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All of these polymers exhibit high recalcitrance to biological degradation resulting in half-lives 
in the range of months to centuries. Consequently, microplastics are accumulating in differ-
ent environmental compartments and are hardly removable once having reached the envi-
ronment. At the moment, different units are used to report microplastic concentrations. Most 
often items per volume are reported, but also items per surface area or weight per volume, 
which can make it difficult to directly compare between values reported in different studies. 

2. Occurrence and Pathways  

Microplastics can be considered as omnipresent in in both marine and freshwater water sys-
tems worldwide. Since a high number of microplastic is expected to be released from mass 
consumption products such as tooth paste, peeling products or cloths, wastewater treatment 
plants are suggested to be major point sources of microplastics. The available data is not yet 
clear regarding the question if this is relevant to the overall microplastics occurrence via dif-
fuse emissions (see 3.4.). 

2.1 Wastewater Treatment Plant (WWTP) effluents 

Microplastic particles (MP) also are ubiquitous in municipal wastewater. In Germany, micro-
plastic concentrations between 80 and 9’000 MP/m3 were found in WWTP effluents (Minteig 
et al., 2014). The occurring microplastics can consist of more than 10 - 15 different polymer 
types. Generally, polyethylene, polypropylene, polyester, and polyamide are among the most 
abundant polymers found in water. The most abundant particle size is between 50 µm and 
250 µm. 

Microplastics can be present as particles, but also in the shape of fibers. Fibres are occurring 
in similar amounts as microplastic particles in the range of 30 – 10’000 fibers/m3 (Minteig et 
al., 2014) and can have lengths between 130 µm and 20 mm. Fibres can consist of polyester 
and polyamide as typical textile materials, but also of natural matter. As an orientation value, 
the yearly microplastic particle effluent load of a WWTP including fibers was estimated be-
tween 90 million to 10 billion MP/a. 

2.2. Activated Sludge 

Microplastics sorb onto activated sludge flocs or is easily incorporated in the latter. Amounts 
of 1’000 to 24’000 MP/kg dry mass were found in activated sludge from municipal WWTPs. It 
suggests that removal by activated sludge adsorption can be a major elimination pathway. Of 
the sludge of the WWTPs, around 75% is used for thermal energy production. However, dis-
posal or agricultural use of activated sludge may also release microplastic to the aquatic en-
vironment. 

2.3. Sediments 

Sediments can represent a sink for microplastic with higher density than sea water or surface 
water. Further, biomass or agglomeration can additionally cause accumulation of micro-
plastic particles in sediments. Sandy beaches are one of the hot spots for microplastic sedi-
mentary accumulation. Higher accumulation can be expected here in areas with low flow 
velocities such as lagoons or shallow waters. Microplastic can make up a considerable 
amount of up to 3% of the beach sediment dry weight (Carson et al. 2011). The most abun-
dant polymers are usually polyethylene, polypropylene and polystyrene. Generally, marine 



micropla
size, co

Almost 
ever stu
croplast
taneda 

Howeve
and den
sions of
project 

Figure 1
sieve wit
plastics; 
(h) micro
et al. 201

2.4. Atm

Apart fr
can ent
In urban

astics do n
olor, shape, 

no data is 
udies have 
tic particles
et al. 2014)

er, micropla
nsely popu
f microplast
EmiStop (w

1. (a) Microb
thout microp
(f) blue mic

oplastics in a
16]. 

mospheric 

rom direct in
er aquatic s
n and sub-u

not differ si
and polyme

available fo
been cond

s were sugg
).  

astics also 
lated urban
tic via indus

www.emisto

beads in mix
plastics; (d) m
roplastics ex

a primary ski

Deposition

nput via ero
systems als
urban areas

gnificantly 
er composit

or river and 
ducted. One
gested to ste

are presen
n areas, up 
strial waste
p.de) 

ed liquor; (b
microplastic 
xtracted from
mming samp

n 

osion of pla
so via atmos
s, depositio

from freshw
tion. 

 lake sedim
e example i
em from loc

nt in river s
 to 1 g/kg 

ewater efflu

b) microplasti
in a sample 

m final effluen
ple; (i) microp

astic litter an
spheric dep

on between 

water micro

ments. Micro
is the St. L
cal WWTP 

hore sedim
and 4’000 
ents are de

ics in toothp
from skimm

nt; (g) blue m
plastics in ce

nd mass co
position. Th
2 and 400 

oplastics in

oplastic has
awrence R
and industr

ments in pro
particles/kg

etermined in

aste; (c) bio
ming; (e) biom
microplastics 
entrate of a W

onsumer pro
is applies p
particles/m

n terms of 

s been foun
River, where
rial emission

oximity to i
g. The actu
n the joint r

mass from a
mass and blu

covered wit
WWTP. [Sou

oducts, mic
particularly t

m2d were me

5/12 

particles 

nd wher-
e the mi-
ns (Cas-

ndustrial 
ual emis-
research 

 

a 180 µm 
ue micro-
th biofilm; 
urce: Carr 

roplastic 
to fibers. 
easured. 



6/12 

Roughly estimated, between 3 and 10 tons are deposited every year in the agglomeration of 
Paris (Dris et al. 2016). Hence, atmospheric deposition can be a pathway into the environ-
ment. Its relevance compared to the other sources is not clear so far. 

2.5. Drinking Water 

To date no microplastics have been found in groundwater, which is due to natural soil and 
aquifer filtration. Positive detections in drinking water can originate from the water pipeline 
network, e.g. from the abrasion of seals.  

3. Sources & Products  

3.1. Personal Care Products 

Many personal care products contain microplastic such as shower gels, peelings, toothpaste 
and make-up products to improve their abrasive, adsorptive or opaque properties. The most 
frequently used polymers are here polyethylene (PE), polypropylene (PP) and polyamide 
(PA). The mass fraction of microplastic on the total weight of the according product can vary 
from a few up to 90%. The German Federal Environmental Agency (UBA) estimates an av-
erage use of 6 g microplastic per person and year via personal care products.  

Plastic microparticles are also used in medicinal applications as a vector for active agents in 
humans. This application might increase in the future. In comparison to other emissions to 
the environment, the amounts used here are rather low. 

Table 1. Sources of microplastics and their estimated yearly quantities in Germany (Source: modified 
from UBA 2015).  

Sources  Quantity 

[t MP/a] 

Primary Microplastics  

 Cosmetic products 500 

 Detergents, cleaning agents in commerce and industry <100 

 Blasting material for abrasive applications <100 

 Micronized plastic waxes in technical applications 100’000 

Secondary Microplastics  

 Debris of plastic litter unknown 

 Synthetic fibers from textiles 80 to 400 

 Loss of pellets during production and processing of plastics 21’000-210’000 

 Tire abrasion 60’000 to 111’000 
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fibers from technical textiles. For cloths, it was estimated that 80 to 400 t/a of microfibers are 
released during washing in Germany (UBA 2015). 

Tire abrasion accumulates to approximately 60’000 to 111’000 t/a and originates from gen-
eral traffic. Tires are made from rubber and polymers containing elastomers and comply with 
the definition of microplastic. A not negligible source is the loss of pellets and granules during 
industrial production processes. 

3.4. Diffuse vs. Point Sources 

A variety of studies demonstrated that MP are discharged in WWTP effluents. The lack of 
data and the uncertainty of upscaling calculations make it difficult to assess the impact of 
microplastics in WWTP effluents.   

The German Environmental Agency investigated the relevance of microplastic sources with 
regard to marine pollution. The authors conclude that secondary microplastics play the 
greater role compared to primary microplastics from cosmetic products. For the moment, no 
correlation can be found between population density and the mass or number of particles in 
rivers. Also, no increased concentrations of microplastics have been found nearby WWTP 
effluents. In contrast, large scale estimations show a strong relationship between population 
density and sediment microplastic contamination at sandy beaches (Browne et al 2011), 
probably due to the larger impact of diffuse sources. The variability of microplastic contami-
nation is expected to be much higher on a small scale given the river hydrodynamics and 
varying relative contribution of diffuse/point sources in different catchments. 

4. Analysis 

4.1. Sampling and Extraction 

In natural water bodies either water samples or sediment samples can be analyzed for mi-
croplastics. Due to the light weight and small particle size, large water volumes must be 
sampled to obtain a measurable amount. The advantage of bulk water sampling is that in this 
step no particle size fraction is lost. However, the handling of large sample volumes  such as 
50 - 100 litres and more is cumbersome and therefore, sampling is often carried out with nets 
installed in the river or trawls to reach lower water depths. These nets usually have net mesh 
sizes of around 300 µm which means that smaller fractions are lost during sampling. On the 
other side, much larger water volumes can be sampled. Bulk water samples are further pro-
cessed in the laboratory, usually by use of filtration cascades down to the lower µm range. 
This step can be very time-intensive regarding the large volumes. Sediment samples from 
shallow rivers are taken as the superficial layers by grab sampling. Another method is to put 
a pipe vertical on the river bed and homogenize water and sediment by stirring within the 
pipe. The sample is then taken from the suspension and extracted in the lab. Sediment sam-
ples from greater water depths can only be obtained by a sediment gripper. Sediment from 
the river shore can be taken at low water levels. 

Filtration and sieving extracts not only microplastics, but all particles present in the sample. 
Therefore, state-of-the-art approaches use density floatation to separate the light polymers 
from heavier particles. Some plastic polymers exhibit a higher density than water and conse-
quently settle in water. However, the density range is usually between 0.8 and 1.4 g cm-3. For 
this reason, density separation is most commonly carried out in a salt solution with high den-
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sity so that all plastic polymers float on the surface. Best results have been achieved with 
zink chloride (ZnCl2) solution, while some approaches used sodium choride (NaCl). Due to its 
lower density, not all polymers can be separated with NaCl and the amount of microplastics 
might be underestimated. The issue linked to ZnCl2 is that it is corrosive and classified as 
hazardous to the environment. It must consequently be disposed as hazardous material.  

Sediments, sieving or filtration extracts are mixed with the salt solution by shaking. After set-
tling, the microplastic floats on the surface and the supernatant is withdrawn for further pro-
cessing. Density separated particles do not only necessarily consist of microplastics, but can 
contain other particles with similar densities. Most often organic matter is co-extracted with 
the microplastics. Visual inspection can help separating the particles, but identification is dif-
ficult, in particular for very small particles. In order to remove this organic matter, a digestion 
step with different oxidizing agents is possible. As agents, acids (i.e. hydrochloric acid, nitric 
acid, sulfuric acid) and bases (i.e. caustic soda) can been applied. Further, hydrogen perox-
ide has been proven to reliably remove organic matter from the extracts within 24 hours. 
Other approaches try to catalyze the breakdown of organic matter by the addition of en-
zymes. These reactions can last for several days. Momentarily, there still is a lack of stand-
ardized protocols and operating procedures for microplastic extraction from different matri-
ces. 

4.2. Characterization and Chemical Identification of Microplastics 

The extracted microplastic is most commonly either weighted and given in weight per volume 
and/or the visible plastic particles are counted by visual inspection or using a microscope. 
Attention must be paid since chemical identification showed that a relatively large proportion 
of previously assumed microplastic particles were none. Further characterization can be car-
ried out by analyzing their particle-size distribution. If there is a large amount of microplastic, 
this can be achieved by a sieving cascade. For smaller amounts that would not be retrievable 
from the single sieves, a particle size distribution analyzer is more suited. Other morphologi-
cal characteristics are shape and color. 

To identify the polymeric composition of the microplastics both Fourier-transform infrared 
spectroscopy (FT-IR) and Raman spectroscopy are used. Spectroscopy is often linked to a 
microscope to target the particle. The investigation of microplastic particles to obtain a repre-
sentative composition of sample can be very labor-intensive. For qualitative identification, the 
obtained IR spectra of the unknown particle are matched with previously obtained spectra of 
pure polymers or available databases. The use of spectroscopy is well established in materi-
al and polymer sciences and is currently the most applied and reproducible method for mi-
croplastic identification. Other less often applied approaches are differential scanning calo-
rimetry (DSC), sometimes coupled to thermogravimetry (TGA) or gas-chromatography and 
mass spectrometry.  

The joint research project EmiStop uses both DSC and Raman spectroscopy to analyze the 
same water samples for their microplastic content. This allows a comparison of both analyti-
cal methods and enhances the reliability of the results (www.emistop.de). 

Microscopic methods include scanning electron microscopy (SEM) for imaging and environ-
mental scanning electron microscopy – energy dispersive X-ray spectroscopy (ESEM-EDS) 
to gain information about the elemental composition and surface morphology. Generally, the 
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ultimate identification can be challenging: A recent study showed that only 47% of visually 
identified microplastic could be assigned to a common polymer type (Dekiff et al. 2014). 

5. Effects on Organisms and Ecosystems 

Microplastics of small particle size are uptaken by aquatic (micro) organism or accumulated 
via the food chain. The ecotoxicological effects on individual organisms and how this affects 
ecosystem communities are not clear to date. The potential hazard is threefold: a) direct 
physical impact of particles in the organisms, b) the transport of organic contaminants ad-
sorbed on microplastic and c) the leaching of polymers and plasticizers from plastic. Micro-
plastics are of same particle size as sediments and plankton and therefore bioavailable to 
numerous aquatic species.  

A number of species have been found to ingest microplastics of small particle sizes as well 
as fibers. Relevant particle sizes range from the mm range down to nm. For instance, micro-
plastics between 20 and 1000 nm have been observed to be retained and accumulated in 
freshwater water flea (Rosenkranz et al., 2009). Other studies found disturbance of the di-
gestive system and inflammatory response in tissues. Apart from that it has been observed 
that microplastics stick to microalgae altering their sinking behavior (Long et al., 2015). 
Rochman et al. (2013) found bioaccumulation of contaminants sorbed on microplastics in fish 
and consequent liver toxicity. Also, the transfer of microplastics and correlation with persis-
tent organic contaminants have been found in sea birds, amphibians and reptiles also sug-
gesting an accumulation in terrestrial species via the food chain. To date there is no clear 
statement about the toxicity and impact of microplastics on aquatic organisms in real ecosys-
tems. Uncontroversial is that that microplastics of different particle size are uptaken by nu-
merous organisms. 

6. Microplastics in Policy and Regulation 

Due to the recognition of plastic debris as an environmental challenge and the current media 
presence, several initiatives develop strategies to deal with plastic waste in particular with 
regard to marine systems such as the US Interagency Marine Debris Coordinating Commit-
tee (IMDCC) or the European Commission’s Marine Strategy Framework Directive (MSFD). 
Less initiatives exist for freshwater systems and currently microplastics are no subject to any 
regulation.  

Recent phase-outs of plastics in cosmetic by self-commitments of the industry as well as 
from several political initiatives indicate that a first steps are being taken to reduce the emis-
sions of microplastics into the environment. For instance, the Netherlands, Belgium, Austria 
and Sweden advocated in an official joint statement to the EU in 2014 a ban of microplastics 
in cosmetics to protect their marine ecosystems. Regulations regarding the elimination of 
microplastic from waste water of the respective industries are also possible. 

7. Removal in WWTPs 

Currently, there is only scarce data available about the removal efficiencies of WWTPs. The 
available studies reveal that the removal of microplastic particles at all particle size fractions 
is > 90% (Table 1). The importance compared to the input of diffuse sources and relative to 
marine plastic pollutions is addressed in 3.4. 
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Major removal takes place during solid skimming and sludge settling indicating existing 
treatment processes are sufficiently efficient for the removal of the abundance of microplas-
tics in wastewater (Carr et al., 2016). To remove remaining microplastic particles in the final 
effluent, cloth filters are suited and have been successfully applied to reduce the effluent mi-
croplastic load by 97%. Due to the particle nature of microplastics, filtration by membranes is 
the most promising removal treatment. Fist companies offer membranes to specifically re-
move (microplastic) particles from wastewater effluent. Another positive side-effect can be 
the increased removal of residual bacteria in the effluent. 

Table 2. WWTP Removal efficiencies of microplastics reported in different studies. 

Removal 

[%] 

Country Type Reference 

99.9  USA Conventional WWTP Carr et al. (2016) 

99  Sweden Conventional WWTP Magnusson & Norén (2004) 

97 of MPs in efflu-
ent 

Germany Filtration of effluent using a 
cloth filter 

Mintenig et al. (2014) 

 

Currently, no valid data on the removal efficiency of different waste water treatment process-
es is available. The few existing studies evaluated mainly on the concentration of micro-
plastic in the influent and effluent of existing WWTP’s. Efforts to enhance the microplastic 
removal are limited to filtration techniques.  

The joint research project EmiStop pioneers in systematically evaluating the removal effi-
ciency of wastewater treatment technologies for microplastics (www.emistop.de)  

8. Alternatives 

The public debate and potential adverse effects led to several self-commitments of global 
cosmetic producers. Several companies started to gradually phase-out microplastics in their 
personal care products. Current substitutes in use are i.e. microparticles produced from ma-
rine sand or particles made from polylactic acid. A Swiss supplier offers peeling particles 
from hardened palm oil. Generally, the requirement for microplastic replacements are biode-
gradable properties. Several initiatives try to achieve this either by the synthesis of biode-
gradable polymers or the use of natural products such as waxes or fruit seeds.   
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