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This paper aims to quantify data uncertainties in marine microplastic measurements,
including spatiotemporal sampling error and sample volume estimation error, identify
impacts of varying mesh sizes, sampling and analysis methods, and evaluate consistency
in multiple microplastic observation datasets. Twenty-seven datasets on surface marine
microplastics with particle size >100 µm in the Baltic Sea are compiled. Results show that
the trawl datasets have a spatiotemporal sampling error of 25% for microlitter
concentration, 36% for microplastic fiber concentrations and 40-56% for microplastic
particle concentration. By taking surface currents and wave-induced Stokes drift into
account, the sample volume of the trawl measurements is corrected, leading to a mean
microplastic concentration correction of 12%. The differences of microplastic
concentration between datasets with varying mesh sizes from 100 – 500 µm are not
statistically significant. Analysis methods, however, can lead to significant differences in
microplastic datasets. The dataset consistency is further examined among the three
dataset categories using trawl, pump and bulk sampling techniques. It is found that an
individual dataset is often self-consistent. Most of the datasets within one monitoring
category are more consistent than those from different categories. More than 70% of the
datasets within individual categories are consistent, which have mean microplastic
concentration significantly smaller than the rest of the datasets. Significant
inconsistencies are identified between different data categories. Six out of eight highest
relative standard deviations are found in the pump and bulk datasets. The median value of
the mean microplastic concentration from the 10 pump datasets is about 4.5 times as
much as that of the 14 trawl datasets, both for fiber and non-fiber particles. Significant
differences are also identified on microplastic fiber fraction in different dataset categories.
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Two thirds of the 13 bulk and pump datasets have a microplastic fiber fraction >85%while
the 14 trawl datasets show much lower microplastic fiber fractions between 45-70%. In
addition, the particle collection efficiency, potential leakage of particles with irregular
shapes, clogging, the false zero samples and related lower limit of the detectable
microplastic concentration for given sampling methods and water environment, are
also discussed.
Keywords: marine microplastic monitoring, Baltic Sea, sampling error, water flow correction, trawl and pump
sampling, microplastic fiber fraction, microplastic data uncertainty, consistency in multiple microplastic datasets
1 INTRODUCTION

“Micro-litter” refers to a diverse group of particulate materials
originating from human activities. The Marine Strategy
Framework Directive (EC, 2008) defines microlitters (ML) as
objects with the largest measurement below a limit of 5 mm
(Hanke, 2013). Part of ML is made of microplastics (MP),
released from e.g., laundry, wearing of tyres and use of
personal care and cosmetic products. The shapes of MP
particles involve filaments (fibres), beads, fragments etc. In this
paper, the MP particles are categorized into two types: the MP
filament hereafter being referred as MP fiber (MPF) and the rest
of the non-fiber microplastics, referred as MP particles (MPP).

The Baltic Sea is a semi-enclosed sea, carrying pollutants
emitted from the Baltic Sea catchment with a population of more
than 80 million people. Due to a water renewal period of about
30 years (Leppäranta and Myrberg, 2009), the pollutants in the
Baltic Sea have a relatively long residence time which worsens the
marine environment. Marine microplastics have received much
public and scientific attention over the past decade due to its
possible consequences on marine ecosystems (Ajith et al., 2020).
Monitoring of the MP litter in the sea is an important area of
research as it provides a basis for environment assessment
and protection.

The MP litter in the sea can be measured by filtering water
samples from the sea using a net with a certain mesh size and
then analyzing, categorizing and counting the collected particles
in the laboratories. Although, in the Baltic Sea, microplastic litter
has been widely monitored in coastal, estuary and open waters
(Norén, 2007; Magnusson and Norén, 2011; Norén et al., 2015;
Setälä et al., 2016; Bagaev et al., 2017; Tamminga et al., 2018; Beer
et al., 2018; Zobkov et al., 2019; Schönlau et al., 2020; Aigars
et al., 2021), common technological standards, both on sampling
and analysis methods, are still under development. Existing
research have shown large discrepancies between different
datasets. For example, most of the trawl samples showed a MP
concentration of 10-2-100 particles per cubic meter (pcs/m3)
(Magnusson and Norén, 2011; Norén et al., 2015; Setälä et al.,
2016; Tamminga et al., 2018; Karlsson et al., 2020; Schönlau
et al., 2020; Aigars et al., 2021; Mishra et al., 2022), while some
pump and bulk samples measured up to 102-3 pcs/m3 (Bagaev
et al., 2017; Tamminga et al., 2018; Schönlau et al., 2020). In
addition, pump datasets often have many samples with false-zero
concentrations (Setälä et al., 2016; Schönlau et al., 2020). Even
in.org 2
replicate samples from the trawl and pump sampling can have
big differences (Schönlau et al., 2020). In an effort to analyze
spatial distribution of the microplastic particle concentration
using a basin scale sampling in the Baltic Sea, Schönlau et al.
(2020) found that spatial distribution derived from the pump
data is not consistent with the trawl data. Although the
differences in the multiple datasets can be caused by sampling
locations, field surveys with replicated pump and trawl samples
(Setälä et al., 2016; Schönlau et al., 2020) suggested that such
significant differences in the datasets are mainly caused by the
sampling methods. However, existing research on the data
consistency are mainly based on individual datasets, a
systematic study on the data consistency using multiple
datasets is needed to quantify both the significant differences
and synergy between different datasets.

The uncertainties in MP litter measurements from the sea can
be caused by threemajor error sources: sampling error, instrument
error and laboratorial analysis error. Some error sources are
common to all monitoring methods thus, can be quantified in a
common way such as net contamination and spatiotemporal
sampling error. However, there are also a few error sources
related to analyzing methods, such as uncertainties in particle
collection, sample water volume and sample size. Below we will
streamline the existing studies and knowledge on the MP litter
measurement according to the three error types (sampling,
instrument and analysis error) and analyzing methods.

Sampling error - it is a measure of repetitiveness or
randomness of data when sampling from a stochastic
spatiotemporal field, which can be estimated as the difference
between the estimated sample mean value from observations and
the real mean. The sampling error depends not only on the
probability distribution of MP concentration but also on the
sample size or the number of MP particles per collected sample.
To ensure that the sample represents the local mean condition of
MP (i.e., with small standard deviation), a recommendation of a
minimum of 26 particles in one sample was made based on an
assumption of Gaussian distribution of the MP concentration
with particle size > 300 μm (Karlsson et al., 2020). A lower
number of particles will increase the randomness of the
measurements. The spatiotemporal randomness in the
sampling also affects the sampling error. The real value of this
uncertainty cannot be obtained at a given spatiotemporal
position since only one measurement can be made. However,
the spatiotemporal sampling error can be approximated by using
May 2022 | Volume 9 | Article 886357
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variance in a small spatiotemporal box which can be estimated
by using multiple measurements in the box. The spatiotemporal
MP sampling error has rarely been quantified in previous studies.

Instrument error - the second category of observation error,
i.e. the instrument error, is attributed to uncertainties from using
different sampling instruments during the sampling. This can be
described instrument-wise. The trawl method uses a net, e.g., a
manta trawl or bongo net, tailored to a ship. When the ship is
moving, water flows through the net and marine litter in the
surface layer is collected, where the sampling layer thickness
depends on the height of the manta, often 20-70 cm. Since the
ship can move a long distance, sufficient amounts of MP particles
can be collected to avoid false zero samples and reach a
statistically stable result (Karlsson et al., 2020). For relatively
low concentration of 10-2 – 100 pcs/m3, an effective sampling to
catch a minimum of 26 particles needs to sample a water volume
of 102 cubic meters. Thus, trawl method represents a good
choice: towing a manta net with a ship speed of 2 knots for
15-60 minutes can normally meet the requirements.

The main instrument error of the trawl method includes
several sources, e.g., atmospheric contamination which mainly
affects fiber data, uncertainties in the sample water volume
estimation and particle collection efficiency. The sample water
volume is calculated from the ship’s moving distance and the
area of the trawl mouth. In most of the cases, a flow meter is not
used. Several potential error sources for sample water volume
estimation should be considered. As pointed out by Karlsson
et al. (2019), the net may not always be submerged in the water,
especially in high seas, thus a few percentage underestimation of
the sample volume may be made. Another error source is the
neglect of the impacts of flow velocity in the water volume
calculation in the trawl sampling, including surface currents,
wave-induced Stokes drift and maybe turbulence flow in the
wake area of the moving ship. This error source has not been well
quantified in previous studies. The particle collection efficiency is
another source of error, caused by leaking of particles with
irregular shapes, clogging due to biomass accumulation etc.

The pump method has been developed to provide more
accurate sample volume estimation with a flow meter
(Magnusson and Norén, 2011; Setälä et al., 2016), and also the
capacity to measure the smaller particles between 10-100 μm
(Norén et al., 2015; Schönlau et al., 2020). This smaller fraction is
the major part of the MP particles from sources such as
wastewater treatment plants (WWTPs), as shown by Lassen
et al. (2015). The water is pumped through a filter to collect
MP litter. This can be made on board either in a moving or
standby ship. The main weakness of the pump method is its
small sample volume, normally 10-3-100 m3 depending on the
mesh size. For large particles (> 100 μm), the pumping method
gives more false-zero values than the trawl method, especially for
the MPPs. For example, the pump samples from Setälä et al.
(2016) only gave 13% of the samples with non-zero MPP
concentration. It should also be noted that the pump method
does not permit sampling from a microlayer of the surface layer
where the highest MP concentration is found (Song et al., 2014),
and the maximum sampling depth is also limited to several
Frontiers in Marine Science | www.frontiersin.org 3
meters because of the submersible pump’s water resistance
rating. Zobkov et al. (2019) further improved the pumping
method so that it can be used to measure microplastic
concentration for the entire water column.

In addition, a bulk method has also been frequently used
where water samples are directly taken from a given depth using
a water container, such as Niskin bottles. The volume of water is
generally low (between 100-101 liters) compared to the trawl
methods. Such an amount of water is sufficient for detecting
smaller particles, e.g., with a size ranging from 10-50 μm, but it
can be insufficient for particles larger than 100 μm with a
relatively low concentration. The low water volume used in the
bulk method may lead to large statistical errors in low
concentra t ion waters and end up with very high
concentrations, for example, 101-3 pcs/m3 with minimum sizes
of 80-300 μm were reported by using this method (Norén, 2007;
Gorokhova, 2015, Bagaev et. al., 2017) in the Baltic Sea.

Another major source of instrument error in MP monitoring
is the “efficiency of particle collection”, as mentioned above. The
MP shape involves beads, fragments, fibres and films. The MP
monitoring collects MP particles using a filter with a certain
mesh size l (μm), then only particles with a size between l-4999
μm are considered as valid. Here, the “size” means the length in
the largest dimension of the particle. Such a practice is perfect for
spherical particles, but will lead to potential leakage of valid
particles with irregular shapes. Microplastic fibres (MPFs) are a
typical example. The average diameter of MPFs released from a
washing machine is 12-18 μm (Napper and Thompson, 2016)
while their length is often much longer than 300 μm. Therefore,
they can be either collected or leaked from the filter with a mesh
size > 100 μm, depending on the situation of the litter collected in
the net and water flow. In principle, particle leakage can happen
in different monitoring methods. The trawl methods, due to its
long sampling time and large size of the trawl net, may be mostly
affected by this factor. The bulk and pump methods, on the other
hand, may be less affected compared to the trawl method.
Especially, when a filter with fine mesh (e.g. 20 μm) is used,
the efficiency of collecting large MP particles will be high.
However, there is still a lack of studies on the quantitative
impact of the particle leaking.

Another issue related to the efficiency of particle collection is
the potential clogging of the mesh. For the trawl method, the
mesh size of the net should not be too small as this can lead to
frequent clogging. Due to these reasons, the trawl method is
mainly used with a mesh size > 100 μm, most often 300 or 330
μm. In general, the sampling should also avoid periods of
microbiota and/or gelatinous plankton bloom which can
quickly clog the filter.

Analysis error - After the samples are taken to laboratories,
the filters are rinsed and/or digested with oxidizing agent to
remove organic matter and microbiota, then microlitter is sorted
out from the sample, categorized and counted (GESAMP, 2019),
using either FTIR and/or visual counting under a microscope
together with hot needle test. The visual counting together with
the hot needle test allows the quantification of fibres. FTIR
analysis, instead, enables plastic polymers identification
May 2022 | Volume 9 | Article 886357
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avoiding bias from other materials, such as natural particles.
However, FTIR may not be so efficient and accurate in
identifying MPFs, and a specific algorithm will be needed for
MPF detection (Primpke et al., 2019). Furthermore, the analysis
error of the visual counting method is also analyst-dependent.
An experienced analyst may generate more consistent
observations with lower uncertainties. However, the analysis
error of these two kinds of analysis methods has rarely been
quantitatively documented.

As a summary, there is still a lack of study on the
quantification of the different kinds of MP data uncertainties,
and consistency between different datasets. The lack of
knowledge on these two issues has hampered creation of
common technological standards for microplastic monitoring
and integrated use of multiple MP datasets for spatiotemporal
pattern analysis and for model calibration and validation. The
purpose of this research is two-folded: the first is to quantitatively
assess a few kinds of measurement errors in the MP data which
have not been well examined before, including spatiotemporal
sampling error, sample volume error in the trawl data due to
neglecting surface water flow; the second is to investigate
consistency of MP data in multiple datasets, related to both
sampling and analysis methods. In section 2, methods and data
used in the study are described. The results on the uncertainty
estimation and consistency between different datasets are given
in section 3. Based on the findings, discussions are made on some
technical issues and recommendations are given for using
multiple observation datasets for large scale MP observation
studies in section 4. Conclusions are given in section 5.
Frontiers in Marine Science | www.frontiersin.org 4
2 METHODS AND MATERIALS

2.1 Spatiotemporal Sampling Error
Analysis
Spatiotemporal sampling error is theuncertainty raisedwhenusinga local
observationtopresent themeanvalueofaspatiotemporal samplingbox. It
reflects the level of small scale variability of the measured parameter and
representativenessof theobservation.Foragivenspatiotemporal sampling
box, the relative sampling error ? can be defined as

ϵ  =  SD=Mean (1)

Where “SD” is the standard deviation and “Mean” is the mean
value of the measured parameter in the box.

The sampling error can be estimated by using high density and
frequency observations, such as satellite measurements for sea
surface temperature (She and Nakamoto, 1996; She et al., 2007).
In this study, the spatiotemporal box is defined as 15kmby 15km in
space and 24hours in time. First,we search available observations in
the defined sampling box. If multiple observations are available in
the same box, they can be used for estimating the sampling error.

Datasets from TalTech cruises, EU H2020 CLAIM (Cleaning
Litter by developing and Applying Innovative Methods in
European seas) project and Schönlau et al. (2020) have
replicated trawl samples or spatially close samples which are
suited for the local sampling error calculation. Sampling
locations of the three datasets are shown in Figure 1.

TheTalTechmicrolittermonitoringdatawere collected in 2016-
2020, mainly during April – October. Microlitter monitoring was
FIGURE 1 | Station locations and IDs from three microplastic datasets: CLAIM dataset - green; Data from Schönlau et al. (2020) - black and TalTech dataset - blue.
Locations and station names are given in Table S1 in Supplementary Material.
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carried out using a research vessel Salme with a manta trawl with
mesh size of 330 μm, in the eastern Baltic Sea in a geographical area
(20.9-28.0°E, 57.6-59.9°N).Microlitter samples were collected at 16
stations (Figure 1). In total 122 data points were collected. A
detailed introduction to the TalTech dataset can be found in
Mishra et al. (2022). In total, 42 sampling boxes are identified
with two data per box from the Taltech dataset (Table 1). Some
locations have three replicated data, in such a case, three data pairs
are obtained by blending different data.

In the CLAIM project, two field campaigns were carried out
in the Gulf of Finland with a manta trawl: one in 24/9/2018 and
the other in 17/4/2019. During each cruise, two replicate samples
were taken at each of the five stations (Figure 1), among which
four of them overlapped with TalTech stations. The samples
were collected with a manta trawl with varying mesh sizes from
100 to 330 μm. When using these data to estimate the
spatiotemporal sampling error, the differences due to particle
size were also included. Data from Schönlau et al. (2020) consist
of MPP and MPF concentrations in the Baltic Sea scale with
replicates at 12 stations (Figure 1). The datasets used in sampling
error calculation are summarized in Table 1.

2.2 Uncertainty in Volume Estimation in
Trawl Method
One major error in the trawl method is the uncertainty in
measuring and calculating the water volume through the net.
In practice, the water volume V is calculated from

V  =  L  ∗ Snet (2a)

Where L is the towing distance and Snet the open area in themouth
of the manta trawl. The formula assumes that the manta trawl is
always below thewater surface. Inmany cases, there is noflowmeter
attached to themanta trawl, thus, the surfacewatermovement from
currents and Stokes drift is neglected. In such a case, missing water
flow will affect the final results of the water volume calculation and
then estimated MP concentration. Karlsson et al. (2020) observed
that concentrationsofmicrolitter in the trawl sampleswere sensitive
to the trawl direction, i.e., the samples thatwere sampled in the same
direction had similar concentration values. This may reflect the
impact of water flow. In this study, simulated hourly surface
currents and wave-induced Stokes drift are used to calculate the
impact. First, for a given sample, the surface currents and Stokes
drift are projected on the ship transection. Then a corrected sample
volume can be calculated:

Vc = Wship +  Wc ∗ cos   q1 +  Ws*cos    q2
� �

∗ Snet ∗T (2b)
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WhereVc is the corrected sample volume,Wship is the ship speed, T
the towing time,Wc the surfacecurrent speed,Ws theStokesdrift,q1
and q2 the angles between ship direction and surface currents and
Stokesdrift, respectively. Inpractice thehourly surfacecurrentsdata
are obtained from an operational three-dimensional ocean forecast
which are provided by Danish Meteorological Institute, and the
hourly Stokes drift data are extracted from Copernicus Marine
EnvironmentMonitoring Service (CMEMS) wave forecast product
(Lindgren et al., 2020). With this information, we can make
corresponding corrections on sample volume estimation and also
the final estimation of the MP concentration.

The flow correction is applied to the TalTech dataset in
2016-2020 to estimate its impact on the volume and
concentration estimation.

2.3 Uncertainty Related to the
Analysis Methods
The uncertainty in the analysis can be studied either by estimating
different types of analysis error in an individual dataset, e.g.,MPPor
MPF counting errors in the trawl method or intercompare analysis
results from using different analysis methods on the same samples.
During the two cruises in September 2018 and April 2019, the
TalTech andCLAIMdatasets are sampled closely in space and time
and locations but analyzed with different methods. The TalTech
data was derived from visual counting together with the hot needle
test. The CLAIM data was derived by using the visual counting
coupled with the FTIR analysis. Both datasets applied blank sample
calibration but with different standards. TalTech blank sample is
used as a reference and it was found that only a few percentage
uncertainties were attributed to the filter contamination. CLAIM
partners, however, applied a very strict blank sample test. If one
color of MPF was found in the blank sample, MPF with this color
was countedas zero.Due to this reason,MPFdata inCLAIMarenot
used in the analysis. The data are displayed in the supplementary
materials (TableS2).One canfind that, at each location, there is one
observation using visual counting together with hot needle test and
two observations with different mesh size using visual/FTIR
method. The two datasets are inter-compared and potential
reasons for their differences, such as spatiotemporal sampling
uncertainties, mesh size, local singularities and the analysis
methods, are analyzed.

2.4 Consistency in Data and Datasets
In this part, several issues, including self-consistency of data in
individual dataset, consistency between multiple datasets with
same monitoring method and with different monitoring
TABLE 1 | Microplastic datasets used in sampling error calculation.

Data source No. of sampling boxes No. of samples per box Spatial sampling scale Sampling time

TalTech 21 2 1-2 km May 2017
TalTech 10 2 2-8km 2016-2020
TalTech 11 2 8-15km 2016-2020
CLAIM 5 2 1-2km September 2018
CLAIM 5 2 1-2km April 2019
Schönlau et al., 2020 12 2 1-2km August 2014
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methods, are investigated. Mean or median, relative standard
deviation (RSD), i.e., standard deviation (SD) divided by mean as
well as outlier data are estimated and analyzed both within
individual dataset and between multiple datasets. Considering
the significant leaking effect of MPFs, MP litter is divided into
two groups: MPFs and MPP. In addition to mean and RSD,
consistency of MPF fraction, i.e., percentage of MPF in total
amount of MP litter, is also investigated.

To quantitatively analyze consistency in multiple datasets, in
addition to TalTech, CLAIM and Schönlau et al. (2020) datasets,
more than 20 other research datasets were also collected from
existing publications and used (Table 2), among which 14
datasets use trawl method, 10 use pumping and 3 use bulk
method. For some datasets, raw data are not available, thus only
mean value and MPF fraction are cited. Only observations from
upper 1 m with mesh sizes >100 μm are considered in the
present study.
3 RESULTS

3.1 Spatiotemporal Sampling Error Analysis
The sampling error is estimated using 64 data pairs sampled in
spatiotemporal boxes of a few kms by hours. With 42 data pairs
from the TalTech dataset, the sampling error is calculated for
Frontiers in Marine Science | www.frontiersin.org 6
concentrations of MPP, MPF, MP and ML. It is found that ML
has the least mean sampling error that is 25%, MPP has the
largest which is 40% and MP and MPF with 36% in between.
This is true for each of the five years (Figure 2). The standard
deviation of the sampling error also shows a similar feature as the
mean sampling error: 19% for ML, 23% for MP, 27% for MPF
and 30% for MPP (Table S3). Considering that MP is retrieved
from ML, and MPP/MPF are retrieved from MP, the escalated
mean sampling error from ML to MPP reflects that sampling
uncertainties increase with the amount of particles per sample.
There is an interannual variability of the sampling error: 2020
has the smallest sampling error and 2018 has the largest, which is
true for all four types of litter except that the highest MPF
sampling error is found in 2019 (Figure 2). Reasons for this
variability are not yet known. It is noted that the number of data
pairs and the size of the boxes where the data were sampled are
also different. Half of the data pairs are replicated samples in
2017 while other years have less data pairs and larger box size for
sampling error estimation (Table 1). It is also found that
sampling errors of MPP and MPF are not correlated although
MPP concentration is correlated with MPF concentration
(correlation coefficient = 0.55, p-value <0.0001). The
uncorrelated spatiotemporal sampling error between MPP and
MPF indicates that their spatiotemporal variability is
independent on a small scale.
TABLE 2 | Multiple microplastic datasets and statistics.

Data source Sampling Time Area Sample count ID Mesh size (µm) Mean (pcs/m3) RSD (%) Fraction

MPP MPF MPP MPF MPF (%)

Tamminga 2018 2015.6 Funen coast 13 B1 300 569 749 75 92 67
Bagaev 2017 2015.10-2016.9 Baltic Proper 21 B2 174 35 710 168 93 95
Beer 2018 1989-2015 Bornholm Basin 355 B3 150 0.02 0.20 N/A N/A 93
Gewert 2017 2014.6-7 City Center 3 T1 300 2.56 2.70 26 19 57
Tamminga 2018 2015.6 Funen coast 10 T2 300 0.02 0.05 32 41 69
Magnusson, 2014 2013 Finnish offshore 5 T3 330 0.07 0.16 73 74 68
Gewert 2017 2014.6-7 Stockholm coast 13 T4 300 0.05 0.46 76 78 90
Norén 2015 2015.8 W. Baltic coast 6 T5 300 0.03 0.03 79 82 45
Gewert 2017 2014.6-7 Harbor 5 T6 300 0.16 1.17 81 72 91
Norén 2015 2015.8 Øresund coast 9 T7 300 0.08 0.18 95 106 70
Magnusson, 2014 2013 Finnish coast 7 T8 330 0.14 0.23 113 74 62
Setälä 2016 2013.8 Gulf of Finland 12 T9 330 0.09 0.13 113 160 55
TalTech 2016-2020 Eastern Baltic Sea 122 T10 330 0.33 0.30 120 78 47
CLAIM 2018.9 Gulf of Finland 10 T11 100-330 0.06 0.004 37 92 6
CLAIM 2019.4 Gulf of Finland 10 T12 100-330 0.03 0.01 81 227 29
Karlsson 2020 2017.10 Kattegat 11 T13 300 0.39 0.03 N/A N/A 6
Schönlau 2020 2014.8 Baltic 24 T14 300 0.07 0.47 150 165 88
Magnusson-Norén 2011 2011.5 Swedish Coast 11 P1 330 2 1.00 120 77 33
Magnusson-Norén 2011 2011.5 Kattegat coast 8 P2 330 0.50 0.56 141 154 53
Setälä 2016 2013.8 N. GoF 12 P3 300 0.06 0.49 248 82 89
Setälä 2016 2013.8 N. GoF 12 P4 100 0.16 1.18 332 133 89
Noreén 2014 2013.12 Kattegat coast 14 P5 330 0.10 1.65 N/A N/A 94
Norén 2014 2014.4 Kattegat coast 15 P6 330 0.06 0.43 N/A N/A 88
Karlsson 2020 2017.10 Kattegat 6 P7 300 0.25 0.02 N/A N/A 6
Schönlau 2020 2014.8 Baltic 11 P8 300 1.50 24.39 222 191 94
Zobkov 2019 2017.4 SE Baltic offshore 4 P9 174 4.42 28.27 43 70 86
Van Bavel 2020 2019.9-2020.2 Kattegat/Skagerrak 11 P10 100-500 0.37 0.34 111 81 48
May 2022 |
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The first letter in dataset ID represents the monitoring method: “B” – bulk, “T” – trawl and “P” – pump. For pump datasets, P9 uses PLEX and P10 uses ferrybox sampling instruments, the
rest of the datasets use a pump. Statistical values are based on data in the upper 1 m except for dataset B3 which are vertical averages, and P10 at a depth of about 4 m. The fraction of
MPF is calculated by using mean values of MPF and MP concentrations. N/A, not available.
le 886357

https://www.frontiersin.org/journals/marine-science
http://www.frontiersin.org/
https://www.frontiersin.org/journals/marine-science#articles


She et al. Multi-Dataset Uncertainty Analysis of Microplastics
The frequency distribution of the sampling error from the
TalTech data is shown in Figure 3, which gives richer
information on the frequency of the sampling error in 0.1
sampling error intervals. It shows that more sampling error
values are found in the lower end: about 75% of the samples have
a sampling error smaller than 40%. However, since the sampling
error is calculated as a percentage of concentration differences
between the sample pairs to the mean concentration, the
sampling error can be sensitive to very small concentration
values which may lead to high values of the sampling error.
Frontiers in Marine Science | www.frontiersin.org 7
There are indeed a few sampling error values found in the high
end (Figure 3). This is also reflected by the fact that the annual
medium sampling error is 10-16% lower than the mean value
(Table S3).

With the CLAIM dataset, the MPP sampling error is
estimated for samples obtained from 2018 and 2019 cruises.
The CLAIM data gives a MPP sample error of 33.8% and 77.0%
for 2018 and 2019, respectively, which is comparable to the ones
obtained from the TalTech data, i.e., 47.2% and 50.5% (Table
S2). Such a difference is understandable as TalTech samples use
FIGURE 3 | Frequency distribution of sampling error in the sampling boxes of a few kilometers by a few hours from TalTech data. The frequency is calculated for a
sampling error bin of 0.1 interval.
FIGURE 2 | Yearly spatiotemporal sampling error estimated from TalTech data during 2016 – 2020 for ML (microlitter), MP (microplastics), MPF (microplastic fiber)
and MPP (non-fiber microplastic) concentrations.
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the same mesh size of 330 μm while CLAIM samples use three
different mesh sizes: 100 μm, 200 μm and 330 μm.

In addition, sampling error is also estimated by using MP
measurements in Schönlau et al. (2020). The data cover Swedish
waters in Baltic Sea, Kattegat and Skagerrak in August 2014
(Figure 1). The sampling error estimated from the trawl dataset
is 54% for MPP concentration which is at a similar level as
obtained from CLAIM and TalTech datasets in 2018 and 2019
(Table S3). For MPF concentration, data from Schönlau et al.
(2020) gives a mean sampling error of 52%, which is comparable
to the highest yearly mean sampling error in TalTech data, i.e.
53.8% in 2018 (Table S3).

3.2 Impact of Water Flow on MP
Concentration Estimation
The impact of the water flow on the MP concentration
estimation is determined by the amplitude and direction of
surface currents, Stokes drift and ship movement. The water
volume and MP concentration of the TalTech dataset was re-
calculated by using hourly surface currents and Stokes drift from
the ocean and wave models. The mean relative correction of the
MP concentration is 12.1% ± 12.2% and the individual
correction varies between -0.55 – 0.58 pcs/m3, with a mean of
-0.0046 pcs/m3. Occasionally, in rough conditions with high
surface current speed and wave-induced Stokes drift, the
correction can be 40% high of the measured concentrations.
The linear correlation between the original and corrected MP
concentration is 0.97, thus the correction does not change the
statistical features e.g., temporal variability of the dataset, as
shown in Figure 4.

3.3 Uncertainties Related to Analysis
Method
Here we focused on the difference between visual counting
method and visual/FTIR analysis method by comparing the
sample pairs from TalTech and CLAIM datasets. The samples
were collected at almost the same time and location but analyzed
with visual counting with hot needle test for TalTech samples
Frontiers in Marine Science | www.frontiersin.org 8
and visual/FTIR method for CLAIM samples. Using TalTech-
CLAIM data pairs in Table S2, it is found that, for MPP
concentration, the mean value of TalTech data is 7.4 times
higher than CLAIM data in 2018 and only 60% higher in 2019,
based on data in Table S2. The higher MPP concentration in
TalTech data cannot be explained by differences in mesh size as
CLAIM samples were measured with smaller meshes than
TalTech. Can this difference be explained by spatiotemporal
sampling error? As shown in Table S3, the sampling errors of
MPP concentration are 34-40% in 2018 and 58-77% in 2019,
thus the difference of MPP concentration between the two
datasets in 2019 (i.e., 60%) is within the range of the sampling
error. It is therefore to suggest that the MPP concentration
difference caused by the analysis methods in 2019 may be
small, compared to the sampling error. However, the difference
in 2018 is well beyond the range of sampling error thus cannot be
explained by the sampling error. The largest differences for 2018
data is found between station Prita (1.463 pcs/m3) and 57a
(0.073m3). Pirita sample was taken exactly from the river
mouth to estimate the microplastic inflow from Pirita river
and yacht harbor. Station 57a, also close to station Prita, is in
the inner bay. Considering that the pollution transport in this
area largely depends on the highly variable currents in the river
mouth, the difference between the CLAIM and TalTech data in
2018 may be partly explained by the local variability.

3.4 Differences in Data Measured With
Multiple Mesh Sizes
The lower limit of the particle size selected in this study is set as
100 μm since this will widen the data coverage. In the 27 datasets
compiled, seven of them have a size lower limit below 300 μm.
We have combined these datasets in the analysis. A natural
question to ask is how much differences will be caused by using
different mesh sizes above 100 μm? With the CLAIM data, we
found that the differences between data using different meshes
are not statistically significant. In total, the CLAIM datasets (T11
and T12 in Table 2) have 20 data samples at five stations
measured from two cruises. At each station, two replicate
FIGURE 4 | MP concentrations from TalTech dataset during 2016-2020: blue – original estimation by using ship distance; red: corrected estimation by considering
the surface currents and Stokes drift; green: the corrections.
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samples were collected, but with different mesh sizes. The data
can be divided into two groups. In Group I, the samples used 200
μm and 300 μm meshes while in Group II, 100μm and 200μm
mesh sizes were used. The two-sample t-test (Snedecor and
Cochran, 1989) is used to determine if two population means
are equal. It is found that the difference of mean MPP
concentration between data groups with different mesh sizes is
not significant (p values >>0.05), in both data groups (Table 3).

This issue can also be investigated by using the pump data.
The pump data from Setälä et al. (2016) were measured with
mesh size of 100 and 300 um, each with 12 samples (datasets P3
and P4, Table 3). This allows a similar analysis to the CLAIM
data. It is found that differences between the two datasets are
much larger than those obtained in the CLAIM datasets.
However, due to high standard deviation in the data samples,
such a difference is not statistically significant (p value >> 0.05).
Similar analysis can also be made for ferrybox data from NIVA
Denmark (data ID – P10, Van Bavel et al., 2020) but with 100 μm
and 500 μm mesh sizes. For 11 samples, the total number of
collected MP particles are 20 for the 100 μmmesh size and 18 for
500 μm mesh size. Again, the difference of the two dataset is not
statistically significant (p value >> 0.05).

3.5 Variability in MPF Measurements
3.5.1 MPF Concentration
Existing research (Setälä et al., 2016; Tamminga et al., 2018;
Schönlau et al., 2020) has shown that the trawl method measured
significantly less MPF concentration than the pump and bulk
methods. This is further confirmed as a general feature by
comparing the 14 trawl datasets and 10 pump datasets. The
median MPF concentration in the 10 pump datasets is 4.6 times
as much as that from the 14 trawl datasets (Figure 6); among 10
datasets with the highest MPF concentrations, only two use the
trawl method, suggesting that the latter may leak more MPFs
than the non-trawl methods.

More detailed features onMPFs canbe revealed fromtheTalTech
dataset during 2016-2020. It is found that MPF concentration is
actually less variable thanMPP concentration. The relative standard
deviationduring 2016-2020 is 120% forMPPconcentration and 78%
forMPFconcentration, respectively. Inaddition,MLconcentration is
linearly correlated withMPF concentration (Figure S1). This means
that when more ML particles are collected in a sample, there is a
tendency to collect more MPFs. However, this is only partly true for
MPP (Figure S2). When MPP concentration is <0.5 pcs/m3, part of
the samples can have quite highML concentration (> 2 pcs/m3) and
MPF concentration.
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3.5.2 MPF Fraction
TheMPF fraction represents the relative amount ofMPFs detected
in the total amount of MP particles. It shows a large variability
ranging 6 – 95% in the 27 datasets used in Table 2, which can be
categorized into three groups:fivedatasetshaveMPF fractionbelow
35%and 11 datasets in 45-70% and the other 11 datasets in 85-95%.
On average, theMP fraction is 64% ± 29%. Among the five datasets
with less than 40% of MPF fraction, the low MPF fraction in two
CLAIM datasets (T11 and T12) is caused by the counting methods
used, which removed the fibres with colors occurring in the blank
sample. The P1 dataset from Magnusson and Norén (2011)
measured extraordinarily high MPP concentration, hence the
MPF fraction is low. The additional two low MPF fractions are
fromKarlsson et al. (2020), in which theMPF concentrations were
quite low (0.017– 0.026 pcs/m3). The 11 datasetswithMPF fraction
> 70% can be divided into two categories: the first category
measured very high MPF concentrations (24.4-710 pcs/m3),
containing 3 datasets B2, P1 and P10; the second category has
MPF concentrations in an ordinary range (0.195-1.175 pcs/m3),
containing eight datasets (Table 2).

The pump and bulk datasets measure much higher MPF
fraction than the trawl datasets. If only considering the 24
datasets with MPFs >10%, two thirds of the bulk and pump
datasets have a high MPF fraction between 85-95% but only one
fourth of the trawl datasets fall in this range.

Details of MPF fraction can be investigated with a more
homogeneous, long-term dataset from TalTech in 2016-2020.
The 122 samples give a mean MPF fraction of 47%. It is found
that MPF fraction differs greatly in samples with extremely high
or low MP concentration. For 10 samples with the highest MP
concentrations, the mean MPF fraction is 34%; while for the 10
samples with the lowest MP concentrations, the MPF fraction is
72%. This suggests that the observed MPF distribution is more
homogeneous than the MPP in the collected microplastics: when
measured MP concentration is very high, the majority of the
microplastics detected is particles (fragments); when measured
MP concentration is very low; the majority of the measured
microplastics is fibres (figures not shown).
3.6 Consistency in Multiple Datasets
3.6.1 Self-Consistency of Data in an Individual Dataset
Although a single dataset is often regarded as self-consistent
since the same monitoring method and standards are applied,
however, due to differences in natural variability, sampling
errors, instrument errors and analysis errors in the samples,
TABLE 3 | Inter-comparison of microplastic datasets using nets with different mesh sizes.

Data ID mesh
size

Sampling
Method

No. of
samples

Mean MPP concentration
(pcs/m3)

MPP SD
(pcs/m3)

T-value for two-
sample t-test

Two-tailed critical t-value for signifi-
cance level 0.1

CLAIM
Group I

200µm Trawl 4 0.037 0.019 0.535 ± 2.45
330µm 4 0.029 0.027

CLAIM
Group II

100µm 6 0.058 0.042 0.011 ± 2.23
200µm 6 0.056 0.019

P3 100µm Pump 12 0.06 0.149 0.628 ± 2.07
P4 300µm 12 0.16 0.531
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there can be outliers on the individual dataset. It is also expected
that some datasets are less consistent than others are.

Outliers in a single dataset can be identified using a Grubbs’
test (Grubbs, 1969) if the population of the dataset is regarded as
valid. They are often valid observations but just significantly
differ from the majority of observations. For example,
Magnusson and Norén (2011) measured MP concentrations in
the Swedish coastal waters with a pump and filter mesh size of
300 μm. Among 21 valid samples, one sample shows a high MPP
concentration of 13 pcs/m3 while the rest of the samples have a
mean MPP concentration of 1.37 ± 2 pcs/m3. The particles in the
outlier are identical, yellowish-white and oval, approx. 500 mm *
300 mm in size. These were found nowhere else and no
explanation for their origin was given. In another occasion,
Norén et al. (2015) measured 7.97 and 35.03 pcs/m3 for MPP
and MPF concentrations, respectively at a station near a
pollution source while the rest of the 15 stations showing 0.059
± 0.068 pcs/m3 for MPP concentration and 0.116 ± 0.168 pcs/m3

for MPF concentration. In observation analysis, the outliers in an
individual dataset can significantly change the statistical features
of the dataset, so they should not be jointly used with the
other data.

RSD is one of the measures of self-consistency in individual
datasets. Lower RSD may suggest a high self-consistency in the
data. Figure 5 displays RSD of MPP concentration from 22
datasets, including 13 trawl datasets, 7 pump datasets and 2 bulk
datasets. Half of the 22 datasets have RSD < 100%. The other half
of the datasets has an RSD ranging 111-332%.

It was found that, among the eight highest RSD values, only
two of them are derived from trawl datasets (T10 and T14): one
is TalTech (T10) and the other is from Schönlau et al. (2020).
Their high RSD values can be attributed to their highest spatial
and/or temporal coverage of the dataset: T10, TalTech data,
covers a 5-year period in Gulf of Finland, Gulf of Riga and
Northern Baltic Proper and T14, from Schönlau et al. (2020),
covers a wide area from Skagerrak to Bothnian Sea. When a sub-
dataset in a smaller geographic area and less number of years is
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used, e.g., for a sub-dataset of TalTech data on a cruise in the
Gulf of Finland, it is found that RSD can be reduced significantly
to 60-70% (results not shown).

High RSD values in the pumping and bulk datasets indicate
that these datasets are of more randomness than the trawl
datasets. Due to small sampling volume, normally a few cubic
meters of water, pump samples have more false zero
measurements than the trawl samples, which can be an
important reason for the high RSD values in the pump datasets.

3.6.2 Multi-Dataset Consistency
The first step is to divide multiple datasets with the same
monitoring method into multiple populations or categories so
that datasets in one population are consistent and inter-
comparable, i.e., the mean value difference between different
populations is maximized and variance within one population is
minimized. Then the populations from trawl and pump datasets
can be compared.

3.6.2.1 Trawl Datasets
14 trawl datasets can be divided into two populations: one with
larger mean value and the other with smaller mean value. For
MPP concentration, the population with large mean contains only
dataset T1, with a mean value of 2.56 pcs/m3. Samples in dataset
T1 were collected in Stockholm city center waters (Gewert et al.,
2017), which are not representative of coastal and open sea water
conditions. The population with small mean contains the
remaining 13 datasets with a mean ± SD of 0.12 ± 0.12 pcs/m3

and a range of 0.02 - 0.39 pcs/m3. This population represents MPP
conditions in the Baltic Sea measured by trawl method.

For MPF concentration, due to different counting methods for
MPFs, the two CLAIM datasets (T11 and T12) should not be used
in the consistency analysis. Similarly, the rest 12 datasets can be
divided into two populations: datasets T1 and T6, measured in
Stockholm city center and harbor waters (Gewert et al, 2017)
constitute the population with large mean 1.94 pcs/m3; the rest 10
datasets fall in a population with smaller mean ± SD 0.20 ± 0.16
FIGURE 5 | Relative standard deviation of microplastic particle concentration derived from 22 microplastic datasets.
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pcs/m3, representingMPF condition measured by trawl method in
Baltic Sea.

3.6.2.2 Pumping Method
10 datasets use pumping method, including one using PLEX (P9)
and another using Ferrybox (P10). The 10 datasets can also be
divided into two populations, one with a smaller mean and one
with a larger mean. For MPP concentration, datasets P1, P8 and
P9 form a large-mean population with a mean ± SD of 2.64 ±
1.562 pcs/m3 and a range of 1.5 – 4.42 pcs/m3, and the remaining
7 datasets form a small-mean population with 0.21 ± 0.17 pcs/m3

and a range of 0.06 – 0.5 pcs/m3.
For MPF concentration, P8 and P9 form a large-mean

population with a mean ± SD of 26.33 ± 2.74 pcs/m3, and the
remaining 7 datasets form a small-mean population with 0.71 ±
0.53 pcs/m3 and a range of 0.02 – 1.65 pcs/m3.

3.6.2.3 Bulk Method
The three bulk datasets have quite different mean values. Dataset B3
contains vertical averaged MPP and MPF concentrations from a
long-term sampling in 28 years in Bornholm Basin (Beer et al.,
2018). It shows similar mean values of MPP and MPF
concentrations as the trawl datasets (Table 2). The other two
datasets, one sampled in Danish Strait and another in the Baltic
Proper, give very large numbers: 35-569 pcs/m3 for MPP
concentration and more than 700 pcs/m3 for MPF concentration.

3.6.2.4 Differences Between Pump and Trawl Data
Several studies have collected the trawl and pump data at the
same time and location and conducted intercomparison between
the two methods, including T9 and P3 collected by Setälä et al.
(2016) in northern Gulf of Finland, T13 and P7 collected by
Karlsson et al. (2020) at a station in Kattegat and T14 and P8
collected by Schönlau et al. (2020) in 12 stations in Skagerrak,
Kattegat and open Baltic Sea. The three intercomparison studies
show controversial results. Setälä et al. (2016) showed that MPF
concentration from the pump data is four times as much as the
trawl data but the MPP concentration of the pump data is just
half of the trawl data. The pump data from Schönlau et al. (2020)
resulted in notably higher concentrations than the trawl in four
Frontiers in Marine Science | www.frontiersin.org 11
locations: Skagerrak, Kattegat, the Southern Baltic Proper and
the Bothnian Sea. Overall, the MPP concentration was higher in
pump samples than trawl samples in ten out of eleven sampling
sites. MPF concentration from pump data is also 7 times higher
than the trawl data. In another study, however, Karlsson et al.
(2020) found that the trawl data have a bit higher concentration
of MPP than the pump data.

Considering controversial results from the above
intercomparison studies, it is useful to compare the multiple
pump and trawl datasets. Small-mean populations represent 10-
13 trawl datasets and 7-8 pump datasets. It is worthy to note that
the pump datasets show higher values in mean, median and
standard deviation of MP concentration than the trawl datasets
(Figure 6). For MPP concentration, the pump small-mean
population is 1.8 and 2.3 times as much as the trawl small-
mean population for the mean and median, respectively. For
MPF concentration, the pump small-mean population is 3.5 and
3.1 times as much as the trawl data for the mean and median,
respectively. It should also be noted that some pump datasets
could have much higher concentrations: the pump large-mean
population has a mean value that is 21.9 and 132 times as much
as that of trawl small-mean population, for MPP and
MPF concentrations.
4 DISCUSSIONS

4.1 Compilation and Use of
Multiple Datasets
In this study 27 datasets from existing research and databases are
compiled and used for the consistency study, including 25
published datasets and 2 unpublished ones (CLAIM data). The
datasets cover a period of 10 years (2011-2020). The seasonal
distribution of the existing datasets are rather uneven: most of
the datasets were measured during summer (June-September),
however, few observations were collected in winter seasons
(November-March). The spatial coverage of the datasets is
rather wide: a basin scale survey using both trawl and pump
FIGURE 6 | Mean, median and standard deviation (SD) of the multiple microplastic datasets. Left panel: MPP, right panel: MPF. Blue: trawl small-mean population,
red: pump small-mean population.
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sampling was analyzed in Schönlau et al. (2020); sub-basin scale
data were collected in Setälä et al. (2016); Bagaev et al. (2017);
Beer et al. (2018), TalTech (2016-2020), CLAIM (2018-2019),
Zobkov et al. (2019) and Van Bavel et al. (2020); while data in
harbor, estuarial and coastal waters are collected in Norén et al.
(2014); Norén et al. (2015); Gewert et al. (2017); Tamminga et al.
(2018) and Magnusson and Norén (2011). Data from
Magnusson (2014) and Karlsson et al. (2020) are mainly local
offshore observations. Among the 27 datasets, three are sampled
with bulk method, 10 with pump method (including PLEX
profiler by Zobkov et al., 2019 and ferrybox by Van Bavel
et al., 2020) and 14 with the trawl method. It is noted that not
all published data are included, e.g., trawl observations in eastern
Baltic Sea and southern Gulf of Riga (Aigars et al., 2021). Adding
more observations would certainly enrich the results but we do
not think it will change the major outcomes of the study.

4.2 Spatiotemporal Sampling Error
The error is estimated by using observation pairs sampled in small
spatial and temporal intervals by assuming that all other
measurement errors (e.g., instrument and analysis errors for the
individualobservationpairs) are equal. Samplingerror is the lowest in
ML concentration (25%) and highest in MPP concentration (40-
56%), reflecting impacts of the number of litter particles per sample
on the sampling error. Even for replicating data pairs from CLAIM
and Schönlau et al. (2020), the sampling error is in the similar level as
fromTalTechdata. Thismeans that such a level of randomness exists
in individual MP observations, which should be taken into account
when the observations are used for model validation or
spatiotemporal analysis. The replicate observations include valuable
information.However, there is a lackof sampling error estimation for
the pump data, it is important to make such an estimation via
replicate samples considering large variability in the pump data.

4.3 Impact of Different Analysis Methods
Impact of different analysismethods is estimated by comparing two
datasets sampled at the similar time and locations but analyzedwith
different approaches: one uses visual analysis with hot needle test
(i.e., TalTech dataset) and the other uses visual and FTIR analysis
(i.e., CLAIM dataset). The results can be quite different when
different analysis methods are used, as was found in the year 2018
cruise: the visual counting resulted in 7.4 times higher MPP
concentration than the FTIR method. While in the year 2019
cruise, the difference between the two datasets is within the range
of the sampling error. The differences between the two datasets
consist of not only analysis error, but also spatiotemporal sampling
error anddifferences caused bydifferentmesh size.CLAIMdatahas
amixedmesh size from100-330 μmwhile TalTech data has a single
mesh size of 300 μm. It shouldbenoted that this study is just a rough
estimation. More strict investigation should use exactly the same
samples but then analyzed by using different methods, as done by
Song et al. (2015).

4.4 Consistency in Individual Dataset and
Between Different Datasets
This is an important issue when using multiple MP observation
datasets, e.g., for model validation or spatiotemporal pattern
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analysis. By using the 27 datasets, the data consistency is
examined at three levels: data, individual dataset and categorized
dataset for different monitoring methods. In data level, it is not so
exceptional to find outliers, which can be valid data but indicate a
high local MP concentration. Some outliers may not be regarded
as valid data if they are below the lower limit of the detectable
concentration. In the observation analysis, outliers should be
treated separately as they can largely change the statistical
feature of the entire dataset. For the consistency at dataset level,
results show that 6 out of 8 datasets with the highest relative
standard deviation are from pump and bulk methods. When using
multiple datasets for joint observation analysis, it is important to
use consistent datasets. Therefore both the pump and trawl
datasets are divided into different populations with small and
large mean values. An encouraging outcome is that, for datasets
using the trawl or pump method, 10-13 trawl datasets and 7-8
pump datasets fall in small-mean populations, which can be
regarded as consistent datasets. The difference of mean value of
the small-mean and large-mean population are more than 10
times. By comparing the small-mean pump and trawl populations,
it is found that MPP concentration of pump data is about 2 times
as much as the trawl data while for MPF concentration it is more
than 3 times. The large-mean pump population gives much higher
differences with the small-mean trawl population.

Reasons for the significant differences between the trawl and
pump datasets have been attributed mainly to the different
sampling volume that leads to low representability and more
false-zero samples in the pump data. However this cannot
explain the systematically higher MP concentration obtained
by the pump sampling. It is suggested that future research may
further investigate differences on particle collection efficiency
between different sampling methods.
4.5 Data Measured With Different
Mesh Sizes
In this study, most of the datasets used a net with mesh size of
300 or 330 μm. However, seven datasets use mesh sizes smaller
than 300 μm and the ferrybox dataset (Van Bavel et al., 2020)
used both 100 and 500 μm. The results of the inter-comparison
study show that the differences between datasets with different
meshes are not statistically significant (p value >> 0.05). This
suggests that the differences made by varying particle sizes from
100 – 500 μm are not significantly larger than other error sources
such as the sampling error.
4.6 MPF Fraction
TheMPFdata showa large fractionofpresence in theMP litter data,
however, depending on the sampling methods used. Two thirds of
the 13 bulk and pump datasets measured MPF fraction >85%.
However, the 14 trawl datasets show much lower MPF fractions,
withamajoritybetween45-70%. Inaddition,multi-datasets analysis
also show that the measured MPF concentration is much more
variable than the microplastic particles, ranging from 0.20 ± 0.16
pcs/m3 in the 10 trawl datasets, to 0.71 ± 0.53 pcs/m3 in the 8 pump
datasets, 26 pcs/m3 in the 2 pump datasets and above 700 pcs/m3 in
May 2022 | Volume 9 | Article 886357

https://www.frontiersin.org/journals/marine-science
http://www.frontiersin.org/
https://www.frontiersin.org/journals/marine-science#articles


She et al. Multi-Dataset Uncertainty Analysis of Microplastics
the two bulk datasets. The differences are so large between the three
monitoring methods which cannot be explained by sampling and
analysis error, or spatiotemporal variability. Potential leakage ofMP
litterwith irregular shapemay provide an explanation.With awidth
much smaller than the mesh size 100 μm, MPFs are typical ones
which can leak from themeshes. Our results support the hypothesis
that trawl sampling can lead to more leakage than the pump and
bulk sampling. The leakage of MPFs presence is dependent on
several factors such as clogging and entanglement which are related
to mesh size and presence of biolitter etc. The leakage of MPFs may
be reduced in a high microlitter concentration environment, as is
shown in Figures S1, S2where highML concentration is positively
correlated with high MPF concentration but may not with high
MPP concentration.

Due to the potential leakage of MPFs in MP monitoring,
MPFs may not be properly measured especially in the trawl data.
It is recommended not to use existing MPF data for model
validation and spatial pattern studies.

4.7 Measurement Precision and
Representativeness
Measurement precision and representativeness is less addressed
in this paper but a general analysis can be given for particle size >
100 μm. As pointed out by Karlsson et al. (2020), in order to be
statistically representative, a sample should contain a sufficient
number of MP particles which was 26 in their case. For trawl
monitoring with a set of typical parameters, e.g., ship speed of 2
knots, towing time of 15 - 60 minutes and a net opening size of
60 cm by 17 cm, a minimum MP concentration of 0.07 - 0.28
pcs/m3 has to be reached. For pump samples, with the water
volume of 2 – 10 m3, the number of particles collected by pump
method is lower than 26 per sample. A more straightforward
measure for the measurement precision is the lower limit of the
detectable MP concentration. If MP concentration is below this
limit, the sample will contain zero particles. With the typical
monitoring setup mentioned above, the lower limit of the
detectable MP concentration is 0.003 – 0.012 pcs/m3. When
the pump method is used, the lower limit of the detectable MP
concentration is 0.1 – 0.5 pcs/m3 corresponding to a sample
water volume of 2 – 10 m3. For the bulk method, normally 10
liters of water is sampled. This corresponds to a lower limit of the
detectable MP concentration of 100 pcs/m3. This is also why, in
general, for microplastic particles, the pump data have much
more false zero samples than the trawl data and bulk data have
even more false zero samples than the pump data. In principle, if
the real MP concentration is lower than the lower limit of the
detectable MP concentration, the sample should not be regarded
as a valid one for representing the condition in the sampling time
and location. However, the sample can be used to generate valid
mean values with other samples.

It is recommended that future microplastic monitoring in the
sea should further improve and harmonize the monitoring and
analysis standards so that data from the pump and trawl
methods are comparable and wide particle size spectrum
should be resolved so that the leakage of pliable and irregular
shape microplastic litter is no more a major issue.
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5 CONCLUSIONS

With 27 MP observation datasets compiled from existing
publications and projects in the Baltic Sea, uncertainties and
consistency in surface MP measurements with particle size > 100
μm are investigated by using multiple observational datasets.
Specific issues related to sampling error, instrument error,
analysis error, variability in MPF measurements, and data
consistency within individual dataset and between different
datasets, are explored.

Spatiotemporal sampling error reflects randomness of data
due to small errors in sampling location and time. Based on 64
data pairs from the trawl datasets of TalTech, CLAIM and
Schönlau et al. (2020), it is found that the sampling error is the
least for ML concentration (25%), increase to 36% for MPF and
MP concentrations and 40-56% for MPP concentration.

The surface currents and wave-induced Stokes drift have
an impact on the sample volume estimation, which has not
been taken into account in previous studies. The error in the
sample volume in the trawl monitoring due to neglecting
water flow impacts is estimated by using operational model
data and the five-year TalTech dataset. This leads to a
correction on MP concentration of about 12% in the calm
weather conditions. In the high sea, the flow correction can be
up to 40% or more.

Variability of MP concentration due to changing mesh sizes
from 100 – 500 μm is also examined using multiple datasets. The
results showed that the differences between datasets with
different mesh sizes are not statistically significant.

The multiple datasets show both consistency and
inconsistency in MP concentrations. The data from an
individual dataset are often self-consistent. Within one data
category, i.e., using the same sampling method, more than 70%
of the datasets can be regarded as statistically consistent, with
relatively small mean MP concentration. Up to 30% of the
datasets may be regarded as statistically inconsistent, with
mean MP concentration 10 times larger than the consistent
datasets. In addition, datasets between different categories are
significantly inconsistent, reflected in MP, MPF and MPP
concentrations, and MPF fraction. This inconsistency is mainly
caused by different sampling methods, e.g., trawl and pump
sampling. The dataset inconsistency can also be caused by using
different analysis methods, e.g., visual and FTIR methods, as
shown in the inter-comparison of two datasets sampled at the
similar time and locations but analyzed with different
approaches: one uses visual analysis with hot needle test (i.e.,
TalTech dataset) and the other uses visual and FTIR analysis (i.e.,
CLAIM dataset). However, the reasons are still unknown for the
occurrence of this analysis method-related difference.
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