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Background
Stormwater management is becoming of particular interest today due to increased awareness of its pollution by
nutrients and hazardous substances, as well as predicted climate change implications within the BSR. Climate changedriven urban planning also results in increased share of impervious surfaces that demand efficient stormwater systems
to prevent flooding and pollution runoff. Historically, many BSR cities with combined sewage and stormwater sewer
systems are not capable to receive large volumes of wastewater during severe rainfalls and allow an overflow of
untreated sewage and polluted stormwaters into receiving surface waters.
A specific challenge that CCB is addressing in 2016-2017 is related to stormwater as a source of microlitter pollution due
to surface runoff from streets, parking lots, roads etc. (e.g. rubber pellets/tarmac from car tyres and plastic debris from
artificial turfs). According to various sources, stormwater systems and urban runoff may contribute up to 80-95 % of
various litter types originating from land.
The EU primarily regulates stormwater management through actions against flood risk (Floods Directive), while the WFD
regulates it rather through water quality requirements. By 2015 national flood risk management plans within 2nd cycle
of the RBMPs under the WFD should have been produced, however even in 2017 it is not yet the case for some EU MS.
As stormwater issues are well connected to soil sealing, it is important to mention that instead of withdrawn proposal
for a Soil Framework Directive, the EU Guidelines on best practice to limit, mitigate or compensate soil sealing provide
a recommendation for mitigation of freshwater flood events by the landscape by less soil sealing. This has been further
demonstrated through the development and promotion of the EU Green Infrastructure Strategy. Reduction of
contaminant inputs with stormwaters will contribute to improvement of both local surface water quality and receiving
marine waters hence to reaching GES under both WFD and MSFD.
Regionally, HELCOM recommendations addressing stormwater pollution are rather outdated, with the most recent from
2002, and primarily address oil pollution. HELCOM RAP ML stresses the need to give guidance on improvements of
stormwater management to prevent and reduce stormwater related waste (including micro litter) entering the marine
environment (by 2018) and possible amendment of HELCOM Recommendation on municipal wastewater treatment, if
found appropriate.
Number of international studies and research projects within BSR were and still are implemented demonstrating
potential solutions to minimise stormwater-induced runoff through various environmental techniques, however mainly
addressing inputs of nutrients and hazardous substances. Viability of those solutions to cope with microliter pollution
and potentially pharmaceuticals, also in relation to foreseen increased precipitation due to changing climate is
addressed within CCB Biannual Strategy.
An approach to mitigate increased pollution load to rivers and Baltic Sea from increased precipitation/drainage, as
impact of climate change, is sought through under this activity by CCB Secretariat and interested MOs. It comprises of
development of a fact-based CCB Guidance to reduce micro-particles pollution from stormwater in urban areas,
addressing the following main components: (1) problems of stormwater management; (2) legislative background; (3)
inventory of current stormwater management practices in the BSR countries, (4) existing monitoring methodology; (5)
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available technological solutions, including existing and potential pilot cases in the BSR. The Guidance is targeted to
wide range of stakeholders including national and local authorities, municipal planners, public
CCB has defined the following objectives for its work on stormwater runoff and related microliter inputs
−
−
−

Address sources of chemical/microlitter pollution that are not adequately covered (env);
Promote and facilitate improvement of stormwater management in order to prevent litter, including microlitter, to
enter the surface waters and marine environment from heavy weather events (env/clim)
Support development of a guidance on stormwater management on a local level to prevent and reduce stormwater
related waste (including microlitter) entering the marine environment (env).

Activities performed within 2016
Water Revival Systems AB, and independent environmental consultants, produced for CCB the following reports
1. Guidance to reduce micro-particles pollution from stormwater in urban areas; it’s draft was presented to
PRESSURE 5-2016 and HELCOM RAP ML WS 1-2016; the report was produced by in English and will be translated
into 2-3 BSR languages within 2017.
2. A draft overview report on stormwater management and its adaptation to climate change conditions; it be
disseminated via CCB’s Memeber Organizations to general public and local authorities.
3. A draft methodology to monitor riverine inputs of micropalstics will be further updated within 2017 microplastic
campaign. It was already presented for testing and dissemination at the meeting of partners for 2017 microplastic
campaign.
All three reports are also attached to this document.

Action requested
The Meeting is invited to take note of presented information on CCB’s activities with regards to stormwater
management as a contribution to implementation of HELCOM RAP ML and to use this information when
considering the revision of HELCOM recommendation on stormwater management.
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Summary
In this report, field test with a relatively simple water pump and filter setup with following
microscope analysis of the filters show that there are significant amounts of microplastic particles in
water both from outflowing water from waste water treatment plants (WWTP) and from
stormwater. Normally, a WWTP does not filter and clean outflowing waters sufficiently. CCB has had
tests done in constructed wetlands, designed as tertiary treatment from WWTP and/or as
stormwater recipients to conclude if the wetlands have a removal effect on these particles.
The results indicate that wetlands can significantly reduce microplastic particles in outflowing waters,
regardless of initial amounts and main purpose of the wetland, be it for mainly stormwater or final
treatment from waste water treatment. The results are encouraging as we already know since many
years that wetlands have a strong and positive effect on removal of nutrients.
Main findings:
 Constructed free water surface wetlands of varying shapes, age, flow rates and sizes can be
very efficient in reducing microplastics from effluents of WWTPs to the water bodies. These
new results adds to their already known benefits, such as e.g. pharmaceutical removal,
nutrient removal and protection for unwanted releases of untreated water.
 The high MP concentrations found in urban stormwater call for concerns due to the often
large and untreated stormwater volumes released to recipient waters.
 Stormwater ponds used as end of pipe solutions show good removal efficiency for
microplastics.
 There are relatively simple and verified methods for sampling and analyzing microplastic
contents in water.
 If microplastics are to be analyzed for stormwater or sewage it’s very important to include
particle sizes smaller than 300 µm, due to their abundance.

CCB proposals:




wetlands should be considered as an end of pipe solution to reduce microplastic entering the
streams, rivers and sea
monitoring of outgoing water from urban areas stormwater must be developed and
implemented
all WWTP should establish testing of plastic particle content of outflowing water

Concerns about the microplastic pollution stemming from sewage and
stormwater
There are growing concerns about microplastic (MP) pollution in the marine environment. Some
even call it our potentially largest upcoming environmental threat (Depledge et al., 2013; ). When
MPs are released to e.g. the Baltic Sea they can stay there for up to hundreds of years due to their
slow degradation and the low water exchange with the North Sea (HELCOM, 2010; Lassen et al.,
2015). Due to the growing use of plastic products (PlasticsEurope, 2015), the MP concentrations in
the oceans will only get higher if actions are not taken. MPs are constantly released via sewage
streams and though the waste water treatment plants (WWTPs) are capable of removing a relatively
high percentage of incoming MPs the large flows of sewage make the number of MPs released from
WWTPs considerable. Due to for example heavy rains, overflows are known to sometimes occur in
the WWTPs which means that large amounts of untreated sewage can be released (Lassen et al.,
2015). This not only results in large releases of MPs to the recipient waters, but also greater releases
of heavy metals and eutrophicating nutrients (Henze, 2008).

Microplastics found in sewage effluents (Jönsson. 2016)

Most of the MPs removed in the WWTPs end up in the sewage sludge. The sludge is often used as
fertilizer in agricultural soils due to its phosphorus content (Lassen et al., 2015). Long term studies
have shown that plastic covered in soil could take hundreds of years to degrade (Ohtake et al., 1998).
Today there is little known about the effects of MPs in the soil when spread via sludge. There is also
little known about how much MPs are released to recipient waters from agricultural runoff (Lassen et
al., 2015). This doesn’t mean that sewage sludge should stop being used as fertilizer, but it’s a good
reason to take action towards reducing upstream sources of MPs.
Depending on both climate and the imperviousness of urban surfaces, the amount of stormwater can
be greater than the amount of sewage. Often stormwater is released untreated and studies have
shown that the concentrations of MPs in stormwater can actually be higher than those found in
treated sewage from WWTPs (EPA, 2016; Jannö, 2016; Jönsson, 2016). This mostly unexplored MP
pathway could potentially pose a great threat to the marine environment.

Land based sources of microplastics in marine environments
Several countries have made attempts to quantify the amounts of MPs released to the oceans. Due
to lack of data, the reports stress the importance of more research and describe the amounts as
rough estimates. Table 1 displays some of the land based sources and pathways for MPs to the
marine environment from Sweden, Denmark and Norway. Bear in mind that only part of the
emissions are actually transported to the marine environment. Some are accumulated in the soils
near their sources or on the way to the oceans (Lassen et al., 2015; Magnusson et al., 2016; Sundt et
al., 2014). As seen in the table, some of the largest sources have stormwater as their pathway, which
is often untreated (EPA, 2016).

Tyres and road wear, a potentially significant source of microplastics

Table 1. Pathways and estimated emissions of some land based sources of MP pollution. The table only shows
initial emissions at the sources, not the final quantities ending up in the oceans and it is based on data from
Lassen et al. (2015, Magnusson et al. (2016) and Sundt et al. (2014)
Land based
Pathway
Swedish
Danish
Norwegian
Remarks
source
emissions
emissions
emissions
(Magnusson et (Lassen et al.,
(Sundt et al.,
al., 2016)
2015)
2014)
[t/year]
[t/year]
[t/year]
Tyres and road Stormwater,
13 520
4 310-7 290
4 500
DK: only tyre
wear
sewage, air
wear + road
markings
NO: only tyre
wear
Rubber
Stormwater
2 300-3 900
450-1 580
n/a
granulates
from artificial
turfs etc.
Laundry of
Sewage
180- 2 000
200-1 000
700
textiles
Paints and
Stormwater,
130-250
232-1 297
500
DK: paints +
building
sewage, air
building
materials
materials
NO: paints +
building repair
SE: protecting
and decorative
coatings etc.
Footwear
Stormwater, air
n/a
100-1 000
n/a
Personal care
Sewage
60
9-29
40
products
Littering
Stormwater,
n/a
n/a
n/a
sewage, air

Additional microplastic reduction by tertiary treatment in WWTPs
As mentioned above not all MPs are removed in conventional WWTPs and those that are removed
are often suspended in the sludge. The large flows make the percentages of MPs not removed a
considerable amount (Lassen et al., 2015). Additionally, tertiary treatment can be used in WWTPs for
effluent polishing. Today however, there are only a few studies to be found on their ability to remove
MPs.
One study has been done for anthropogenic microlitter reduction in four Swedish WWTPs. The
microlitter was defined as both MPs and non-synthetic fibers e.g. cotton fibers larger than 20
micrometer (20 µm).Three of the studied WWTPs use a tertiary treatment step and one of them
(Sjöstadsverket) is a pilot WWTP fitted with a membrane bio reactor (MBR) as tertiary treatment.
Prior to the tertiary treatment the water in all of the WWTPs had been treated with mechanical,
chemical and biological treatment. The sand filter in Henriksdal showed no palpable removal effects
and in some cases it even added particles to the water. The disc filter in Ryaverket showed a
reduction of microlitter >300 µm, but not for the smaller fraction. The pilot WWTP with the MBR was
fed with the same incoming water as the Henriksdal WWTP. It ended up showing the best reduction
results. It was able to reduce the microlitter content to a tenth of the concentrations measured in
the effluents of the other WWTPs (Magnusson and Wahlberg, 2014).

Another kind of tertiary treatment that can be used is a constructed wetland placed after the WWTP.
Studies of two free water surface (FWS) wetlands in Sweden indicate removal efficiencies of close to
100 percent for MPs >20 µm (Jönsson, 2016). The study is summarized in the next chapter. In
addition to the MP reduction, well designed wetlands have a number of other benefits;
 They are efficient in removing eutrophicating nutrients (Land et al., 2016)
 They work as an effective barrier for untreated sewage reaching the recipient waters in case
of overflows in the WWTPs (R. Kampf and R.M.van den Boomen, 2013)
 They show efficiency on reducing pharmaceuticals, even in harsh winter conditions
(Breitholtz et al., 2012)
 They cost-efficiently contribute to ecosystem services (European Commission DG, 2015)

Microplastic reduction in stormwater ponds and in constructed
wetlands for tertiary sewage treatment
With the aim to determine possible MP reduction a study was conducted for two stormwater ponds
and for two constructed FWS wetlands located in Sweden (Jönsson, 2016). One of the wetlands also
received a minor inflow of stormwater. This was sampled but its MP content was not added to the
concentration for the incoming sewage stream due to its low inflow. The year of construction for the
facilities varied between the mid-20th century to year 2000.

Filtration of water in a constructed wetland (Jönsson, 2016)

During the spring and early summer samples were collected from the facilities influents and effluents
by pumping water through 20 µm and 300 µm filters. Additional sampling was carried out by
collecting minor water samples for later filtration through 20 µm filters in a laboratory. The latter
sampling was done for easier quantification of particles found in large concentrations. All
quantification was performed manually by counting MPs using a microscope. Some of the detected
MPs were analyzed with FTIR spectroscopy to better determine their material content.
Collecting MP samples in water by pumping water through filters is not a new method and has been
used with satisfactory performances in different studies for almost a decade (Enders et al., 2015;
Magnusson and Wahlberg, 2014; Norén et al., 2009). For more on the methodology go to
www.ccb.se Table 2 below summarizes the background information for the different treatment
facilities.
Table 2. Summary of information for the different facilities, based on data from Jönsson (2016)
Facility
Örsundsbro
Wetland
Tibbledammen
Korsängen
wetland
Alhagen
vattenpark
Type
FWS wetland
FWS wetland
Stormwater
Stormwater
(1 430 pe)
(13 000 pe)
pond
pond
Area
[ha]
0.8
28
5.7
9
Mean flow
[m3/d]
667
5 100
4300
3440
Theoretical
[d]
3.5
11.5
2
5-10
residence time
Reduction [%]
99
86
82
89
Suspended
solids
Reduction –
[%]
68
91
66
39
Total
phosphorous
Reduction –
[%]
43
78
47
18
Total nitrogen

The results from the MP sampling showed about 4 objects/liter for the sewage inlet of wetland
Alhagen and about 950 objects/liter for the inlet of Örsundsbro wetland. The MPs in Örsundsbro
wetland were mostly polyethylene or polyamide particles (Jönsson, 2016). Wetland Alhagen’s inlet
concentration corresponds well to other studies of WWTPs effluents, but the concentration in
Örsundsbro is far greater than others studies results for untreated sewage. No cause could be found
for the larger concentration.

Various sections of a constructed wetland (Jönsson, 2016)

For the three stormwater inlets the MP concentrations varied between 5.4 and 10 MPs/liter
(Jönsson, 2016). This is more than what has been detected in several other WWTPs effluents
(Magnusson, 2014), including the incoming water to wetland Alhagen. The number of particles >300
µm was almost non-existent in relation to particles >20 µm.

Microplastics found in stormwater (Jönsson, 2016)

In all the main inlets a large number of black particles and red particles were detected. From their
looks both particle types were similar to particles found in Swedish coastal waters (Jönsson, 2016).
Their exact sources are unknown but there are suspicions that the black particles come from car tyre
wear and combustion of fossil fuels (Norén et al., 2009). The red particles may come from either
anthropogenic or non-anthropogenic sources. One of the analyzed red particles showed indications
of polyethylene content (Jönsson, 2016).

In figure 1 and table 3, concentrations for the facilities influents and effluents are summarized. It
demonstrates the abundance of the black particles. All the facilities showed a distinct reduction for
all the detected types of particles and in most cases about 90-100 % (Jönsson, 2016).
Table 3. Removal efficiencies, based on data in Jönsson (2016)
Reduction efficiencies
Örsundsbro Wetland Tibbledammen Korsängen
Wetland
Alhagen
vattenpark
Microplastic 20-300 µm (%)
99,7
99,8
98
90
Microplastic >300 µm (%)
100
100
73
100
Red "potential" microplastics >20 µm
81
100
99
100
(%)
Black partickles >20 µm (%)
89
49
89
99
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Black particles >20 µm
Red "potential" microplastics >20 µm

7000
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6000

Mikroplastics >300 µm
Mikroplastics 20-300 µm

5000
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2000

1000

0

Facility and sampling point
Figure 1. Summary of quantified particles in the influents and effluents of two wetlands and two stormwater
ponds. The figure is modified after Jönsson (2016).

Conclusions made from the study







The reduction results and the facilities variation in shapes, age, flow rates and sizes clearly
indicate that stormwater ponds and FWS wetlands could be efficient barriers of MP
pollutions in lakes and oceans.
The high MP concentrations found in urban stormwater calls for concerns due to the often
large and untreated stormwater volumes released to recipient waters.
There are relatively simple and verified methods for sampling and analyzing microplastic
contents in water.
If microplastics are to be analyzed for stormwater or sewage it’s very important to include
particle sizes smaller than 300 µm, due to their abundance.
More research is needed regarding the effects of microplastics spread in soil via sewage
sludge.

Stormwater pond (Jönsson, 2016)

Cost examples for wetlands constructed for sewage treatment
To illustrate the cost of constructed wetlands, some examples are given in table 3. All the examples
are taken from a review of a number of Swedish FWS wetlands constructed for tertiary treatment.
The costs apply to 2008 and are displayed in the current value of 2008. A significant part of the larger
costs for wetland Alhagen is due to the pumping of water from the WWTP to the wetland, initial
inspections and environmental impact assessments (Flyckt, 2010). In the years 2008-2016 the value
of 1 € has fluctuated between 9.1 and 11.5 SEK (Trading Economics, 2016).
Table 4. Cost examples for five Swedish wetlands constructed for tertiary sewage treatment. All costs are
displayed in one million Swedish crowns, for the year of 2008 and in the current value of 2008. The table is
based on data from Flyckt (2010)

Facility
Vagnhärad
Trosa
Magle
Brannäs
Alhagen

Size
[ha]
2.3
5.3
20
23
28

Mean flow
[m3/d]
1 442
1 703
12 369
4 396
5 218

Investment cost
[MSEK]
7
12
11
8
20

Operating costs
[MSEK/year]
0.14
0.21
0.25
0.10
0.40
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Stormwater can be defined as runoff, generated from rain or snow, that flows over land or impervious surfaces
to recipient water bodies, either directly or via culverts, gutters, swales or ditches. Under natural circumstances,
precipitation follows natural patterns through infiltration and circulation. The increased abundance of
impervious surfaces arising with urbanization, however, alter the natural water balance and increase runoff
rates. Instead of infiltrating in soil and slowly recharging groundwater reservoirs and surface waters year round,
the water is discharged directly to surface waters. This leads to decreased flows during dry periods and
increased flows when it rains.

The increased runoff rates caused by to urbanization, create the need of well-planned stormwater
management to reduce risks of flooding. However, it is not only risk for flooding that creates the need
for stormwater management, but also the aspect of water quality. Stormwater transports pollutants
accumulated on surfaces and is therefore in need of treatment, on order to prevent negative effects on
recipient water bodies. Typical stormwater bound pollutants are:


Heavy metals such as cadmium, copper, zinc and nickel. These are known to have negative effects on
animals, humans and plants. They can also cause direct toxic impacts on aquatic life.



Oils and other organic pollutants, including polycyclic aromatic hydrocarbons (PAH's). These can be
toxic for aquatic fauna as well as cancerogenic and toxic for humans.



Nutrients such as nitrogen and phosphorous, causing eutrophication.

The pollution levels in stormwater increase with increased urbanization. Road runoff is a particularly
problematic kind of stormwater that poses a substantial environmental risk. In general, it contains all of the
above-mentioned pollutants in a complex cocktail. Runoff from roads with high traffic intensity is more
contaminated than runoff from less trafficked road types.
Micropollutants, such as microplastics, have recently attracted more and more attention. Stormwater is seen as a
significant pathway for microplastics, with tire abrasion and road wear deemed as the main source of particles.
More research is needed to determine the environmental impact of microplastic emissions and the field of
research has been prioritized among political organizations, agencies and NGOs around the world (Magnusson
et al., 2016).

All EU countries have to follow the EU Water Framework Directive (WFD, 2000/60/EC), and its daughter
directives. According to WFD, no waters, either surface waters, groundwaters or coastal waters, are to
deteriorate in terms of quality, quantity and ecology. The overall goal is to reach or preserve good ecological
and chemical water status, to maintain and improve water quality and to ensure the long-term water supply.
Actions shall be taken for polluted water bodies or water bodies in risk of pollution. In addition, necessary
measures are to be taken to progressively reduce the occurrence of 45, by the EU commission, prioritized
pollutants. To ensure good chemical status of water bodies, environmental quality standards have been decided
for the prioritized pollutants. These specify maximal tolerable pollutant concentrations in different types of
water bodies. The prioritized pollutants and their environmental quality standards (EQS) are listed in directive
2013/39/EU. Several of the pollutants on the list occur in stormwater, which makes stormwater management
indispensable for conforming to the WFD.
As an effect of several large floods in Europe, the EU created the floods directive (2007/60/EC) in 2007. The
goal of the directive is to make member countries take measures to mitigate the negative effects of flood events.
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Member countries are to systematically investigate risks for flooding as well as develop action plans for areas in
risk of flooding.

Climate change is expected to cause increased temperatures in Europe, as well as more precipitation in parts of
the EU. Longer periods of drought are expected to contribute to the reduction of river discharge during the
summer season. Well planned stormwater management plans are necessary to minimize flood risks under
intensified precipitation and ever increasing urbanization
Another stormwater-related problem, expected to increase due to climate change, is the occurrence of combined
sewer overflows (CSO), caused by hydraulic overload in sewer systems transporting a combination of sewage
and urban runoff. In many places, particularly in older parts of cities, such combined sewer systems are still
being used. During moderate to large rain events, the treatment plants often receive loads much larger than they
are designed to handle. Discharge of untreated sewage to surface waters during CSO's contributes to elevated
levels of pathogens (bacteria, viruses, parasites), nutrients (nitrogen and phosphorous) and a wide array of
environmentally harmful pollutants such as pharmaceutical residues and hormones (Moreira et al., 2016). These
can cause diseases in humans and animals, and have adverse reproductive effects in fish.
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Stormwater management has traditionally been an issue of quantity. That is, the primary focus has been to
prevent stormwater from causing flooding and damage to buildings, roads and other infrastructure. In order to
face the challenges of climate change and environmental deterioration this focus should shift towards a more
sustainable focus on both water quantity and water quality, as well as esthetic considerations for stormwater in
the urban environment.
Open stormwater systems, such as swales and ditches have the
capacity to divert much larger flows than closed systems, such as
underground culverts. In contrast to traditional culvert systems, open
systems can retain a portion of stormwater bound heavy metals,
nutrients and organic substances. As an added bonus, they can be
integrated in green urban spaces to appeal as esthetical and/or
recreational areas for local inhabitants. A common example is the
combination of stormwater ponds and/or artificial wetlands with
paths, plantations, parks, benches and picnic spots.
For effective future stormwater management and planning practices, a
paradigm shift is needed from administrative boundaries towards
catchment-based approach. Polluted stormwater from one
administrative area may well be an important factor in the recipient
located in another area. The map to the left shows how catchment
areas (red lines) transcend both administrative (county) borders and
national borders (black lines) for rivers in Sweden (SMHI, 2002).
Thus, the general stormwater management practice should be to work
simultaneously with quality, quantity and esthetics on all levels in the
stormwater chain; from the source to the recipient. This is illustrated
in Figure 1: On-site management retains stormwater close to the
source on private property. On public land, stormwater should also be
retained close to the source, diverted through slow drainage systems
and finally retained again before discharge to the recipient water body.
Examples of suitable techniques in these four steps are found in
Chapter 3.
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Figure 1. Different categories of open stormwater solutions illustrating the chain of stormwater management needed
in order to achieve a more sustainable practice. Illustration modified from Svenskt Vatten (2011).

Additional benefits associated with open stormwater planning includes ecosystem services. In traditional costbenefit analysis, ecosystem services are rarely included, even though several studies have pointed out how
invaluable they are both for the economy and the human health and well-being.
Apart from the already mentioned natural water purification and esthetic values, open stormwater facilities can
provide additional ecosystem services such as: carbon sequestration and storage, local climate control and air
purification, noise reduction, pollination, habitat and biodiversity, activity based cultural values, resource for
research and education and a source of non-potable water (Hagström, 2016).

During the planning process, dimensioning the chosen stormwater treatment system, whether it is a pond or a
culvert is crucial. The first step in quantifying the expected volume of stormwater for treatment or retention is to
map land use in the catchment. Each land use category (e.g. road, residential area, parking lot) is assigned a socalled runoff coefficient.; a value between 0 and 1 that describes the portion of precipitation that becomes
surface runoff. A coefficient of 0,4 thus means that 40 % of the rain becomes runoff and 60 %
evapotranspirates, infiltrates or is intercepted in other ways.
Secondly, a recurrence interval of the statistical rain to be handled in the facility is chosen. A statistical 10-yearrain means there is a 1 in 10 chance that a rain of that magnitude will fall in any chosen year. The intensity of
the rain depends on time passed since the beginning of the rain but a 10-year-rain will always have a higher rain
intensity than a 5-year-rain. Finally, the dimensioning stormwater flow can be calculated with the rational
method (Equation 1).
𝑞𝑑𝑖𝑚 = 𝐴 ∙ 𝑖 ∙ 𝜙 ∙ 𝑐𝑓
Equation 1. The dimensioning flow qdim (l/s) for a certain land use is calculated by multiplying the land use area A
(ha) with the rain intensity i (l/s ha) for a certain statistical rain and time, the runoff coefficient ϕ (-) and a climate
factor cf (-) which takes into consideration future increases in precipitation and precipitation intensity. In Sweden, it
is recommended to use a climate factor of 1,25.

When quantifying stormwater pollutant loads, there is a plethora of different models in use. Simpler statistical
models often use a standard pollutant concentration in stormwater deriving from certain land use.

When building new stormwater systems it is recommended that:


Combined sewer systems are avoided.



Stormwater is handled with local on-site management to the largest degree possible.
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Excess water from properties is led in open ditches or swales with slow drainage. Open stormwater
systems can be combined with traditional culvert systems that do not risk damage on buildings (i.e. does
not become dammed).



If necessary, the stormwater is retained in an "end-of-pipe" facility before discharging to the recipient
water body.

In order to speed up the development towards a more sustainable stormwater management, municipalities or
other relevant authorities can use different incentives and instruments to promote the transformation of existing
stormwater systems.
For instance, Härryda municipality in Sweden has not built any new stormwater culverts since 2002, when it
adopted new guidelines in its stormwater strategy policy document. Instead, the municipality actively
encourages on-site management of stormwater on private property.
Economic incentives are another option available to promote the transition to more sustainable stormwater
management. Traditionally, in Sweden the stormwater tariff has been included in a lumped tariff for water and
sanitation paid by the property owner. The lumped tariff usually depends on the size of the property rather than
on actual contribution of stormwater. However, since the beginning of the 2000s, several municipalities have
elaborated stormwater tariffs that differ depending on the level of on-site management. Property owners that
handle all stormwater on-site and are not connected to the municipal stormwater grid are exempted from paying
any tariff. If, on the other hand, there is no local on-site management of stormwater, the property owner pays
full tariff. With partial local management, tariff is usually reduced by a certain amount.
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In order to adapt to climate change a shift in stormwater management is needed towards a more natural and
green practice with open-space solutions. Flows need to be retained and pollutants removed in several steps,
from the source to the recipient (see Figure 1). Below is a smorgasbord of nature-like, yet technical solutions
and stormwater facilities that can be implemented in both new and existing infrastructure. We divide the
solutions into three categories depending on where in the stormwater chain their implementation is most
suitable. The examples are described in more detail in the Appendix.
1. On-site management and
retention close to the source

2. Slow drainage

3. Retention before
recipient

Green roofs
Infiltration on green surfaces

Swales
Gravel ditches

Stormwater ponds and
artificial wetlands

Permeable surfaces
Rain barrels and cisterns

Infiltration paths

Dry stormwater
ponds/flooding areas
Overland flow systems

Bioretention
Structural soils

All the above mentioned stormwater techniques have to be designed according to the site-specific conditions.
However, Blecken (2016a) has identified six success factors that increase the likelihood of achieving a
successful system based on both technical and esthetic aspects. These need to be considered in the design phase.
1. Identify the primary purpose of the stormwater facility. Is the primary purpose esthetics, to retain large
water volumes, remove pollutants or a combination of either?
2. Identify the site's natural and technological conditions - e.g. ground water table, climate, soils,
infiltration capacity etc.
3. Consider design and technology simultaneously - avoid prioritizing one over the other.
4. Initiate dialogue and promote interactions with involved stakeholders (private, public, individuals)
already in the early stages of the project.
5. Observe the management aspect - A maintenance program must be developed and adapted for type,
needs and technical requirements of the facility. Avoid maintenance that counteracts the functionality of
the treatment (e.g. fertilization of plants in a facility removing nutrients).
6. Communicate and inform - inform the public, the entrepreneur and maintenance personnel about the
purpose of the facility.
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Operation and maintenance aspects should be taken into consideration from the onset (planning and
construction) of a project and an operation and maintenance manuals should be drafted before completion of the
build. Some of the more common aspects that to be considered are (Blecken, 2016b):


Regular checks of drainage structures such as gutters, downpipes, inlets, outlets, wells etc. is necessary
to prevent clogging or other malfunctioning.



Facilities that include newly established vegetated areas need to be monitored and complemented with
new vegetation if necessary.



Infiltration facilities need to be checked for clogging of the top layer of the filter bed. When clogged,
the top layer may need to be removed, cleaned or modified.



Vegetation may need clipping on a regular basis to maintain functionality.



Gravel ditches may require weeding to maintain infiltration capacity.



Periodic sediment removal (e.g. dredging) is required in facilities where this is accumulated, such as
stormwater ponds.



The EU Water Framework Directive (2000/60/EC): http://eur-lex.europa.eu/legalcontent/EN/TXT/?uri=CELEX:02000L0060-20141120



Environmental quality standards: http://eur-lex.europa.eu/legalcontent/SV/TXT/?uri=URISERV%3Al28180



The EU Floods Directive (2007/60/EC): http://eur-lex.europa.eu/legalcontent/EN/TXT/?uri=CELEX:32007L0060



CCB Climate Change report: http://www.ccb.se/publications/ccb-climate-change-report/
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For each technique described below the surface requirement has been graded as none, small, medium or large in
comparison to the catchment area the facility receives stormwater from. It is also listed how well the techniques
remove pollutants coming as coarse particles (< 1 mm), fine particles (1,5 µm - 1 mm) and dissolved
substances (which also includes very fine particles, or colloids, < 1,5 µm).

These techniques target stormwater retention and pollutant removal close to the source, either on private land or
on public land.

Surface requirement: large, but no extra area needed
Pollutant removal: dissolved substances
Advantages
+ Reduces and slows the amount of stormwater
+ Does not require extra space
+ Contributes with biodiversity
+ Isolates against heat, cold and noise (ameliorates the urban heat island effect)
Disadvantages
- Requires ongoing oversight
Vegetated roofs, commonly called "green roofs", are used to reduce and slow the volume of stormwater from
roofs. A green roof usually reduces stormwater runoff by 25 to 75 percent depending on type of vegetation,
thickness of the substrate layer and roof slope. This reduction is achieved through evaporation, uptake by plants
and storage in the soil.
The removal of pollutants is trivial since rain water normally is quite clean. To avoid green roofs from
contributing to eutrophication by leaching nutrients, fertilization should be avoided and plants that thrive in
nutrient-poor conditions should be chosen.
Green roofs can either be extensive consisting of a thin carpet (around 3-6 cm) of drought resistant succulents
(e.g. Sedum) or more intensive, where perennials and bushes can grow on a carpet usually thicker than 15 cm.
The additional weight of a thicker substrate layer and higher water storage capacity in intensive green roofs
implicates a higher roof load capacity is required.
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Surface requirement: large
Pollutant removal: coarse particles, fine particles, some dissolved substances
Advantages
+ Stormwater and its nutrients are made useful
+ Contributes both to stormwater reduction and pollutant removal
+ Provides greenery in urban areas
+ Contributes to groundwater recharge
+ Low construction costs
Disadvantages
- Area-intensive
- Risk that infiltration capacity deteriorates gradually
- Areas receiving highly polluted stormwater may be unsuitable for recreational purposes
Green areas can be used to delay stormwater and remove its pollutants. The water is diverted to a green surface
such as a lawn or other natural areas, where both the vegetation and the soil contributes to flow retention and
pollutant removal. The technology is simple, robust and cost-effective. It can be applied to treat stormwater
from roads, parking lots, roofs and courtyards with impermeable surfaces.
To allow high infiltration rates, the green surface should preferably be constructed with a well-drained, porous,
top soil layer. Normal flat grass areas with a lower rate of infiltration can instead be reshaped like a wide bowl,
allowing some water to stand on the surface before infiltrating. Generally, infiltration on green surfaces allows
for high removal rates of particle-bound pollutants such as heavy metals and phosphorus.

Surface requirement: large
Pollutant removal: coarse particles, fine particles, some dissolved substances
Advantages
+ Effective retention of flow and removal of pollutants
+ An effective use of surface area
+ Contributes to local groundwater discharge
+ Can integrate vegetation in areas which otherwise usually are barren
Disadvantages
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- Not suitable for steep sloping areas
- Flow retention can be limited by infiltration capacity
- High surface load (e.g. heavy vehicles) and winter maintenance (e.g. sand and salt) creates a risk of clogging
- Some types of permeable surfaces are expensive to maintain.
Permeable top layers that retain stormwater and its pollutant load are available as an alternative to traditional
asphalt coating. Gravel, permeable pavers, permeable asphalt and paving with permeable joints are some
examples. These alternatives are often used on parking lots or roads. Typically, the bearing layer below the
surface consists of porous layers of substrate such as gravel or macadam, with good infiltration capacity.
Particle bound and colloidal pollutants are removed primarily through sedimentation, filtration and
immobilization.

Photo: Stockholms stad (n.d.)

Surface requirement: small
Pollutant removal: none
Advantages
+ Collects water for use later
+ Easy and cost-efficient way to retain stormwater from smaller roof areas
+ water for irrigation of gardens
Disadvantages
- Not easily implemented in very dense urban areas
Rain barrels and cisterns are an easy way to collect rain water and probably the most traditional way of doing
so. Instead of connecting gutters to the underground stormwater system, rain barrels or cisterns can collect a
large portion of the annual rain volume for subsequent use for watering plantations. To avoid damage to
buildings, rain barrels should have an overflow system that diverts excess water to the municipal grid.

Surface requirement: medium
Pollutant removal: coarse particles, fine particles, some dissolved substances
Advantages
+ Water retention and high pollutant removal levels
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+ Can also be designed to remove oil residues and other petrochemical pollutants
+ Makes stormwater useful and visible
+ Contributes to biodiversity and esthetics
Disadvantages
- Space requirements
- Potential irrigation needs
The terms “rain gardens” and “submerged plant beds” are widely-used synonyms for bioretention. After rain
events, rain gardens can temporarily be water-filled completely but they are commonly designed to drain within
24-48 hours. The surface plants should include species normally found in wet meadow niches and tolerate
periods of inundation. The soil typically consists of a pollutant removing filter material. The removal efficiency
for heavy metals such as zinc and cadmium is usually high. In order to achieve efficient nitrogen removal a
water-saturated zone in the filter material is usually required. Rain gardens need to have an overflow drain
diverting heavy rains.

Surface requirement: medium
Pollutant removal: coarse particles, fine particles, some dissolved substances
Advantages
+ Provides retention of water and pollutant removal
+ Above-ground spatial requirements are small
+ Converts stormwater to a benefit for urban vegetation
Disadvantages
- Infiltration capacity has to be weighed against removal efficiency for pollutants. Structural soils with small
pores remove more pollutants but exhibit slower infiltration rates and vice versa.
The main reason for using structural soil is to improve growing conditions for trees planted in densely paved
urban areas. A pit is excavated around each tree and subsequently filled with coarse stone fractions or sand and
sometimes supplemented with topsoil and/or biochar. Pollutant removal occurs by filtering the water through
the different layers of the soil, allowing for sedimentation on the bottom, and by uptake of water and nutrients
by the tree itself. By allowing subsequent percolation to the groundwater table below the structure even higher
pollutant removal levels can be accomplished.

After on-site management, stormwater should be drained slowly in variations of open ditches or trenches placed
on public land.
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Surface requirement: medium
Pollutant removal: coarse particles, some fine particles
Advantages
+ Reduced flow velocity and pollutant removal
+ Diverts stormwater in a safe manner
+ Keeps stormwater visible, contributes with green infrastructure and biodiversity
Disadvantages
- Require additional stormwater treatment for removal of fine particles and dissolved substances
A swale is a grassy trench or ditch with moderate side slopes constructed on a level below the road, street or
other paved surface from which stormwater is being diverted. The main purpose of a swale is to increase
residence time for stormwater and provide a pathway for low velocity flow from the catchment area. Swales
usually do not contain a drain below the surface. A certain degree of pollutant removal is accomplished by
infiltration (if soil conditions allow) and uptake by the vegetation.

Surface requirement: small
Pollutant removal: coarse particles, some fine particles
Advantages
+ Reduced flow velocity and pollutant removal
+ Can be designed to divert extreme flows to counteract flooding
+ Spatial requirements are small
+ Low construction costs
Disadvantages
- Low level of removal of dissolved pollutants
- Require regular maintenance; weeding and cleaning
Gravel ditches are usually filled with large fractions of gravel and are typically about one meter deep. The
porous gravel layer creates a large storage volume for water that facilitates slow drainage. A smaller surface is
required in comparison to the catchment area than for swales. Gravel ditches contribute to some pollutant
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removal. By constructing a drainage pipe in the bottom of the ditch it can also divert stormwater at extreme
flows.

Surface requirement: medium
Pollutant removal: coarse particles, fine particles, some dissolved substances
Advantages
+ Retention of water and high level of pollutant removal
+ Turns stormwater into a visible resource
+ Contribute to ground water recharge
+ Urban green infrastructure, biodiversity and esthetics
Disadvantages
- Requires space on the ground surface
- Risk that infiltration capacity deteriorates after time
Infiltration paths are designed as ditches with gently sloping sides and function very similar to bioretention
facilities. After excavation, the ditches are filled with several layers of aggregate and soil. The bottom layers
consist of coarse gravel, followed by a layer of finer gravel and finally a layer of topsoil covered by grassy
vegetation. Both the vegetation and the topsoil layer contribute to the relatively high levels of pollutant removal.
Infiltration paths are usually constructed adjacent to roads and streets but can also receive stormwater from other
surfaces through culverts.

These techniques are sometimes referred to as "end-of-pipe" solutions and tend to have large retention capacities
to retain and treat stormwater from larger catchment areas.

Surface requirement: medium
Pollutant removal: coarse particles, fine particles, some dissolved substances
Advantages
+ Effective retention of stormwater and high removal of pollutants
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+ Easy to equip with oil/grid separators to remove oil pollutants
+ Contribute with biodiversity, recreational and esthetic values
Disadvantages
- Can be difficult to integrate in urban areas because of their spatial requirements
- Require regular maintenance such as litter- and sediment removal
Stormwater ponds and artificial wetlands are primarily used to retain and purify larger volumes of stormwater as
an "end-of-pipe" solution. Often wetland sections and open-water pond section are combined in one single
treatment system, as varying depths and levels of oxygen saturation contribute to different part of the nitrogen
reduction cycle (nitrification, denitrification).
Ponds and wetlands reduce flow velocity, and thereby promote particle sedimentation. Stormwater ponds and
wetlands are often designed in elongated, meandering shapes with alternating deep and shallow parts. As a
result, pathways for water through the systems and subsequent residence times are quite long, enhancing
pollutant removal efficiencies.

Surface requirement: medium (but depends on the conditions set for dimensioning)
Pollutant removal: coarse particles, some fine particles
Advantages
+ Can be designed to retain extreme floods
+ Some pollutant removal is achieved
+ Contribute to green infrastructure and recreation in urban areas
+ Can be used for other purposes at dry periods
Disadvantages
- Require relatively large spaces
- Require regular maintenance
Flooding areas or dry stormwater ponds are (green) open areas that can temporality be inundated for the purpose
of flood retention. Spreading the incoming flow evenly over the available surface, reduces flow velocity and
erosion risks and promotes sedimentation. When the peak flood starts to subside, the structure can slowly drain
either by infiltration (if sufficient infiltration capacity exists in the topsoil layer) or via a throttled outlet or a
ditch. Facilities that allow for infiltration should feature grass or other vegetation to minimize the risk of
erosion.
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Surface requirement: medium (but depends on the conditions set for dimensioning)
Pollutant removal: coarse particles, fine particles
Advantages
+ Pollutant removal and some retention of water
+ Contribute to urban green infrastructure
+ Can contribute to ground water recharge
+ Low costs of construction and maintenance
Disadvantages
- Can only handle limited volumes of stormwater
An overland flow system consists of a gently sloping patch of grass receiving stormwater. Incoming water is
distributed evenly from the top side via an inlet structure consisting of either a ditch with permeable gravel, a
perforated distribution culvert or a set of evenly distributed smaller inlet culverts. From the top, water flows
slowly and evenly through the topsoil layer down to a collecting ditch, pond or culvert. During the shallow and
low-velocity sheet-flow, particle-bound pollutants are retained by filtration and sedimentation and organic
substances are decomposed. In order to maintain homogenous sheet flow conditions, a dense and uniform cover
of grassy vegetation must be maintained to prevent the emergence of preferred flow channels by erosion.
Channel formation would increase flow velocity and thereby reduce residence time and sedimentation.
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Introduction

Input of anthropogenic litter to marine ecosystems is a well-recognized and widespread problem.
The estimated annual litter load that reaches the world's oceans via various pathways is
approximately 10 million tons. A large part of the anthropogenic litter load consists of plastics
characterized by extreme longevity in marine environments (EEA, 2014). Fragmentation by
1

ultraviolet light slowly degrades larger debris into ever smaller pieces to eventually become
microplastics. The term microplastics is commonly used to describe plastic pieces smaller than 5 mm.
The potential negative consequences of microplastic loads to aquatic life are thus far poorly
described. Some studies show negative effects on biota, but more research is needed (JRC, 2013;
Ogonovski et al., 2016).
There is no EU freshwater legislation covering plastic litter in freshwater ecosystems, due to plastics
not being included in the Water Framework Directive (2006/60/EC, WFD) (van der Wal et al., 2015).
Marine litter is, however, covered in the Marine Strategy Directive (MSFD) where one of its
objectives is that "Properties and quantities of marine litter do not cause harm to the coastal and
marine environment". The main goal of the MFSD is to achieve Good Environmental Status of EU
marine waters (European commission, 2016). Inland activities play an important role in achieving
good environmental status in the marine environment due to rivers discharging to the seas. There
are several large river catchments that drain to the Baltic Sea. The rate of water circulation between
the Baltic and the adjacent North Sea is extremely low, due to it being almost entirely land-locked
(HELCOM, 2010). This means that plastics transported to the Baltic Sea can be expected to remain
there for a long time. Litter of all size fractions from urban areas, such as cities is transported by runoff and ends up in streams and rivers and subsequently the marine environment. Little is, however,
known about how large a pathway rivers are for microplastics. Even though some studies on litter
abundance in rivers have been conducted thus far, the contribution of river plastic load to the oceans
and its spatial and temporal variance is yet to be quantified by future monitoring.

1.1

Scope and objective

This paper is written on behalf of Coalition Clean Baltic and aims to describe a simple and robust
technique that can contribute to gathering baseline data on micro-litter occurrence in rivers. The
publication focusses on methodologies that do not require large logistic capacities and investments.
River monitoring data obtained by the described techniques could support policymaking as well as
identify hotspots where more elaborate research or mitigation efforts are required. The aims of this
report are to:
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Summarize existing work on river litter monitoring and main sources of litter.
Summarize methods for sampling and analysis of micro-litter.
Use experience from field-testing to illustrate how methods can be applied in monitoring of
micro-litter in rivers.

Land based sources of litter in rivers and the
marine environment

A river is both recipient and pathway for land based litter ending up in the sea and a considerable
portion of marine litter consists of plastic materials. Litter sources vary from public littering (either
released directly into the rivers or indirectly via storm drains), improper waste management, landfills
and litter spread via sewage (JRC (2016). After sampling both macro- and micro-litter in 4 large
European rivers van der Wal et al. (2015) point out the industrial sector as the main source of
riverine litter, particularly industrial packaging. They also point out urban areas, households,
agriculture, fisheries, medical waste and wastewater treatment as potential sources. The greater part
of the litter found in the studied rivers were identified as plastics (van der Wal et al., 2015).
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The exact sources of found micro-litter in marine environments are hard to determine due to their
small sizes. Apart from plastics, micro-litter also includes combustion particles and non-synthetic
textile fibers from laundry. Even though cotton and other cellulose fibers aren´t as hard to degrade
as synthetic fibers, they will still last a long time when emitted to the marine environment and can
potentially pose a threat (Magnusson & Norén, 2011). The term microplastics is primarily used to
describe plastic particles smaller than 5 millimeters. A distinction is made between two groups of
particles; primary and secondary microplastics. Primary microplastics are microplastics produced
intentionally in order to have certain attributes, e.g. abrasives in toothpaste and cosmetics as well as
air-blasting media. The bulk of microplastics found in the marine environment, however, consist of
so-called secondary microplastics originating from fragmentation of larger pieces (Lassen et al., 2015;
Ogonovski et al., 2016).
Although many potential sources for microplastic emissions to the marine environment have been
identified, quantification of contributions is difficult. Several national environmental agencies have
attempted to determine pathways and quantify the land-based sources of microplastic emissions to
the marine environment (Lassen et al., 2015; Magnusson et al., 2016; Sundt et al., 2014). The main
pathways for land-based sources of microplastics entering the seas are suspected to be stormwater,
sewage and wind. Although not entirely quantified, the main sources for microplastics in Sweden are
assumed to be tire fragments from road wear, followed by washed out granules from artificial
football turfs and laundry. Landfills and public littering are also suspected to be significant sources,
but their contributions are even less well understood than those from the above sources. Transport
mechanisms from the sources to the seas have not been studied sufficiently enough to draw any
concrete conclusions about quantities that reach the seas and quantities retained on the way
(Magnusson et al., 2016). The pathways (stormwater, sewage and wind) for land based sources of
microplastics entering the marine environment also “discharges” into rivers. It is, therefore, safe to
assume that the same land based sources for microplastics as for marine environment also find their
way to rivers.
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Overview of existing work on litter monitoring in
rivers in Europe

Currently, there are no long-term programs for monitoring litter in European rivers on a regular basis
(van der Wal et al., 2015). Globally, however, a number of projects that study litter in oceans, lakes,
rivers and along beaches are being and have been conducted. Some projects were initiated by
governments whilst others were initiated and carried out by NGO´s or through public initiatives.
Following projects are examples of work regarding or related to litter monitoring in European rivers,
table 1.
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Table 1. Examples of projects and campaigns on litter monitoring in European rivers

Project or
campaign

Main organizer

Ocean Initiatives

Surfrider
Foundation
Europe

Thames21

Thames21

Global
Microplastics
Initiative

Adventure
Scientists

Rivers, lakes and
seas around the
world.
Microplastics

Identification and
Assessment of
Riverine Input of
(Marine) Litter
(Project no longer
in progress)

DG Environment
of the European
Commission

Four rivers
discharching to the
North Sea, the Gulf
of Bothnia, the
Mediterranean and
the Black Sea.
Macro-and microlitter

Occasional
scientific surveys
for microplastics

Different
research
institutes

European rivers,
lakes and seas.
Micro-litter
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Water body,
location and litter
category
Rivers, lakes,
beaches and seas
around the world.
Macro-litter
The River Thames
catchment, UK.
Macro-litter

Litter monitoring-related aim
and information
Gathering of data from macrolitter collected in different cleanup campaigns. (Surfrider
Foundation Europe, 2016)
Organization of macro-litter
clean-up activities and
summarizing of their collection of
data (Thames21, 2016)
Project where citizens around the
world are encouraged to send in
their own water samples, which
are then analyzed for
microplastics content in order to
create a database (Adventure
Scientists, 2016)
Aims described in the report:
“1) To monitor litter in
suspension in 4 European Rivers;
2) To assess the amount of litter
discharged from these rivers into
the sea: and
3) To identify the largest sources
within the investigated river
basins“ (van der Wal et al., 2015)
Occasional surveys carried out by
scientists aiming to study
occurrence and effects of
microplastics in different
environments

Methods for monitoring micro-litter (including
microplastics)

The field of studying micro-litter in the environment is still in its infancy and methods for sampling
and analysis have thus far not been harmonized. The various methods all have their own benefits and
recommending one particular method over the any other seems premature at present. When
sampling micro-litter out at sea, the prevailing method has been trawling the surface using nets with
mesh sizes of around 300 µm (JRC, 2013). Trawling with finer nets is difficult to do due to the high
risk of clogging (Löder & Gerdts, 2015). Filtering smaller samples of water through fine filters has,
however, indicated that the concentrations of micro-litter observed by trawling might be far too low.
Micro-litter originating from tire wear, road wear and combustion of fossil fuels can be missed
completely if finer filters are not applied (Norén, 2007; Magnusson & Norén, 2011). In order to
monitor environmentally relevant micro-litter in the Baltic Sea, some scientists recommend filtering
water through filters with mesh sizes of maximum 100 µm (Setälä et al., 2016). Sampling of micro4

litter with filters finer than 300 µm, has on several occasions been conducted by pumping water
through the filters (Enders et al., 2015; Jönsson, 2016; Magnusson & Norén 2011). An advantage of
pumping is that the risk of contamination from airborne micro-litter is minimized. It also enables
taking control samples to determine the effect of eventual contamination (Norén et al., 2014).

4.1

Information and experiences of pump methodology for
sampling micro-litter

In 2011, Swedish scientist applied a new sampling technique involving pumping to take samples at
several locations along the Swedish coast. Aim of their study was to test a sampling method that did
not require trawling and offered the possibility of using finer filters than the usual 300 µm. A gasoline
driven water pump with inlet and outlet hoses was used to pump water through a filter. Two types of
filters were tested; plankton net (mesh size 300 µm) manually cut into circles and prefabricated
polycarbonate filters (mesh size 10 µm)(Magnusson & Norén 2011). The method was later also
applied for sampling micro-litter in a Swedish lake. Samples were taken either from piers protruding
into the lake or small boats. The method was described as satisfactory and with a recommendation
that sampling from boat should be performed by least two people for easier handling (Landbecker,
2012). Minor modifications of the sampling method have subsequently been used for sampling
micro-litter in outlets of waste water treatment plants, with stormwater discharge points and out at
sea (Jönsson, 2016; Norén et al., 2014).
In 2016 the method was used to sample microplastics from stormwater ponds and wetlands
receiving effluent from wastewater treatment plants on 11 locations in total (Jönsson, 2016). Prior to
the study the method was tested and fine-tuned by taking samples from the bank of a minor river.
The following chapters describe the method in more detail and summarize experiences obtained
during the study.
4.1.1

Pump assembly

The used setup was based on the method from the above-mentioned sampling of coastal waters
(Magnusson & Norén 2011) and consisted of a gasoline pump, hoses, filter holder and filter. A
mechanical volumeter was attached to the outlet hose in order to measure the volume of water
filtered, figure 1. Alternatively, the filtrate could have been collected for subsequent volume
determination. The 2.2 KW pump was purchased for about 200 euros at a local hardware store. The
volumeter was also purchased at a hardware store for about 100 euros. The filter holder consisted of
stainless steel pipes, gaskets, and a clamp. Together with hoses, these parts where purchased at a
local hydraulics store. Some of the stainless steel parts where welded together to form the filter
holder shown in figure 1. The inner diameter of the stainless-steel pipes was in this case 2 inches. The
inlet and outlet hoses chosen had inner diameters of 1,5 and 1 inch. The dimensions where partly
chosen out of availability and costs, but worked well for this project. The inlet hose was of sturdier
material, not to deflate due to the suction pressure of the pump.
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Figur 1. Equipment used for sampling of microplastics. On the left hand side: filter holder consisting of stainless steel pipes
with a chamfer for gaskets, a nylon filter and a corresponding clamp. The filter holder was designed with a bend only to
improve sampling in very shallow waters and to decrease the risk of sediments being filtered. To the right is the gasoline
driven water pump connected to the filter holder and a red volumeter.

4.1.2

Choice of filters

Polyester plankton nets (Sefar Petex), where cut into circles to fit the filter holder. Two mesh sizes
were used. The mesh size of 300 µm was used to allow for comparison of results with the majority of
studies conducted thus far. The relatively large mesh size allowed large volumes of water to be
filtered (up to several thousand liters). Additionally, new and smaller water samples (10-70 liters)
was pumped through a filter with a mesh size of 20 µm. Larger volumes could not be passed through
the 20 µm mesh due to clogging. Analyzing the particles caught in the finer mesh filters required
more time and was associated with more difficulty than the analysis from the larger mesh filters.
According to JRC, 2013 a trained plankton analyst can distinguish fragments of sizes down to 50-100
µm with an accuracy of 70 % by using a microscope. For smaller fragments, it is recommended that
they are examined using more advanced equipment such as a Fourier Transform Infrared
spectroscope (FT-IR).
4.1.3

The methodology used for sampling by pump

Prior to sampling the filters were thoroughly checked and cleaned from micro-litter with the aid of a
microscope, and subsequently stored in clean glass petri dishes. On every sampling location, a test
run was performed to determine how much water could be pumped through a filter before clogging
and to make sure that all components of the setup were water filled before sampling commenced.
The filter holder was fixed at a constant depth by suspending it from a wire attached to a pole.
Sampling procedure is summarized below.




The filter holder was thoroughly rinsed with clean water and a clean filter was inserted with a
pair of tweezers.
The filter holder was submersed and fixed at constant depth.
The pump was started and run until the desired filtered volume was reached. Pumping was
halted well before the filter would clog for easier analysis.
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The filter holder was raised from the water and the filter was placed in its sealed petri dish
using a pair of tweezers.
Filtrate volume was noted down.
The procedure was repeated for the desired number of replicates.

To avoid sample contamination, sampling personnel wore only cotton clothing and samples were
handled upwind. The filtrate was released downstream to avoid it being filtered twice.
Contamination effects can be quantified by taking control samples, for example by quickly stopping
the pump directly after starting it and thereby, not letting any significant amounts of water pass
through the filter (Norén et al., 2014).
4.1.4

Filter analysis

All filters were visually inspected with binocular microscope and 40× magnification, figure 2.
Definitions from previous studies (Norén et al, 2007; Noren et al, 2009) were used in order to
separate plastic from non-plastic micro-litter. Fibers of around 20 µm without tapered ends were
defined as plastic if they were homogenously colored and lacked signs of cellular structures. Other
particles were also regarded as plastics if they were homogenously colored and lacked organic
structures. Potential tire or combustion particles were defined as having a deep black color
reminiscent of coal or tar. Particles were also compared to a number of photos depicting known
micro plastics. Photos from various prior studies were used for reference (Adventure Scientists (n.d.);
Leslie et al., 2013; Magnusson & Norén, 2011; Mani et al., 2015; Norén et al., 2009).

Figur 2. Stereo-microscope and petri dish containing a filter.
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The visual microscopic analysis is summarized below:







A grid was drawn on both the bottom of the petri dishes and on a notebook paper. The grid
lines were visible through the filters.
Particle position, size and appearance were scored and categorized one square at a time with
the lid kept on the petri dishes to avoid contamination. Many particles were also
photographed.
After quantification, the petri dish lids were removed and suspected microplastics in need of
further inspection were transferred to a clean part of the filter with a pair of micro tweezers
for further determination. Identification and detection was facilitated by carefully
moisturizing the filters by water.
Some particles, suspected to be of synthetic origin, were transferred to a glass slide and
heated over a Bunsen burner. Particles that melted were considered as synthetic.

A more advanced way for material identification is to analyze individual particles by Fourier
Transform Infrared (FT-IR) Spectroscopy. This method was tested for some particles found in larger
quantities. FT-IR spectroscopy uses infrared light and measures absorption at different wavelengths.
The obtained spectrum can be compared to reference spectra of known materials. If no match to
known materials is found, the peaks in the spectrum can be interpreted by hand in order to provide
information about chemical bonds between the atoms and functional groups.

4.2

Concluding remarks on the pump method and its potential
applicability in river monitoring

The main advantage of the presented technique is that it is a cost-effective and relatively simple, yet
robust method to sample microplastics in the water column. It has been successfully applied and
tested under a range of conditions and environments. Operation of the equipment involved does not
require cranes or advanced setups and is possible from small vessels. Although the technique has not
yet been applied in rivers, there is little reason to assume that it could not be applied even there.
In order to coordinate monitoring efforts and produce comparable results, one approach could be to
use 300 µm filters for simpler visual quantification of microplastics in binocular microscopes. If
possible, it is wise also to perform additional sampling using filters with finer mesh sizes. A suitable
mesh size for these filters might be 100 µm. This, since it was recently recommended as maximum
mesh size for monitoring environmentally relevant size fractions of the Baltic Sea (Setälä et al., 2016)
and still is large enough to get quite accurate results when quantification is done in a microscope
(JRC, 2013).
Future sampling efforts in rivers have to take into account that litter occurrence across a river’s cross
section could be very heterogenic, particularly for larger fractions. Turbulence of shallow rivers,
however, could result in a more homogenous dispersion across the water column for litter smaller
than 1 mm (van der Wal et al. 2015). Spatiotemporal variation of litter occurrence in rivers is poorly
described and future research efforts should focus on taking samples from several locations along
river cross-sections under various flow conditions. When sampling from a boat, samples should be
taken upstream of the vessel in order to minimize sample contamination by antifouling paint
particles from the hull.
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5

Recommended further reading







A guide on how to analyze microplastics using a microscope, by Adventure Scientists:
https://drive.google.com/file/d/0B7XLXGyqE-9iNkd1eVoyTHJtWmc/view
A presentation by IVL Swedish Environmental Institute Research Institute, on the pumping
method being tested in 2011:
https://www.google.se/url?sa=t&rct=j&q=&esrc=s&source=web&cd=1&cad=rja&uact=8&ve
d=0ahUKEwi1gp2Q6ZvSAhVF3iwKHTVqAsUQFggfMAA&url=http%3A%2F%2Fgesreg.msi.ttu.e
e%2Fdownload%2F20130206_Kerstin%2520Magnusson.pdf&usg=AFQjCNGKDTEewLcM0q8l
0hSGFeW5bHLQiA
A working document made by the European Commission in 2012, overviewing EU policies,
legislations and initiatives related to marine litter:
http://ec.europa.eu/environment/marine/pdf/SWD_2012_365.pdf
A study of litter occurrence in four large European rivers, by (van der Wal et al. 2015). Here
some reference data can be found on both micro- and macro-litter:
http://ec.europa.eu/environment/marine/good-environmental-status/descriptor10/pdf/iasFinal%20Report.pdf
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