filter in replicate 1,2 and 3 from samples M1 (Mölndalsån 
upstream), K2 (Kvillebäcken), Å2 (Stora ån), and G1 (Göta älv upstream). M2_1 (Mölndalsån, upstream, first replicate). A 
complete list of the relative composition of all samples can be found in Appendix 7.*The flowmeter malfunctioned during these 
samplings, sample volumes for these samples were estimated based on the average pump velocity with the 50 µm mesh filter 
installed 
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3.3. Correlation between concentration and other factors 
 

3.3.1. Precipitation & Water flow 
It has been speculated that an increase in precipitation could cause a temporary increase in MP 
concentrations due to MP being flushed into water streams by the rainwater. Such trends were only 
observed at a few locations (Table 10). In the >300 µm fraction, Lärjeån downstream (L2_1) went from 
5.9 MP/m3 during high precipitation of 4.3 mm during the day of sampling, down to 0.6 MP/m3 when 
there was no precipitation (L2_2). Säveån downstream (S2_1) went from 4.2 MP/m3 when there was 
high precipitation of 13.2 mm during the day of sampling, down to 0.8 MP/m3 when there was no 
precipitation (S2_2). However, these results could be incidental as there were no consistent correlation 
of precipitation and MP concentrations for any of the other locations. More samples would be required 
in order to determine the correlation between precipitation and MP concentrations. Since the extraction 
method of 50 µm filters was not yet validated, only the results collected with the 300 µm filters were 
considered for this comparison. 

Table 10: Precipitation, water flow and concentrations of microplastics (MP) at each site during sampling. 

Sample Sample 
location 

Date Precipitation 
(mm) 

Water flow 
(m3/s) 

MP/m3 

L1_1 Lärjeån 
upstream 

2017-09-11 9.6 0.521 0.60 

L1_2 Lärjeån 
upstream 

2017-10-04 9.9 0.579 0.35 

L1_3 Lärjeån 
upstream 

2017-12-11 4.1 0.884 0.60 

L2_1 Lärjeån 
downstream 

2017-09-13 4.3 4.73 5.87 

L2_2 Lärjeån 
downstream 

2017-10-06 0 3.83 0.60 

L2_3 Lärjeån 
downstream 

2017-12-13 18.2 3.84 0.15 

M1_1 Mölndalsån 
upstream 

2017-09-12 23.2 6.16 2.95 

M1_2 Mölndalsån 
upstream 

2017-10-05 14.5 6.18 3.89 

M1_3 Mölndalsån 
upstream 

2017-12-12 6.1 11.1 0.50 

M2_1 Mölndalsån 
downstream 

2017-09-12 1.9 6.67 3.65 

M2_2 Mölndalsån 
downstream 

2017-10-05 0 6.89 2.67 

M2_3 Mölndalsån 
downstream 

2017-12-12 1.6 11.7 0.90 
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Sample Sample 
location 

Date Precipitation 
(mm) 

Water flow 
(m3/s) 

MP/m3 

S1_1 Säveån 
upstream 

2017-09-11 13.2 12.5 2.62 

S1_2 Säveån 
upstream 

2017-10-04 13.9 19.4 21.91 

S1_3 Säveån 
upstream 

2017-12-11 3.8 44.5 0.55 

S2_1 Säveån 
downstream 

2017-09-11 13.2 12.5 4.21 

S2_2 Säveån 
downstream 

2017-10-05 0 20.3 0.80 

S2_3 Säveån 
downstream 

2017-12-11 3.8 44.5 1.00 

K2_1 Kvillebäcken 2017-09-12 1.9 0.651 0.62 
K2_2 Kvillebäcken 2017-10-05 0 0.745 0.95 
K2_3 Kvillebäcken 2017-12-12 1.6 0.386 0.70 
Å2_1 Stora ån 2017-09-12 0 1.17 6.60 
Å2_2 Stora ån 2017-10-05 0.3 1.13 0.95 
Å2_3 Stora ån 2017-12-12 0.5 0.691 1.30 
G2_1 Göta älv 

upstream 
2017-09-13 2.5 130 0.65 

G2_2 Göta älv 
upstream 

2017-10-06 0 150 0.05 

G2_3 Göta älv 
upstream 

2017-12-12 1.6 288 0.05 

G1_1 Göta älv 
downstream 

2017-09-12 12.1 102 0.15 

G1_2 Göta älv 
downstream 

2017-10-05 0 122 0.40 

G1_3 Göta älv 
downstream 

2017-12-13 18.2 228 0.55 

 

Higher water flow was correlated with lower concentrations of MP, F and OA. A possible explanation for 
this could be that an increased water flow means that there is more water in the system. If the water 
entering the system has lower concentrations of ML than what is present in the water system, there will 
be dilution decreasing the concentrations of ML. This may explain what was seen in the samples taken 
from Göta älv, which had significantly lower concentrations compared to the samples taken from the 
water course systems leading into Göta älv. When factoring water flow, all points except Säveån 
experienced an increase in ML downstream, indicating more sources of ML pollution along the water 
course.  
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3.3.2. pH & electrical conductivity 
Measured at room temperature pH ranged from 6.74-7.65. Electrical conductivity were lowest in Lärjeån 
upstream (68.2-93 µS/cm), Säveån downstream (81.7-85 µS/cm), Säveån upstream (80.6-108), and Göta 
älv upstream (69.1-120 µS/cm). Highest measured electrical conductivity was Göta älv downstream 
(1 700-4 730 µS/cm), Stora ån (70-1 790 µS/cm), and Kvillebäcken (250-1 110 µS/cm). Göta älv 
downstream is likely having high electrical conductivity due to salt water from the ocean mixing with the 
fresh water. The complete list of pH and electrical conductivity is listed in Table 11. 

Table 11: Electrical conductivity and pH for each sampling site. ** a portable electrical conductivity meter was used for 
measuring these samples. xx ** the portable electrical conductivity meter could not measure these samples.– no pH 
measurements were made as no water samples were collected from the first field sampling campaign.  

Sample Date Electrical conductivity 
(µS/cm) 

pH 

L1_1 2017-09-11 93 ** - 
L1_2 2017-10-04 74.7 6.88 
L1_3 2017-12-11 68.2 6.74 
L2_1 2017-09-13 xx ** - 
L2_2 2017-10-06 92.7 7.02 
L2_3 2017-12-13 224 7.04 
M1_1 2017-09-12 xx ** - 
M1_2 2017-10-05 102 7.02 
M1_3 2017-12-12 116 6.96 
M2_1 2017-09-12 123 ** - 
M2_2 2017-10-05 103 7.05 
M2_3 2017-12-12 125 6.91 
S1_1 2017-09-11 108 ** - 
S1_2 2017-10-04 85.2 6.95 
S1_3 2017-12-11 80.6 6.97 
S2_1 2017-09-11 xx ** - 
S2_2 2017-10-05 81.7 6.99 
S2_3 2017-12-11 85 6.91 
K2_1 2017-09-12 274 ** - 
K2_2 2017-10-05 250 7.6 
K2_3 2017-12-12 1 110 7.65 
Å2_1 2017-09-12 264 ** - 
Å2_2 2017-10-05 275 7.44 
Å2_3 2017-12-12 1 790 7.52 
G2_1 2017-09-13 120 ** - 
G2_2 2017-10-06 70 7.14 
G2_3 2017-12-12 69.1 7.13 
G1_1 2017-09-12 1 700 ** - 
G1_2 2017-10-05 2 350 7.12 
G1_3 2017-12-13 4 730 7.13 
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Multivariate statistical analysis with principal component analysis showed no significant relationship 
between neither electrical conductivity nor pH with MP, F, or OA concentrations. 

One thing to consider before any assumption is that it is possible that factors, such as nitrogen content 
and turbidity might also affect ML concentrations in surface and near surface water. 

3.3.3. Massflow 
Results show an inverse relationship between water flow and concentrations of ML. One realization 
made during this project is that an increased flow rate might cause a dilution effect and thus decrease 
concentrations. Especially if the water entering the water stream has lower MP concentration levels. This 
might be an important factor to consider as the water flow and thus the amount of water might change 
along the water course downstream. An idea to adjust for this might be to measure mass flow, i.e. 
particles and/or mass of microlitter passing. This would be calculated either by taking the number of 
particles per cubic meter multiplied with flow rate to obtain the number of particles passing per time 
unit (equation 1) or by taking mass concentration multiplied with flow rate to achieve the mass of 
microlitter passing per time unit. It should be noted that this suggestion is based on speculation about 
the relationship between ML concentration and flow rate. This possible correlation should be explored 
with further research. 

 

�𝑀𝑀𝑀𝑀
𝑚𝑚3 ∗

𝑚𝑚3

𝑠𝑠
� = 𝑀𝑀𝑀𝑀 𝑠𝑠⁄          (Equation 1) 

 

�𝑚𝑚𝑚𝑚
𝑚𝑚3 ∗

𝑚𝑚3

𝑠𝑠
�  𝑚𝑚𝑚𝑚 𝑠𝑠⁄         (Equation 2) 

3.3.4. Sample volume 
Higher concentrations were correlated with lower sample volumes. This could indicate that either there 
was a correlation of higher ML concentrations in the water when debris of other materials are high. Or 
that something with the sampling method was affected when there is higher concentrations of organic 
and inorganic debris in the water. As previously explained, higher concentrations of debris in the water 
could lead to obstruction of the mesh filter, effectively decreasing pore size and thus possibly trapping 
particles of smaller size on the 300 µm mesh filter, thus producing an overestimation. This might have 
been the case with the sample from Säveån upstream (S1_2) which had a significantly lower sample 
volume of 4.6 m3, instead of 20 m3. 

3.4. Microplastic characterization 
 

3.4.1. ATR-FTIR 
Of the total 897 MP particles that were found and visually characterized, 256 were selected for ATR-FTIR 
analysis. Particles analyzed with ATR-FTIR were identified as polyethylene (46.5 %), polypropylene (17.2 
%), polystyrene (9.0 %), polyethylene terephthalate (3.1 %), polyamide (1.2 %), and unmatched (23 %) 
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(Figure 16). The relative proportions of the polymers found are similar to what has been reported by 
other studies (Rotander & Kärrman 2019; Enders et al 2015). A graphical ATR-FTIR spectra of a single MP 
particle from sample S1_1 is presented in Figure 17, showing the particle to have a 94 % match with 
polyethylene. A complete list of each ATR-FTIR analysis have been listed in Appendix 8.   

 

Figure 16: A Pie chart illustrating polymer distribution of all MP particles that were analyzed with ATR-FTIR. Polymers identified 
were PE (polyethylene), PP (polypropylene), PS (polystyrene), PET (polyethylene terephthalate), PA (polyamide), and unmatched 
particles 

 

 

 

Figure 17: ATR-FTIR spectra of an MP particle found in sample S1_1 (purple line), which have been given a 94 % match with 
polyethylene virgin plastic reference material (black line) through the FTIR processing software. 

It should be noted that 71.46 % of the total number of particles were not selected for ATR-FTIR analysis. 
Due to bias explained in section 2.12., it should not be assumed that the non-tested particles share 
exactly the same proportional distribution as the portion that was tested. The polymer distribution of 
the tested portion should only be used as a rough indication of the total polymer distribution.  
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A visual illustration of the distribution of polymer type, including pictures of the particles analyzed from a 
single sample are listed in Figure 18.  

 

 

Figure 18: A visual illustration of the distribution of polymer type of sample M2_2 (Mölndalsån downstream, 2nd replicate) and 
photographs of some of the particles identified as the different polymers by ATR-FTIR analysis, PE (polyethylene), PP 
(polypropylene), PS (polystyrene), PET (polyethylene terephthalate), PA (polyamide), and unmatched particles. The photographs 
were taken with a camera (Axiocam ERc 5) mounted on a light microscope (Stemi 508, Zeiss). 
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The complete results from the ATR-FTIR analysis are presented in Table 12. The table show the 
percentage of particles analyzed from each sample and how many particles from each sample that could 
be matched with reference plastic polymer material. 

Table 12. The percentage of MP & OA which were chosen from the total count of each respective sample for analysis with ATR-
FTIR. The results show number of particles that were matched with PE (polyethylene), PP (polypropylene), PS (polystyrene), PET 
(polyethylene terephthalate), PA=polyamide, and unmatched particles. 

Sample Sample 
location 

Particles of MP & OA 
tested (%) 

# PE # PP # PS # PET # PA # unmatched 

L1_1 Lärjeån 
upstream 

16.7 1 1     

L1_2 Lärjeån 
upstream 

57.1 2 1    1 

L1_3 Lärjeån 
upstream 

22.2 1   1   

L2_1 Lärjeån 
downstream 

7.4 1     1  

L2_2 Lärjeån 
downstream 

16.7 1     1 

L2_3 Lärjeån 
downstream 

66.7  1    1 

M1_1 Mölndalsån 
upstream 

13.6 6 1 1    

M1_2 Mölndalsån 
upstream 

12.9 6 1    2 

M1_3 Mölndalsån 
upstream 

20.0  1 1    

M2_1 Mölndalsån 
downstream 

26.0 7 7 4  1  

M2_2 Mölndalsån 
downstream 

64.6 20 2 2 2 1 4 

M2_3 Mölndalsån 
downstream 

16.7  3    3 

S1_1 Säveån 
upstream 

60.8 14 2 3 1  11 

S1_2 Säveån 
upstream 

22.3 8 6 2 2  5 

S1_3 Säveån 
upstream 

18.2 1  1    

S2_1 Säveån 
downstream 

10.0 5 2    1 

S2_2 Säveån 
downstream 

62.5 4 1    5 

S2_3 Säveån 
downstream 

40.0 1 1    6 

K2_1 Kvillebäcken 100.0 5 6 2    
K2_2 Kvillebäcken 80.0 9  1 1 1 4 
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K2_3 Kvillebäcken 50.0 2 1 1   3 
Å2_1 Stora ån 12.9 13 1 3    
Å2_2 Stora ån 15.8 1 1    1 
Å2_3 Stora ån 15.4 4      
G1_1 Göta älv 

upstream 
33.3      1 

G1_2 Göta älv 
upstream 

25.0  1    1 

G1_3 Göta älv 
upstream 

36.4 2  2   0 

G2_1 Göta älv 
downstream 

91.7 4 4    3 

G2_2 Göta älv 
downstream 

100.0    1  2 

G2_3  Göta älv 
downstream 

100.0 1     3 

 

3.4.2. NIR Hyperspectral analysis 
All the particles that had previously been measured and characterized with ATR-FTIR analysis were re-
analyzed with NIR hyperspectral imaging. The PLS-DA model was able to correctly classify virgin plastic 
reference pellets with a 100 % success rate (Figure 19). The software could however not successfully 
match the particles from the environmental samples with the plastic reference material to any reliable 
extent (Figure 20). A can be seen in figure 18, not all pixels within each object are uniform, indicating 
that the model was not completely accurate. Small objects consisting of  only a few pixels might therefor 
not produce reliable results with this model.  
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Figure 19: The model was used to predict the polymer type inside the petri dish containing a mixture of pellets of virgin plastic 
reference material. 

 

 

Figure 20: Showing the PLS-DA model applied on environmental samples of MP’s >300 µm collected from surface waters. The left 
portion show a photographic scan of the sample. Individual objects are then identified and listed under “Image”. Each object is 
then matched with a plastic polymer reference material, pixel by pixel. Each pixel is then either not matched (red) or matched 
with a specific polymer type, PE (green), HDPE (brown), PET (blue). 
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The PLS-DA model used in this project was relatively crude. The model was created from scans of pellets 
consisting of reference plastic material. In order to improve identification of environmental samples, the 
model should also include a large number of scans of weathered plastics of different colors and with 
different additives in the polymer. Further, the model can be improved by selecting sections of the 
spectra which bear more molecular information for MP in order to decrease the level of background 
noise and interference in the model.  
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4. Conclusion 
This project has documented ML concentrations and MP polymeric distribution along the major water 
courses in Gothenburg during the fall and winter of 2017. Average concentrations in these samples were 
found to exceed the levels found in nonurban Swedish water courses in other comparable studies (Table 
7) thus confirming the urban areas as a source of ML pollution. ML concentrations were typically higher 
closer to the highly populated inner city compared to samples taken further out from the inner city in 
less populated areas.  

Average concentrations of most ML types were higher in the smaller size 50 µm fraction compared to 
the 300 µm size fraction (Figure 7 & 8). 

Black oily particles, suspected to be bitumen, were found in the upstream location of Mölndalsån. The 
sampling site was located next to a construction site where new asphalt was being laid down and burnt 
near the sampling location at the time of sampling which could potentially be the source of the black oily 
particles. If so, the source is likely to only have been temporary, as the oily black particles were only 
found in the samples taken in September and October but not in December. Other than the black oily 
particles no other source of ML pollution could be pin pointed. This illustrates the stochastic nature of 
ML pollution that change due to the activity in proximity and along the water course. It is likely that the 
concentration and the type of ML at each location will vary differently over time due to the unique 
conditions present at each location. 

No consistent temporal trends were observed. It was realized during the project that the sampling 
strategy might not be the best for exploring temporal trends. To measure temporal trends it might have 
been a better strategy to focus on fewer locations and measure more frequently to see how ML 
concentrations vary over time. 

When looking at possible correlations between MP concentrations and precipitation, results were vague. 
There were no clear correlation of MP concentrations and amount of precipitation either during the day 
of sampling nor of the amount of precipitation during the four days prior to sampling. The number of 
sample sites and samples taken over time were not enough to explore this relationship.  

 

Results seem to indicate a correlation between low sample volume and high ML concentrations in the 50 
µm mesh size filter. It was not clear why this correlation occurred. Since lower sample volumes occurs 
when the mesh filter gets clogged with debris, it was speculated that this would artificially decrease the 
mesh filter size and therefore capture more ML particles. If this speculation is correct then it illustrates 
the importance of choosing appropriate sample volume. Sample volume should not exceed the point 
where filters become clogged.  

No statistical correlation between MP concentrations and electrical conductivity nor pH could be 
observed. 

Extraction methods of samples collected with 50 µm filters needs further improvement. Extracted 
samples still contained lots of non-plastic inorganic and organic debris. Measuring mass concentration of 
ML in the 50 µm size fraction is not possible unless sample extraction can efficiently remove non-plastic 
debris. 
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ATR-FTIR and NIR hyperspectral analysis can successfully confirm polymer structure of MP particles from 
the 300 µm size fraction. However, the goal of being able to use NIR hyperspectral analysis for automatic 
polymer characterization of samples without the initial step of visual characterization was not achieved. 
It was still required to manually select each particle one at a time, which is a subjective and often 
unreliable method. In order to achieve automatic characterization by hyperspectral analysis, sample 
extraction needs to be improved. The extraction method used was not efficient enough at separating MP 
particles from the rest of the debris in the samples. When there’s too much non MP debris in the sample, 
the light path between the sample and the hyperspectral camera often becomes obstructed, thus 
making the MP particles harder to identify by the software. 

The lens and scanning method of the NIR hyperspectral instrument were still to crude for the smaller 
samples collected on the 50 µm filter.  
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