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Abstract 
 
Small fragments of artificial polymers (microplastics, MPs) has been reported for multiple 
environmental matrices from our planet. The omnipresent existence of these microplastics 
even in remote polar areas have raised concern about their potential environmental impacts 
and created a need for effective and standardized analytical methods targeting their detection 
in environmental samples. So far, no methods have been developed for detecting 
microplastics in organic-rich soils. In this master thesis, I evaluate two analytical methods 
(both based on canola oil extractions) targeting microplastics in two contrasting soil 
matrices; one mineral rich (sandy mineral soil from a Podzol) and the other by organic 
matter (sample from a Histosol). I hypothesize that the detection of microplastic has a bias 
that depends on specific plastic particle properties (size, polymer type and morphology) as 
well as on the organic content of soil samples. My results show that the recovery of added 
plastics is strongly dependent on particle size and diminishes with decreasing microplastics 
length. This result was repeated by both extraction approaches.  Polymer shape and soil 
characteristics (organic matter content) affect MPs recovery if oil extractions are conducted 
without pre-treatment (oxidation) step. Here, fibers proved most difficult to detect and low 
recoveries suggested that the method was not applicable to organic rich samples. The 
addition of a pretreatment step including oxidation with sodium hypochlorite improved 
recoveries for organic rich samples and removed the effect of soil type and polymer shape. 
Hence, the use of a pretreatment is essential to extract MPs from organic-rich soils, but it 
also decreases the overall recovery for all type of studied polymers and mostly fibers. My 
study suggests that there is a substantial bias when detecting MPs in soils that is causing a 
general underestimation, especially for small, fibrous particles in organic rich soils. 
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1. Introduction 
 
Microplastic (synthetic polymers being 5 µm to 5 mm in size) in the environment is a 
problem of increasing concern (Thompson et al., 2009). These particles have been reported 
to be ubiquitous, even in our most remote environments including the deepest parts of our 
oceans (Oigman-Pszczol and Creed, 2007; Barnes et al., 2009), snow in polar areas (Barnes 
et al., 2009, Thompson et al., 2004) and even inside humans (Koch and Calafat, 2009). 
Hence, there is an urgent need to improve our ability to detect synthetic polymers (plastics 
from here on) in various environmental matrices to further improve our understanding about 
the fate of microplastic in aquatic and terrestrial environments. The onset of plastic 
contamination can be narrowed down to the last two centuries. Humans have been using 
natural polymers as rubber, cellulose and other different type of resins since 1600 ca. (Hosler 
et al., 1999), but only during the nineteenth century man developed techniques to create 
synthetic polymers to overcome the shortage of natural row materials (Andrady and Neal, 
2009). Plastic can be used at a very different temperatures, are long-lasting, resistant to 
chemicals as well as light and microorganisms, therefore, they are hygienic and suitable for a 
wide range of uses. All these properties along with the low cost of production allowed, from 
the first 50 years of the twentieth century onwards, a strong expansion in both the use and 
develop of an even-increasing variety of plastics (Andrady and Neal, 2009). Among all 
polymers, polypropylene (PP) reached the higher demand on a global scale (21%) followed by 
low-density and linear-low-density polyethylene (LDPE and LLDPE, 18%), polyvinyl chloride 
(PVC, 17%), high-density polyethylene (HDPE, 15%), polystyrene (PS, 8%), polyethylene 
terephthalate (PET, 7%) and polyurethane (PUR, 6%) (PlasticEurope, 2008). In 2017, plastic 
production reached approximately 350 million tons (PlasticEurope, 2018). 
 
However, it was not long time since one of the best qualities of plastics became a matter of 
concern. In fact, their longevity and resistance impede their biodegradation and fast 
fragmentation once plastic-made items are released in the environment. First plastic debris 
were observed in the sea around the 1970s (Carpenter and Smith, 1972) and, nowadays, the 
accumulation of plastics waste, especially in oceans and along beaches, has become a global 
problem phenomena  being reported even at the most remote regions of the planet (Murray, 
2009). Here, the first scientific investigations were mainly focused on macro and meso 
plastics and only after 2004 microplastics (MPs) became a major issue (Thompson et al., 
2004) as they can carry persistent organic pollutants (POP’s) and enter the food web with a 
risk of bioaccumulation and health problems for animals and humans (Oehlmann et al., 
2009; Teuten et al., 2009). After the publication of his article ‘Lost at Sea: where is all the 
plastic?’ (Thompson et al., 2004) many other scientists focused on small particles broadened 
the range in which MPs are now defined. The upper limit of 5 mm was established during an 
international workshop at the National Oceanic and Atmospheric Administration (NOAA) in 
2008, to focus the attention on plastic particles with possible ecological effects related to 
their ingestion by small organisms and thus, representing a source for food chain POP 
accumulation (Arthur et al., 2009). However, since then a diverse set of toxicological and 
monitoring studies have lowered the limit to 1 mm (Van Cauwenberghe et al., 2013; Dekiff et 
al., 2014). 
 
The upper boundary for MPs of 5 mm has been adopted also in the Marine Strategy 
Framework Directive (Hanke, 2013) that has classified the plastic litter as follows: 
macroplastic (>25 mm), mesoplastic (from 5 to 25 mm), large microplastic (from 1 to 5 mm) 
and small microplastics (from 1 mm to 20 µm). The lower limit of MPs is associated with the 
detection limit achievable with FT-IR equipment, but the smaller particle size that can be 
reported depends, however, on “the mesh size of the net or sieve through which the sample 
passed during the sampling, sample preparation or extraction” and/or “dependent on the 
method of detection” (Hanke, 2013).  
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1.1.The breakdown of plastic in the environment. 
 
Once a plastic item is dispersed in the environment, it undergoes two different processes. The 
first, known as degradation process, involves polymer-size break-down (Yabannavar and 
Bartha, 1994) leading to different effects like discoloration, molecular weight loss, 
crosslinking, cyclization, blackening and loss of important properties (Ravve, 2000). Causes 
of degradation involve heating, oxidation, UV exposure, hydrolysis, physical abrasion and 
reaction with man-made atmospheric pollutants as carbon monoxide (CO), sulfur dioxide 
(SO2), nitrogen oxide (NO) and ozone (O3) (Ravve, 2000). The second process, defined as 
deterioration, involves polymer-chemical release of additives (Yabannavar and Bartha, 
1994). The additives leaching process depend on pH, ionic strength and DOC content of the 
solvent as well as on the ratio between polymer pore size and additive size, temperature and 
hydrophobicity/ hydrophilicity of the additive (Teuten et al., 2018). 
 
Additives are chemical compounds that serve to improve plastics performance and 
properties. They can be grouped into categories with the largest group represented by 
plasticizers in which phthalates are the most common (Teuter et al., 2018); other classes of 
additives are flame retardants; antioxidants (arylamines, phenolics and organophosphites); 
acid scavengers; light and heat stabilizers (salt blend, organotin compounds and lead 
compounds); lubricants; pigments (components containing Cobalt, Cadmium, Chromium 
and Lead); antistatic agents; slip compounds and thermal stabilizers (Hahladakis et al., 
2018). So, besides the long degradation time and their subsequent persistence in the 
environment, plastics are also a source of chemical pollutants already known to be potentially 
harmful for living organisms by affecting the endocrine system (e.g. Bisphenol A, 
polybrominated diphenyl ethers, tetrabromobisphenol A and phtalates) (Oehlemann et al., 
2009; Koch and Calafat, 2009; Meeker et al., 2009; Talsness et al., 2009). 
 
Another problem related to the release of plastic in natural environments is the greater 
affinity shown by persistent organic pollutants (POPs) for synthetic polymers compared to 
absorbent organic materials meaning that those compounds can enter again the natural 
system instead of staying or being stored within the organic matter (Teuten et al., 2007). This 
problem is magnified by the fragmentation of the plastic into micro particles, process that, on 
the one hand, increases the surface area available for POPs adsorption and, on the other 
hand, allows the ingestion of plastic materials by different organisms along the food chain 
resulting in bioaccumulation and biomagnification of microplastics and adsorbed pollutants 
(Setälä et al., 2014; Teuten et al., 2007; Gray et al., 2017). Studies have focused mostly on 
water environment, but bioaccumulation and magnification processes are known also in 
terrestrial environment (Lwanga et al., 2017). There are several studies about plastic 
degradation and additive release in controlled terrestrial environment like landfills and 
composting disposal (Song et al., 2009; Teuten et al., 2009), but there is a lack of 
information regarding the fate of those in natural soils. However, it is currently believed that 
within soil leaching process can extract harmful additives from plastics and that plastics can 
adsorb organic pollutants within soils (Teuten et al., 2007). Biodegradation of hydrocarbon 
compounds is ideal at soil pH around 7.5 and the best oxic condition for aerobic 
biodegradation is at a soil moisture around 50% of water holding capacity (Yabannaver and 
Bartha, 1994). However, these conditions rarely occur in naturally acidic forest soils; hence, 
there is a rationale for expecting degradable plastic to be more persistent in natural soils than 
the more commonly studied anthropogenic soils. Yet, studies of plastic in natural soils is very 
rare and there is an urgent need for improving methods that allow detection of micro plastics 
(MPs) in these matrices. 
 
 
 
 



4 
 

1.2.Aims and hypotheses 
 
There is an urgent need of standardized methodologies and techniques to survey plastics in 
the environment, but so far there are no such developed methods of use to the science 
community (Mai, 2018). As a result, the abundance measurements of microplastics currently 
being reported are surrounded by great uncertainties, which is a challenge for environmental 
policymakers trying to evaluate and regulate the impact of plastics in the environment 
(Saxon, 2009). More specifically, techniques elaborated for sea sediments and coastal 
sampling may not be suitable for terrestrial matrices where the fate of microplastic is much 
less studied. Therefore, the aims of my thesis were to develop appropriate methods for 
detection of MPs in natural soils and reveal their methodological detection limits. I 
hypothesized that the recovery efficiency of added plastic is dependent on: i) size of the MPs, 
i.e. decreasing size reduced the likelihood of being detected; ii) type of plastic polymer; iii) 
shape of the MPs and iiii) the organic matter content in the matrix. In order to test my 
hypotheses, I used an existing protocol for extracting MPs from sediments using canola oil 
(Crichton et al., 2017) and a modification of this method to adjust it for soil matrices. The 
implemented method and the original method were also compared and evaluated. 
 
 

2. Materials and methods 
 
 

2.1.Soil sample description 
 
In order to evaluate the method efficiency for MPs extraction in soils, three cores were 
sampled for my MP addition experiments. One soil core was taken from a minerotrophic 
boreal mire close to the area of Blåtjärn, Northern Sweden (64˚N 25’ 56’’, 18˚E 34’ 52’’). This 
peat profile is classified as a Histosol (Driessen et al., 2001). In this minerotrophic mire the 
groundwater rises above the peat surface during periods of heavy runoff (spring and autumn 
flows), but its remote location was selected for the low likelihood of MP contamination. For 
reducing the likelihood of MPs contamination further, the last section (2.5-3.5 m) of the 
entire core is used, which corresponds to peat accumulated for the onset of plastic 
contamination (i.e. peat formed prior to the 19th century). For further site description and 
sampling methods see Zakrzewski-Sharma (2019). 

 
 

Figure 1: Whole section of the Blåtjärn core (top). Soil core sections (bottom) 
display a variation of plant tissues decomposition and mineral content along the 
core, from the upper part at 2,5 m depth (on the left) to the lower section at 3,5 m 
depth (on the right).  
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The two other soil cores were sampled close to Bräntberget in Umeå, Northern Sweden (63˚N 
50’ 29.5’’, 20˚E 18’ 39.8’’). The soil is classified as Podzol (Driessen et al., 2001) formed 
under coniferous forest with an ash-gray subsurface E horizon, bleached by organic acids 
from the O horizon, on top of a spodic illuviation B horizon. The border between the E and B 
horizons is at the depth of about 30 cm. 
 
 

 

 
To test methods ability to recover MPs, the firsts 7 cm 0f the Bräntberget cores (almost 
the entire O layer) are removed to avoid unknown plastic pollution while the whole 
surface of the Blåtjärn core, which was stored in a plastic tube, is scraped off for the 
same reason. 
 

2.2.Microplastics preparation 
 
Microplastics raw materials are unavailable for purchase, hence, to have a homogenous set of 
microplastics, I follow a novel method developed by Cole (2016). In short, this protocol is 
based on aligning fiber-shaped polymers under freezing conditions and cutting them into 
micrometer scale with the use of a cryogenic microtome (cryotome). A detailed description of 
the materials and the workflow follows below: 
I use cellulose acetate (AC) and polylactic acid (PLA), as degradable polymers, and 
polypropylene (PP), as an oil-based polymer, to construct my microplastics, however, some of 
the plastics are not in the form of fibers (see table 1 for further description) thus, I had to 
modify the protocol of Cole (2016). This modification involved an initial cutting stage to 
obtain segments of about 1 cm in length for PLA and, for PP an PLA, multiple steps of 
sectioning and freezing are required, working directly in the cryotome chamber at a 
temperature of -20°C (Microm HM 505 Cryostat microtome) in which both polymers are 
fixed and coated on specimen mounts using the freezing solution (Neg 50TM, Richard-Allan 
Scientific). 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 2: Bräntberget soil core. The characteristic layers of the Podzol are distinguishable 
from right to left as horizon O (dark brown and organic), E (whitish and mineral) and B 
(reddish and mineral). 
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Table 1: Description of the polymers used in the experiment. The specific morphologies and 
characteristics (shape, size and density) are of the raw polymers as provided by the manufacturer. 

 

 
To create rounded flakes, PP pellets are placed parallel to the specimen holder and cut with a 
thickness of 5 µm (figure 3).  
 

 
To obtain fragments with small dimensions, polypropylene pellets are cut at 50 µm, then 
sections are aligned and bind back together before being fixed perpendicularly on the 
specimen mount and cut again at 50 µm thickness. However, due to the shape of the pellet 
and the embrittlement of the material at temperature below -20°C, the fragments turned out 
to have uneven dimensions and the use of a net was necessary to select the desired size. To 
create microfibers from the PP polyfilaments, the Cole (2016) method is follow step by step 
while, to create long fiber, the polyfilaments are kept aligned at a number of five line per 
time, coated with the freezing agent and put in a freezer at -80°C for 10 minutes, then they 
are manually cut at 3 mm length. 
 
The PLA segments are fixed and coated perpendicularly to the mount and cut to a 
length of 5 µm to create disks shaped film. To obtain small microplastics from this 
polymer, other segments are fixed perpendicularly to the specimen mount and cut at 20 
µm thickness, resulting in a continuous tape which is subsequently molded into a 
compact block and cut perpendicularly at a length of 500 µm. The disks obtained from 
this step are bind together and cut again perpendicularly to 1 µm of thickness to obtain 
films with rectangular shapes. The freezing agent has been used whenever the polymer 
sections had to be bonded together and fixed onto the specimen mounts (figure 4). 

POLYMER SHAPE DIMENSION COLOR 
POLYMER 

DENSITY 
MANUFACTURER 

AC 
granulose, 

irregular 

approximately 

between 50 µm 

and 2 mm; 

withe 
1.3 g/mL at 

25 °C (lit.) 

Merck, Sigma-

Aldrich 

PLA monofilament Ø 1,75 mm black 
1.2 g/mL a t 

25 °C (lit.) 
NatureWorks 

PP 
polyfilament 

of 86 fibers 

Ø 28 µm per 

filament 
transparent 

0.9 g/mL at 

25 °C (lit.) 
Goodfellow 

PP 
spherical 

pellets 
3 mm < Ø <7 mm transparent 

0.9 g/mL at 

25 °C (lit.) 

Merck, Sigma-

Aldrich 

Figure 3: PP pellets coated on a specimen mount (left); section of 5 µm thickness collected on aluminum foil 
(middle); particular of the specimen during sectioning (right). 
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After being constructed, the microplastics are visually inspected using a microscope to 
evaluate size and morphology. The PP flakes obtained with the Cryotome method are mostly 
circular with a diameter from 1 mm to 2 mm, but some are cracked showing an elongated 
shape of the equal size range. The particles obtained from the same polymer are irregular 
with sharp edges and convex faces and length varying between 300 µm and 2 mm. Only 
polypropylene fibers have great accuracy in length size that is of 100 µm. PLA microplastics 
films have a length ranging between 100 µm and 800 µm and the width between 100 µm and 
300 µm, due to multiple passages that caused misalignment.  
 

2.3.Sample preparation and analyses 
 
Matrices are gently pushed through a 2mm sieve into a metal pan and manually shaken to 
obtain homogenized samples. From the Podzol soil two subsamples are obtained dividing the 
eluvial (E) and illuvial (B) horizons before sieving. Sieves are previously washed with 
deionized water and oven-dried before each soil-type is sieved. Soils are dried in an oven at 
20°C until constant weight, instead of air-dried in a room environment, to avoid 
contamination of microplastics from atmospheric pollution and are then stored in aluminum 
container at 4°C until further analysis.  
An aliquot of 30 g is taken from each soil before air-drying. The soil moisture is determined 
after heating at 105°C and 70°C, for mineral and organic matrices respectively, until constant 
weight (ASTM D2216, 1998; Jarett, 1983; Mac Farlare and Allen, 1963). After weighing, 
samples are put back in the oven, pre-heated at 550°C, and ignited for 3 hours to perform 
loss on ignition (LOI) as a measure of organic matter content (Hoogsteen et al., 2015; 
Christensen and Malmros, 1982). 
A second aliquot of the oven-dried (20°C) soil from each matrix is taken to evaluate the pH 
following Karla (1995). The soil to water ratio required for the analysis are of 5 g to 20 ml for 
the organic rich samples (Blåtjärn, peat) and of 10 g to 10 ml for the mineral rich samples 
(Bräntberget, Podzol) (Karla, 1995, Soon et al., 2007). 
 

2.4.Texture analyses 
 
Blåtjärn (P) is a peat soil which is considered a textural class itself and no further analysis 
have been done on this matrix. On 100 g of soils E and B from Bräntberget, texture analysis is 
performed following the Hydrometer method (Bouyoucos, 1964). Organic matter is removed 
as a pretreatment following Kaiser and Guggenberger (2003). This latter method assumed 
the use of 100 ml of sodium hypochlorite solution (NaOCl) for 2 g of soil. However, I 

Figure 4: tape formed by the freezing agent that coat the PLA polymer (left); sections aligned and molded 
(middle) and section bounded back and fixed onto the specimen mounts using the freezing agent (right). 
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conducted a test with different soil-to-solution ratios (soil:oxidant) in order to reduce 
consumption of the bleach. I found that a maximum oxidative efficacy is for a mixture of 1: 2 
for mineral matrix B and 1:5 for the organic-rich P (Appendix 1, Table A1) and this mixture is 
used for the studied soil.  
The use of sodium hypochlorite for the Hydrometer method allows to add two essential steps, 
such as the oxidation of the organic matter and the dispersion of the clay particles, therefore 
speeding up the procedure. Briefly, after oxidation, samples are centrifuged and transferred 
into a 1000 ml sedimentation cylinder filled with deionized water at room temperature. The 
suspension is well mixed and the hydrometer reading, along with the temperature 
measurement, are recorded after 40 seconds and 6 hours. A blank reading is also performed. 
 

2.5.Microplastic extraction: MPs separation with canola oil (OEP 
method) 

 
Microplastics are extracted using the lipophilic properties of plastics following Crichton et al. 
(2017). I will refer to this method as OEP (oil extraction protocol) as named by the Author. 
Some modifications, including the use of high organic rich soil, three length classes and three 
different shapes of MPs, are applied in order to evaluate the accuracy of the method in 
respect of the morphology, the plastic type and the size of polymers and its efficiency for 
organic soil matrices. 
From each matrix (B, E and P) four sample of 30 g are taken and spiked as follows:   

• To test polymer type and size influence on extraction efficacy matrices are 
contaminated with 10 pcs of PLA disks (Ø 1,75 mm), 10 pcs of PLA rectangular foil 
medium size (~700 µm in length and ~200 µm in width), 10 pcs of PLA rectangular 
foil small size (~200 µm in length and ~100 µm in width), 10 pcs of CA big size (~1,5 
mm in length and ~600 µm in width), 10 pcs of CA medium size (~700 µm in length 
and ~200 µm in width), 10 pcs of CA small size (~150 µm in length and ~70 µm in 
width), 10 pcs of PP fiber big size (~ 3 mm in length), 10 pcs of PP fragments (~700 
µm in length and ~200 µm in width) and 10 pcs of PP fiber small size (100 µm in 
length), for a total of 90 MPs. 

• To test the influence of shape in MPs recovery an equal number of samples was spiked 
each with 10 pcs of PP fiber (~ 3 mm in length), 10 pcs of PP flakes (Ø ~2 mm) and 10 
pcs of PP fragments (~2 mm in length) for a total of 30 MPs.  Polymer type and size 
used in this test were chosen considering the result of the previous extraction 
experiment. 

 
 
 
 

Water and 
canola-oil 
addition 

x 2 

Rinsing 
x 4 

Water and 
canola-oil 

decantation 

Oil filtration 
MPs 

identificatio
n with light 
microscope 
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2.6.Microplastic extraction: Pre-treatment with sodium hypochlorite 
(OETC method) 

 
For this experiment the same spiking setup is maintained as for the OEP method. Samples 
are pretreated for organic carbon removal with 1M sodium hypochlorite (soil-to-solution 
ratio 1:2 for mineral matrices and 1:5 for the organic soil) following Kaiser and Guggenberger 
(2003) with the exception that soils are placed in 300 ml Erlenmeyer flasks (500 ml for peat 
samples) and the supernatant is gently poured in beakers and kept for MPs extraction. After 
organic matter destruction, the supernatant is left to settle overnight to avoid losing any 
mineral matrix that was accidentally poured with the solution into the beaker. After settling, 
the supernatant is decanted directly into a glass filter funnel equipped with Whatman glass 
microfiber filter GF/A and the matrix residues deposited at the bottom of the beaker are 
washed back into the Erlenmeyer flasks. The matrix is then processed for the MPs extraction 
following Crichton et al. (2017) with the exception that soil and water are not discharged. The 
filters are checked under a light microscope in search of microplastics. 
 
To evaluate soil texture, a modification of the Kettler at al. (2001) method is applied. The 
matrix remained after MPs extraction is sieved through a 0,063 mm standard mesh (No. 
230) in order to divide the sand fraction which is transferred into a pre weighted metal pan 
and dried at 105°C. The silt and clay fractions that passed the mesh are collected in a 1L 
beaker and left settle for 2 h at room temperature (~20°C), after which, the suspended clay 
fraction is poured away while the settled silt fraction is washed in a pre-weighted metal pan 
and dried at 105°C. After drying, both, sand and silt fraction, are combusted at 450°C and 
assessed gravimetrically. The % of each fraction is calculated as follows: 

 
OC = (SDW / 100) * LOI     Eqn 4. 
MF = SDW – OC     Eqn 5. 
% SAND = (MF /Sa450) *100    Eqn 6. 
% SILT = (MF / Si450) *100    Eqn 7. 
% CLAY = 100 – (% SAND + % SILT)    Eqn 8. 

 
Where OC is the organic matter content (Eqn 4), SDW (Eqn 5) is the original sample mass, 
MF (Eqn 5) is the mineral fraction, Sa450 and Si450 (Eqn 6) are the sand and silt weight after 
combustion at 450°C. The combustion step at 450°C for 4 hours is added to oxidize any OM 
residues and obtain a better estimation of the mineral fractions. 
To test the effect of the oxidation step on MPs, 1 CA granule, 1 PLA foil, 1 PP fragment and 1 
PP fiber are oxidized apart. Polypropylene is supplied as a pellet and as a filament, so, it is 
tested for both types. Cellulose acetate has been tested twice cause of the total degradation of 
the first granule, so, the second oxidation has been applied to 1 mg of CA of the big size. The 
selected plastics are inspected using a scanning electron microscope (SEM) (ZEISS, model 
EVO LS15, source: LaB6 crystal, detectors: SE (VPSEG4-model) and BSE (HDBSD), 
parameters: voltage 5 kV, current 200 pA) before and after oxidation. In order to remove the 
sample for NaOCl treatment after imaging, no coating is used during sample preparation; 
MPs are placed onto a carbon adhesive type mounted onto aluminum stub.  
 
Due to the addition of a pretreatment and a texture analysis to the OEP method, I will refer to 
mine as OETC (oxidation extraction texture combined) method. 
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2.7.Statistics 

 
Statistical analysis is accomplished using R (R core team, version 3.4.3, 2017). The data are 
inspected for normality of error and constancy of variance using a Shapiro-Wilk’s test and F-
test when comparing methods, while a visual check is done with qqPlot to inspect within 
method variability. Because both the within and between method data failed the assumption 
of normality and constancy of variance, a generalized linear model with Poisson error and 
log-link is run in order to test the hypothesis 1 (size effect), 2 (polymer type effect), 3 (shape 
effect) and 4 (OM content effect), while interactions between variables are tested with 
ANOVA. Quasipoisson error structure is adopted when models showed over dispersion. The 
comparison of the two methods efficiency through comparison of their mean recovery could 
not be done using an ANOVA due to the failure of the assumption of normality. Thus, a GLM 
model is adopted to verify if the losses of MPs recovered with the modified canola-oil method 
are statistically significant. This test is done on both dataset of the modified method (data on 
shape effect and data on polymer type-and-size effect) by checking the influence of the 
oxidation step through differences of microplastics found in the supernatant and in the 
matrix while, the interaction of this variable (oxidation step) with size, polymer type, shape 
and OM content is studied with ANOVA during GLM model comparison. 
 
 
 
 
 
 
 
  

+ 

Test on bleach 
effects on polymers 

using SEM 

OM oxidation 
Supernatant 

decantation and 
filtration 

MPs identification 
with light 

microscope 

OEP 
No soil and slurry 

discharge 



11 
 

3. Results 
 
 

3.1.Basic soil sample properties 
 
Soil water content is of 51%, 17% and 6% for Blåtjärn P (peat), Bräntberget E (Podzol, eluvial 
horizon) and Bräntberget B (Podzol, illuvial horizon), respectively, while the organic matter 
estimated by LOI is of 42%, 3% and 1% for the same samples (Table 2). The pH value is 4,8 
for P, 4,5 for E and to 5,7 for B. All studied mineral soils are dominated by sand (>89%) and 
with silt and clay contents <5% (Appendix Table A2). 

 
 
Table 2: Basic chemical (pH and organic matter) and textural (dominant fraction) characteristics of the three 
analyzed soil matrices. In the table E is the eluvial horizon and B is the illuvial horizon of the podzol core and P is 
the peat soil matrix. The LOI is performed only on the 2 mm fraction of each soil. 

MATRIX pH LOI % Moisture % Texture 

E 4,5 3 17 sandy 

B 5,7 1 6 sandy 

P 4,8 42 51 organic 

 
 

3.2. Microplastic extraction and hypothesis testing using the OEP 
method.  
 

The OEP method did not work for the organic (peat) soil due to interference with organic 
during the extraction. For this reason, the data referring to the Blåtjärn P soil replicates was 
filled with zero values for both experiments, the shape effect and the polymer-and-size effect 
on MPs recovery. 
 
The average recovery for all MPs, calculated by merging data for all studied plastic types, is of 
25,5% ± 3 (mean ± SD). The recovery mean value among individual polymer type is 17% ± 3 
for PLA, 36,4% ± 4 for CA and 23% ± 3 for PP and among different polymer size classes is 
40,6% ± 4 for big MPs (from 3 mm to 1,5 mm in length), 29,4% ± 3 for medium sized 
microplastics (~700 µm in length) and of 6,4% ± 1 for small MPs (~ 150 µm in length). The 
MPs recovery rates for Podzols B, E and Peat soil P is of 49,7% ± 27% ± 3 and 0%, 
respectively. The main effect among variables on MPs recovery is the size with a p<0,0001 
(GLM, df=2). There is no overall effect of either the plastic and the soil type and thus, the 
organic matter content of the sample, but, polymer type shows a highly significant interaction 
with size effect (ANOVA; F(4)= 5,2; p<0,0003) and, even if less significant, with OM content 
(ANOVA; F(4)= 2,7; p<0,03). In the interaction between polymer and size, is the latter that 
has the higher effect on MPs recovery (figure 5; Appendix 1, Table A3) where the small 
dimensions represent a real challenge for the extraction and identification of all type of 
polymers, especially for PP. Table A4 (Appendix 1)  and figure 5 show the interaction between 
polymer and soil type.  The decreases of the number of microplastics extracted is mainly 
influenced by the type of matrix than to the polymer type. In fact, MPs recovery varies 
similarly among matrices (figure 5) and it is higher for Podzol B and zero for the peat soil 
(Blåtjärn P), regardless of the type of plastic. The influence given by polymer type is higher in 
Bräntberget E that has the greatest variability in MPs recovery (figure 5; Appendix 1, Table 
A4). 
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The total recovery obtained with the OEP method for testing the shape effect on MPs 
recovery is of 37,3% ± 4 (mean ± SD). The recovery among different shapes is of 51% ± 4 for 
flakes, 23 ± 3 for fiber and 38 ± 3 for fragments while it is of 61% ± 3 and 65% ± 3 for 
Bräntberget soils B and E, respectively, and of 0% for Blåtjärn soil P. The main effect on 
microplastics recovery is given by the soil type (GLM; df=2; p<0,0001) and less significant is 
the contribution of polymer shape (GLM; df=2; p<0,005) (figure 6), but there is no 
significant interaction between these two variables in determining the number of MPs 
extracted. 

 
 
 
 

Figure 5: Microplastics extracted using the OEP method. The scale represents the mean number 
of microplastic recovered out of ten particles spiked or the percentage of MPs recovered, where 
10 equal 100%.The graph on the left shows the recovery of CA (cellulose acetate), PLA (polylactic 
acid) and of PP (polypropylene) in relation to their size. The graph on the right display the three 
polymers recovery depending on the matrix type. Bräntberget B and E are sandy soils while 
Blåtjärn is an organic-rich soil. 

Figure 6: Microplastics recovery using the OEP method. The scale represents the mean number of 
microplastic recovered out of ten particles spiked or the percentage of MPs recovered, where 10 
equal 100%. The MPs recovered depending on the effect of OM content of the soils is shown on 
the right while, on the left, are shown MPs recovered in relation to their shape.  Soils B and E are 
sandy Podzols (Bräntberget) while P is an organic-rich soil (Blåtjärn). Flakes, fibers and 
fragments are made of the same polymer that is PP (polypropylene) and are of the big size (from 3 
mm to 1,5 mm in length). 
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3.3.Microplastic extraction with a pre-treatment step including  
sodium hypochlorite (OETC method) 
 

The SEM analysis revealed that the pre-treatment with sodium hypochlorite had a 
differentiated effect on the studied plastics. The oxidation step used in the extractions 
produced a slight deformation along borders on PLA (figure 7) and almost no visual effect on 
polypropylene structure according to the SEM analysis (Fig 8). However, the bleach almost 
destroyed CA (figure 9). The latter plastic also became fragile and easy to crack following the 
oxidation. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

Figure 8: Scanning electron microscope (SEM) images of PP (polypropylene) fragments (top) and fibers 
(bottom) before oxidation (left) and after oxidation (right). The surface texture of the particles shows grooves 
smothering while the formation of furrows arises on fiber surface, but no substantial changes are visible. 

Figure 7: Scanning electron microscope images of PLA (polylactic acid) foils surfaces before and after 
oxidation (left and right, respectively). Some deformations occur along the edges, but the entire shape of the 
polymer does not undergo substantial changes and retains the original morphology. 
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In general, recoveries are lower following treatment with sodium hypochlorite, but this 
pretreatment allows recoveries from the peat soil that was not achieved when using solely 
canola oil.  
 
The total MPs recovery in the OETC experiment of polymer-and-size effect is of 9,4% ± 2. 
Among polymer, PLA has a recovery of 5,4% ± 1, CA of 6,9% ±1 and PP of 15,8 % ±2. 
Considering polymer size, the recovery is of 13,3 ± 2 for big MPs, 13,1% ±2 for medium MPs 
and of 1,7% ± 1 for small sized microplastics while, considering the types of soils, the recovery 
is of 12% ± 2 for Bräntberget soil B, 11% ± 2 for Bräntberget E and 5% ± 1 for Blåtjärn P. 
Variables interaction is significant between polymer and size (ANOVA; F(4)= 4,7; p<0,002) 
and between polymer and soil type (ANOVA; F(4)= 3,8; p<0,006). In the first interaction, 
the size effect is higher for PP with no recovery of fiber with length < 150 µm and a recovery 
of ~24 % in the medium (~ 700 µm) and big (3 mm) size (figure 10; Appendix 1, Table A5). 
The recovery of PLA also decreases with polymer length while the size effect is much smaller 
for CA (figure 10; Appendix 1, Table A5). Overall, this interaction explains the variations in 
recoveries with a drop of small sized MPs but depending on the type of polymer being CA less 
affected. In the interaction between polymer and soil types, PP has the highest recovery rate 
with less variation among soils compare to CA and PLA (figure 10; Appendix 1, Table A6). 
Here, the type of soil plays a minor role in determining the MPs recovered for PP. Also, the 
type of polymer has an influence on the extraction efficiency of MPs, having an important 
effect on sandy soil B where CA has the lowest recovery and PP and PLA reach the greatest 
recovery (figure 10; Appendix 1, Table A6). 
 

Figure 9: Scanning electron microscope (SEM) images of CA (cellulose acetate) granules before oxidation 
(left) and after oxidation (right). Considering that to test the effect of sodium hypochlorite on the CA, 1 mg of 
such polymer is used and that therefore the granule shown in the image on the left is not the same as the one 
in the photo on the right, the images of the granules are however comparable as only medium-sized CAs is 
used for this experiment. It is possible to note the profound degradation of the CA texture (below) and the 
substantial destruction of the granule itself (above).  
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Interestingly, while evaluating the method efficiency in the MPs recovery, only a three-way 
interaction, between the oxidation step (number of MPs in the supernatant), the type of 
polymer and the size, is statistically significant (ANOVA; F(4)=2,7; p<0,03), where the soil 
type has no influence on the method performance. Here, the interaction suggests that the 
MPs recovery from soil matrices decrease for all polymers after the oxidation step and with 
decreasing in length, besides for PLA where recoveries are higher from the soil than from the 
supernatant (figure 11; Appendix 1, Table A7).  
 

 
As for the OEP method, the total MPs recovery (35 % ± 3) is larger in the OETC experiment 
for shape-effect than effects generated by polymer type and-size. Flakes had a recovery of 
39,2 % ± 2, fibers of 24,2 % ± 3 and fragments of 41,5 % ± 3. The recovery ratio among soils is 
of 36,3% ±  3 for Podzol B, 38% ± 2 for Podzol E and 32,7% ±  3 for Peat soil P. Shape and 

Figure 10: Microplastics extracted using the OETC method. The scale represents the mean 
number of microplastic recovered out of ten particles spiked or the percentage of MPs recovered, 
where 10 equal 100%. The graph on the left shows the interaction between polymer type and size, 
while, the graph on the right display polymers- and soil-type interaction. Bräntberget B and E are 
sandy soils while Blåtjärn is an organic-rich soil.  
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Figure 11: Three-way interactions in the OETC method (type and size experiment). 
The scale represents the mean number of microplastic recovered out of ten 
particles spiked or the percentage of MPs recovered, where 10 equal 100%. Letters 
B, M and S refer to MPs of the big, medium and small size, respectively. 
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matrix type have no effects in MPs recovery for the OETC, in fact, the recovery among shape 
and soils is quite homogeneous (figure 12). 

 
 
Introducing the oxidation step as a variable, in order to evaluate the method efficiency in 
microplastic recovery, two significant interactions are found between the soil-type and the 
oxidation-step (ANOVA; F(2)=5,3; p<0,008) and between the shape and the oxidation-step 
(ANOVA; F(2)=20,4; p<0,0001). The loss of MP during pretreatment is greater for Podzol E. 
However, the oxidation step also affects the recovery of PP from the other two types of soil, 
although to a lesser extent (figure 13; Appendix 1, Table A8). The second interaction shows 
that the number of fibers extracted from the matrices will be significantly lowered while, 
fragments are less influenced from the oxidation step. The percentage of fragments and 
flakes in the supernatant is, however, high (figure 13; Appendix 1, Table A9). 

 

 

Figure 12: Mean number of microplastic recovered out of ten particles spiked or the percentage of 
MPs recovered, where 10 equal 100% (OETC). Figure on the left shows the recovery of PP of 
different shapes and, on the right, the PP recovery from the three soil types where B and E are the 
sandy Podzol horizons from Bräntberget, and P is the peat soil from Blåtjärn.  

Figure 13: Significant interactions in the OETC method (shape experiment). The scale represents 
the mean number of microplastic recovered out of ten particles spiked or the percentage of MPs 
recovered, where 10 equal 100%. The figure on the left shows the interaction effect between 
pretreatment and soil type and the figure on the right shows the interaction between 
pretreatment and polymer shape.  
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4. Discussion 
 
 

4.1.The bias: importance of MPs size, polymer type and morphology  
 
The results in this study validated my four hypotheses stating that polymer size, polymer 
type, the morphology of polymers and the soil organic content affects our ability to detect 
microplastics in soils. Here my first hypothesis, suggesting that size matters, was shown valid 
independent of extraction methods. In other words, polymer size contributes mainly to biases 
in MPs detection. Notable, the OEP extraction method resulted in lower recovery efficiency in 
this study in comparison to the original study by Crichton et al. (2017). The average recovery 
obtained by the author was 96,2% ± 2,2 (mean ± SD) while it was as low as 39,4% ± 4 (mean 
± SD) in my experiment. This difference further support the idea that recoveries decrease 
with MP size, as Crichton and colleagues (2017) used MPs of the size of 430 µm  in width and 
970 µm  in length (smallest value for particles), that is bigger than the 700 µm particles used 
in my study.  Crichton et al (2017) obtained a higher extraction efficiency also for fibers for 
which the length ranged between 700 µm and 20 mm, while in my study the smallest length 
was of 100 µm and the biggest of 3 mm. However, the recovery showed no significant 
variation between big and medium MPs, suggesting that the size effect is specific for small 
sized microplastics. The decrease of microplastic with the decrease in polymer size has been 
observed also in other studies (Imhof et al., 2012), but my study is the first to quantify this 
effect for particles as small as 150 µm in length. 
 
The shape of the microplastics was irrelevant for the method efficiency in the original paper 
by Crichton et al (2017) while, in my study, it had a significant effect with fiber and flakes, 
thus validating my third hypothesis. The lower recovery of fibers can be ascribed to the 
smooth surface of virgin fibers facilitate adsorption to walls of flasks and instruments used 
for the extraction (Imhof et al., 2012). However, the shape effect is dependent on methods, 
where its interaction with the oxidation step plays a major rule on MPs losses, especially for 
fibers. This is in agreement with the study by Hurley et al. (2018) who found that fiber 
recovery decreases more than other shapes after organic removal. My second hypothesis was 
validated when considering the interaction of polymer type with size and soil type for both 
methods but, notably, the interaction influence on polymers recovery was stronger in my 
method (OETC). Here, my SEM analysis suggested that the pretreatment with sodium 
hypochlorite altered dimensions and shapes of PLA and CA, if not completely oxidize the 
latter plastic. Furthermore, studies on MPs extraction using the density separation approach 
have used floatation media as NaCl, NaI, ZnCl and CaCl2 (Fries et al., 2013; Nuelle et al., 
2014; Imohof et al., 2012; Stolte et al., 2015) which selectively extract microplastics 
depending on polymer density. Sodium hypochlorite, used to oxidize the OM in my study, 
also selectively extract microplastics from matrices having density lower than the bleach, 
consequently, the OEP has a lower recovery if follows pretreatment. Here, the NaOCl solution 
has a density of 1,12 g cm-3, removing PP (density of 0,96 g cm-3) and leaving PLA settling 
along with the matrix (density of 1,25 g cm-3). Cellulose acetate has a density of 1,3 g cm-3 and 
its recovery was higher in the oxidant solution. This latter result may depend on polymeric 
alterations as a result of the oxidation of NaOCl. Hence, in my study, the polymer type alone 
had no main effect in contrast to other studies (Fries et al., 2013; Nuelle et al., 2014; Imohof 
et al., 2012; Stolte et al., 2015), but the interaction effect suggested that extraction methods 
are important for generating polymer biases. 
 

4.1.1.Oxidation step before extraction or not? 
 

The extraction method based on a pre-treatment to remove organic matter resulted in a great 
decrease in recovery efficiency. In other words, this approach appears less suitable than the 
simple OEP methods if there is no need to remove organic matter from the sample. As 
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evident from the SEM analysis, this lower recovery is due to the oxidation step for OM 
removal that lead to PLA deformation and near complete CA degradation. Most commercial 
cellulose acetate are water insoluble and its decay can be attributed to the use of sodium 
hypochlorite (Gomez-Bujedo et al., 2004; Dehaut et al., 2016). Hence, the increased recovery 
of CA of the medium length (~ 700 µm) for the OETC method could in theory be to the result 
of a partial degradation of big-sized particles (1,5-3 mm), while the small CA (~ 150 µm) 
where mostly completely degraded. Polylactic acid is known to degrade via hydrolysis in 
aqueous solution and the mechanism of degradation is pH dependent proceeding via random 

cleavage under basic condition while pH>4 accelerate the hydrolysis process itself (Elsawy et 
al., 2017). Degradation also effects the polymer strength making PLA brittle (Elsawy et al., 
2017), which was something I observed for this plastic treated with hypochlorite. A further 
consequence of the pretreatment that I have notice is a deterioration leading to discoloration 
of this polymer. My founding is in agreement with the study by Nuelle et al (2018) where 
plastics resulted discolored or transparent and reduced in size, particularly for MPs < 1 mm, 
after an oxidation step with H2O2 for seven days. Therefore, it seems that PLA foils may have 
broken into smaller pieces following treatment with this oxidative agent, and thus, making it 
more difficult to recognition particles of this material, in particular after losing color and 
becoming almost transparent. However, the strong reduction in recoveries for all polymers 
indicate that more intense sample handling in the combined method cause additional losses 
of MPs during pretreatment. The study by Crichton et al. (2017) shows the same finding with 
a reduction in microplastic recovery by 16,8% due to pretreatment of samples with high 
organic contents. Shifting the oxidation step after the extraction, on one hand, would not 
increase the method efficiency (Hurley et al., 2018) and, on the other hand, it would slower 
the filtration rates and increase exponentially the number of filters to be used to avoid the 
formation of thick organic ‘cakes’ inhibiting the extraction (Crichton et al., 2017) (Appendix B 
figures B1-B6). At first glance, the total recovery efficiency is similar between the OEP and 
the OETC methods for investigating the shape effect where PP of the big size is been used. 
However, considering the recovery among soil types, arises that MPs extraction efficiency 
decreases for sandy soils (Bräntberget) after pretreatment but the OETC method can extracts 
MPs from organic soil (Blåtjärn) (figures B8 and B9, Appendix B) rising overall recovery. 
Moreover, if the supernatant is discharged, the losses would rise consistently for the OETC 
method, especially for fibers. Hence the oxidation step is a source of bias especially if we 
consider that fibers are present with the highest ratio in environmental samples among other 
plastics (Crichton et al., 2017; Nuelle et al., 2014; Liu et al., 2018), and, then, their 
assessment in soil matrices can be strongly underestimated.  
 
The organic matter removal is, anyway, an essential step in the extraction of MP from surface 
soils because this material can either interfere in the signal of FT-IR or Raman spectroscopy 
(Mai et al., 2018; Sperber et al., 2016) and prevent visual recognition of different polymers 
(figures B1, B3 and B7 Appendix B). However, most of the studies focus on agricultural soils 
(Liu et al., 2018) or sandy-loam sediments (Nor and Obbard, 2014; Scheurer and Bigalke, 
2018) as organic matrices, whose OM content is low and with a strong degree of 
decomposition/humification. The OM removal protocol in these soils is generally a post-
extraction step (Imhof et al., 2012; He et al., 2018), thus not suitable for soils that can contain 
more than 20% of organic matter. It is clear from my findings, that oxidation steps prior to 
extractions risk to dissolve CA plastic and cause extra losses during the handling-step; hence, 
these analytic losses need to be accounted for when estimating MPs in organic rich 
environmental matrices. 
 

4.2.Importance of soil matrix properties for MP recoveries 
 

Small MPs deposited in soils are important to detect as the pollutants carried by them can be 
translocated deep down into the groundwater (Melanie Bläsing and Wulf Amelung, 2018). 
From my results, it is evident that the properties of the soil matrix itself affect our ability to 
detect MPs and that it is difficult to find a universal extraction method that works for both 
mineral-rich and organic-rich soils. For example, recoveries were systematically lower for 
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organic-rich soil samples than for mineral-rich samples, suggesting that detecting MPs in 
humus and peat is more challenging than in sandy soils (Hurley et al., 2018). Here, organic 
matter inhibits the extraction efficiency of the MPs. In short, incomplete oxidation of 
particulate organic substance leads to the presence plant residues (such as leaves and roots) 
that allows MPs to remain trapped within hollow structures or wrapped around fibrous 
structures during the extraction steps (figure B7-B9, Appendix B). Here it is important to 
mention that my soils were low in silt and clay in similarity to previous methodological 
studies working on sandy sediments (Nuelle et al., 2014; Crichton et al., 2017; Zhou et al., 
2018). Note also that there existed some uncertainties in the organic matter (LOI) and 
texture descriptions in my studied soils. Differences found in the textural analysis between 
the hydrometer and the gravimetrical method (the OETC method) that I observed were 
mostly due to a very low silt and clay content in soil B which reduce the precision of the 
Hydrometer method (American Society for Testing and Materials, 1985). In similar, organic 
matter content was likely underestimated for the 2 mm fraction of the peat soil due to the 
lower temperature to which the matrix was combusted to avoid charring of organic fibers 
(MacFarlane and Allen, 1963). In contrast, LOI estimation at 550°C completely oxidize OM 
(Gibbs, 1977; Shung and Haneklaus, 1996; Hoogsten at al., 2015) with the risks of 
overestimating the organic C due to loss of water from hydrated clay minerals, salts and Fe 
and Al hydroxides as well as caused by loss of CO2 from carbonates (Ball, 1964; Ben-Dor and 
Banin, 1989). Nevertheless, the precise determination of clay and LOI in my samples were 
not central for the main finding and should be viewed as an approximation that clearly 
separated between sandy mineral rich soils and organic rich peat. What might be important, 
however, is to define the quality of organic substances. In fact, comparing the recovery of 
polymers from the three soils in relation to the method applied, it is noted the variation of CA 
recovery that is higher in Podzol E and lower in Podzol B in the OETC method while, it is zero 
in the Peat soil and higher in the Podzol B with the OEP method. This may depend on the 
quantity and quality of the OM that can consume the oxidant in relation to its degree of 
recalcitrance, thus protecting or not the CA from oxidation. The decrease in MPs recovery is 
attributed to size as the overall main effect while shape, polymer type and soil OM content 
play an important role in relation to the methodology applied for the extraction. Particularly, 
the oxidation step plays an important role in method reliability and, on one hand, can lead to 
MPs losses, alteration or degradation and, on the other hand, allows to microplastic recovery 
from organic-rich soils. It appears evident, however, that a better method still needs to be 
developed to handle organic-reach soils for microplastics extraction, if not low recoveries 
around 10% are acceptable. Here, the use of dry sieving may improve small MPs recovery and 
OM removal through large plant residues separation a priori, but also risk additional losses 
during this preparation steps. 

 
4.2.1.Implications 

 
Clearly, if correctly performed, MPs can be extracted from soils—especially for mineral soils 
where interference from organic residues are low. Nevertheless, a majority of added small 
(<200 µm) MPs is not detected, where the lost fraction is all for PP fiber (100 µm). The lower 
recovery I have obtained in my study mostly depend on the use of microplastics of the size < 
0,7 mm, in fact, literature available for extracting plastics from soils consider particles < 1 
mm as small MPs and thus do not distinguish recovery within this range (Browne et al., 
2010; Scheurer and Bigalke, 2018; Liu et al., 2018; Costa et al., 2009). Moreover, studies 
testing method extraction efficiency of MPs rarely adopt polymers size below 0,2 mm (Hurley 
et al., 2018; Fries et al., 2012; Crichton et al., 2017; Coppock et al., 2017; Mohamed Nor and 
Obbard, 2014), which contribute to the relatively high reported recoveries in previous 
studies. In other words, very small microplastics are very difficult to find in environmental 
matrices meaning that assessment of their abundances in nature remains largely 
underestimated. Nevertheless, current studies suggest that MPs are omnipresent in the 
environment and they count for 65% of the total of the size less than 1 mm in estuary 
sediments (Browne et al., 2010). In similar, Zhou et al (2018) found that MPs in the size 
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between 100 and 250 micrometer count of 50% of the particles <1mm and the proportion 
increase with decreasing the MPs size, which is in accordance with Zhau et al (2014).  
 
Another cause of low MPs recovery in my study is related to the increase of organic content in 
soils, particularly peat soils. Extracting microplastics from organic soils is very difficult due to 
the similarity between plastic and organic matter (OM) properties (i.e. density and 
lipophilicity). Prior to my study, there were no extraction methods that were able to separate 
MPs from peat soils. For a perspective, currently available extraction protocols have been 
tested on matrices with OM content usually within a range between 2 % and 7 % (Hurley et 
al., 2018; Wang et al., 2018; Vianello et al., 2013; Crichton et al., 2017), while my samples 
contained more than 40% OM, and, in my study, the use of a pre-oxidation step allowed me 
to recover MPs from peat soils for the first time. Hence, the use of this oxidant agent seems 
promising and further evaluations are needed in respect of other most common polymers and 
the oxidation setup can be adjusted to decrease samples manipulation to enhance MPs 
recovery.  
 
Nevertheless, it is clear that the evaluation of microplastics pollution in soils is a real 
challenge especially for organic-rich matrices. I suggest that further developments in the 
analysis of MPs is needed to avoid misinterpretation of the real impact that microplastics can 
have in natural environments and on living organisms. 
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Appendix A  
 
 

To evaluate the soil-to-oxidant ratio necessary for the OM oxidation, three replicates from 
Blåtjärn P (as a representative of organic soils) and three from Bräntberget B (as a 
representative of mineral soils), of 5 g each, were collected and subject to chemical oxidation 
at different ratios (see table A1).  After oxidation with 1M NaOCl, the samples were 
transferred into pre-weighted crucible and first dried at 105°C for 24 hours and then ignited 
at 550°C to oxidize eventual organic residues. Samples were weighted after each heating step. 
The percentage of organic matter oxidized by NaOCl was calculated as follows: 
 
OMox = SDWi – SDWao                                                                                                                                Eqn 1 

OMres = SDWao – ASH    Eqn2 
%OMox = (OMox / (OMox + OMres)) *100   Eqn 3 
 
Where SDWi and SDWao (Eqn 1) are the soil weight before and after the sodium hypochlorite 
treatment giving the quantity of OM oxidized by the bleach (OMox), ASH is the weight of the 
mineral fraction after combustion at 550°C and OMres represent eventual organic residues 
(Eqn 2 and Eqn 3).  
 
 

Table A 1: ratio between soil weight (g) and oxidant volume (ml) tested to evaluate the minimum quantity of 
NaOCl solution necessary to remove the highest quantity of OM. The percentage of organic matter oxidized is a 
mean value of three replicates per each soil type and ratio. 

R
A

T
IO

 

1:2 1:3 1:5 

SOIL 

Mineral rich (B) 71,1 % 69,4 % 63,6 % 

Organic rich (P) 80,5 % 86,8 % 91,2 % 
 

 

Table A 2: Comparison of the relative percentage of sand, silt and clay resulting from the two methods: the 
hydrometer method and the OECT method. The OECT is essentially a gravimetrical method, performed after MPs 
extraction, following Kettler (2001). The negative value of silt percentage obtained with the hydrometer method is 
due to the very low content of silt and clay that reduce substantially the method reliability (Sheldrick and Wang, 
1993) 

METHOD SOIL 
SAMPLE 

% SAND %SILT %CLAY 

Hydrometer E 89,4 5,1 5,5 

Hydrometer B 98,4 -1,2 2,8 

OECT E 95,1 2,6 2,3 

OECT B 98,6 1 0,5 
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Table A 3: Summary table of the two-way interaction effect between polymer type and polymer size on MPs 

recovery with the OEP method.  

 

 

 

 

 

 
Table A 4: Summary table of the two-way interaction effect between polymer type and soil type on MPs recovery 
with the OEP method. 

 

 

 

 

 
 
Table A 5: Summary table of the two-way interaction effect between polymer type and polymer size on MPs 
recovery with the OETC method. 

 
P

O
L

Y
M

E
R

 
S

IZ
E

 Big 
(from 3 to 1,5 mm 

in length) 

Medium 
(~ 700 µm in 

length) 

Small 
(~ 150 µm in 

length) 

POLYMER TYPE    

Cellulose Acetate (CA) 6% 10 % 4 % 

Polylactic Acid (PLA) 9 % 6 % 1 % 

Polypropylene (PP) 25% 23 % 0 % 

 
 
 
 

 

P
O

L
Y

M
E

R
 

S
IZ

E
 Big  

(from 3 to 1,5 mm 
in length) 

Medium 
(~ 700 µm in 

length) 

Small 
(~ 150 µm in 

length) 

POLYMER TYPE    

Cellulose Acetate (CA) 53 % 4 % 16 % 

Polylactic Acid (PLA) 31 % 17 % 3 % 

Polypropylene (PP) 38 % 31 % 0 % 

S
O

IL
 

T
Y

P
E

 

B 
(Bräntberget, 

Podzol) 

E 
(Bräntberget, 

Podzol) 

P 
(Blåtjärn, 

 peat) 

POLYMER TYPE    

Cellulose Acetate (CA) 66 % 45 % 0 % 

Polylactic Acid (PLA) 41 % 7 % 0 % 
Polypropylene (PP) 43 % 27 % 0 % 
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Table A 6: Summary table of the two-way interaction effect between polymer type and soil type on MPs recovery 
with the OETC method 

 
 
 
 
 
Table A 7: Summary table of the three-way interaction effect between polymer type, polymer size and 
pretreatment on MPs recovery with the OETC method. The letters m and s in the table stand for matrix and 
supernatant, respectively. 

 
P

O
L

Y
M

E
R

 
S

IZ
E

 Big 
(from 3 to 
1,5 mm in 

length) 

Big 
(from 3 

to 1,5 
mm in 
length) 

Medium 
(~ 700 
µm in 

length) 

Medium 
(~ 700 
µm in 

length) 

Small 
(~ 150 
µm in 

length) 

Small 
(~ 150 
µm in 

length) 

POLYMER 
TYPE 

m s m s m s 

Cellulose 
Acetate (CA) 

3 % 9 % 8 % 12 % 4 % 5 % 

Polylactic 
Acid (PLA) 

17 % 2 % 8 % 5 % 2 % 0 % 

Polypropylen
e (PP) 

4 % 45 % 16 %  29 % 0 % 0 % 

 
 
 
 
 
Table A 8: Summary table of the two-way interaction between soil type and pretreatment on MPs recovery with 
the OETC method (shape experiment). Percentage correspond to the mean number of MPs extracted from the 
matrix or from the supernatant for each type of soil. 

 
 
 

S
O

IL
 

T
Y

P
E

 

B 
(Bräntberget, 

Podzol) 

E 
(Bräntberget, 

Podzol) 

P 
(Blåtjärn, 

 peat) 

POLYMER TYPE    

Cellulose Acetate (CA) 3 % 13 % 5 % 

Polylactic Acid (PLA) 10 % 5 % 2 % 
Polypropylene (PP) 22 % 16 % 11 % 

S
O

IL
 

T
Y

P
E

 

B 
(Bräntberget, 

Podzol) 

E 
(Bräntberget, 

Podzol) 

P 
(Blåtjärn, 

 peat) 

Soil matrix 40 % 25 % 41 % 
Supernatant 33 % 48 % 25 % 
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Table A 9: Summary table of the two-way interaction between shape and pretreatment on MPs recovery with the 
OETC method (shape experiment). Percentage correspond to the mean number of MPs of each shape extracted 
from the matrix or from the supernatant. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

P
O

L
T

M
E

R
 

T
Y

P
E

 

Fibers Flakes Fragments 

Soil matrix 5 % 44 % 58 % 

Supernatant 43 % 35 % 25 % 
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Appendix B 
 

Figure B 2: image of a filter after MPs extraction from the soil 
Bräntberget B with the OEP method (type and size experiment). 
Polymers are indicated as follows: PP fragments in pink; PP fiber with 
green arrow; PLA foil in blue and CLA in yellow. The organic cake is 
mostly formed by decomposed OM and very few bigger debris.  

 

Figure B 1: image of a filter after MPs extraction from Bräntberget E 
soil with the OEP method (shape experiment). Polypropylene fibers 
are indicated with violet arrows; PP flakes are circled in blue and PP 
fragments are circled in yellow. The organic cake is mostly formed by 
fungal hyphae, small roots and decomposed OM. Big organic debris 
are visible such as animal remains and charred or woody plants 
residues. 
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Figure B 3: image of a filter after MPs extraction from Bräntberget E 
soil with the OETC method (shape experiment). Polypropylene 
fibers are indicated with violet arrows; PP flakes are circled in blue 
and PP fragments are circled in yellow. The OM cake is strongly 
reduced to a thin light-brown layer with less organic debris. 

 

Figure B 4: image of a filter after MPs extraction from Bräntberget E 
supernatant with the OETC method (shape experiment). 
Polypropylene fibers are indicated with violet arrows; PP flakes are 
circled in blue and PP fragments are circled in yellow. The filter in 
the picture is representative of the shape of microplastics that is 
mostly found from supernatant extraction. 
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Figure B 5: image of a filter after MPs extraction from the soil sample 
of Bräntberget B with the OETC method (type and size experiment). 
Polymers are indicated as follows: PP fragments in pink; PP fiber with 
green arrow; PLA foil in blue and CLA in yellow. PLA foils (1 big-sized 
disk and 2 medium-sized rectangular in this picture) are visibly 
discolored if compared to the black disks in figure B2.  

Figure B 6: image of a filter after MPs extraction from supernatant 
sample of Bräntberget B with the OETC method (type and size 
experiment). Polymers are indicated as follows: PP fragments in pink; 
PP fiber with green arrow; PLA foil in blue and CLA in yellow. 
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Figure B 7: image of a filter after OM removal through oxidation with 
sodium hypochlorite from the Blåtjärn soil. The POM fraction is not 
completely oxidized leading to the presence of hollow and 
semitransparent plant residues, such as leaves and roots that form 
mostly of the yellowish disk on the background. Other charred residues 
and remains of seeds and exoskeletons still recognizable after oxidation. 

Figure B 8: image of a filter after MPs extraction from the soil sample of 
the Blåtjärn (OETC method, shape experiment). Polypropylene fibers 
are indicated with violet arrows; PP flakes are circled in blue and PP 
fragments are circled in yellow. Only some hollow and transparent plant 
residues are present on the filter. 
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Figure B 9: image of a filter after MPs extraction from the supernatant 
sample of the Blåtjärn soil (OECT method, shape experiment). 
Polypropylene fibers are indicated with violet arrows; PP flakes are 
circled in blue and PP fragments are circled in yellow. What is 
interesting, is the higher content of organic residues on filter from the 
supernatant extraction compared to the matrix extraction for this soil 
type. This is due to the low density of the organic fraction that range 
between 1 g*cm-3 and 1,4 g*cm-3 leading to its suspension in the 
oxidation media during the pretreatment. 



35 
 

  

 

 

Department of Ecology and Environmental Science 
(EMG)  
Linnaeus väg 6, KBC 
901 87 Umeå, Sweden  
Telephone +46 90 786 50 00 
www.umu.se  

  


