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I. Glossary & List of abbreviations 
Term Explanation 

Abundance The abundance is a number of a respective taxon in a sample 

Alternative hypothesis 
The alternative hypothesis is the hypothesis that is accepted if the null 
hypothesis is rejected 

Bioassay 
A bioassay is an experimental procedure for the quantitative or 
qualitative determination of the effect of a substance on living organisms 
in a closed system 

Biocenosis 
Biocenosis refers to the totality of all living organisms (plants, animals, 
microorganisms) that occur in a specific habitat and interact with each 
other 

Closure Principle Computational 
Approach Test (CPCAT) 

The CPCAT is a statistical test, which is used for reproduction data 

CMR 
The CMR criteria refer to the classification of substances as carcinogenic 
(C), mutagenic (M) or toxic to reproduction (R) in accordance with 
European and international chemical regulations 

Ecosystem 
An ecosystem is a functional unit consisting of a biocoenosis (community 
of all organisms) and a biotope (inanimate environmental factors), which 
are connected to each other through a variety of interactions 

Effect Concentration (EC) 
The EC is the calculated concentration of a substance on which any 
percentage (often 50%) of the organisms show effects 

European Food Safety Authority 
(EFSA) 

The EFSA is an independent agency of the European Union that provides 
scientific opinions and risk assessments on food and feed 

Emergence mean Time (EmT) 
The EmT is the point in time at which a specific proportion of individuals 
of a taxon emerged  

Emerging insects 
Emerging insects are adult, winged invertebrates with aquatic larval 
stages 

Enclosure 
An enclosure is a stainless-steel ring that serves to separate individual 
test vessels in a larger pond 

Food chain 
A food chain consists of primary producers, consumers of various orders 
and decomposers 

Higher tier 
Higher tier studies are studies with a more realistic approach, such as 
mesocosm or field studies 

Lowest Observed Effect 
Concentration (LOEC) 

The LOEC is the lowest used concentration in an experiment that has 
significant differences compared to the control 

Macroinvertebrate Artificial 
Substrate Sampler (MASS) 

MASS is a method to enrich macroinvertebrates in an experiment 

Macroinvertebrates Macroinvertebrates are invertebrates recognizable with the eyes 

Mesocosm 
Mesocosms are independent but comparable ecosystems that are used 
for chemical testing, among other things 

Microplastic 
Microplastic are polymer particles that do not exceed a length of 5 mm 
in any of their dimensions 
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Term Explanation 

Microplastic continuum 
The microplastic continuum is the concept that plastic particles are 
constantly changing in size, shape, chemical composition and 
bioavailability 

Minimum Detectable Difference 
(MDD) 

The MDD indicates the percentage value by which a treatment must 
differ from the control to determine statistical significance in a given test 
design 

No Observed Effect Concentration 
(NOEC) 

The NOEC is the highest used concentration in an experiment that has no 
significant differences compared to the control 

Null hypothesis 
The null hypothesis is the hypothesis of a statistical test that can either 
be rejected or accepted 

Organisation for Economic Co-
operation and Development 
(OECD) 

The OECD is an international organization that analyses and coordinates 
economic, social and environmental policies to promote sustainable 
growth and prosperity. 

PBT 
The PBT criteria refer to the assessment of substances regarding their 
persistence, bioaccumulation and toxicity that may have an impact on 
the environment and human health 

Predicted environmental 
concentration (PEC) 

The PEC is the predicted environmental concentration of a substance in a 
specific environmental compartment (e.g., water, soil, air). It is based on 
model calculations, laboratory and field studies 

Predicted no effect concentration 
(PNEC) 

The PNEC is the predicted concentration of a substance in the 
environment at which no harmful effects on organisms are to be 
expected. It is calculated from ecotoxicity studies (e.g., on algae, fish, 
daphnia) with a safety factor. 

Phytoplankton Phytoplankton is a term for aquatic algae 

Principle Response Curve (PRC) 
A PRC is a multivariate statistical method for representing time-
dependent changes in ecological communities, especially under 
experimental or environmental disturbances 

Redundancy analysis (RDA) 

RDA combines linear regression with principal component analysis (PCA) 
to investigate how a set of dependent variables (e.g., species 
composition) is explained by a set of independent variables (e.g., 
environmental factors) 

Sexratio 
The sexratio indicates which proportion of a population is male and 
female. Sexratio was calculated as nmales/ntotal with not distinguishable 
organisms disregarded 

Significance level 
The significance level α is the measure of a statistical test of the 
probability of error for first-order errors (often α = 0.05) 

Zooplankton 
Zooplankton is an umbrella term for small aquatic animals that do not or 
only hardly move independently 
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V. Zusammenfassung 
Der Schutz und Erhalt der Ökosysteme sowie ihrer Biodiversität und der inhärenten 

Ökosystemleistungen sollte ein zentrales Ziel der aktuellen wissenschaftlichen Bemühungen 
sein. Nicht nur die steigende chemische Belastung, sondern auch das vermehrte Vorkommen 
von Plastik üben stetig Stress auf die Ökosysteme und deren unterschiedlichen Ebenen, vom 
Ökosystem bis zum Organismus aus. Zur Erfassung des potenziellen Risikos, das chemische 
Substanzen auf die Umwelt haben können, gibt es viele Regularien und standardisierte 
Vorgehen. Für Partikel, wie z.B. Mikroplastik, hat der Stand des Wissens noch nicht zu 
weitreichenden regulatorischen Maßnahmen geführt. Zwar wurden bereits die Aufnahme und 
Weitergabe von Mikroplastikpartikeln entlang der Nahrungskette von Mikroplastikpartikeln 
nachgewiesen, aber aufgrund der Vielzahl an kombinatorischen Möglichkeiten aus 
Basissubstanzen, Größen, Formen, chemischen Additiven und physikalisch-chemischen 
Eigenschaften ist es schwer, einen strukturierten Überblick über das ökotoxikologische Risiko 
zu erlangen. Stehende Gewässer, wie Seen oder Staustufen, sind aufgrund des fehlenden 
hydrodynamischen Drucks eine potenzielle Senke für solche Partikel. Dadurch kann es zu 
starken Anreicherungen gegenüber den Zuflüssen kommen. Die Plastikpartikel, die zum Teil 
von Biofilmen besiedelt sind, können von den Organismen mit Nahrung verwechselt oder 
unselektiv aufgenommen werden. In natürlichen Systemen kann es dabei zu einer 
Biomagnifikation kommen.  

Da diese Zusammenhänge in klassischen Laborstudien nur unzureichend abgebildet werden 
können, wurde in dieser Arbeit eine Studie in einem aquatischen Freiland-Modellökosystem 
durchgeführt, um Einflüsse von Polyamid Partikeln auf die aquatische Biozönose unter 
realistischen Bedingungen zu untersuchen. Es wurden 5-50 µm große Partikel ohne Additive 
insgesamt viermal über einen Zeitraum von zehn Tagen in drei Konzentrationen in die 
Modellökosysteme appliziert, um einen kontinuierlichen Zustrom von Partikeln zu simulieren.  
Zusätzlich wurde eine Partikelkontrolle im Versuch eingesetzt, um potenzielle Effekte durch 
natürliche Partikel denen des Polyamids gegenüberzustellen. Über einen Zeitraum von über 
100 Tagen wurden abiotische Parameter und Vertreter aller trophischen Ebenen regelmäßig 
beprobt und ausgewertet. Dabei wurden die Primärproduzenten durch die Chlorophyll a 
Messung von freischwebenden Algen und die Konsumenten und Destruenten abgebildet. Die 
in den etwa 1000 L fassenden Systemen eingesetzten Konzentrationen waren 1.5 mg L⁻¹, 
15 mg L⁻¹ und 150 mg L⁻¹. Neben üblichen Abundanzzählungen der tierischen Organismen 
wurden zusätzlich das Biovolumen von adulten und juvenilen Makroinvertebraten erfasst und 
der Schlupfzeitpunkt und Schlupfrate der emergierenden Insekten als weiterer Endpunkt für 
Higher-Tier Studien etabliert.  

Bei der Auswertung der Proben konnten auf große Teile der Biozönose keine Effekte 
festgestellt werden. Auf die Abundanz von Muschelkrebsen (Ostracoden) jedoch gab es 
deutliche Effekte. Alle Polyamidbehandlungen zeigten signifikante Reduzierungen der 
Abundanz von Ostracoden im Vergleich zu der Kontrolle, wobei die Effekte in der höchsten 
Konzentration am längsten anhielten. In der Partikelkontrolle wurden keine Effekte 
beobachtet. Bei den emergierten Insekten einer Unterfamilie der Zückmücken 
(Orthocladiinae) wurde ein signifikant verfrühter Schlupfzeitpunkt beobachtet. Die 
vorliegende Studie stellt mit einer Dauer von 114 Tagen, sowie der langen Exposition, der 
Partikelkontrolle und den realitätsnahen Konzentrationen von Polyamid-Partikeln ein Novum 
dar und trägt einen wichtigen Bestandteil zur realistischen Risikoabschätzung von 
Mikroplastik bei. 
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VI. Abstract 
The protection and preservation of ecosystems, their biodiversity and the inherent 

ecosystem services should be a central goal of current scientific efforts. Not only the 
increasing chemical pollution, but also the increased occurrence of plastic is putting constant 
stress on ecosystems and individuals. There are many regulations and standardized 
procedures to assess the potential risk that chemical substances can have on the environment. 
This is not the case for particles such as microplastic. Although the uptake and transfer of 
microplastic particles along the food chain has already been proven, it is difficult to obtain a 
comparative overview of the ecotoxicological risk due to the large number of different parent 
substances, sizes, shapes and chemical additives. Standing water bodies such as lakes or 
reservoirs are a potential sink for such particles due to the lack of hydrodynamic pressure. This 
can lead to strong accumulations compared to the lotic inflows. The plastic particles, some of 
which are colonized by biofilms, can be mistaken for food or ingested unselectively by the 
organisms. This leads potentially to biomagnification in natural systems. 

Since this can only be inadequately reproduced in classical laboratory studies, an aquatic field 
model ecosystem study was carried out in this project to investigate the influence of 
polyamide particles on aquatic biocoenosis. Particles with a size range of 5-50 µm were 
applied to the model ecosystems in three concentrations four times over a period of ten days 
in order to simulate a continuous influx of particles. In addition, a particulate control was used 
in the experiment to compare the potential effects of pure particles with those of the 
polyamide microplastic. Abiotic parameters and representatives of all trophic levels were 
regularly sampled and evaluated over a period of more than 100 days. The primary producers 
were represented by the chlorophyll a content in free-floating algae and the consumers and 
decomposers by animal plankton and larger invertebrates. The concentrations used in the 
approximately 1000 L systems were 1.5 mg L⁻¹, 15 mg L⁻¹ and 150 mg L⁻¹. In addition to pure 
abundance counts, the biovolume of adult and larval macroinvertebrates was also recorded 
and emergence time was established as a new endpoint for higher-tier studies. 

The analysis of the samples revealed effects on the abundance of seed shrimps (Ostracoda). 
All polyamide treatments showed significant reductions compared to the control, with the 
effects at the highest concentration being the most long-term. No effects were observed in 
the particle control. A significantly earlier Emergence mean Time was observed in the 
emerged individuals of a subfamily of non-biting midges (Orthocladiinae). With a duration of 
114 days this study is one of few to include long exposure, a particulate treated control and 
an environmentally realistic concentration of polyamide particles and gives important 
information for the risk assessment of microplastic under near-natural conditions. 
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1. Introduction 
“We do not inherit the earth from our ancestors, we borrow it from our children.”  

       old native American proverb 

This guiding principle demonstrates that it is vital to leave future generations an 

environment that is as unpolluted and unaltered as possible. However, anthropogenic activity 

is threatening the environment more acutely than ever before. The global forest area has 

shrunk by around 68% compared to pre-industrial times, 75% of the land area and 66% of the 

oceans are anthropogenically influenced and the negative consequences of climate change on 

ecosystems can be clearly seen in the rapid disappearance of unique habitats such as coral 

reefs (IPBES, 2019). There are various reasons for this, which often influence each other. On 

the one hand, there are direct anthropogenic interventions such as greenhouse gas emissions, 

changes in land and soil use and the increasing pollution of ecosystems. On the other hand, 

there are also indirect effects, such as the generation of electricity, technological progress and 

rapid population growth. Nevertheless, it is important to do justice to the advancing 

technologization and the growing world population. To ensure a constant supply of food, it is 

essential to use crop protection (Oerke and Dehne 2004, Ennis et al., 1975).  

This use is regulated by various mechanisms, such as consumer advice and 

ecotoxicological risk assessment. However, the use of materials such as plastic is constantly 

increasing and is monitored by only a few national and international laws. In 1994, Denmark 

put levy on plastic bags and Bangladesh was the first country to put a ban on thin plastic bags 

eight years later (Syberg et al., 2021). Only nearly 20 years later the European Union banned 

certain disposable items and aims to reduce plastic raw materials and packaging by 20% 

(Syberg et al., 2021). As various polymers are used in almost all everyday processes, there is a 

high risk of plastic entering the environment, not just through improper disposal. An 

estimated amount of 19 to 23 million tons of plastic is released into the aquatic environment 

yearly (e.g., Kaandorp et al., 2023, Lebreton et al., 2018, Eriksen et al., 2014). So far, however, 

there are few data on the ecotoxicological risk of macro- and microplastic, especially in non-

marine ecosystems. To answer the question whether plastic particles in environmentally 

relevant concentrations potentially endanger populations, the protection goal of 

ecotoxicology is not trivial.  

Experiments have already demonstrated toxic effects on various organisms (Scherer et 

al., 2018), but some of these were in artificially high concentrations and under laboratory 

conditions. Contrary to the classical ecotoxicological risk assessment approach, which starts 

by performing lower tier experiments, beginning with a higher tier experiment can be helpful 

for non-standard stressors. In this study unaltered polyamide was chosen as test item. To gain 

an insight which species, life stages or trophic levels are potentially endangered, aquatic 

outdoor model ecosystems (so called mesocosms) may be useful to detect the potentially 

affected endpoints (Caquet, 2002). These mesocosms form a bridge between laboratory 

standardization capability and the realism of field experiments.  
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2. Current State of Research 
2.1 Aquatic ecosystems  

Two-thirds of the world’s surface is covered with water. Less than 3% of that is 

freshwater. Although two-thirds of this is frozen in glaciers and ice on the polar ice caps, and 

almost the entire other third is groundwater, a disproportionately high number of animal 

species are present in surface inland waters, which make up 0.3% of the total fresh water 

(Baumgartner and Liebscher 1996). The very heterogeneous conditions of these waters offer 

around 126,000 species, i.e., around 10% of all species, many ecological niches in which they 

can spread and establish themselves (Dudgeon et al., 2006, Balian et al., 2008). These bodies 

of water are an important source of freshwater and food for humans as well. In Europe, small 

lentic ponds especially (low depth, area of up to 10 hectares) are not only very important as 

supplier of drinking water, source of socio-economic activities, but also a carbon dioxide sink 

and biodiversity hotspot (Millenium Ecosystem Assessment, 2005, Downing et al., 2008; 

Oertli et al., 2009; Bolpagni et al., 2019). 

Lotic and lentic systems provide different habitats and challenges for the organisms, 

like insect larvae, gastropods or fishes. While rivers and streams are characterized by a more 

or less strong current, there are seasonal stratifications in lakes. This stratification depends on 

the temperature and develops in the lake in summer and winter. In summer, a distinction is 

made between the surface layer (epilimnion), thermocline (metalimnion) and deep layer 

(hypolimnion). This leads to an uneven distribution of dissolved oxygen in the summer. The 

oxygen content decreases with increasing depth up to the thermocline. In the deep layer, the 

oxygen content increases again with increasing depth. In spring and fall, this stratification in 

the lake is lost due to full circulation. Organisms must be able to cope with this seasonal 

change.  

The physical and chemical characteristics of aquatic systems, such as temperature 

stratification and oxygen distribution, not only shape habitat conditions but also influence 

trophic interactions within the ecosystem. Therefore, analyzing the structure of the food web 

is essential for understanding the ecological dynamics of lakes and rivers. The food chain plays 

an important part in every ecosystem. It describes the feeding relationships between various 

organisms. A distinction is made between producers, consumers of various orders and 

decomposers. The first links in aquatic ecosystem are often composed of plankton. Plankton 

is an umbrella term for microorganisms in the water of seas, lakes and rivers. Phytoplankton 

consists of photoautotrophic algae of various algae classes and forms, together with 

macrophytes, the first link in the aquatic food chain. They produce organic materials such as 

leaves or roots from inorganic substances and sunlight. They are mainly found on the lake 

surface and shallow areas, where they have sufficient sunlight available. They contribute to 

the oxygen content in the lakes through photosynthetic processes. Animal plankton, also 

known as zooplankton, feeds on other organisms, like algae, and serves as food for many 

higher animals such as insect larvae and fish. Plankton is therefore an important part of the 

ecosystem in lakes and rivers and helps to maintain biodiversity. It is also an important 
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indicator of water quality as it is sensitive to changes in the ecosystem. If pollution increases, 

this can lead to a decline in plankton, which in turn has an impact on the entire food chain.  

Consumers feed on other organisms and are further subdivided according to their 

consumption priorities (primary, secondary, tertiary consumers, etc.). Examples of consumers 

in the lake are waterbeetles, some insect larvae (e.g., Chaoborids) or fish, like trouts. 

Decomposers break down dead plant or animal matter and organic waste into inorganic 

material. Examples of decomposers in the lake are bacteria, fungi or water lice. The food chain 

in the lake is a complex system that is influenced by many factors. Changes in one part of the 

food chain can affect other parts and impact the entire ecosystem. It is therefore important 

to understand and protect it in order to maintain biodiversity and the ecosystem functions. 

Figure 1 shows a simplified example of an aquatic foodweb modified after Townsend 

(Townsend, 2009). Different species of primary producers, like macrophytes or phytoplankton 

are symbolized as numbers one to three. Grazers and filter feeders (numbers 4 and 5) feed on 

the above-mentioned.  

 

Figure 1 Schematic representation of a simplified food web (modified (blue lines) after Townsend, 
2009). Competition between different plant species (1, 2 and 3), grazers (4 and 5) and predators (6 and 
7) is shown. 8 symbolizes a terrestrial predator and 9 the destructors. The lines indicate the different 
interactions between the different trophic levels (e.g., predator-prey relationships). 

In this example, predators are represented by predatory insect larvae such as 

Chaoborus obscuripes (number 6) and small fry such as trout (number 7). Terrestrial 

individuals such as birds, for example, feed on these fish and the emerged insects. The 

decomposers (number 9) make the nutrients from animal remains, such as exuviae and plant 

remains, available again for the lower levels of the food web. With more species, more and 

more connections are created in the network. Top predators such as catfish or pike even feed 

partly on terrestrial individuals such as ducklings.   
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2.2 Usage of plastics  

In 2023, around 414 million tons of plastic were produced worldwide (Statista, 2024). 

The amount of plastic produced worldwide has risen sharply over the last 70 years. The drivers 

of this increase over the past decades have been Asian countries, especially China. In Europe, 

development has been less rapid. Over the last ten years, the amount of plastics produced per 

year in the European plastics industry has even stagnated (Statista, 2024). Plastics are used in 

many different areas, including packaging, construction, electronics, textiles, agriculture and 

medicine (e.g., Castellano et al., 2008, Teymourian et al., 2021, Sacha et al., 2010). The largest 

portion of plastics is used for packaging, especially disposable packaging (Jepsen et al., 2020, 

OECD 2022). Until 2015, an estimated cumulated amount of 8.3 billion tons (Geyer et al., 2017) 

of plastics were produced. Around 600 million tons of that were recycled between 1950 and 

2015. While 800 million tons were reused for energy and 4.9 billion tons were deposited or 

improperly dumped in the environment. The fact that plastic can be found almost everywhere, 

even in non-anthropogenic influenced deep-sea regions (Van Cauwenberghe et al., 2013) is a 

result of this mismanagement and longevity. Microplastic are found in all habitats of the 

marine environment (Barboza and Gimenez, 2015, Browne et al., 2015, Cózar et al., 

2014). While at the beginning of industrial plastic production in the early 1950`s, 1.5 million 

tons were produced annually, by 2020 this figure had risen to 368 million tons (PlasticsEurope 

2020).  

The sharp rise in production volumes and the constantly growing demand for plastics 

can be explained by the advantageous product properties and the wide range of applications. 

For example, the production and use of single-use plastic products increased up to tenfold 

during the COVID - 19 pandemic (Patricio Silva et al., 2021). Single use plastics in medicine 

provide a fast, affordable and hygienic solution. Products made from plastic polymers are 

characterized by their high moldability, durability and low manufacturing costs (Waldschläger, 

2019). In Europe, plastics are mainly used as packaging material (39.6% total share of the end 

consumer market), in the construction industry (20.4%), in the automotive industry (9.6%), 

for electrical goods (4.1%), in the household and leisure sector (3.7%) and in agriculture (3.4%) 

(PlasticsEurope, 2020). The wide range of applications shows that plastic products are of great 

benefit to society. For example, plastic products contribute to the safe storage of food and 

plastic constructions play an important role in saving energy, for example by producing 

lightweight components for vehicles (Andrady and Neal, 2009). Due to their diverse 

properties, various plastics are therefore used as simple packaging for products through to 

complex components in various branches of industry. Polyethylene (PE), polypropylene (PP) 

and polyvinylchloride (PVC) are the most widely produced polymers. However, microplastic 

particles made of polyamide (PA) and PE are among the most frequently detected in lakes and 

streams (Rehse et al., 2018). Despite its comparatively low production volume (~ 3%), PA is 

therefore of particular environmental relevance. Its use in fishing gear such as lines and nets 

may further contribute to its hazard for aquatic systems (e.g., Alijagic et al., 2024, Khosrovyan 

and Kahru 2021, Hasan et al., 2023, Choi et al., 2023, Zhang et al., 2023).  
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2.3 Microplastic definition 

In general, microplastic are particles that do not exceed a length of 5 mm in any of 

their dimensions. There are different ways to further distinguish microplastic (Wagner and 

Lambert 2020). On the basis of their: 

Creation 

Primary microplastic are produced as such. They are used in cosmetics (e.g., peeling 

products), carrier material for pesticides or in paints and varnishes. Secondary microplastic, 

on the other hand, are produced by physical or chemical degradation of larger particles via 

different processes (Figure 2). The bigger plastic debris can be shredded biologically, 

chemically e.g., via oxidation or physically via mechanical or thermal processes. Microplastic 

fibers are produced, for example, due to abrasion when clothes made of synthetic fibers are 

washed.  

Material and surface texture 

The presence of secondary microplastic particles from all existing plastics is 

conceivable. Various plastics such as PE, PP, Polystyrene (PS), Polyethylene Terephthalate 

(PET), PVC and PA are used. Due to weathering processes the surface texture of the 

microplastic particles can vary and change over time. The surface can roughen or edges can 

be smoothed. To serve different purposes, like reduced flammability or improvement of 

impact resistance, a wide range of additives find application (Lambert and Wagner 2018). 

Shape and color 

The particles can also be differentiated by their color and shape. In addition to fibers, 

there are spherical particles with and without edges and irregularly shaped fragments. There 

are also sheets, films and foam particles (Wu et al., 2018). Due to the various possible 

applications of plastic particles different colors are used, e.g., red fibers for clothing or green 

plastics come as abrasion from cutting boards. The particles can inherit their colors from the 

original product or change it due to weathering processes. Fibers seem to be more present in 

populated areas and the different dominance of the shapes differs in different regions (Wu et 

al., 2018). 

Size 

Microplastic can be further differentiated by size. In general, it can be said that the 

term microplastic refers to particles that do not exceed a length of 5 mm in any of their 

dimensions. Nevertheless, the particles can be further differentiated as suggested by Lambert 

et al. (2014) all particles over 5 mm are referred to as macroplastic, all between 5 mm and 

1 mm as mesoplastic and between 1 mm and 0.1 µm as microplastic. Even smaller particles 

can be categorized as nanoplastic. 
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Figure 2 Schematic representation of the physical, chemical and biological processes that play an 
important role in the in the formation of secondary microplastic (after Fath, 2019) 

Environmental research with microplastic poses a number of special challenges. This 

begins, especially in (semi-)field research, with difficult detection and quantification. Due to 

the different materials, sizes and shapes of microplastic, it is difficult to ensure reliable analysis 

(Jin et al., 2022, Connors et al., 2017, Koelmans et al., 2019), especially in environmental 

samples. In laboratory studies, it can be assumed that nominal concentration prevails for the 

duration of the study due to a fixed weighed quantity. However, it should be noted that the 

materials remain in the water phase for different lengths of time or even float on the surface 

due to the different densities (Stride et al., 2024). This requires different methods, which 

makes standardization and comparability more difficult. The unclear long-term movement 

patterns and the extent to which it accumulates in biota are problematic too. This leads to not 

yet sufficiently researched effects of microplastic on biota and ecosystems. The risks of 

microplastic on human health are also still unclear. Microplastic have already been detected 

in the lungs, blood and placenta (Amato-Lourenco et al., 2021, Leonard et al., 2024, Ragusa et 

al., 2021). The health consequences, even on a longer-term scale, are uncertain. Unlike with 

pharmaceuticals or chemicals, there is also no uniform regulation or limitations of usage. 

Economic interests and the ubiquitous use of plastic products may hinder the reduction of 

general plastic use. Although there are no general databases on the publication of plastic-

related articles 10 000 newly uploaded articles in 2021 in the web of science database show 

that microplastic are becoming increasingly relevant societally and scientifically. 

 



  Current State of Research 

8 
 

2.4 (Micro-)Plastic in the environment 

Plastic pollution is a global problem that affects both the environment and human 

health. Millions of tons of plastic are floating in the sea and polluting our oceans (Schwarz et 

al., 2023). The plastic that reaches the environment on land ultimately ends up in the sea via 

receiving waters, rivers and lakes. Nearly 75% of marine litter consists of plastic. Much of this 

waste is generated by pollution on land, where plastic bags, PET bottles or cigarette butts are 

carelessly thrown into nature. As soon as these anthropogenic pollutants are in the 

environment, they can be mistaken for food (e.g., Santos et al., 2021, Andrades 2019) by 

aquatic animals and thus end up in organisms like small invertebrates such as water fleas, 

chironomids or even in vertebrates like fish. The plastic then may bioaccumulate through the 

food chain up to organisms used by humans as food. The plasticizers, flame retardants and 

other contaminants that are potentially adsorbed or added to the plastic particles can harm 

both animals and humans. Up to 135 000 marine mammals and one million seabirds, turtles, 

fish and other species entangle every year due to ocean litter (Salomon and Markus, 2019). 

The preservation of these aquatic ecosystems is one of the most important goals of the 21st 

century, alongside the supply of clean water and the preservation of drinking water quality  

(Millenium Ecosystem Assessment 2005, Griggs et al 2013).  

 

Figure 3 Illustration of the possible entry paths of microplastic into rivers and lakes (according to 
Bänsch-Baltruschat et al., 2017) 

 

Every year, around five to twelve million tons of plastic waste end up in the oceans 

worldwide (Jambeck et al., 2015), a lot of that via lakes and rivers (Figure 3). Microplastic enter 

the environment from a wide variety of anthropogenic sources (e.g., littering, roads and 

agriculture) (according to Bänsch-Baltruschat et al., 2017). Disposable plastic products can 
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release trillions of nanoparticles even when used properly (Zangmeister et al., 2022). One 

other important pathway is untreated wastewater and rainwater, which carries the 

microplastic load directly into bodies of water. Even wastewater treatment plants do not 

completely remove the microplastic. The use of sewage sludge as a fertilizer can also lead to 

microplastic being spread on agricultural land (e.g., Mason et al., 2016; Mahon et al., 2017). 

The particles are also transported and dispersed into aquatic and terrestrial ecosystems by 

wind drift, which may be far away from the actual source (Bänsch-Baltruschat et al, 2017). The 

last important transport pathway is from the soil to the aquatic environment. Particles that 

have accumulated in the soil can enter the aquatic environment with runoff and leaching into 

the aquatic environment.  

Once the particles entered the aquatic environment, sedimentation is to be expected 

over time, so that the largest share of particles will accumulate on top of and in the sediment. 

Sedimentation rate is influenced depending on the density, shape, size and mass (Daily and 

Hoffman, 2020). Especially after aggregation of the particles biofouling processes and metal 

absorption influence the sinking behaviour (Reiser et al., 2020). Kowalski et al. (2016) have 

analyzed the sedimentation rates of PS, PA, PET and PVC, which are between -0.015 m s⁻¹ and 

0.05 m s⁻¹. The negative sign signals that the particles are denser than water and therefore 

sink (Daily and Hoffman, 2020). Polymers such as PE, on the other hand, float on the water 

surface with a buoyancy velocity of 0.0065 m s⁻¹ (Waldschläger and Schüttrumpf, 2019). 

Nevertheless, irregular movements in the water such as wave movements, currents, 

turbulences or the spring and fall circulation can change the sedimentation behavior. 

Furthermore, Mao et al. (2021) provide information on the penetration depth of microplastic 

particles into the sediment of Wuliangsuhai Lake in northern China. Half of the particles sank 

to a maximum depth of six to twelve centimeters within 100 years. These freshwaters 

especially are sinks for microplastic (Hurley et al., 2018). In the Three Gorges dam in China for 

example up to 1.3 * 107 particles per km² were found (Naqash et al., 2020). 

It is estimated that between 4.8 and 12.7 million tons of plastic are disposed of in the 

oceans worldwide every year (Jambeck et al., 2015). However, the amount of plastic waste 

that ends up in the environment is much higher, as a large proportion of plastic waste ends 

up in landfills or is incinerated in the environment. The main pathway for the entry of plastic 

into the oceans is rivers (Meijer et al., 2021, Weiss et al., 2021). It is important to reduce the 

use of plastic and ensure that plastic waste is disposed properly to protect the environment. 

The following methods are generally used (by humans or nature) to decrease the burden of a 

chemical on the environment (Pandey et al., 2023): 

Adsorption 

Adsorption is a process in which pollutants stick to surfaces. There are various 

materials that absorb lipophilic chemicals, such as activated carbon, clay minerals and zeolites. 

Even microplastic particles potentially absorb other contaminants. 
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Coagulation  

Pollutants can be coagulated by the addition of chemicals. This creates larger particles 

that can be more easily removed from the water. Particle crosslinking due to bridging in 

polymers can contribute to flake formation as well.  

Photocatalysis  

When pollutants are broken down by the effect of light it is referred to photocatalysis. 

A catalyst, like some plant enzymes, can accelerate the reaction. Energy transfer also allows 

reactive oxygen species to break down chemicals. Some plant extracts also contain natural 

reactants that can convert metal ions into reactive forms. 

Microbial degradation  

Microorganisms such as bacteria and fungi are used to break down particles. This can 

occur through enzymatic cleavage, catabolism, redox reactions or through cooperative 

degradation in biofilms 

However, these methods are only partially applicable to plastic. There are also other 

approaches such as landfills, incineration or behavioral changes through reduction, reusage 

and recycling that can help limit the amount of plastic waste entering the environment 

(Pandey et al., 2023). It is important to note that these techniques and approaches are not 

perfect, and their effectiveness depends on various factors, such as the type, form and size of 

plastic and the environmental conditions. As plastic degrades very slowly in the environment, 

it can be assumed that it will continue to accumulate there. The risk of accumulation is 

especially high in dams and reservoirs, since there is a stoppage in flow and dense particles 

can sediment over time. Many of these lakes and reservoirs are used for (hobby) fishing, which 

increases the risk of secondary polyamide microplastic from the lines and nets (Koziol et al., 

2022).  

2.5 The plastisphere and interactions with other environmental factors  

The environment has always been divided into different spheres (Martin and Johnson 

2012). The atmosphere, which is the Earth's air envelope and contains various gases, is 

responsible for the weather and climate. All water vapor in the atmosphere and all water 

reservoirs, such as oceans, lakes and groundwater, are grouped together in the hydrosphere 

(Dobinski 2006). All frozen water areas can be divided into the cryosphere. The entirety of all 

habitats and living organisms is referred to as the biosphere. The solid, outer rock layer of the 

earth, which comprises the earth's crust and the uppermost part of the upper mantle, is the 

lithosphere, the uppermost layer of which, in which soil formation takes place, is called the 

pedosphere. Since mankind has played a major role in the transformation of the world, further 

spheres were created during the anthropocene. The technosphere, which comprises the 

entirety of all man-made and modified structures, technologies and material flows on earth 

(Zalasiewicz et al., 2017), is, like the plastisphere, a relatively new addition to these concepts 

and shows the extent to which human influence is changing the environment. The plastisphere 
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refers to biotic communities that have formed specifically on plastic waste, especially in bodies 

of water (Amaral-Zettler et al., 2020). In addition to the colonization of the surface of the 

(micro)plastic by algae, fungi and other microorganisms, invasive species or pathogenic germs 

can also adhere (Zhang et al., 2024). These biofilms can also release previously adsorbed 

chemical pollutants such as heavy metals or pesticides. An impact on the food chain is also 

conceivable. As the polymers that make up the plastic remain in the environment for a very 

long time, the plastisphere also remains for a long period. Plastic can serve as a substrate for 

microbes for decades and thus permanently changes the composition of marine and 

terrestrial microbiomes (Barros and Seena 2021, Rillig et al., 2024). 

The behavior and risk potential of microplastic particles in the environment are 

strongly influenced by interactions between the particles, their polymer type and a variety of 

chemical substances and physical environmental factors. One of the most important 

interactions of microplastic particles is with pollutants such as heavy metals, polychlorinated 

biphenyls (PCBs), polycyclic aromatic hydrocarbons (PAHs) and pesticides (Tang et al., 2021). 

Due to their hydrophobic and often uneven surface, microplastic particles can serve as a 

carrier system for pollutants, adsorbing them and possibly transporting them over long 

distances. The pH value of the surrounding medium is a factor that significantly influences 

such interactions. A low pH value, such as in acidic soils or waters, can contribute to the 

release of certain pollutants from the microplastic, while other chemical reactions become 

relevant in alkaline conditions (Godoy et al., 2020). Microplastic can therefore act as a 

secondary source of pollutants in the environment if they have previously adsorbed pollutants 

(Hu et al., 2022, Hildebrandt et al., 2021). 

Temperature and weather influences such as UV radiation and mechanical erosion 

caused by wind or waves are also significant for the properties of microplastic. Junck et. al 

(2024) found a decreased hydrophobicity and an increased surface negativity in aged 

microplastic particles. UV radiation promotes the degradation and structural change of the 

plastic, which can result in plastic particles becoming fragile and fragmenting further (Du et 

al., 2023). This not only results in a larger surface area of the particles and thus their 

adsorption capacity for pollutants but can also lead to changes in the chemical composition of 

the plastic material. Additives that contain plasticizers, flame retardants or stabilizers, for 

example, can then be released from the plastic, which can also have toxic effects on organisms 

living in the environment (Bolivar-Subirats et al., 2021, Barrick et al., 2021). Mechanical 

influences caused by currents, sediment abrasion or biogenic erosion can also produce 

reactive forms of microplastic particles in the environment, which play a role in chemical 

processes and therefore in the environment (Martinez and Barbosa 2024). Microplastic can 

also influence global warming, by aiding cloud formation or inducing greenhouse gas 

emissions from soil (Chia et al., 2023, Parvez et al., 2024). Salinity and the organic substances 

that occur in the environment are further environmental factors that influence the behavior 

of microplastic particles. In marine systems, for example, a high salt content causes 

microplastic particles to be distributed differently in the water and ionic interactions of 

pollutants can change (Zhang et al., 2024). Organic substances such as humic acids from dead 
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plant material can coat the surface of microplastic particles and thus change their chemical 

properties and their interaction with pollutants or organisms. These processes influence how 

long microplastic remain in the environment, how heavily they are loaded with pollutants and 

how they are consumed by living organisms (Wu et al., 2021, Chen et al., 2023).  

In addition, microplastic interact with microbial communities that can colonize its 

surface and form biofilms. These biofilms can further modify the physico-chemical properties 

of microplastic and possibly influence the mobility and availability of pollutants and even the 

attractiveness as food source (Vroom et al., 2017). Microorganisms can also degrade or modify 

certain plastic components, which can potentially lead to the formation of even smaller 

secondary micro- or nanoplastic particles. (Zeenat et al., 2021). Valentine et al. (2022) have 

shown that caddisfly larvae are also a driver or biological breakdown of plastic litter, which 

likely increases bioavailability. Such complex interactions between microplastic, 

environmental factors and chemical pollutants complicate full assessment of the long-term 

impact of these particles on ecosystems and organisms. 

2.6 Potential mode of actions  

Microplastic can affect organisms in a broad spectrum directly and indirectly. The 

different polymers may leach additives that were added to serve different purposes. Some 

plastics have added flame retardants to reduce flammability or additives that link together 

polymer chains. Also pigments for colorization, plasticizers, sensitizers, emulsifiers or more 

may be added to the polymers (Lambert and Wagner 2018). Additionally, to the chemicals 

that are intentionally mixed into the polymers, microplastic, with their big surface area, can 

act as a carrier for harmful substances. This allows pollutants such as pesticides to adsorb to 

the surface and be released later, for example in the body of an organism. During some 

recycling processes new additives can be added to the particles as well. Since the distribution 

of substances tends to follow equilibria, it is conceivable that the particles in a heavily polluted 

body of water absorb pollutants and release them where the environment is not saturated 

compared to the concentration in the particle.  

Another potentially harmful effect of plastic can be blockage of the gastrointestinal 

tract. For example, plastic bags have already been shown to clog the stomach of sea turtles 

(Fukuoka et al., 2016). Something similar is also feasible for smaller particles in smaller 

organisms, such as daphnids for which it has already been shown that ingested particles can 

accumulate in the intestine (Polhill et al., 2022, Scherer et al., 2017). In addition to fragments 

with sharp edges that can cause internal damage, fibers can also cause physical damage. 

Fibers have the potential to entangle small invertebrates and limit their locomotion ability 

(Ma et al., 2024). This can result in reduced food intake or make the affected animals easy 

prey. Furthermore, it is also possible that, particularly in the case of accidents and large 

amounts of small particles with low density, these prevent sufficient sunlight from reaching 

the deeper water layers and thus prevent the primary producers from being sufficiently 

photosynthetically active. This would result in a drop in the oxygen content and cause 

problems for some organisms. Particles can also enter the lungs by inhalation or penetrate 
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other organs. Particularly small particles can even diffuse into cells or enter cells via 

transcytosis or endocytosis and cause inflammatory reactions or cell stress (Aloisi and Poma 

2025). 

2.7 Effects of microplastic particles on aquatic ecosystems 

It is important to understand the impact of microplastic on aquatic invertebrates and 

primary producers as these organisms play an important role in the ecosystem. They serve as 

a food source for other animals, help maintain biodiversity and to fulfil ecosystem services. 

Microplastic can have a significant adverse impact on aquatic invertebrates. The small plastic 

particles can be ingested by the animals and accumulate in the body, which can lead to 

impaired health and well-being. The effects of microplastic on aquatic invertebrates can vary 

depending on the type and size of the particles and the type of organism. Some studies have 

shown that microplastic can affect the reproduction, growth and survival rate of aquatic 

invertebrates. For example, ingestion of microplastic by mussels can lead to a change in the 

digestive enzyme activity, which can lead to decreased extraction of energy from food 

(Trestrail et al., 2021). Similarly, ingestion of microplastic by water fleas can lead to impaired 

reproduction and growth (Vieira et al., 2024). There is also an impact on fish and other marine 

animals. Small plastic particles can be ingested by animals and accumulate in the body, which 

can lead to impaired health and well-being (Miller et al., 2020). The effects of microplastic on 

fish can vary, depending on the type and size of the particles and the species of fish. It has 

been already shown that microplastic can affect the reproduction, growth and survival rate of 

fish (e.g., Bhat et al., 2024, Naidoo and Glassom, 2019).  

Likewise, microplastic can have a significant impact on aquatic invertebrates. The small 

plastic particles can be ingested by the animals and accumulate in their bodies (Scherer et al., 

2017). The effects of microplastic on aquatic invertebrates can vary depending on the type 

and size of the particles and the feeding type and size of the organism. In some studies, no 

toxic effects of microplastic were observed (e.g., Bruck and Ford 2018, Weber et al., 2018, 

Reichert et al., 2018, Hämer et al., 2014). Welden and Cowie (2016) found a reduced growth 

in a lobster species and Wang et al. (2019) have demonstrated damages in the digestive tract 

of Artemia parthenogenetica caused by ingested PS particles. The representative species 

Daphnia magna showed reduced feeding (Ogonowski et al 2016), increased mortality (Jemec 

et al., 2016), immobilization (Rehse et al., 2016) or less reproductive success (Besseling et al., 

2014).  

2.8 Regulation of environmental stressors   

Given the demonstrated biological effects of microplastic on aquatic organisms, 

particularly invertebrates, it becomes increasingly relevant to consider how such stressors are 

addressed within current regulatory frameworks. This necessitates a closer look at how 

environmental risks are assessed and managed at the legislative level, especially in the context 

of chemical substances that may pose similar ecological threats. Regulatory approaches of 

chemicals are based on ecotoxicological tests. The predicted environmental concentration 

(PEC) divided by the effect data obtained from these tests (PNEC) are used to calculate a 
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potential risk to the environment. The first acute effect data are performed with the aquatic 

triad (algae, daphnia, fish) to determine which group is the most sensitive. Chemicals are 

divided into four main categories for regulating purposes in the European Union. The four 

categories are industrial chemicals, veterinary and human pharmaceuticals, plant protection 

products and biocides. Some substances are categorized further. These chemicals meet the 

CMR criteria if they are either cancerogenic, mutagenic or toxic to reproduction. To meet the 

PBT criteria substances have to be persistent, accumulate in biota and be toxic. Another 

important criterion for risk analysis is the amount of this substance that is produced yearly. In 

general, the aim of the various laws and regulations is to identify a potential risk before any 

damage occurs, i.e., a prospective risk assessment. 

Plant protection products 

The risk assessment of plant protection products in the EU follows a strict, science-

based procedure coordinated by the European Food Safety Authority (EFSA) and the European 

Chemicals Agency (ECHA). The procedure is based on Regulation (EC) No 1107/2009. This 

regulation determines rules for the authorization, placing on the market, use and control of 

plant protection products. The aim is to ensure a high level of protection of both human health 

and the environment and to improve the internal market and agricultural production by 

harmonizing these rules. The environmental risk assessment of plant protection products in 

the EU is carried out according to a tiered procedure that enables a gradual refinement of the 

risk assessment. The aim is to identify risks efficiently, economically and only carry out more 

complex investigations if necessary. 

The first tier involves an initial assessment (worst-case assessment). This is the simplest 

and most conservative stage. It involves standard models and safety factors are used to 

calculate the PEC for various environmental compartments (soil, water, air). After a 

comparison with the PNEC, the risk is either acceptable and the assessment ends or a more 

detailed tier 2 assessment is required. This second tier contains a refined assessment with 

more realistic data. This includes more detailed exposure modeling, the consideration of site 

specifics (soil types, climate, water types), the use of more realistic application scenarios and 

a refined toxicity assessment through the use of specific laboratory and semi-laboratory 

studies. If there is still a risk (PEC > PNEC), tier 3 must be performed. If the risk is manageable, 

risk reduction measures can be proposed (e.g., buffer zones, application requirements). The 

third tier has the highest level of detail with field studies (higher-tier studies). This involves 

the observation of real effects on ecosystems through complex ecotoxicological models. If no 

significant effects occur, the plant protection product can be approved. If there are still risks, 

the product is not authorized or is banned. In 2022, the European Commission presented a 

proposal for a Regulation of the European Parliament and of the Council on the sustainable 

use of plant protection products. This regulation is intended to supplement and update 

existing rules and, in particular, promote the reduction of the use of chemical plant protection 

products and the promotion of alternatives such as biological plant protection products and 

integrated pest management. 
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Human and veterinary pharmaceuticals 

As medicinal products are biologically active and can enter the environment directly 

(e.g., via excretions, wastewater, manure), they must be assessed with regard to potential 

risks to ecosystems. Medicinal products for human use are regulated by Regulation (EU) 

2019/6 and Directive 2001/83/EC. An evaluation is carried out by the European Medicines 

Agency (EMA). Veterinary medicinal products are governed by Regulation (EU) 2019/6. There 

are special requirements for medicinal products used in livestock farming (e.g., antibiotics). In 

stage one of the tiered procedure, it is assumed that 100% of medicinal products for human 

use are excreted and that veterinary medicinal products are released into the environment 

via manure. There is a special case for medicinal products for human use, as no further 

assessment is necessary if the PEC in surface water is < 0.01 µg/L. According to Regulation (EU) 

2019/6 and Directive 2001/83/EC, medicinal products for human use may not be rejected 

solely on the basis of an environmental risk. If there are significant environmental risks, 

conditions may be imposed, such as disposal instructions in the package leaflet or restrictions 

on certain uses. 

Biocides 

The environmental risk assessment of biocides in the EU is similar to that of plant 

protection products, but in accordance with the requirements of the Biocidal Products 

Regulation (EU) No. 528/2012. The risk to various environmental compartments (water, soil, 

air) and non-target organisms (fish, birds, insects) is examined. Nevertheless, the two groups 

of substances differ in terms of the routes of exposure, which in the case of biocides occur via 

sewage systems, buildings and drinking water, and the places of application, which do not 

dominate in agriculture and forestry as in plant protection, but in the case of biocides in 

households, industry, medicine and public areas.  

Industrial chemicals 

The environmental risk assessment of industrial chemicals under REACH (Regulation 

(EC) No. 1907/2006) also follows a tiered procedure. The aim is to assess the risk to the 

environment (water, soil, air) and organisms from the manufacture, use and disposal of 

chemicals and to take measures if necessary. All chemicals manufactured or imported in 

quantities above 1 ton/year must be registered. The data requirements increase depending 

on the quantity. The PBT/vPvB assessment is carried out as part of the risk assessment of 

industrial chemicals under REACH and is required for all substances manufactured or imported 

in quantities over 10 tons per year. If a substance is classified as PBT or vPvB, it is included in 

the candidate list for substances of very high concern (SVHC). It may then be subject to 

authorization (Annex XIV REACH) or regulated by restrictions (Annex XVII REACH). Substances 

are considered persistent if the half-life in fresh water is more than 40 days and very 

persistent, if the half-life is more than 60 days. This is determined, for example, using 

simulation tests (OECD 308, OECD 309). If the bioconcentration factor in fish is over 2000, a 

substance is to be classified as bioaccumulative and as very bioaccumulative if the 
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bioconcentration factor is over 5000. Bioconcentration tests in fish (OECD 305) and modeling 

with QSAR (Quantitative Structure Activity Relationship) data are used for this purpose. A 

substance is considered toxic, if it is either chronically toxic to aquatic organisms (NOEC ≤ 0.01 

mg/L), meets the CMR criteria or is endocrine disruptive. This can be assessed with long-term 

ecotoxicity studies (OECD 210, 211) or reproductive toxicity studies (OECD 416, 443).  

Particles and plastic 

The regulation of particles, such as microplastic and other nanomaterials, is subject to 

complex legislation and can vary depending on the application and source. Nanomaterials are 

particles with a size of 1 to 100 nm and are used in various areas such as cosmetics, 

pharmaceuticals, electronics and food. Due to their special properties (e.g., high surface area), 

they require special regulation. According to the REACH Regulation (EC) No. 1907/2006, 

nanomaterials contained in chemicals or products must be subject to special monitoring. They 

must be explicitly mentioned as nanomaterials, on the safety data sheet for chemicals. For 

nanomaterials covered by REACH, manufacturers must provide toxicological data and an 

environmental risk assessment, and nanomaterials in food must be specifically approved and 

labeled on the food packaging in accordance with the Food Regulation (EC) No. 2015/2283 

and Regulation (EU) No. 1169/2011. 

In the EU, there are various legal frameworks that deal with the regulation of particles, 

particularly in the context of environmental protection, environmental health and safety. 

Regulation (EC) No 1107/2009 determines rules for the authorization, placing on the market, 

use and control of plastic materials and articles used in safe contact with food (Regulation (EU) 

No. 10/2011). The aim is to ensure a high level of protection of both human health and the 

environment and to improve the internal market and agricultural production by harmonizing 

these rules. Regulation (EC) No. 1223/2009 on cosmetic products regulates the use of 

microplastic in cosmetics. Since 2018, the use of microplastic in cosmetic products used to 

scrub or exfoliate skin or teeth, e.g., in scrubs and toothpastes, has been prohibited in the EU. 

The use of microplastic in industrial products (e.g., as fillers or conditioning agents) is not 

always directly regulated. In some areas, however, there are requirements to minimize the 

release of microplastic, such as in Regulation (EC) No. 1907/2006 (REACH) for chemicals. In 

coatings and paints, the REACH process is used to ensure that such products are safe for the 

environment and humans. Microplastic can enter the environment in agriculture through the 

use of plastic films, mulch materials or pesticides. The REACH regulation is important to 

control the voluntary disclosure of microplastic in products by manufacturers and to minimize 

potential risks. Microplastic are also used in medicine, e.g., as carriers in medicines or medical 

devices. These are also regulated by Regulation (EU) 2017/745 on medical devices and 

Regulation (EU) 2017/746 on in vitro diagnostic medical devices.  

Another important instrument for regulating plastic is Directive 2019/904 on the 

reduction of the impact of certain plastic products on the environment. This directive sets out 

measures to reduce the environmental impact of certain single-use plastic products, including 

plastic products such as cutlery, plates, straws and cotton buds. Member States are required 
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to draw up national action plans to achieve these targets. The regulation of microplastic varies 

in different areas depending on the product and use. Koelmans et al. (2022) provide an 

approach that includes the multidimensionality of microplastic particles (Figure 4).  

 

Figure 4 Risk assessment scheme addressing the multidimensionality of microplastic (Koelmans et al., 
2022) 

The approach is divided into three steps: In the first step a definition of the problem is 

given on the basis of a protective objective, e.g., the protection of a population. This step 

includes a quality-controlled assessment and the harmonization of methods and the selection 

of suitable input data. In the second step relevant dose metrics are defined, based on selected 

effect mechanisms. Effect thresholds concentrations and exposure profiles are assessed after, 

leading to a stressor-response profile and an exposure profile. In the last step for each of the 

profiles of step 2 the bioavailable fraction of the microplastic continuum is applied. This is 

done by using probability density functions. The microplastic continuum describes the concept 

that plastic particles are constantly changing in size, shape, chemical composition and 

bioavailability. Lastly, actual exposure and effects thresholds are compared in a risk 

characterization. This allows to calculate a risk of each effect mechanism (Koelmans et al., 

2022). 
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2.9 Ecotoxicological experiments and MDD concept 

The transferability of laboratory experiments to the real world depends on various 

factors, such as the type of experiment and environment, in which it is conducted. External 

validity is a measure of how well the results of an experiment can be transferred to the real 

world. In laboratory experiments, various standardized single species tests are used to 

determine different effects on organisms at different trophic levels. In aquatic test systems, 

for example, at the level of the destruents the effect of a chemical on the bioluminescence of 

Aliivibrio fischeri is investigated, while a growth inhibition test for the green alga Scenedesmus 

subspicatus is carried out for primary producers (Fent, 2013). Among primary consumers, 

acute and chronic toxicity plays an important role for the two crustaceans Daphina magna 

and Daphina pulex. The same test parameters are important indicators for the primary, 

secondary and tertiary consumers, which are represented by different fish species such as the 

zebrafish (Danio rerio) or trout (Oncorhynchus mykiss) (Fent, 2013). However, in order to carry 

out an efficient risk assessment of potential pollutants, it is important to gather as much 

detailed information as possible about the behavior of a pollutant under realistic 

environmental conditions. The complex ecological aspects such as the impact on different 

populations of a biocoenosis, must be included into the assessment (Chapman, 2002). 

Especially substances that occur in different environmental compartments can have a 

negative impact on ecosystems (Pepper et al., 2014). There are multiple methods to increase 

the external validity of experiments, such as using samples that are representative of the 

target group or conducting experiments in more realistic environments, like outdoor 

mesocosms.  

Aquatic mesocosms  

Mesocosms are artificial ecosystems that are used to study the effects of 

environmental changes on biodiversity and ecosystem functions. These semi-natural systems 

are a compromise between the more unrealistic laboratory tests and the uncontrollable field 

studies. Aquatic mesocosm experiments in artificial pond systems were conducted for the first 

time conducted at the end of the 1960`s in order to answer fundamental ecological questions 

and thus gain new insights into the functions and structures of ecosystems (Hall et al., 1970; 

James and Boone, 2005). From this approach they developed into a holistic ecotoxicological 

research method that attempts to bridge the knowledge gap between laboratory experiments 

and real environmental conditions (Odum, 1984). As artificially created model ecosystems 

that can be used to assess the fate and effects of a substance on this test system mesocosms 

are used to assess appropriate endpoints for the different biological levels (Caquet et al., 

2000). The different approaches of an aquatic model ecosystem differ primarily in the size of 

the respective experimental set-up. However, the aim, assessing realistic effects of chemicals 

on the environment, of the different models is identical. The results of laboratory experiments 

that were carried out in the first stage as part of a risk assessment are to be validated under 

realistic exposure scenarios and environmental conditions in combination with an ecosystem 

model that is as natural as possible (van Wijngaarden et al., 2005). Aquatic mesocosms are 

well suited to investigate the fate of chemicals in the environment (Van den Brink et al., 2005). 
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Due to the combination of the advantageous properties of the mesocosm as a model aquatic 

ecosystem, the stability of the system over a longer period and the ecological and 

environmental chemistry aspects, it can be concluded that mesocosm experiments can be 

used to draw more precise conclusions about the potential environmental risk of a test 

substance. In addition to this ecologically far more complex and realistic approach, 

mesocosms differ in terms of their water volume (>15 m³) from microcosms (<15 m³) 

(Hoffman, 2003). This experimental design is suitable for modeling the ecosystems of different 

types of water bodies in a near-natural way over longer periods of time. For example, standing 

water bodies can be modeled in large containers, while the ecosystem of flowing waters can 

be simulated with the help of river channels (e.g., Pérez et al., 2007; Beuter et al., 2019). 

Mesocosm systems offer a compromise between reproducibility and ecological aspects  

(Landner et al., 1989). They might also play a role in the approval of substances by serving as 

a model for the environment. Mesocosm experiments can help to study and assess the effects 

of substances on the environment. The results of these experiments can then be used by 

regulatory authorities such as the EFSA or the US Environmental Protection Agency (EPA) in 

decision finding processes on the authorization of substances. Mesocosm experiments can 

also help to study and assess the impact of environmental changes such as climate change or 

pollution on biodiversity and ecosystem functions (Sharma et al., 2021). 

The transferability of laboratory experiments to the real world depends on various 

factors, such as the type of experiment and the environment in which it is conducted. There 

are various methods to increase the external validity of experiments, such as using samples 

that are representative of the target group or conducting experiments in realistic 

environments. External validity is a measure of how well the results of an experiment can be 

transferred to the real world. Since running waters are not expected to be a sink for plastic 

particles due to the current, this experiment used static mesocosms, which model dams and 

reservoirs where the particles can accumulate. 

Minimum detectable difference 

Unlike laboratory experiments, with certain criteria of validity and guidelines providing 

a framework for the experiments, mesocosm experiments are not bound by fixed criteria. 

Nevertheless, for regulatory acceptance, these higher tier studies must follow the concept of 

the Minimum Detectable Difference (MDD). The MDD gives an insight into the statistical 

power of a set experimental setup (Brock et al., 2015). The higher the MDD the higher the 

effects must be to show significant differences compared to the control. Each mesocosm 

experiment should have at least eight taxa that are potentially harmed by the stressor, in such 

high abundances that the MDD is below 100% (EFSA, 2006). This guarantees that no false 

negative decisions are made regarding the environmental risk. The MDD depends on sample 

size, number of replicates and variance. The variance again results from the natural variability 

of the replicates and the variability in sampling. The MDD is therefore a method for estimating 

statistical power retrospectively. These MDD values are also important for effect classification 

according to EFSA (EFSA, 2006). For some of the classes it is important to show recovery. It 
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does not matter whether the recovery is intrinsic, i.e., coming from the system (e.g., in 

daphnids or rotifers) or extrinsic, i.e., coming from other systems such as the control (e.g., in 

chironomids or baetids). Recovery can only be shown if the MDD criteria are met, i.e., the 

proportional MDD is below 100%. Recovery in this context means a disappearance of 

statistical significance between treatment and control. However, it is always important to 

consider whether the treatment values are approaching the control or whether the control is 

approaching the low treatment level due to ecological processes, such as a coordinated 

emergence event. Although there is also class 4B, which covers the case of decreasing control 

abundance and excessive MDD in the recovery period, all other classes (3A, 3B, 4A, 5A and 

5B), where there are clear effects, require a low MDD after the effect period (Table 4).   
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2.10 Aim and research questions 

The aim of this study is to investigate the risk posed by untreated spherical polyamide 

microplastic particles to aquatic biocenosis. For this purpose, three different concentrations 

and additionally a particle control with silicate particles were applied in a semi-field mesocosm 

study lasting over 114 days. Additional to the endpoints and evaluation methods that are 

conventionally used in mesocosm experiments, new approaches were used to investigate 

sublethal effects. The potential effects of the particles on individual taxa were analyzed as well 

as on the community and different trophic levels and developmental stages. The thesis 

describes the overall experimental set-up and evaluation methodology. The results are 

divided into four main chapters intended to answer the following research questions and 

hypotheses. In order to be able to assess the effects of the particles on the model ecosystems 

and to carry out a risk analysis, all compartments must be examined. The relevance of the 

topic described above gives rise to the following questions.  

A) Does the presence of the added particles have an influence on the physicochemical 

composition of the model ecosystems and thus on the living conditions of the 

organisms? 

B) Is there a group in the aquatic invertebrate food web whose abundance is 

particularly influenced positively or negatively by the particles, i.e. which are the 

species of risk? 

C) Does a refined evaluation in higher tier studies, especially for stressors that are not 

typically tested in mesocosms, provide the opportunity to better assess effects and 

expand a risk analysis? 

Analysing the material properties and the biocenosis in the model ecosystems lead to three 

main hypotheses. 

1) As the particles have a higher density than water and are relatively small, they will 

sediment slowly. They can limit the light intensity available to the algae and higher 

aquatic plants for a short period of time. 

2) Zooplankton organisms, especially filter feeders, will ingest the particles 

unselectively as they are similar in size to their preferred food. Once the particles 

have been ingested, they can have an effect on the small animal organisms in 

various ways. 

3) Larger aquatic invertebrates, so-called macroinvertebrates, can ingest plastic 

particles directly as well as through their food and in some cases pass them on 

ontogenetically. This can cause effects on the organisms. 
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As the characteristics of the habitat are equally relevant for all groups of organisms 
and have an effect on all of them, research question 1 is addressed in the results section 
before the 4 chapters. The four chapters of this dissertation address 

a. The influence of the particles on the primary producers  

By measuring the content of chlorophyll-a from different phytoplanktonic color classes 

and visually mapping the ground coverage of macrophytes, the effects of the particles on the 

primary producers were examined. Occasionally, the phytoplankton samples were sieved to 

measure the fraction with a similar size range as the particles. Dominance ratios of the color 

classes and a principal response curve were calculated. This chapter aims to answer research 

question B and hypothesis 1. 

b. The influence of the particles on the zooplankton  

Approximately 2% of the water volume were sieved and sampled in every mesocosm 

per sampling. The sampled organisms were taxonomically determined and the abundances 

per liter were statistically evaluated. In addition to the dominance ratios and diversity indices, 

a principal response curve was also calculated. This chapter aims to answer research question 

B and hypothesis 2. 

c. The influence of the particles on the larger invertebrates  

The macroinvertebrates were sampled using three different techniques, differentiated 

taxonomically and counted alive. The organisms were fixed after counting on three occasions 

to measure biovolume. In addition to the biovolume, dominance ratios, diversity indices and 

principal response curve was calculated. This chapter aims to answer research question B and 

C and hypothesis 3. 

d. The influence of the particles on adult, emerging insects  

The emerging insects were sampled and evaluated weekly. The organisms were 

taxonomically determined. Two genera were separated by their sexes additionally. In addition 

to the abundance data and the sex ratios dominance ratios, diversity indices and principal 

response curve was calculated. Furthermore, the emergence time was calculated for certain 

proportions of the total emergence. This chapter aims to answer research question B and C 

and hypothesis 1. 
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3. Experimental Methods 
3.1 Pond setup 

An outdoor enclosure mesocosm study was conducted in an artificial pond at the test 

facility Neu-Ulrichstein (FNU; 50°45‘06.1‘‘N 9°02‘02.8‘‘E; Germany) starting in May 2020. The 

big outer pond (diameter 7.68 m) was freshly set up with sediment and water from a nearby 

natural pond in October 2018 (Appendix I). A 10 cm thick natural sediment layer was filled on 

an equally thick compacted layer of clay. Approximately 45.000 L natural pond water was filled 

in the big outer pond up to a water level of 1.20 m. Then, sand was uniformly added to the 

pond to lower the organic content of the sediment. Prior to the application of this study, a 

representative aliquot of pond water and a well-mixed subsample of sediment were sampled 

and analyzed for heavy metals (Mn, Pb, Cd, Cr, Ni, Hg, Zn), PCBs (6 components), pesticides 

(27 components) and selected chemical parameters (Na, K, S). Parameters were analyzed by 

Dr. Graner & Partner GmbH, Lochhausener Str. 205, D-81249 München, Germany (Appendix 

H). No microplastic could be identified after filtering 1000 l of pond water and sample 

preparation at UFZ Magdeburg in 2019 (Korinna Altmann, BAM, personal communication).  

The climatic conditions at the outdoor facility site in Homberg (Ohm) correspond to 

Middle and Northern European conditions. During the in-life assessment phase, weather data 

(at least air temperature, solar radiation and precipitation) from the German Weather Service 

(DWD) weather station Neu-Ulrichstein (ID 10537) were monitored. The weather station is 

located about 800 m west of the test facility.  

The macrophytes in the outer pond were harvested prior to the start of the 

experiment. Harvesting mobilizes the macrophyte-associated organisms and allows a more 

homogeneous distribution in the individual mesocosms. The macrophytes were planted 

specifically in the individual mesocosms before the start of pre-monitoring. Six weeks (April 

2020) before the first application a series of 21 (of which 16 were actively used) of stainless-

steel enclosures (diameter 1.10 m; approx. 1050 l) were installed by pressing them into the 

clay layer of the big pond. After pressing the enclosures into the clay layer 21 comparable, but 

unconnected mesocosm systems were formed. After an acclimatization phase of three days 

the macrophytes were harmonized and sampling equipment was placed in all mesocosms 

(Figure 5). The allocation of the mesocosms to the different concentration levels was done 

randomly, respecting abundances and physicochemical parameters, in the big outer pond, 

after a pre-sampling phase. This was done to avoid accidental effects that could be caused by 

solar radiation, for example. 
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Figure 5 Top view of the big outer pond with 21 separate mesocosms (A). Mesocosms 1 - 5: control 
(grey); mesocosms 6 + 7: Silica (darkblue); mesocosms 8 – 10: LowPA (green); mesocosms 11 – 13: 
MedPA (violet); mesocosms 14 - 16: HighPA (red). Unused mesocosms: ID 1,6,12,18 and 21 filled 
colorless. Top view of a single mesocosm with traps and netting zone (B). Cross section of a mesocosm 
with trap techniques (C).  

3.2 Test substances  

3.2.1 Polyamide  

The polyamide particles (Goodfellow GmbH, Hamburg, Germany, item no. AM306010) 

were classified as fine white powder. The spherical particles had an average size of 15-20 μm. 

The maximum particle size is 50 μm, while the smallest particles in the batch have a size of 

5 μm. The density of the polymer is 1.13 g cm-3. Further physical, electrical, thermal, 

mechanical and chemical properties of the substance according to the manufacturer are listed 

in the appendix (Appendix A). The concentrations used in the study were 1.5 mg L⁻¹, 15 mg L⁻¹ 

and 150 mg L⁻¹ with three replicates each. 

3.2.2 Silica  

The silica particles (S3 Chemicals, Bad Oeynhausen, Germany, item no. S100252) used 

in the study is an amorphous oxide of silicon with the chemical formula SiO2, which was also 

available in powder form. The powder is white and is odorless. All particles have a diameter 

of less than 45 μm, with an average particle size between 11.5 and 15.5 μm. The density of 

the SiO2 is 1.9 g cm-3. The melting point of the non-flammable silicon dioxide is 1700 °C and 

the boiling point is reached at 2300 °C. According to the manufacturer, the pH value of the 

product is 6. Further characteristics of the substance are listed in the appendix (Appendix A). 

The concentration used in the study was 150 mg L⁻¹, comparable to the highest polyamide 

concentration. Two replicates were used in the study. 

3.3 Application procedure 

A range of concentrations of the test item (polyamide microparticles) and the particle 

control (silica microparticles) were applied to the mesocosms (Table 1). The pre-weighted test 

item was transferred in a suspension (63 µm mesh sieved pondwater) for application. The test 



  Experimental Methods 

25 
 

item was dosed using the prepared suspensions and uniformly distributed below the water 

surface using a specially adapted separating funnel (the glass tip of the separating funnel is 

extended to 30 cm). The suspension was introduced while moving the glass tip of the opened 

funnel in a circular pattern approximately 15 to 25 cm below the water surface. After 

application of an individual mesocosm, the application equipment was rinsed three times with 

500 ml sieved pond water each, which was added to the mesocosm as well. Each application 

process took three to five minutes (Appendix B). 

Table 1 Concentrations and applied amount per application in all mesocosms. The applied amount is 
based on a mean water volume in all mesocosms of 1050 L 

Mesocosm Treatment code Amount applied per 
application [g] 

Nominal concentration 
after all applications 

Mesocosms 1-5 Control 0 0 mg L⁻¹ 

Mesocosms 6+7 Silica 39.375 150 mg L⁻¹ Silica 

Mesocosms 8-10 LowPA 0.394 1.5 mg L⁻¹ Polyamide 

Mesocosms 11-13 MedPA 3.937 15 mg L⁻¹ Polyamide 

Mesocosms 14-16 HighPA 39.375 150 mg L⁻¹ Polyamide 

 

The application was repeated four times over a span of 10 days, with each quarter of the final 

particle burden.  

3.4 Sampling methods and procedures 

The day of the first application was designated as „day 0“ (start of experimental phase). 

For twelve weeks after the first application, samplings of different endpoints were performed 

regularly. The exact sampling scheme is shown in Table 2). An additional sampling of 

macroinvertebrates and physicochemical parameters was carried out 16 weeks post 

application. Up to two weeks after the application, the water level was  10% of the nominal 

depth on the first application day. Thereafter, the water level was  20% of the nominal depth 

on the first application day. The depth is documented in the appendix (Appendix D). 

Table 2 Sampling scheme 
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Table 2 (continued) Sampling scheme 
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Table 2 (continued) Sampling scheme 
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63  ±4 9 x (x)         x 

70 ±4 10 x (x)         x 

77  ±4 11 x (x)         x 

84  ±4 12 x (x) x x x x x 

112  ±4 16              

x*: sampling 120 min after application 
x: sampling performed 
(x): sampling performed, but no evaluation 

 

 

3.4.1 Water samples 

Water samples (sieved 2 mm mesh) of each replicate of the treatments, silicate 

controls and one control mesocosm were taken 120 minutes after application and regularly 

during the study. The water samples were depth-integrated using a stainless-steel tube 

(minimum 80 cm water column and approximately 40 mm inner diameter). Per enclosure each 

six different sites were sampled and combined to form a composite sample. 

Two 2 l aliquots of the water samples were taken per mesocosm in adequate brown glass 

bottles, one for analysis and one for backup. The samples were kept in darkness at ≤ 5 °C. 

Aluminum foil was inserted into the thread of the lid to prevent potential contamination of 

the water samples by particles of the plastic lid. 

3.4.2 Sediment samples 

Samples from all replicates of each treatment were taken as listed in Table 2. Samples 

from one alternating control mesocosm were taken at each sampling.  Five sample cores per 

mesocosm were taken. The upper 5 cm horizons of the sediment core (diameter approx. 5 cm) 

were pooled. The sediment sample cores taken were collected in suitable glass bottles. All 

samples were stored deep-frozen at ≤ -18°C until analysis. 

3.4.3 Physicochemical parameters 

Estimation of physical parameters included measurements of oxygen content [mg L⁻¹] 

(FDO 925), conductivity [µS cm⁻¹] (TetraCon925), pH (SenTix 940) and temperature [°C] (SenTix 

940). All parameters were measured simultaneously using WTW probes and multiparameter 

measuring device (WTW GmbH, Weilheim, Germany, model 3630 IDS) approx. 50 cm beneath 

the surface in the middle of the mesocosms.  
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3.4.4 Turbidity 

The turbidity [Nephelometric Turbidity Unit, NTU] was measured photometrically 

using WTW pHotoFlex pocket photometer in three depths. Water was sampled 20 cm, 50 cm 

and 80 cm beneath the surface using a ball pipette. The turbidity was measured in a composite 

water sample after day of study 21. 

3.4.5 Chemical parameters 

Chemical parameters were measured before, during and after the experiment. 

Ammonium, nitrate, phosphate and water hardness were measured in depth integrated water 

samples using WTW photolab Spektral (WTW GmbH, Weilheim, Germany) and test kits 

(Supelco spektroquant). 

3.4.6 DOC/TOC 

Aliquots of 200 ml of a composite water sample were stored deep frozen until analysis. 

The analysis was done by CIP (Chemisches Institut Pforzheim GmbH, Schulberg 17, D-75175 

Pforzheim). The results are listed in the appendix (Appendix J).  

3.4.7 Phytoplankton 

Phytoplankton was sampled as a sieved (2 mm mesh, to remove bigger particles that 

potentially harm the spectrometer) aliquot of 350 ml of the depth integrated water sample. 

On occasion (Table 2), a finer (30 µm mesh) sieved aliquot was taken additionally. The finer 

sieved samples were measured like the other samples. The samples were analyzed using a 

delayed-fluorescence spectrometer (Gerhardt and Bodemer 1998,2000). Each sample was 

adapted to dark light conditions for 15 minutes before measurement. The apparatus 

distinguishes between four chlorophyll color classes of primary producers (green algae, 

cyanobacteria, cryptophytes and diatoms). It measures the activity of photoactive pigments, 

meaning only alive algae are considered for evaluation. 

3.4.8 Macrophytes  

Ground coverage of different macrophyte species was estimated visually. The 

percentage of coverage to total surface of the sediment was calculated using the software 

ImageJ (version 1.52a).  

3.4.9 Zooplankton 

Zooplankton was sampled using a special acrylic glass tube with windows that can be 

closed from the outside and can sieve the entire water column through a 63 µm mesh. Each 

trap was left in the respective mesocosm for at least five minutes to ensure equal distribution 

of the organisms after the interference with the system. The fixation with concentrated 

(> 96%) ethanol was done stepwise to prevent the organisms from cramping during the 

mortification process.  
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3.4.10 Macroinvertebrates 

Three different techniques were used to sample macroinvertebrates. All individuals 

were counted alive and reintroduced in the respective mesocosm afterwards, except days 36, 

85 and 114 were all organisms were fixed for further evaluation such as biovolume. 

Netting 

To ensure representative sampling of e.g., Chaoboridae and Baetidae sweep netting 

(aperture 27 x 27 cm, mesh size 450 µm) of larvae in the water column was conducted in east-

west direction and repeated three times (Figure 5,B). A water volume of approx. 155 l was 

sampled per sweep. 

Macroinvertebrate artificial substrate sampler (MASS) 

Open stainless steel systems (diameter of approx. 20 cm) containing clay beads 

(10-35 mm) and organic material were placed onto the sediment of each mesocosm (Figure 

5,C). For better monitoring of isopods and amphipods the samplers contained decomposed 

leaves of Alnus sp. sampled near a pond on site. Additional leaves were introduced whenever 

needed during the study in all mesocosms equally.  

Macrophyte cage (Extra-MASS/EMASS) 

Stainless-steel baskets containing shoots of macrophytes (Myriophyllum spicatum, 

Ceratophyllum demersum) were fixed at medium water depth (Figure 5,C). During the 

sampling, a net was held under the basket to catch escaping organisms as well. 

3.4.11 Emerging insects 

Two stainless-steel constructions (Figure 5,B&C) covered with a conical tent were used 

to catch emerging insects. The individuals were led to an eclector head box, at the apex of the 

trap, filled with a fixative containing water and a surfactant (e.g., TWEEN). The individuals in 

both traps were sampled, pooled and fixed (70% ethanol) in a seven-day interval.  Both traps 

combined covered approx. 15% of the surface of each mesocosm. The taxonomic resolution 

depended on the condition of captured individuals. 

3.4.12 Potamopyrgus antipodarum bio-assay 

Each 40 New Zealand mud snails were exposed in baskets (100 µm mesh) 50 cm 

beneath the water surface of every mesocosm. The mud snails were sampled thrice on days 

28, 56 and 85. Per sampling 10 individuals were sampled, narcotized in a 2.5% MgCl2 solution 

and frozen. The individuals were measured, and the brood pouches were opened to count the 

amount of embryos per snail. The sampling was carried out according to OECD 242 to identify 

potential endocrine effects of the stressor over the course of the study. 
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3.5 Additional evaluations 

3.5.1 Sedimentation time and sinking velocity of particles 

The sinking velocity for the particles was calculated following Stokes law (Formula 1) 

for spherical particles with small Reynold numbers. The calculation was done for silica and 

polyamide particles ranging from 2 to 55 µm in diameter in increments of 0.01 µm.  

Formula 1 Calculation of sinking velocity following Stokes law: 𝑣 =  
2

9
∗

𝑟2∗𝑔∗(𝑝𝑝−𝑝𝑓)

𝑛
 

with the gravitational force (g), the density of the fluid (pf), the density of the respective 

particle type (pp) and the dynamic viscosity of the water (n). 

3.5.2 Biovolume 

Biovolume was calculated by approximating a geometric shape that resembles the 

body of the organism and multiplying length, height and width in mm of the respective 

organisms. Body appendages such as cerci or antennae were disregarded. Examples of the 

most important body groups are listed in Table 3. The biovolume of larvae was transformed 

with the natural logarithm. Transformed biovolume values below 1 mm³ have negative signs. 

Table 3 Measurement and calculation of biovolume for different taxonomic groups 

 Taxa 
Approximated 
geometric 
shape 

Length Width Height 

Arthropoda 
(larvae and 

adults) 

Ephemeroptera, 
Odonata, 

Cylinder 
Head base 
to thoracic 
end 

Thoracic 
width 

Thoracic 
height Coleoptera, 

Isopoda, 
Hemiptera 

Rectangle 

Mollusca 

Lymnaeidae Cone 

Shell 
opening to 
shell tip 
(opening 
facing 
upwards) 

Shell edge 
to opposing 
shell edge 

Shell 
opening to 
shell tip 
(opening 
facing 
downwards) 

Planorbidae Cylinder 

Longside, 
including 
downward 
facing shell 
opening 

Shell 
straightened 
(Opening 
facing 
forward) 

Left side, 
including 
downward 
facing shell 
opening 

 

3.5.3 Sexratio 

Sexratio was determined for adult Chaoboridae and Baetidae. The characteristics of 

the male individuals of the chaoborids are the feathered antennas and the distinct gonostyli 

at the end of the abdomen. The male baetids are characterized by their segmented eyes. 
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The upper, dorsal half of the eyes, the so-called turbinate eye has a yellowish orange color in 

the fixed samples. Individuals, for which the sex could not be determined reliably were 

disregarded for this analysis. 

3.5.4 Emergence mean Time 

Emergence mean Time (EmT) was calculated for a proportion of 20% (EmT20), 50% 

(EmT50) and 80% (EmT80) of the most dominant taxa. To calculate the EmT, the total 

abundance of each taxon must be calculated for each mesocosm. Afterwards, using the total 

duration of the study the timepoints at which a certain proportion of the organisms emerge 

can be computed using a fit (linear model, R function: lm()). EmT was calculated for each 

mesocosm individually and means per treatment were calculated. By setting the EmTx of the 

controls as expected value the divergences were calculated. Figure 6 shows an exemplary EmT 

curve, which was created as the basis for all further calculations. After calculating the 

EmT-values per treatment they were put in relation to control values to show the 

treatment-related change in emergence time (EmTxTreatment/EmTxControl). Values < 1 indicate a 

strong toxic effect without recovery, a slowly developing toxic effects or premature 

emergence respectively. Values > 1 indicate delayed emergence or a toxic effect with 

recovery. Values of 2 and 0.5 indicate the same effect strength, due to mathematical reasons  

 

Figure 6 Example for cumulative emergence calculation. Each mesocosm has a distinct progression. 
Means per treatment were calculated after fitting each mesocosm separately 
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3.5.5 Dominance ratio 

The dominance ratio is the relative frequency of a species in relation to the other 

species on a sampling day in a certain mesocosm. The different dominance ratios can be 

classified as eudominant (> 10%), dominant (> 5-10%), subdominant (> 2-5%), recedent 

(> 1-2%) and subrecedent (< 1%) (Lira and DeSouza, 2016) Dominance ratios were calculated 

using the software CA (Community Analysis version 4.3.14) as a percentage of the abundance 

of a taxon in relation to the total abundance. Deviations of 100% total dominance are possible, 

due to rounding errors. The lowest taxonomical level of all taxa was used for this analysis. All 

sums (e.g., total sums, sum of all Diptera) were disregarded in this analysis.  

3.5.6 Diversity indices 

Diversity indices were calculated using the software CA (Community Analysis version 

4.3.14). The number of taxa was calculated by counting the number of different taxa found 

per mesocosm and sampling day. Shannon’s H was calculated with following formula (Formula 

2) with pi as the proportion of the respective species to the total abundance. 

Formula 2 Shannon H:  𝐻 = ∑ 𝑝𝑖 ∗ 𝑙𝑛(𝑝𝑖)𝑖  

The Evenness was calculated as normalized Shannon H according to Formula 3, with ln(S) as 

the maximum Shannon. 

Formula 3 Calculation of Evenness: 𝐸 = 𝐻/ ln(𝑆) 

The lowest taxonomical level of all taxa was used for these analyses. All sums (e.g., total sums, 

sum of all Diptera) were disregarded in these analyses. 

3.6 Statistical analysis 

The statistically significant effects compared to the control give an indication of effects 

on individual samplings. To group the effects over the entire course of the study, the effect 

data is categorized according to EFSA (2013) and Brock et al. (2015) (Table 4). Since the study 

had more than one application and lasted over 100 days all categories can be applied. The 

effect classes range from no effect (1) to pronounced effects without recovery (5B). 

Table 4 Effect classification based on EFSA (2013) and Brock et al. (2015)  

Effect class Description Comment 

1 
No treatment-related 
effects demonstrated  

No (statistically and/or ecologically significant) 
effects observed as a result of the treatment. 
Observed differences between treatment and 
controls show no clear causal relationship. 

2 Slight effects 
Effects concern short-term and quantitatively 
restricted responses usually observed at individual 
samplings only. 
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Table 4 (continuued): Effect classification based on EFSA (2013) and Brock et al. (2015)  

Effect class Description Comment 

3A 
Pronounced short-term 
effects (< 8 weeks, 
followed by recovery) 

Clear response of endpoint, but full recovery of 
affected endpoint within 8 weeks after the first 
application or, in the case of delayed responses, 
and repeated applications, the duration of the 
effect period is less than 8 weeks and followed by 
full recovery. Treatment-related effects 
demonstrated on consecutive samplings.*  

3B** 
Pronounced effects and 
recovery within 8 weeks 
post last application 

Clear response of the endpoint in micro-
/mesocosm experiment repeatedly treated with 
the test substance and that lasts longer than eight 
weeks (responses already start in treatment 
period), but full recovery of affected endpoint 
within eight weeks post last application. *  

4A 
Pronounced effects in 
short-term study 

Clear effects (e.g., large reductions in densities of 
the population) observed, but the study is too 
short to demonstrate complete recovery within 
eight weeks after the (last) application. 

4B 
Pronounced short-term 
effects, but MDD too 
high in recovery period 

Significant short-term effects demonstrated but 
recovery cannot be properly evaluated due to 
high%MDD values in recovery period or the 
population in the controls is declining or even 
absent. If significant treatment related response is 
demonstrated on one sampling but recovery 
cannot be interpreted due to high%MDD, this may 
be indicated as class 2 – 4B, in other case it can be 
3A – 4B. 

5A 
Pronounced long-term 
effect followed by 
recovery 

Clear response of sensitive endpoint, effect period 
longer than 8 weeks and recovery did not yet occur 
within 8 weeks after the last application but full 
recovery is demonstrated to occur in the year of 
application. * 

5B 
Pronounced long-term 
effects without 
recovery 

Clear response of sensitive endpoints (> 8 weeks 
post last application) and full recovery cannot be 
demonstrated before termination of the 
experiment or before the start of the winter 
period. 

* Note that recovery can only be considered, if the MDDs during the recovery period were at least 
smaller than 100%. If this is not the case, an appropriate higher class may have to be selected.  

** only relevant for multiple application studies 
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3.6.1 Abundance and measurement data 

A significance level of α < 0.05 was used for all statistical comparisons. Statistical 

differences between the control and all treatments were calculated using Dunnett’s post hoc 

test. The abundance data were transformed according to (van den Brink et al., 2000). 

Geometric means were used to minimize the influence of outliers. Description of the graphs 

and data was done by using geometric means as well. In order to specify the accuracy of the 

geometric mean values, the geometric standard deviation is also specified as a measure of 

dispersion. To calculate geometric means, zero-values were replaced depending on the 

endpoint. For phytoplankton data the zeros were replaced with 0.001, for zooplankton with 

0.01 for macroinvertebrates and for emerging insects with 0.1. The calculations were made 

using R (Version 4.1.1). Since data was transformed with ln(Ax+1) normal 

distribu2.48 ×/÷ 1.36 µg L⁻¹ed. The No Observed Effect Concentration (NOEC) and the Lowest 

Observed Effect Concentration (LOEC) are commonly used criteria to evaluate the toxic 

potential of a substance on model species. The NOEC is defined as the highest tested 

concentration which showed no significant differences to the control group, while the LOEC is 

the lowest tested concentration that already had significant influence on the endpoint. The 

statistical analysis used to determine the NOEC and LOEC is listed in the respective chapter. 

A principal response curve (PRC) was calculated using the program CANOCO 5 (Version 

5.12). The lowest taxonomical level of all taxa was used for this analysis. All sums (e.g., total 

sums, sum of all Diptera) were disregarded in this analysis. The y-axis shows the community 

level response relative to the controls. The higher the absolute value of deviation, the stronger 

the effect. The x-axis depicts the temporal deviation. The species score for each species shows 

the impact of said species on the total deviations. The higher the absolute value of the species 

score the mor sensitive this species is. A threshold value of an absolute value of 0.5 was 

applied. A redundancy analysis (RDA) was performed whenever the PRC was significant. 

CANOCO 5 (Version 5.12) was used to calculate the RDA. All sums (e.g., total sums, sum of all 

Diptera) were disregarded in this analysis. RDA was performed for every sampling day 

separately to see how the treatments affect individual time points and whether there are 

certain key time points at which the differences are particularly strong. 

3.6.2 Minimum Detectable Difference 

The minimum detectable difference (MDD) is an indicator of the statistical power of 

an endpoint in a given study design. The MDD is represented as the percentage change from 

control that a treated group must show to demonstrate statistically significant differences 

from control. For all statistical analyses of abundance data, the MDD was used with the 

standard deviation as a measure of dispersion. MDD was calculated according to Brock et al. 

(2015). The MDD% of retransformed data (MDD%abu) is used in this study as “MDD”. Values 

below 100% are considered as “MDD capable”. The statistical power of a higher tier 

experiment can be expressed by the MDD Category. For every taxon, if the MDD is at least 

either under 100% four times, under 90% three times, under 70% twice or under 50% once 

the MDD Category is 1 (direct exposition, potential effects). If none of these criteria fit, but 
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there are any statistically significant effects compared to the control after the first application 

the MDD Category is 2 (indirect exposition). If neither of these are true, the MDD Category is 

3 (effects possible but high uncertainty).   

3.6.3 Diversity indices  

Statistical differences of the amount of species, the Shannon index and the evenness 

were calculated exactly like abundance data (3.6.1)  

3.6.4 Reproduction (Potamopyrgus assay) 

Statistical analysis of the reproduction of P. antipodarum in bio-assays was performed 

according to Lehmann et al., 2018. The R-Script provided by the authors was adjusted to 

perform under newer version of (Version 4.1.1). The closure Principal computational approach 

test (CPCAT) is a method to overcome limitations of generally used methods in ecotoxicology 

to find NOECs and LOECs especially for reproduction data. Using matrices of main and 

intersection hypothesis and Monte-Carlo simulations a probability of error of accepting the 

nullhypothesis is computed. Only if all intersection hypothesis is a matrix are denied the 

overall hypothesis of the matrix can be denied as well. The maximal p-value of all subtests of 

a matrix hast to be < 0.5 for the difference to be significant. Due to the structure of the 

statistical method with Monte-Carlo simulations, the exact same maximal p-value is not 

determined for each run. Mean values and standard deviations of the mean were used and 

described. 

3.6.5 Biovolume 

The mean biovolume per mesocosm and taxon was analyzed for statistically significant 

changes compared to the control using a one-factorial ANOVA and a Dunnett's post-hoc test. 

Statistical differences of biovolume were calculated exactly like abundance data (3.6.1)  

3.6.6 Sex ratio 

Statistical differences in were determined by setting the control ratio as expected 

value for each point in time. A one-proportion z-test was performed. The base R function 

“prop.test” was used, with p as expected value, x as measured value and n as number of 

observations. Values with number of observations below ntotal = 30 are to be rated as 

uncertain. The sex ratio was calculated as nmales/ntotal with not distinguishable organisms 

disregarded. 

3.6.7 Emergence mean Time 

Statistical differences of Emergence mean Time were calculated exactly like abundance 

data (3.6.1). 
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4. Results 

The non biotic factors, such as physical and chemical parameters had an influence on 

and were influenced by the biological endpoints. As sum parameters, they often provide 

indirect information about biological dynamics. Oxygen content (Figure 7) had its peak 

between days 42 and 56 of the study in all mesocosms except one silica replicate were the 

peak occurred earlier on day 28. All mesocosms showed a comparable progression of the 

oxygen content throughout the study. After a slight dip before the last application on day 10 

the oxygen content increased continuously to the peak of 12-15 mg L⁻¹. After the peak the 

oxygen content decreased again to values comparable to the starting conditions of around 

8-10 mg L⁻¹. 

 

 

Figure 7 Oxygen content [mg L⁻¹] in all mesocosms 

 

Like the oxygen content the pH (Figure 8) peaked at the halfway mark of the main 

study. Lowest pH values of 7.4 were measured at the day of the fourth application.  

Throughout the study pH was in alkaline in all mesocosms. In the Silica treatment between 

days 57 and 86 pH values were significantly lower in the compared to the control. The MedPA 

treatment had a significantly lower pH on day 78 of the study.  
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Figure 8 pH in all mesocosms 

 

Unlike pH and oxygen content the conductivity (Figure 9) decreased after the 

application procedure. The MedPA treatment had a significantly higher conductivity on day 

86 of the study. No other differences were significant compared to the control throughout the 

study. 

 

 

Figure 9 Conductivity [µS cm-1] in all mesocosms 
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Chemical parameters and temperature showed no significant differences compared to 

the controls during the study. Most chemical parameters were below detection limits. The 

water temperature showed a comparable progression throughout the study in all treatments. 

The mesocosms differed by less than 0.3 °C on each respective sampling. 

 

Figure 10 Sink velocity [cm h⁻¹] of polyamide and silica particles depending on size  

 

The calculated sink velocity (Figure 10) and sedimentation time for 100 cm (Figure 11) 

for silica and microplastic particles show a size dependency. The bigger the spherical particles 

are the faster they sink. The calculated sink velocity is 0.65 cm h⁻¹ for the smallest microplastic 

particles, while the biggest particles sink with a rate of 64.6 cm h⁻¹. There is no data on the 

smallest size of the silica particles, the biggest particles however sink 159.6 cm h⁻¹ 

theoretically. The sedimentation time for 100 cm for the average microplastic particles is 9.7 

to 17.2 hours. The average silica particles need 5.3 to 9.6 hours to sediment 100 cm. 
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Figure 11 Sedimentation time for 100 cm [h] of polyamide and silica particles depending on size 

 

The turbidity measurement (Figure 12) shows the sedimentation of the particles in the 

highest concentration in three depths, 20 cm, 50 cm and 80 cm below the water surface. After 

the first three applications the turbidity was highest near the surface. After the last 

application, however, the highest turbidity was measured 80 cm below the surface. The 

turbidity was on control level two and three days after application respectively. After the last 

application on study day ten the turbidity was higher compared to the control in the deeper 

water layer. On day 21 of the study and after the turbidity was at control level below 5 NTU. 
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Figure 12 Mean turbidity [NTU] in 20 cm, 50 cm and 80 cm below water surface in HighPA treatment 

 

In this study a total of 67 taxa were differentiated taxonomically (Table 5). They belong 

to two kingdoms, six tribes and 14 classes. Furthermore, 23 orders and 43 families were 

distinguished. Of the total of 45 orders found, 17 species could be assigned. Most of the 

organisms could be identified at least to genus level. Some, however, could only be identified 

to class, order or family level. The phytoplankton was not classified taxonomically but 

according to color classes. All these taxa were analyzed in at least one of the five biological 

endpoints: phytoplankton, macrophytes, zooplankton, macroinvertebrates and emerging 

insects. Some taxa such as Chaoborus sp. or Tanypodinae were considered in several 

endpoints. Most taxa and the most accurate resolution were assigned to the zooplankton 

endpoint. 
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Table 5 Taxonomic classification of all groups and taxa found in the study. The smallest level distinguished in the study is marked in bold 

Kingdom Phylum Class Order Family Genus Species 

Animalia 

Annelida Clitellata Rhynchobdellida Glossiphoniidae Helobdella stagnalis 

Arthropoda 

Arachnida Trombidiformes   

Branchipoda Anomopoda 

Chydoridae 

Alona   

Alonella   

Chydorus sphaericus 

Graptoleberis   

Daphniidae 

Ceriodaphnia   

Daphnia longispina 

Daphnia magna 

Daphnia pulex 

Scapoleberis   

Simocephalus   

Copepoda 
Calanoida Diaptomidae   

Cyclopida Cyclopidae   

Crustacea Isopoda Asellidae Asellus aquaticus 

Insecta 

Coleoptera 

Curculionidae     

Dytiscidae 
Dytiscus   

Hydoporus   

Hydrophilidae Helophorus   

Diptera 

Ceratopogonidae   

Chaoboridae Chaoborus   

Chironomidae (subfamilies: Chironominae, 
Orthocladiinae, Podonominae, Tanypodinae) 

Chironomus riparius 

Culicidae 
Anopheles   

Culex   

Psychodidae   
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Table 5 (continued) Taxonomic classification of all groups and taxa found in the study. The smallest level distinguished in the study is marked in bold 

Kingdom Phylum Class Order Suborder Family Genus Species 

Animalia 

Insecta 
Diptera 

Hemiptera   

Corixidae   

Gerridae Gerris   

Notonectidae Notonecta glauca 

Hymenoptera   Mymaridae   

Odonata 
Zygoptera Coenagrionidae   

Anisoptera   

Trichoptera   Phryganaidae   

Ostracoda   

Mollusca 

Bivalvia Sphaeriida   Sphaeriidae Musculium  lacustre 

Gastropoda 
Pulmonata   

Lymnaeidae 
Lymnaea stagnalis 

Radix   

Planorbidae   

Sorbeoconcha   Tateidae Potamopyrgus antipodarum 

Rotifera 

Bdelloidea Bdelloida   
Habtrotrochidae Habrotrocha   

Philodinidae Rotaria   

Monogononta 

Flosculariaceae 

  Hexarthridae Hexarthra   

  Testudinellidae Testudinella   

  Trochosphaeridae Filinia   

Ploima 

  Asplanchnidae Asplanchna   

  

Brachionidae 

Brachionus   

  Keratella quadrata 

  Platyias quadricornis 

  Euchlanidae Euchlanis   

  Lecanidae Lecane   

  Mytilinidae Mytilinia   
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Table 5 (continued) Taxonomic classification of all groups and taxa found in the study. The smallest level distinguished in the study is marked in bold 

Kingdom Phylum Class Order Family Genus Species Taxon 

Animalia Rotifera Monogononta Ploima 

Notommatidae Cephalodella     

Synchaetidae 
Polyarhtra     

Synchaeta     

Trichoceridae Trichocerca   

  

Trichotriidae Trichotria   

Plantae 

Tracheophyta 
Angiosperma 

Alismatales Potamogetonaceae Potamogeton perfoliatus 

Saxifragales Haloragceae Myriophyllum spicatum 

Magnoliopsida Ceratophyllales Ceratophyllaceae Ceratophyllum demersum 

  

Blue Algae 

Diatoms 

Green algae 

Kryptomonads 
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4.1 Primary producers 
 

 

(Picture generated with OpenAI DALL·E) 
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4.1.1 Phytoplankton chlorophyll content  

The mean of total chlorophyll (Figure 13) content ranged from 2.48 ×/÷ 1.36 µg L⁻¹ to 

12.01 ×/÷ 1.34 µg L⁻¹ on day 21 in the control. The mean of total chlorophyll content ranged 

from 1.49 ×/÷ 1.09 µg L⁻¹ on day -18 to 16.82 ×/÷ 1.10 µg L⁻¹ on day 13 in the Silica treatment. 

The mean of total chlorophyll content ranged from 2.28 ×/÷ 1.56 µg L⁻¹ on day -18 to 

10.88 ×/÷ 1.13 µg L⁻¹ on day 86 in the LowPA treatment. The mean of total chlorophyll content 

ranged from 2.20 ×/÷ 1.15 µg L⁻¹ on day -18 to 20.89 ×/÷ 2.31 µg L⁻¹ on day 86 in the MedPA 

treatment with one mesocosm that has a noticeably increased chlorophyll content. The mean 

of total chlorophyll content ranged from 2.62 ×/÷ 1.26 µg L⁻¹ on day -7 to 20.87 ×/÷ 1.36 µg L⁻¹ 

on day 21 in the HighPA treatment. 

 

 

Figure 13 Total chlorophyll content [µg L⁻¹] measured with delayed fluorescence method 

 

All mesocosms showed an increase in chlorophyll content in the first weeks of the 

experiment and a drop afterwards. The Silica treatment showed significant differences 

compared to the control on days 2 through 13 of the study. The MedPA and HighPA 

treatments showed two samplings with significant effects on nonconsecutive samplings each. 

The significant differences to the controls in the HighPA treatment were on days 6 and 13, a 

comparable time span as the Silica treatment. The LowPA treatment showed no significant 

changes to the control.   
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The mean of chlorophyll content from green algae (Figure 14) ranged from 0 µg L⁻¹ on 

day 44 to 3.15 ×/÷ 1.78 µg L⁻¹ on day 13 in the control. The mean of chlorophyll content from 

green algae ranged from 0.09 ×/÷ 22.36 µg L⁻¹ on day 44 to 8.04 ×/÷ 1.87 µg L⁻¹ on day 13 in 

the Silica treatment. The mean of chlorophyll content from green algae ranged from 0 µg L⁻¹ 

on several days (44,50,57,78,56) to 2.20 ×/÷ 1.20 µg L⁻¹ on day 0 in the LowPA treatment.  

 

 

Figure 14 Total chlorophyll content of green algae [µg L⁻¹] measured with delayed fluorescence method 

 

The mean of chlorophyll content from 0.13 ×/÷ 81.99 µg L⁻¹ on day 37 to 

3.06 ×/÷ 5.03 µg L⁻¹ on day 21 in the MedPA treatment with two mesocosms that had a 

noticeably increased chlorophyll content at the end of the study. The mean of chlorophyll 

content from green algae ranged from 0 µg L⁻¹ on days 44, 78 and 86 to 4.27 ×/÷ 1.07 µg L⁻¹ 

on day 13 in the HighPA treatment. The green algae had significantly higher chlorophyll 

content in the Silica treatment on sampling days 6 through 13 and on day 6 in the HighPA 

treatment. The HighPA had significantly higher chlorophyll content on day 31. All samplings 

after day 13, except day 31 had MDD-values > 100 which makes it mathematically impossible 

to show direct toxic effects. The MedPA treatment however showed a strongly increased 

chlorophyll content in two replicates starting day 51. 
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Figure 15 Total chlorophyll content of blue algae [µg L⁻¹] measured with delayed fluorescence 

method 

 

The mean of chlorophyll content from blue algae (Figure 15) ranged from 

0.06 ×/÷ 3.52 µg L⁻¹ on day 2 to 2.56 ×/÷ 1.54 µg L⁻¹ on day 86 in the control. The mean 

abundance of chlorophyll content from blue algae ranged from 0.07 ×/÷ 17.01 µg L⁻¹ on day 9 

to 2.05 ×/÷ 1.47 µg L⁻¹ on day 21 in the Silica treatment with both replicates showing a severe 

drop in chlorophyll content three weeks after the last application. The mean of chlorophyll 

content from blue algae ranged from 0.13 ×/÷ 2.20 µg L⁻¹ on day 2 to 3.28 ×/÷ 1.18 µg L⁻¹ on 

day 86 in the LowPA treatment. The mean of chlorophyll content from blue algae ranged from 

0.18 ×/÷ 4.56 µg L⁻¹ on day -7 to 3.05 ×/÷ 1.32 µg L⁻¹ on day 86 in the MedPA treatment. The 

mean of chlorophyll content from blue algae ranged from 0.12 ×/÷ 5.36 µg L⁻¹ on day -7 to 

2.79 ×/÷ 1.91 µg L⁻¹ on day 72 in the HighPA treatment. After low concentrations at the begin 

of the study, the chlorophyll a content from blue algae rose in all treatments after the last 

application, with some fluctuating peaks in single mesocosms of the MedPA and HighPA 

treatment. The Silica treatment had significantly lower chlorophyll contents from blue algae 

on two samplings. The content was reduced on day 31 and 86. The MedPA treatment had 

significantly lower chlorophyll content on day 57 only. The HighPA treatment showed 

significant higher chlorophyll content on two consecutive samplings on day 6 and day 9. The 

following sampling on day 13 was not significant compared to the control. The p-value of that 

sampling however was p < 0.1.  
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Figure 16 Total chlorophyll content of diatoms [µg L-1] measured with delayed fluorescence method 

 

The mean of chlorophyll content from diatoms (Figure 16) ranged from 

0.72 ×/÷ 1.40 µg L⁻¹ on day -18 to 4.53 ×/÷ 1.63 µg L⁻¹ on day 21 in the control. The mean of 

chlorophyll content from diatoms ranged from 0.41 ×/÷ 1.13 µg L⁻¹ on day -18 to 

5.49 ×/÷ 1.57 µg L⁻¹ on day 13 in the Silica treatment. The mean of chlorophyll content from 

diatoms ranged from 0.66 ×/÷ 1.52 µg L⁻¹ on day -18 to 3.02 ×/÷ 1.16 µg L⁻¹ on day 37 in the 

LowPA treatment. The mean of chlorophyll content from diatoms ranged from 

0.63 ×/÷ 1.19 µg L⁻¹ on day -18 to 4.15 ×/÷ 2.88 µg L⁻¹ on day 86 in the MedPA treatment with 

one mesocosm that has a noticeably increased chlorophyll content. The mean of chlorophyll 

content from diatoms ranged from 0.69 ×/÷ 1.67 µg L⁻¹ on day 50 to 7.19 ×/÷ 1.34 µg L⁻¹ on 

day 21 in the HighPA treatment. The overall course of the chlorophyll a content from diatoms 

was comparable in all treatments and on a similar level throughout the study. The Silica 

treatment had a significantly higher chlorophyll content compared to the control on sampling 

days 2 through day 13. The chlorophyll content in the HighPA treatment was significantly 

higher compared to the control on day 13. 
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Figure 17 Total chlorophyll content of cryptomonads [µg L⁻¹] measured with delayed fluorescence 

method 

 

The mean of chlorophyll content from cryptomonads (Figure 17) ranged from 

0.04 ×/÷ 3.95 µg L⁻¹ on day 0 to 5.17 ×/÷ 1.30 µg L⁻¹ on day 37 in the control. The mean of 

chlorophyll content from cryptomonads ranged from 0.17 ×/÷ 56.04 µg L⁻¹ on day 13 to 

3.87 ×/÷ 1.29 µg L⁻¹ on day 44 in the Silica treatment. The mean of chlorophyll content from 

cryptomonads ranged from 0.04 ×/÷ 11.33 µg L⁻¹ on day 0 to 5.97 ×/÷ 1.19 µg L⁻¹ on day 86 in 

the LowPA treatment. The mean of chlorophyll content from cryptomonads ranged from 

0.02 ×/÷ 4.20 µg L⁻¹ on day -7 to 2.49 ×/÷ 1.21 µg L⁻¹ on day 31 in the MedPA treatment with 

two replicates showing lower contents than the others three weeks after the last application 

and after. The mean of chlorophyll content from cryptomonads ranged from 

0.05 ×/÷ 15.57 µg L⁻¹ on day 2 to 7.48 ×/÷ 1.85 µg L⁻¹ on day 21 in the HighPA treatment. 

Overall, the content fluctuated strongly before and during the application period. The HighPA 

treatment had a significantly higher chlorophyll content on day 13. 

The chlorophyll contents of the 30 µm sieved fraction showed two significant 

differences compared to the control in the Silica treatment. Blue algae had significant lower 

abundances on day 86 and diatoms significantly higher abundances compared to the control 

on day 31. The total chlorophyll content of the 30 µm fraction was between 65% on day 0 to 

120% on day 57 of the whole sample. 
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4.1.2 Phytoplankton PRC and RDA 

The PRC of the phytoplankton community (Figure 18) shows the effect of the 

treatments on community level.  

 

Figure 18 Principal response curve of phytoplankton community 

 

The Silica treatment had moderate effects with a slight increase starting day 50. The 

LowPA treatment has no effect on the community and shows the smallest response compared 

to the other treatments. The MedPA treatment showed strong positive deviations over time. 

The strong positive effects start at the half-way mark of the study. The HighPA treatment, like 

the LowPA treatment showed no real effects of the particles on the community of 

phytoplankton. Before the first application (vertical line;day 0) there were no differences 

compared to the control line. After application the Silica and MedPA treatment showed 

increasing effects over time.  

The species score of 1.61 was the highest for green algae. Cryptomonads had the 

highest negative species score with -1.16. Both blue algae and diatoms had species scores with 

an absolute value smaller than 0.5. The changes on the community level were significant with 

a p-value of 0.046. A subsequent RDA, which was carried out on a sampling day basis, revealed 

that significant findings occurred at a total of three samplings. Two of these were during the 

application procedure. On day 6 (p = 0.018) 20.21% adjusted variation was explained by the 

treatment and on day 9 (p = 0.048) 12.98%. On day 31 (p = 0.002), 27.59% of the adjusted 

variation was explained by the treatment. 
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4.1.3 Dominance 

Table 6 shows the temporal development of the relative density [%] of the four 

phytoplankton color classes from day -18 to 86. A total of 17 samplings were performed per 

mesocosm. In the control, the green algae initially dominated with a proportion of up to 65.3% 

but decreased sharply after day 13 and almost disappeared from day 44. The opposite was 

true for cryptomonads, whose proportion increased steadily and reached values of over 50% 

from day 21 onwards. The diatoms initially remained relatively stable with slight fluctuations 

between 26.5% and 39.9% and fell below 20% from day 64. The blue algae showed a moderate 

increase from 14.8% to around 30.7% at the end of the experiment. In the Silica treatment, 

the diatoms showed an increased dominance and rose in dominance up to 51.8% (day 31). 

The cryptomonads increased similarly to the control and reached values above 40% after day 

31. The dominance of green algae decreased faster than in the control, falling to 1.8% (day 72) 

before recovering slightly.  

The dominance of blue algae fluctuated strongly but leveled off at the end of the study. 

In the LowPA treatment, the green algae were almost non-existent from day 44. The 

cryptomonads increased continuously and reached up to 55.9% (day 78). The dominance of 

diatoms remained relatively stable and only decreased slightly at the end of the study. The 

blue algae increased moderately from 8.6% to around 30.3% (day 86). In the MedPA 

treatment, the dominance of green algae differed from that in the other treatments. It 

increased continuously to 73.6% on day 50 and then decreased slightly. The cryptomonads 

remained low in dominance with an interim peak in the first third of the study. The blue algae 

remained largely constant with values between 7% and 17%. The diatoms remained constant 

with a percentage dominance between 16% and 32%. In the HighPA treatment, the 

dominance of green algae was similar to that of the control. The cryptomonads were also 

similar to the control but reached values above 50% from day 37. The blue algae increased 

continuously over the course of the study. The diatoms showed a similar development to the 

control, but at a slightly lower level.  
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Table 6 Relative densities [%] of phytoplankton color classes 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Control 

Day -18 -7 0 2 6 9 13 21 31 37 44 50 57 64 72 78 86 

blue 14.8 12.2 4.7 3.3 10.8 12.4 9.7 11.8 15.2 23.1 25.1 24.9 22.2 26.3 26 27.2 30.7 

green 44.8 38.8 65.3 54.5 32.7 28.2 45.1 13.8 6.3 3.6 0 0.6 0.3 0.2 0 0 0.2 

diatoms 26.5 29.5 28 35.8 33.3 31.2 31.2 39.9 31.6 24 20.3 21.5 23.1 18.7 19.7 17.5 13.6 

Crypto-
monads 

13.9 19.5 2 6.4 23.2 28.3 14 34.5 46.9 49.2 54.6 53.1 54.4 54.9 54.3 55.3 55.5 

Silica 

Day -18 -7 0 2 6 9 13 21 31 37 44 50 57 64 72 78 86 

blue 15.4 9.5 12.9 4.2 3.4 2.1 4.5 14.1 0.1 10.9 19 20 21.5 24.3 24.9 20.3 11.3 

green 41.5 44.5 44.9 38.1 36 33.5 52.4 37.9 22.7 10.4 4.8 4.5 2.4 7.5 1.8 4.6 22.4 

diatoms 27.8 32.3 29.8 38.2 38.4 45.4 34.2 26.8 51.8 39.6 29.8 27 29 26.5 25.8 30.7 41.4 

Crypto-
monads 

15.4 13.7 12.4 19.5 22.1 19 8.8 21.2 25.4 39.1 46.4 48.4 47.1 41.7 47.4 44.3 24.9 

LowPA 

Day -18 -7 0 2 6 9 13 21 31 37 44 50 57 64 72 78 86 

blue 8.6 6.5 7 5.3 7.7 12.8 13.5 17 16.3 20 24.8 26 22.7 23.8 29.3 25 30.3 

green 55.6 46.2 56.2 45.2 39.9 27.9 24.7 5.8 11.5 9.9 0 0 0.1 0.4 0.2 0 0 

diatoms 28.5 33.9 31.2 37.1 34.7 30.4 29.7 29.6 33.7 29.6 16.3 20.6 23.9 22.4 18.7 19.1 14.6 

Crypto-
monads 

7.3 13.4 5.6 12.4 17.6 29 32.1 47.7 38.5 40.5 58.8 53.5 53.3 53.4 51.8 55.9 55.1 

MedPA 

Day -18 -7 0 2 6 9 13 21 31 37 44 50 57 64 72 78 86 

blue 9.4 9.8 7.1 7 10.7 14.1 10.2 9 16.9 12.2 4.5 7.6 14.6 11.5 10.5 14 12.3 

green 54.9 66.7 62 56 36.9 37.5 30.8 42.5 13.9 46.7 69.8 73.6 55.7 68 65.9 55.1 59.2 

diatoms 28.7 22.4 28.4 28.1 32.8 28.3 32.1 31.7 31.5 20.7 19.1 16.2 19.6 14.9 17.6 20.7 22.5 

Crypto-
monads 

7.1 1 2.5 8.9 19.6 20.1 26.8 16.8 37.7 20.4 6.5 2.6 10.1 5.6 6.1 10.3 6 
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Table 6 (continued) Relative densities [%] of phytoplankton color classes 

 

 

HighPA 

Day -18 -7 0 2 6 9 13 21 31 37 44 50 57 64 72 78 86 

blue 11.4 9.3 8.8 7.9 11.5 16.4 10.3 15.6 15.1 19 25.5 25.8 25.9 25.3 30.3 25.9 30.4 

green 46.4 26.3 45 48.6 35.1 19.8 26.1 10.2 20.9 5.7 0 1.7 0.8 1.8 0.5 0 0 

diatoms 28.6 33.5 30.3 32 29.8 26.9 34.8 34.4 33.9 28.4 17.8 21 21.4 22.6 17.1 18.7 15.4 

Crypto-
monads 

13.7 31 15.9 11.5 23.7 37 28.8 39.8 30.1 46.9 56.7 51.6 51.9 50.3 52.1 55.4 54.2 
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4.1.4 Statistical evaluation 

Table 7 shows the effects on the amount of chlorophyll in the different color classes of 

the algae for the total and the 30 µm fraction. The effects were classified according to EFSA 

(see Table 4). Over the entire study, the Silica treatment particularly influenced the diatoms 

and the green algae. Both groups are assigned to class 3A+, as there were pronounced short-

term indirect effects with recovery. Accordingly, the total chlorophyll was also assigned to 

effect class 3A+. The 30 µm fraction showed only slight indirect effects (class 2+) for the 

diatoms and slight direct effects for the blue algae (class 2-). No effects according to EFSA were 

assigned to the LowPA treatment. The MedPA treatment only showed slight indirect effects 

(class 2+) for the green algae in the total fraction. In the HighPA treatment, as in all polyamide 

treatments, class 1 was assigned in all 30 µm fractions. The blue algae in the HighPA treatment 

showed pronounced indirect effects with recovery in the HighPA treatment. The total 

chlorophyll content and the green algae showed slight indirect effects (class 2-). 

Table 7 Classification of the effect on phytoplankton over the entire duration of the study according 
to EFSA (2013).  

 Silica LowPA MedPA HighPA 

blue 1 1 1 3A+ 

green 3A+ 1 2+ 2+ 

diatom 3A+ 1 1 1 

crypto 1 1 1 1 

total 
chlorophyll 

3A+ 1 1 2+ 

blue  
(30 µm fraction) 

2- 1 1 1 

green  
(30 µm fraction) 

1 1 1 1 

diatom  
(30 µm fraction) 

2+ 1 1 1 

crypto  
(30 µm fraction) 

1 1 1 1 

total 
chlorophyll  
(30 µm fraction) 

1 1 1 1 
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4.2 Zooplankton 
 

 

(Picture generated with OpenAI DALL·E) 
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4.2.1 Abundance data 

The mean abundance of all individuals (Figure 19) ranged from 406.8 ×/÷ 1.29 Ind. L⁻¹ 

on day 84 to 1657.4 ×/÷ 1.57 Ind. L⁻¹ on day 28 in the control. The mean abundance of all 

individuals ranged from 420.7 ×/÷ 1.38 Ind. L⁻¹ on day 84 to 1618.2 ×/÷ 1.61 Ind. L⁻¹ on day -8 

in the Silica treatment. The mean abundance of all individuals ranged from 

407.7 ×/÷ 1.12 Ind. L⁻¹ on day 84 to 1207.6 ×/÷ 1.57 Ind. L⁻¹ on day -8 in the LowPA treatment. 

 

 

Figure 19 Abundance of all zooplankton organisms [Ind. L⁻¹]  

 

The mean abundance of all individuals ranged from 220.4 ×/÷ 2.66 Ind. L⁻¹ on day 63 

to 2776.6 ×/÷ 1.28 Ind. L⁻¹ on day -8 in the MedPA treatment. The mean abundance of all 

individuals ranged from 288.6 ×/÷ 1.30 Ind. L⁻¹ on day 84 to 1687.1 ×/÷ 1.57 Ind. L⁻¹ on day -8 

in the HighPA treatment. After the application period the abundance in all treatments 

decreased steadily. The total number of zooplankton organisms decreased over the course of 

the study in all treatments comparably. The Silica treatment had significantly higher 

abundances in the control on day 70. The LowPA treatment showed no significant differences, 

while the MedPA and HighPA had significantly lower abundances on days 56 and 63 and 56 

and 70 respectively.  
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The mean abundance of all Rotifera (Figure 20) ranged from 184.3 ×/÷ 1.58 Ind. L⁻¹ on 

day 84 to 1289.5 ×/÷ 1.59 Ind. L⁻¹ on day 28 in the control. The mean abundance of all Rotifera 

ranged from 284.8 ×/÷ 1.73 Ind. L⁻¹ on day 84 to 1498.6 ×/÷ 1.54 Ind. L⁻¹ on day -8 in the Silica 

treatment. The mean abundance of all Rotifera ranged from 115.0 ×/÷ 1.85 Ind. L⁻¹ on day 63 

to 1075.3 ×/÷ 1.61 Ind. L⁻¹ on day -8 in the LowPA treatment. 

 

 

Figure 20 Abundance of all Rotifera [Ind. L⁻¹] 

 

The mean abundance of all Rotifera ranged from 53.0 ×/÷ 5.22 Ind. L⁻¹ on day 63 to 

2570.1 ×/÷ 1.24 Ind. L⁻¹ on day -8 in the MedPA treatment. The mean abundance of all Rotifera 

ranged from 82.7 ×/÷ 1.94 Ind. L⁻¹ on day 63 to 1588.5 ×/÷ 1.57 Ind. L⁻¹ on day -8 in the HighPA 

treatment. The abundance of Rotifera was constant during the first month after application 

and sunk after in all treatments. At the end of the study a tenth of the abundance before 

application was found. The Silica treatment had significantly higher abundance compared to 

the control on day 56, while the MedPA and HighPA treatments showed a significant reduction 

in abundance on the same day. The LowPA treatment showed no significant differences 

compared to the control during the whole study.  
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The mean abundance of all Cladocera (Figure 21) ranged from 7.3 ×/÷ 5.37 Ind. L⁻¹ on 

day -8 to 55.5 ×/÷ 2.03 Ind. L⁻¹ on day 56 in the control. The mean abundance of all Cladocera 

ranged from 0.4 ×/÷ 11.63 Ind. L⁻¹ on day 28 to 29.4 ×/÷ 1.34 Ind. L⁻¹ on day 70 in the Silica 

treatment with both replicates having the lowest abundances out of all mesocosms on day 28. 

The mean abundance of all Cladocera ranged from 4.7 ×/÷ 2.08 Ind. L⁻¹ on day -8 to 

29.7 Ind. L-1 ×/÷ 1.77 on day 56 in the LowPA treatment. 

 

 

Figure 21 Abundance of all Cladocera [Ind. L⁻¹] 

 

The mean abundance of all Cladocera ranged from 6.1 ×/÷ 5.31 Ind. L⁻¹ on day 84 to 

31.5 ×/÷ 1.46 Ind. L⁻¹ on day 56 in the MedPA treatment. The mean abundance of all Cladocera 

ranged from 4.5 ×/÷ 2.32 Ind. L⁻¹ on day -8 to 38.0 ×/÷ 1.32 Ind. L⁻¹ on day 63 in the HighPA 

treatment. The abundance of Cladocera increased over time. The abundance of cladocerans 

rose over the course of the study in the control and all treatments. The vast majority of data 

were in the range of the control mesocosms. There were no significant differences compared 

to the control group throughout the study and thus the NOEC is > 150 mg L⁻¹. 
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The mean abundance of all copepods (Figure 22) ranged from 77.1 ×/÷ 3.66 Ind. L⁻¹ on 

day -8 to 442.4 ×/÷ 1.55 Ind. L⁻¹ on day 56 in the control. The mean abundance of all copepods 

ranged from 99.6 ×/÷ 1.36 Ind. L⁻¹ on day 84 to 549.1 ×/÷ 1.21 Ind. L⁻¹ on day 56 in the Silica 

treatment. The mean abundance of all copepods ranged from 99.2 ×/÷ 1.22 Ind. L⁻¹ on day 84 

to 316.5 ×/÷ 1.31 Ind. L⁻¹ on day 63 in the LowPA treatment. 

 

 

Figure 22 Abundance of all Copepoda [Ind. L⁻¹] 

 

The mean abundance of all copepods ranged from 68.1 ×/÷ 2.13 Ind. L⁻¹ on day 84 to 

501.1 ×/÷ 1.13 Ind. L⁻¹ on day 28 in the MedPA treatment. The mean abundance of all 

copepods ranged from 75.0 ×/÷ 2.32 Ind. L⁻¹ on day -8 to 377.2 ×/÷ 1.44 Ind. L⁻¹ on day 41 in 

the HighPA treatment. The abundance of copepods rose at the beginning of the study and 

decreased again in the latter stages of the experiment. The Silica and HighPA treatment 

showed no significant differences compared to the control. The LowPA and MedPA treatment 

had significantly lower abundances on days 41 and 63 respectively. 
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The mean abundance of ostracods (Figure 23) ranged from 1.1 ×/÷ 1.91 Ind. L⁻¹ on day 

28 to 11.7 ×/÷ 1.8 Ind. L⁻¹ on day 56 in the control. The mean abundance of ostracods ranged 

from 0.03 ×/÷ 131.29 Ind. L⁻¹ on day 28 to 5.3 ×/÷ 1.55 Ind. L⁻¹ on day 84 in the Silica 

treatment. The mean abundance of ostracods ranged from 0.4 ×/÷ 2.56 Ind. L⁻¹ on day 28 to 

5.4 ×/÷ 1.87 Ind. L⁻¹ on day 84 in the LowPA treatment. The mean abundance of ostracods 

ranged from 1.3 ×/÷ 1.43 Ind. L⁻¹ on day 41 to 3.4 ×/÷ 1.31 Ind. L⁻¹ on day 70 in the MedPA 

treatment. 

 

 

Figure 23 Abundance of all Ostracoda [Ind. L⁻¹] 

 

The mean abundance of ostracods ranged from 0.6 ×/÷ 2.26 Ind. L⁻¹ on day 28 to 

4.3 ×/÷ 1.17 Ind. L⁻¹ on day 70 in the HighPA treatment. The abundance of ostracods was on a 

comparable low level in the first third of the study. Starting day 28 the abundance in the 

controls rose up to the peak value on day 56. Most of the treatment data are below control 

geomean after day 41. Ostracoda showed no significant differences until day 70. On day 70 all 

polyamide treatments had significantly lower abundances compared to the control. The 

HighPA treatment was still significantly reduced on the last study day (84). The Silica treatment 

showed no significant differences compared to the control.  
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The mean abundance of Daphnia longispina (Figure 24) ranged from 

5.9 ×/÷ 6.17 Ind. L⁻¹ on day -8 to 32.4 ×/÷ 2.85 Ind. L⁻¹ on day 56 in the control. The mean 

abundance of D. longispina ranged from 0.3 ×/÷ 8.36 Ind. L⁻¹ on day 28 to 25.4 ×/÷ 1.48 Ind. L⁻¹ 

on day 70 in the 150 mg L⁻¹ Silica treatment. The mean abundance of D. longispina ranged 

from 2.8 ×/÷ 1.89 Ind. L⁻¹ on day -8 to 26.4 ×/÷ 1.72 Ind. L⁻¹ on day 56 in the LowPA treatment. 

The mean abundance of D. longispina ranged from 5.2 ×/÷ 4.52 Ind. L⁻¹ on day 84 to 

24.9 Ind. L⁻¹×/÷ 1.23 on day 70 in the MedPA treatment. 

 

 

Figure 24 Abundance of Daphnia longispina [Ind. L⁻¹] 

 

The mean abundance of D. longispina ranged from 3.7 ×/÷ 2.77 Ind. L⁻¹ on day -8 to 

20.2 ×/÷ 1.52 Ind. L⁻¹ on day 63 in the HighPA treatment. There were no significant differences 

compared to the control group throughout the study and thus the NOEC is > 150 mg L⁻¹. Both 

replicates of the Silica treatment, however, had lower abundances than the control range in 

days 28 and 41. Two of three replicates of the MedPA treatment had higher abundances than 

all controls on day 28. 
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The mean abundance of Chydorus sphaericus (Figure 25) ranged from 

0.03 ×/÷ 28.67 Ind. L⁻¹ on day -8 to 11.8 ×/÷ 3.88 Ind. L⁻¹ on day 56 in the control. The mean 

abundance of C. sphaericus ranged from 0.01 ×/÷ 20.17 Ind. L⁻¹ on day -8 to 

3.5 ×/÷ 1.14 Ind. L⁻¹ on day 84 in the Silica treatment. The mean abundance of C. sphaericus 

ranged from 0.04 ×/÷ 30.91 Ind. L⁻¹ on day -8 to 2.7 ×/÷ 2.7 Ind. L⁻¹ on day 63 in the LowPA 

treatment. 

 

 

Figure 25 Abundance of Chydorus sphaericus [Ind. L⁻¹] 

 

The mean abundance of C. sphaericus ranged from 0.03 ×/÷ 22.47 Ind. L⁻¹ on day -8 to 

6.1 ×/÷ 6.22 Ind. L⁻¹ on day 63 in the MedPA treatment. The mean abundance of C. sphaericus 

ranged from 0.02 ×/÷ 11.62 Ind. L⁻¹ on day -8 to 6.4 ×/÷ 4.09 Ind. L⁻¹ on day 63 in the HighPA 

treatment. The abundance of C. sphaericus rose after day 41 in all mesocosms. On day 56 all 

abundances in the treated mesocosms were below the controls geomean, but mostly in the 

control range. There were no significant differences compared to the control group 

throughout the study and thus the NOEC is > 150 mg L⁻¹. 
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The mean abundance of Synchaeta sp. (Figure 26) ranged from 0.003 ×/÷ 12.82 Ind. L⁻¹ 

on day 84 to 63.2 ×/÷ 2.61 Ind. L⁻¹ on day -8 in the control. The mean abundance of 

Synchaeta sp. ranged from 3.5 ×/÷ 6.52 Ind. L⁻¹ on day 70 to 299 Ind. L⁻¹ ×/÷ 1.12 on day 28 in 

the Silica treatment. The mean abundance of Synchaeta sp. ranged from 

1.2 ×/÷ 455.29 Ind. L⁻¹ on day 63 to 195.4 ×/÷ 1.83 Ind. L⁻¹ on day 28 in the LowPA treatment. 

The mean abundance of Synchaeta sp. ranged from 0.1 ×/÷ 81.09 Ind. L⁻¹ on day 56 to 

55.1 ×/÷ 6.39 Ind. L⁻¹ on day -8 in the MedPA treatment. 

 

 

Figure 26 Abundance of Synchaeta sp. [Ind. L⁻¹] 

 

The mean abundance of Synchaeta sp. ranged from 0.5 ×/÷ 235.76 Ind. L⁻¹ on day 84 

to 27.8 ×/÷ 1.82 Ind. L⁻¹ on day -8 in the HighPA treatment. The Silica treatment had 

significantly higher abundances on days 28 and 63. The significant difference on day 63 had a 

MDD of 107%. There were no significant differences compared to the control in either 

polyamide treatment. On days 28 and 41, two and three replicates respectively in the MedPA 

treatment were under the control range (with MDD values of 97 and 94) 
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The mean abundance of Keratella quadrata (Figure 27) ranged from 

0.8 ×/÷ 5.44 Ind. L⁻¹ on day 84 to 975.3 ×/÷ 2.75 Ind. L⁻¹ on day -8 in the control. The mean 

abundance of K. quadrata ranged from 0.1 ×/÷ 284.14 Ind. L⁻¹ on day 84 to 

1304.4 ×/÷ 1.55 Ind. L⁻¹ on day -8 in the Silica treatment. The mean abundance of K. quadrata 

ranged from 0.1 ×/÷ 67.35 Ind. L⁻¹ on day 56 to 860.4 ×/÷ 1.77 Ind. L⁻¹ on day -8 in the LowPA 

treatment. 

 

 

Figure 27 Abundance of Keratella quadrata [Ind. L⁻¹] 

 

The mean abundance of K. quadrata ranged from 1.0 ×/÷ 3.13 Ind. L⁻¹ on day 63 to 

2142.6 ×/÷ 1.23 Ind. L⁻¹ on day -8 in the MedPA treatment. The mean abundance of 

K. quadrata ranged from 0.04 ×/÷ 28.94 Ind. L⁻¹ on day 63 to 1393.8 ×/÷ 1.64 Ind. L⁻¹ on day -8 

in the HighPA treatment. The number of K. quadrata declined in the second half of the 

experiment in all mesocosms to less than one per mille compared to preapplication. There 

were no significant differences compared to the control group throughout the study and thus 

the NOEC is > 150 mg L⁻¹. Individual replicates of all treatments were below the control range 

starting day 28. 

 

 

 

 

 



  Results 

67 
 

The mean abundance of Polyarthra sp. (Figure 28) ranged from 28.7 ×/÷ 3.29 Ind. L⁻¹ 

on day 84 to 183.7 ×/÷ 1.62 Ind. L⁻¹ on day 41 in the control. The mean abundance of 

Polyarthra sp. ranged from 6.0 ×/÷ 3.17 Ind. L⁻¹ on day 84 to 245.9 ×/÷ 1.33 Ind. L⁻¹ on day 41 

in the Silica treatment. The mean abundance of Polyarthra sp. ranged from 

27.9 ×/÷ 2.12 Ind. L⁻¹ on day 84 to 154.1 ×/÷ 1.05 Ind. L⁻¹ on day -8 in the LowPA treatment.  

 

 

Figure 28 Abundance of Polyarthra sp. [Ind. L⁻¹] 

 

The mean abundance of Polyarthra sp. ranged from 0.3 ×/÷ 135.47 Ind. L⁻¹ on day 63 

to 245.3 ×/÷ 1.41 Ind. L⁻¹ on day -8 in the MedPA treatment. The mean abundance of 

Polyarthra sp. ranged from 7.7 ×/÷ 1.69 Ind. L⁻¹ on day 63 to 128.9 ×/÷ 1.22 Ind. L⁻¹ on day 41 

in the HighPA treatment. The abundance of Polyarthra sp. Remained on a similar level 

throughout the study with one mesocosm in the MedPA treatment having clearly lower 

abundances in the second half of the study. On day 41 the LowPA and MedPA treatment had 

significantly reduced abundances compared to the control. The Silica and HighPA treatments 

showed no significant differences compared to the control. 
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The mean abundance of Hexarthra sp. (Figure 29) ranged from 13.3 ×/÷ 1.97 Ind. L⁻¹ 

on day -8 to 520.3 ×/÷ 1.58 Ind. L⁻¹ on day 28 in the control. The mean abundance of Hexarthra 

sp. ranged from 4.5 ×/÷ 1.36 Ind. L⁻¹ on day -8 to 336.6 ×/÷ 1.28 Ind. L⁻¹ on day 70 in the Silica 

treatment. The mean abundance of Hexarthra sp. ranged from 8.8 ×/÷ 2.38 Ind. L⁻¹ on day -8 

to 293.2 ×/÷ 4.17 Ind. L⁻¹ on day 28 in the LowPA treatment. The mean abundance of 

Hexarthra sp. ranged from 19.8 ×/÷ 1.67 Ind. L⁻¹ on day -8 to 889.2 ×/÷ 2.2 Ind. L⁻¹ on day 28 

in the MedPA treatment. 

 

 

Figure 29 Abundance of Hexarthra sp. [Ind. L⁻¹] 

 

The mean abundance of Hexarthra sp. ranged from 10.7 ×/÷ 3.05 Ind. L⁻¹ on day -8 to 

260.6 ×/÷ 2.26 Ind. L⁻¹ on day 28 in the HighPA treatment. The abundance of Hexarthra sp. 

Rose from preapplication phase until day 28 and declined again after. The Silica treatment had 

significantly higher abundances on day 56. On day 28 both replicates were below the control 

range, but the difference was not significant (MDD = 84). Neither polyamide showed 

significant differences with individual replicates out of the control range. 
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The mean abundance of nauplia (Figure 30) ranged from 66.4 ×/÷ 3.83 Ind. L⁻¹ on 

day -8 to 378.4 ×/÷ 1.49 Ind. L⁻¹ on day 56 in the control. The mean abundance of nauplia 

ranged from 79.4 ×/÷ 3.96 Ind. L⁻¹ on day -8 to 491.6×/÷ 1.13 on day 56 in the Silica treatment. 

The mean abundance of nauplia ranged from 66.4 ×/÷ 1.4 Ind. L⁻¹ on day 84 to 

287.0 ×/÷ 1.34 Ind. L⁻¹ on day 63 in the LowPA treatment. The mean abundance of nauplia 

ranged from 51.0 ×/÷ 2.43 Ind. L⁻¹ on day 84 to 427.5 ×/÷ 1.1 Ind. L⁻¹ on day 28 in the MedPA 

treatment. 

 

 

Figure 30 Abundance of nauplia [Ind. L⁻¹] 

 

The mean abundance of nauplia ranged from 65.3 ×/÷ 2.45 Ind. L⁻¹ on day -8 to 

323.1 ×/÷ 1.58 Ind. L⁻¹ on day 41 in the HighPA treatment. The abundance of nauplia rose after 

application in all mesocosms and declined at the half way mark of the study to preapplication 

values. The MedPA treatment had significantly lower numbers of nauplia compared to the 

control on day 63. The Silica, LowPA and HighPA treatments showed no significant differences 

compared to the control.  
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The mean abundance of Cyclopidae (Figure 31) ranged from 9.3 ×/÷ 2.94 Ind. L⁻¹ on 

day -8 to 62.8 ×/÷ 1.82 Ind. L⁻¹ on day 41 in the control. The mean abundance of Cyclopidae 

ranged from 14.4 ×/÷ 1.27 Ind. L⁻¹ on day 70 to 50.3 ×/÷ 2.48 Ind. L⁻¹ on day 56 in the Silica 

treatment. The mean abundance of Cyclopidae ranged from 8.9 ×/÷ 1.42 Ind. L⁻¹ on day -8 to 

41.8 ×/÷ 2.16 Ind. L⁻¹ on day 70 in the LowPA treatment. 

 

 

Figure 31 Abundance of Cyclopidae [Ind. L⁻¹] 

The mean abundance of Cyclopidae ranged from 4.9 ×/÷ 3.41 Ind. L⁻¹ on day 70 to 

62.8 ×/÷ 2.13 Ind. L⁻¹ on day 28 in the MedPA treatment. The mean abundance of Cyclopidae 

ranged from 8.5 ×/÷ 1.77 Ind. L⁻¹ on day -8 to 44.3 ×/÷ 1.84 Ind. L⁻¹ on day 41 in the HighPA 

treatment. On the last studyday, day 84, the MedPA and HighPA treatment had significantly 

reduced abundances compared to the control. The abundances of Cyclopidae increased after 

application in all tratments and the control. Following day 41 only singular replicates had 

higher abundances as the control geomean.All replicates of both treatments are below the 

control range. The LowPA and Silica treatments showed no significant differences compared 

to the control.  
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The mean abundance of Lecane sp. (Figure 32) ranged from 0 Ind. L⁻¹ on day 41 to 

3.0 ×/÷ 2.25 Ind. L⁻¹ on day -8 in the control. The mean abundance of Lecane sp. ranged from 

0 Ind. L⁻¹ on day 41, 56 and 63 to 4.8 ×/÷ 1.14 Ind. L⁻¹ on day -8 in the Silica treatment. The 

mean abundance of Lecane sp. ranged from 0 Ind. L⁻¹ on days 28,41 and 70 to 

3.4 ×/÷ 3.22 Ind. L⁻¹ on day -8 in the LowPA treatment. 

 

 

Figure 32 Abundance of Lecane sp. [Ind. L⁻¹] 

 

The mean abundance of Lecane sp. ranged from 0.005 ×/÷ 18.05 Ind. L⁻¹ on days 41 

and 56 to 2.4 ×/÷ 2.32 Ind. L⁻¹ on day -8 in the MedPA treatment. The mean abundance of 

Lecane sp. ranged from 0 Ind. L⁻¹ on day 70 to 3.6 ×/÷ 3.52 Ind. L⁻¹ on day -8 in the HighPA 

treatment. The Silica treatment had significantly higher abundances on day 84. Neither 

polyamide treatment showed significant differences compared to the control  
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The mean abundance of Chaoborus sp. (Figure 33) ranged from 1.0 ×/÷ 2.37 Ind. L⁻¹ on 

day 84 to 3.0 ×/÷ 1.75 Ind. L⁻¹ on day 70 in the control. The mean abundance of Chaoborus sp. 

ranged from 1.0 ×/÷ 2.98 Ind. L⁻¹ on day 41 to 2.7 ×/÷ 1.04 Ind. L⁻¹ on day 63 in the Silica 

treatment. The mean abundance of Chaoborus sp. ranged from 1.8 ×/÷ 1.42 Ind. L⁻¹ on day 41 

to 4.2 ×/÷ 1.08 Ind. L⁻¹ on day 63 in the LowPA treatment. 

 

 

Figure 33 Abundance of Chaoborus sp. [Ind. L⁻¹] in zooplankton samples 

 

The mean abundance of Chaoborus sp. ranged from 0.1 ×/÷ 42.55 Ind. L⁻¹ on day 41 to 

1.9 ×/÷ 1.65 Ind. L⁻¹ on day 70 in the MedPA treatment. The mean abundance of Chaoborus sp. 

ranged from 1.3 ×/÷ 2.29 Ind. L⁻¹ on day 84 to 3.1 ×/÷ 2.31 Ind. L⁻¹ on day 70 in the HighPA 

treatment. There were no significant differences compared to the control group throughout 

the study and thus the NOEC is = 150 mg L⁻¹. The abundances of Chaoborus sp. in the 

zooplankton traps was relatively constant except for one replicate in the MedPA treatment, 

which was below the control range before the first application and had a drop of abundance 

on day 41. 
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4.2.2 PRC of zooplankton community  

The PRC of the zooplankton community (Figure 34) shows the effect of the treatments 

on community level. The Silica treatment had moderate effects with a slight increase on day 

21, a dip in effect on day 41 and an increase again starting day 56. The LowPA treatment 

showed a similar curve like the Silica treatment without the dip on day 21. The MedPA 

treatment showed a negative effect at the start and an increase after. The positive effects 

started on day 56. HighPA treatment, like the LowPA treatment showed an increasing effect 

of the particles on the community over time. Before the first application (vertical line;day 0) 

there were no differences compared to the control line. The MedPA treatment, however, 

started with the lowest value before application.  

 

 

Figure 34 Principal response curve of zooplankton community 

 

The changes on the zooplankton community were not significant (p-value = 0.058). 14 

of 32 taxa had a species score with an absolute value > 0.5. 12 of these 14 species scores were 

negative. Synchaeta sp. had the highest absolute value of the species scores with 3.74 and a 

positive sign. The other taxon with a positive sign was Rhinoglena sp. Keratella quadrata. 

Scapholeberis sp., Graptoleberis sp., and Chironomidae larvae had the highest species scores 

with negative sign. All four values ranged from -1.47 (Keratella quadrata) to -1.45 

(Chironomidae larvae). Three other taxa, Chydorus sphaericus, Ostracoda and 

Simocephalus sp., had a negative value of -1 or greater. Cyclopidae, Polyarthra sp., Daphnia 

longispina, Alonella sp. and Hexarthra sp. had species scores between -0.5 and -1.0. 
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4.2.3 Dominance 

Table 8 shows the temporal development of the relative density [%] of the most 

abundant and relevant zooplankton taxa. All taxa, that exceeded a dominance of over 1% at 

least on one sampling are presented. In the control, Keratella quadrata was eudominant 

initially with 73.6% before application and decreased sharply over the course of the study until 

less than 1% of all individuals belonged to this species on day 56. In contrast, the genus 

Hexarthra showed a strong increase from day 28 and reached the highest relative density of 

35.9% on day 84. The dominance of nauplii increased continuously and reached the highest 

value of 49.2% after day 56, before decreasing slightly. Cyclopidae between day 41 and 84, 

Polyarthra sp. throughout the study were classified as dominant taxa. Daphnia longispina, 

Simocephalus sp. and Chydorus sphaericus were classified as subdominant starting day 41 

until the end of the experiment. The ostracods were mainly recedent and subrecedent with 

one exception on day 84 (2%). In the control Mytilinia sp. was subrecedent continuously. In 

the Silica treatment most taxa were less dominant than in the control except the nauplia which 

were eudominant after the application. Synchaeta sp. (25.2%) on day 28 and Polyarthra 

(28.0%) on day 41peaked and were the second most dominant species on the respective days. 

Hexarthra sp. was classified as eudominant on day 41 and after, with a dominance of 64.1% 

on day 84. In the LowPA treatment nauplia were eudominant from day 41 to 70 and 

Hexarthrasp. in all samplings after application, except day 56 with 8.2%. Keratella quadrata was 

eudominant until day 41 and subrecedent after. Cyclopidae were dominant and Daphnia 

longispina subdominant occasionally. Chydorus sphaericus, Simocephalus sp., Mytilinia sp. 

and Graptoleberis sp. were mainly subrecedent 

Table 8: Relative densities [%] of most abundant zooplankton taxa 

Control 

Day -8 28 41 56 63 70 84 

Chydorus sphaericus 0 0 0.9 2.3 1.8 1.3 2 

Cyclopidae 0.7 1.7 7.4 9 6.9 8 10.4 

Daphnia longispina 0.9 0.4 2 5.7 2.5 5.5 3 

Graptoleberis sp. 0 0 0 0.3 0.6 0.7 1.3 

Hexarthra sp. 0.9 31.9 18.5 13.4 15.7 21.9 35.9 

Keratella quadrata 73.6 29.9 8.4 0.5 0.7 0.7 0.5 

Mytilina sp. 0.7 0.2 0 0 0 0 0.1 

Nauplia 6.2 19.3 36.2 49.2 47.6 42.2 30.9 

Ostracoda 0.1 0.1 0.6 1.7 1.1 1.4 2 

Polyarthra sp. 10.7 13.8 20.5 14.1 19.4 15.8 11.2 

Simocephalus sp. 0.1 0.1 0.8 2 1.7 0.7 1.5 

Synchaeta sp. 5.4 2.4 3.7 0.8 0.4 0.2 0 
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Table 8 (continued) Relative densities [%] of most abundant zooplankton taxa 

Silica 

Day -8 28 41 56 63 70 84 

Chydorus sphaericus 0 0 0.3 0.3 0.5 0.3 0.8 

Cyclopidae 0.9 5.1 8.5 6.2 3 1.8 3.7 

Daphnia longispina 0 0.1 0.1 1.4 2.7 3.3 0.9 

Graptoleberis sp. 0 0 0.1 0 0.7 0.2 0.9 

Hexarthra sp. 0.3 3.8 20.2 26 29.1 42.9 64.1 

Keratella quadrata 79.9 20.8 1.8 0.2 0.3 0.2 0.3 

Mytilina sp. 0.8 0.3 0 0 0 0 0.1 

Nauplia 7 36.5 35.3 50 41.7 43.6 19.8 

Ostracoda 0.1 0 0.3 0.5 0.4 0.6 1.3 

Polyarthra sp. 8.4 7.1 28 9.7 10.8 5.6 1.9 

Simocephalus sp. 0 0.1 1.9 0.4 0.5 0.1 0.5 

Synchaeta sp. 1.5 25.2 3.2 4.9 9.6 0.9 3.7 

LowPA 

Day -8 28 41 56 63 70 84 

Chydorus sphaericus 0 0 0.4 0.4 0.7 0.6 0.4 

Cyclopidae 0.7 3.1 7.4 4.6 6 9.8 7.7 

Daphnia longispina 0.2 0.4 1.2 5.4 3.9 4 5 

Graptoleberis sp. 0 0 0 0.1 0.1 0.3 0.4 

Hexarthra sp. 0.9 33.7 24.1 8.2 11.5 22.7 52.8 

Keratella quadrata 73.9 19.3 14.3 0.2 0.1 0.2 0.2 

Mytilina sp. 0.6 0.3 0 0 0 0 0.1 

Nauplia 8.8 16.9 30.4 53.7 59.7 44.9 16.8 

Ostracoda 0.1 0 0.3 0.8 0.6 0.9 1.5 

Polyarthra sp. 11.9 10.5 13.7 12.6 9.3 13.7 8.3 

Simocephalus sp. 0.1 0.1 0.4 0.1 1.3 0.9 0.7 

Synchaeta sp. 1.2 15.2 7.3 12.9 5.5 1.2 4.6 

MedPA 

Day -8 28 41 56 63 70 84 

Chydorus sphaericus 0 0 0.3 1.8 4.3 0.8 0.4 

Cyclopidae 1.4 3 7.4 4.2 5.5 1.7 3.2 

Daphnia longispina 0.2 0.8 4.2 7.8 6.5 5.2 2 

Graptoleberis sp. 0 0 0 0.1 0.3 0.2 0.2 

Hexarthra sp. 0.8 43.8 30.7 11 37.6 52.8 68.7 

Keratella quadrata 76.7 33.3 23.4 0.9 0.5 0.6 1.6 

Mytilina sp. 1.3 0.3 0 0 0 0 0 

Nauplia 6 17.4 29.1 67.8 37.7 33.6 14.7 

Ostracoda 0.1 0.1 0.2 0.8 0.8 0.7 0.6 

Polyarthra sp. 9 0.9 3.9 4.1 1.3 2.7 6.1 

Simocephalus sp. 0.1 0.1 0.2 0.3 4.3 0.7 0.3 

Synchaeta sp. 4 0.1 0.5 0.6 0.6 0.3 1.6 
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Table 8 (continued) Relative densities [%] of most abundant zooplankton taxa 

HighPA 

Day -8 28 41 56 63 70 84 

Chydorus sphaericus 0 0 0.4 0.6 3.4 1.8 0.9 

Cyclopidae 0.5 2.3 5.3 6.5 7.6 4.9 5.1 

Daphnia longispina 0.3 0.4 4.9 3.1 5.8 3.8 3 

Graptoleberis sp. 0 0 0 0.1 0.7 0.6 0.5 

Hexarthra sp. 0.9 21 17.4 16.5 18.3 22.1 49.4 

Keratella quadrata 83.6 53.3 17.1 0.1 0.1 0.1 0.3 

Mytilina sp. 0.4 0.2 0 0 0.1 0 0.3 

Nauplia 4.8 11.8 36.9 63.7 53.5 51.7 29 

Ostracoda 0 0 0.1 1 0.8 1 0.7 

Polyarthra sp. 6.8 3.3 14 5.7 2.3 8.6 4.7 

Simocephalus sp. 0 0 0.4 0.3 0.8 1.1 0.6 

Synchaeta sp. 1.7 7.2 2.8 1 5 2.9 4 

 

In the MedPA treatment Keratella quadrata until day 28, nauplia and Hexarhtra sp. 

starting day 28 were eudominant. Polyarthra sp. were dominant on day -8 and Daphnia 

longispina on days 56 through 70. Ostracods were subrecedent throughout the study in the 

MedPA treatment. In the HighPA treatment Keratella quadrata had the highest proportion in 

dominance on day -8 with 83.6%. Synchaeta sp. were dominant on days 28 and 63. 

Polyarthra sp. were eudominant on day 41 and otherwise dominant or subdominant. The 

course of dominance of the other taxa is comparable to that of the control. 

4.2.4 Diversity indices 

The number of taxa in the zooplankton samples (Figure 35) had no significant 

differences between the controls and treatments. The number of taxa ranged from 

14.9 ×/÷ 1.16 on day 41 to 20.8 ×/÷ 1.07 on day -8 in the control. The mean number of taxa 

ranged from 15.0 ×/÷ 1.00 on day 41 to 20.9 ×/÷ 1.14 on day -8 in the Silica treatment. The 

mean number of taxa ranged from 13.0 ×/÷ 1 on day 41 to 20.7 ×/÷ 1.03 on day -8 in the LowPA 

treatment. The mean number of taxa ranged from 13.0 ×/÷ 1.08 on day 41 to 20.3 ×/÷ 1.06 on 

day -8 in the MedPA treatment. The mean number of taxa ranged from 13.2 ×/÷ 1.18 on day 

41 to 18.6 ×/÷ 1.06 on day -8 in the HighPA treatment. The number of taxa was constant, with 

a slight decline throughout the study, but dispersion was higher in the second half of the study. 

There were no statistically significant differences compared to the control. 
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Figure 35 Number of zooplankton taxa 

The mean Shannon index (Figure 36) ranged from 1.0 ×/÷ 1.27 on day -8 to 

1.7 ×/÷ 1.11 on day 41 in the control. The mean Shannon index ranged from 0.8 ×/÷ 1.03 on 

day -8 to 1.5 ×/÷ 1.02 on day 63 in the Silica treatment. The mean Shannon index ranged from 

1.0 ×/÷ 1.23 on day -8 to 1.7 ×/÷ 1.07 on day 28 in the LowPA treatment. The mean Shannon 

index ranged from 0.9 ×/÷ 1.93 on day 84 to 1.6 ×/÷ 1.05 on day 41 in the MedPA treatment. 

The mean Shannon index ranged from 0.7 ×/÷ 1.24 on day -8 to 1.5 ×/÷ 1.1 on day 70 in the 

HighPA treatment. Contrary to the number of taxa the Shannon index rose in the first half of 

the study, but the dispersion increased later in the study as well. The MedPA treatment had a 

significantly lower Shannon index compared to the control on day 70. 
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Figure 36 Shannon index of zooplankton community 

The mean evenness (Figure 37) ranged from 0.33 ×/÷ 1.27 on day -8 to 

0.62 ×/÷ 1.09 on day 41 in the control. The mean evenness ranged from 0.26 ×/÷ 1.08 on -8 to 

0.55 ×/÷ 1.02 on day 63 in the Silica treatment. The mean evenness ranged from 

0.33 ×/÷ 1.23 on day -8 to 0.64 ×/÷ 1.15 on day 41 in the LowPA treatment. The mean 

evenness ranged from 0.29 ×/÷ 1.11 on day -8 to 0.61 ×/÷ 1.05 on day 41 in the MedPA 

treatment. The mean evenness ranged from 0.24 ×/÷ 1.24 on day -8 to 0.55 ×/÷ 1.14 on day 

70 in the HighPA treatment. The MedPA treatment had a significantly lower evenness 

compared to the control on day 70. 
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Figure 37 Evenness of zooplankton community 

 

4.2.5 Statistical evaluation 

Table 9 shows the effects on the zooplankton taxa. The effects were classified 

according to EFSA (see Table 4). In the Silica treatment all taxa showed no relevant effects and 

were classified as class 1, except Rhinoglena sp. This genus had pronounced indirect effects 

with recovery and were assigned to class 3A-. The only taxon which had slight direct effects in 

all polyamide treatments were the ostracods. The LowPA treatment as well as the MedPA and 

HighPA treatment were assigned effect class 2-. The Cyclopidae and the total sum both 

showed slight effects in the MedPA and HighPA treatments (class 2-). All other taxa and sums 

of taxa were assigned effect class 1 due to not showing effects compared to the control. 

Overall 31 taxa, including sums are classified as MDD Category 1 and one as MDD Category 2.  
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Table 9 Classification of the effect on zooplankton over the entire duration of the study according to 

EFSA (2013) 

MDD 

Category 
Taxon Silica LowPA MedPA HighPA 

1 Alonella sp. 1 1 1 1 

1 Ascomorpha sp. 1 1 1 1 

1 Asplanchna sp. 1 1 1 1 

1 Brachionus sp. 1 1 1 1 

1 Cephalodella sp. 1 1 1 1 

1 Chaoborus sp. 1 1 1 1 

1 Chaoborus sp. pupa 1 1 1 1 

1 Chironomidae 1 1 1 1 

1 Chydorus sphaericus 1 1 1 1 

1 Cyclopidae 1 1 2- 2- 

1 Daphnia pulex 1 1 1 1 

1 Daphnia sp. 1 1 1 1 

1 Diaptomidae 1 1 1 1 

1 Filinia sp. 1 1 1 1 

1 Graptoleberis sp. 1 1 1 1 

1 Hexarthra sp. 1 1 1 1 

1 Keratella quadrata 1 1 1 1 

1 Lecane sp. 1 1 1 1 

1 Lepadella sp. 1 1 1 1 

1 Mytilina sp. 1 1 1 1 

1 Nauplia 1 1 1 1 

1 Ostracoda 1 2- 2- 2-4B- 

1 Platyias quadricornis 1 1 1 1 

1 Polyarthra sp. 1 1 1 1 

1 Rhinoglena sp. 3A+ 1 1 1 

1 Scapholeberis sp. 1 1 1 1 

1 Sum Cladocera 1 1 1 1 

1 Sum Rotaria 1 1 1 1 

1 Synchaeta sp. 1 1 1 1 

1 Testudinella sp. 1 1 1 1 

1 Total Sum 1 1 2- 2- 

2 Sum Copepoda 1 1 1 1 

3 Bdelloidae 1 1 1 1 

3 Daphnia longispina 1 1 1 1 

3 Daphnia magna 1 1 1 1 

3 Euchlanis sp. 1 1 1 1 

3 Simocephalus sp. 1 1 1 1 
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4.3 Macroinvertebrates 
 

 

(Picture generated with OpenAI DALL·E) 
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4.3.1 Abundance data 

The mean abundance of all macroinvertebrates (Figure 38) ranged from 

228.4 ×/÷ 1.59 Ind. sample⁻¹ on day -19 to 649.4 ×/÷ 1.09 Ind. sample⁻¹ on day 36 in the 

control. The mean abundance of all macroinvertebrates ranged from 

201.0 ×/÷ 1.03 Ind. sample⁻¹ on day -1 to 526.4 ×/÷ 1.65 Ind. sample⁻¹ on day 85 in the Silica 

treatment. The mean abundance of all macroinvertebrates ranged from 

243.7 ×/÷ 1.24 Ind. sample⁻¹ on day -19 to 525 Ind. sample⁻¹ ×/÷ 1.18 on day 85 in the LowPA 

treatment. 

 

 

Figure 38 Abundance of all macroinvertebrates [Ind. sample⁻¹] 

The mean abundance of all macroinvertebrates ranged from 149.8 ×/÷ 1.44 Ind. 

sample⁻¹ on day 71 to 391.4 ×/÷ 1.35 Ind. sample⁻¹ on day 114 in the MedPA treatment. The 

mean abundance of all macroinvertebrates ranged from 194.6 ×/÷ 1.21 Ind. sample⁻¹ on 

day -1 to 527.7 ×/÷ 1.19 Ind. sample⁻¹ on day 36 in the HighPA treatment. The total amount of 

macroinvertebrates stayed relatively constant throughout the study, with peaks on day 35 

and 84. In general, the total abundances showed an increasing trend towards the end of the 

experiment. The Silica and HighPA treatments showed no significant differences compared to 

the control. The LowPA treatment had significantly lower abundances of macroinvertebrates 

on day 36. The MedPA treatment had significantly reduced numbers compared to the control 

on days 22, 29 36 and 71, with one replicate having lower abundances as all controls from day 

14 until the second to last sampling on day 85.  
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The mean abundance of Chaoborus sp. (Figure 39) ranged from 

42.1 ×/÷ 1.34 Ind. sample⁻¹ on day -19 to 357.5 ×/÷ 1.3 Ind. sample⁻¹2 on day 36 in the control. 

The mean abundance of Chaoborus sp. ranged from 60.6 ×/÷ 1.35 Ind. sample⁻¹ on day -1 to 

292.9 ×/÷ 1.55 Ind. sample⁻¹ on day 36 in the Silica treatment. The mean abundance of 

Chaoborus sp. ranged from 67.5 ×/÷ 1.95 Ind. sample⁻¹ on day -19 to 

330.0 ×/÷ 1.18 Ind. sample⁻¹ on day 85 in the LowPA treatment.  

 

 

Figure 39 Abundance of Chaoborus sp. larvae [Ind. sample⁻¹] 

 

The mean abundance of Chaoborus sp. ranged from 4.4 ×/÷ 32.88 Ind. sample⁻¹ on day 

58 to 174.4 ×/÷ 1.8 Ind. sample⁻¹ on day 85 in the MedPA treatment. The mean abundance of 

Chaoborus sp. ranged from 63.0 ×/÷ 1.33 Ind. sample⁻¹ on day -19 to 

278.7 ×/÷ 1.23 Ind. sample⁻¹ on day 36 in the HighPA treatment. The abundance of chaoborids 

stayed constant with a light increase throughout the study. Two of the three MedPA replicates 

had abundances clearly below the control range after the last application until day 84. The 

Silica and HighPA treatments showed no significant differences compared to the control. The 

LowPA treatment had significantly lower abundances of macroinvertebrates on day 36. The 

MedPA treatment had significantly reduced numbers compared to the control on days 15 

through 36. 
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The mean abundance of Cloeon dipterum (Figure 40) ranged from 

3.7 ×/÷ 2.46 Ind. sample⁻¹ on day 71 to 118.4 ×/÷ 2.08 Ind. sample⁻¹ on day -19 in the control. 

The mean abundance of C. dipterum ranged from 10.2 ×/÷ 1.71 Ind. sample⁻¹ on day 58 to 

133.8 ×/÷ 1.25 Ind. sample⁻¹ on day -19 in the Silica treatment. 

 

 

Figure 40 Abundance of Cloeon dipterum larvae [Ind. sample⁻¹] 

 

The mean abundance of C. dipterum ranged from 5.6 ×/÷ 1.52 Ind. sample⁻¹ on day 71 

to 113.3 ×/÷ 1.37 Ind. sample⁻¹ on day -6 in the LowPA treatment. The mean abundance of 

C. dipterum ranged from 4.7 ×/÷ 3.91 Ind. sample⁻¹ on day 71 to 188.3 ×/÷ 1.16 Ind. sample⁻¹ 

on day -19 in the MedPA treatment. The mean abundance of C. dipterum ranged from 

5.2 ×/÷ 1.26 Ind. sample⁻¹ on day 58 to 137.0 ×/÷ 1.1 Ind. sample⁻¹ on day -19 in the HighPA 

treatment. All mesocosms in the treatments and control have their minimum between day 58 

and 71 and increased afterwards again. There were no significant differences compared to the 

control group throughout the study and thus the NOEC is > 150 mg L⁻¹. 
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The mean abundance of the sum of all Diptera (Figure 41) ranged from 

59.3 ×/÷ 1.26 Ind. sample⁻¹ on day -19 to 387.8 ×/÷ 1.29 Ind. sample⁻¹ on day 36 in the control. 

The mean abundance of all Diptera ranged from 68.8 ×/÷ 1.3 Ind. sample⁻¹ on day -1 to 

308.8 ×/÷ 1.46 Ind. sample⁻¹ on day 36 in the Silica treatment.  

 

 

Figure 41 Summed abundance of Diptera larvae [Ind. sample⁻¹] 

 

The mean abundance of all Diptera ranged from 87.3 ×/÷ 1.77 Ind. sample⁻¹ on day -19 

to 343.5 ×/÷ 1.15 Ind. sample⁻¹ on day 85 in the LowPA treatment. The mean abundance of all 

Diptera ranged from 17.6 ×/÷ 5.97 Ind. sample⁻¹ on day 58 to 198.1 ×/÷ 1.7 Ind. sample⁻¹ on 

day 85 in the MedPA treatment. The mean abundance of all Diptera ranged from 

76.4 ×/÷ 1.41 Ind. sample⁻¹ on day -19 to 298.3 ×/÷ 1.2 Ind. sample⁻¹ on day 36 in the HighPA 

treatment. The Silica and HighPA treatments showed no significant differences compared to 

the control. The LowPA treatment had significantly lower abundances of macroinvertebrates 

on day 36. The MedPA treatment had significantly reduced numbers compared to the control 

on days 15 through 36. Two replicates of the MedPA are below control range through days 15 

to 71 mainly influenced by Chaoborus abundance.  
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The mean abundance of Asellus aquaticus (Figure 42) ranged from 0 Ind. sample⁻¹ on 

day -19 to 62.1 ×/÷ 1.56 Ind. sample⁻¹ on day 114 in the control. The mean abundance of 

Asellus aquaticus ranged from 0 Ind. sample⁻¹ on day -19 to 46.9 ×/÷ 1.45 Ind. sample⁻¹ on 

day 114 in the Silica treatment. The mean abundance of Asellus aquaticus ranged from 

0 Ind. sample⁻¹ on day -19 to 78.4 ×/÷ 1.11 Ind. sample⁻¹ on day 114 in the LowPA treatment. 

The mean abundance of Asellus aquaticus ranged from 0 Ind. sample⁻¹ on day -19 to 

17.6 ×/÷ 4.83 Ind. sample⁻¹ on day 114 in the MedPA treatment. The mean abundance of 

Asellus aquaticus ranged from 0 Ind. sample⁻¹ on day -19 to 21.0 ×/÷ 3.46 Ind. sample⁻¹ on day 

114 in the HighPA treatment. The abundance of the isopods fluctuated strongly in the first 

half of the study and became more constant after day 56. Most mesocosms, with few 

exceptions, were in the control range afterwards. There were no significant differences 

compared to the control group throughout the study and thus the NOEC is > 150 mg L⁻¹. 

 

 

Figure 42 Abundance of Asellus aquaticus [Ind. sample⁻¹] 
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The mean abundance of Zygoptera (Figure 43) ranged from 0.2 ×/÷ 3.82 Ind. sample⁻¹ 

on day 58 to 2.1 ×/÷ 2.79 Ind. sample⁻¹ on day 15 in the control. The mean abundance of 

Zygoptera ranged from 0 Ind. sample⁻¹ on day 58 to 5.2 ×/÷ 2.17 Ind. sample⁻¹ on day -6 in the 

Silica treatment.  

 

 

Figure 43 Abundance of Zygoptera larvae [Ind. sample⁻¹] 

 

The mean abundance of Zygoptera ranged from 0 Ind. sample⁻¹ on day 43 to 

2.0 ×/÷ 2.0 Ind. sample⁻¹ on day -6 in the LowPA treatment. The mean abundance of Zygoptera 

ranged from 0.1 ×/÷ 1.0 Ind. sample⁻¹ on day 58 to 3.4 ×/÷ 22.25 Ind. sample⁻¹ on day 114 in 

the MedPA treatment. The mean abundance of Zygoptera ranged from 0 Ind. sample⁻¹ on day 

43 to 3.9 ×/÷ 1.29 Ind. sample⁻¹ on day -1 in the HighPA treatment. There were no significant 

differences compared to the control group throughout the study, the MDD, however was only 

below 100 once after application on day 22 in the polyamide treatments.  
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The mean abundance of Lymnaea stagnalis (Figure 44) ranged from 0 Ind. sample⁻¹ on 

day -19 to 8.2 ×/÷ 1.43 Ind. sample⁻¹ on day 85 in the control. The mean abundance of 

L. stagnalis ranged from 0 Ind. sample⁻¹ on day -19 to 15.2 ×/÷ 2.49 Ind. sample⁻¹ on day 85 in 

the Silica treatment. The mean abundance of L. stagnalis ranged from 0 Ind. sample⁻¹ on 

day -19 to 14.2 ×/÷ 1.16 Ind. sample⁻¹ on day 85 in the LowPA treatment. 

 

 

Figure 44 Abundance of Lymnaea stagnalis [Ind. sample⁻¹] 

 

The mean abundance of L. stagnalis ranged from 0 Ind. sample⁻¹ on day -19 to 

8.4 ×/÷ 1.57 Ind. sample⁻¹ on day 85 in the MedPA treatment. The mean abundance of 

L. stagnalis ranged from 0 Ind. sample⁻¹ on day -19 to 11.2 ×/÷ 2.31 Ind. sample⁻¹ on day 85 in 

the HighPA treatment. The abundance of the gastropods fluctuated strongly in the first half of 

the study and became more constant after day 56. There were no significant differences 

compared to the control group throughout the study and thus the NOEC is > 150 mg L⁻¹. The 

offspring belonging to the family of Lymneidae, which is, in this study, composed of the genera 

Lymnaea and Radix showed effects in the LowPA and MedPA treatment on day 36 and in the 

Silica and MedPA treatment on day 58.  

 

 

 

 

 



  Results 

89 
 

The mean abundance of Planorbidae (Figure 45) ranged from 

15.1 ×/÷ 3.42 Ind. sample⁻¹ on day -1 to 139.9 ×/÷ 1.71 Ind. sample⁻¹ on day 85 in the control. 

The mean abundance of Planorbidae ranged from 1.5×/÷ 46.77 on day -1 to 

107.2 ×/÷ 1.19 Ind. sample⁻¹ on day 36 in the Silica treatment.  

 

 

Figure 45 Abundance of Planorbidae [Ind. sample⁻¹] 

 

The mean abundance of Planorbidae ranged from 9.7 ×/÷ 2.4 Ind. sample⁻¹ on day -1 

to 75.9 ×/÷ 1.46 Ind. sample⁻¹ on day 43 in the LowPA treatment. The mean abundance of 

Planorbidae ranged from 9.1 ×/÷ 2.19 Ind. sample⁻¹ on day -1 to 52.1 ×/÷ 1.89 Ind. sample⁻¹ 

on day 85 in the MedPA treatment. The mean abundance of Planorbidae ranged from 

20.5 ×/÷ 1.77 Ind. sample⁻¹ on day -1 to 120.0 ×/÷ 1.48 Ind. sample⁻¹ on day 36 in the HighPA 

treatment. The abundance of Planorbidae rose after the application phase in all mesocosm. 

Some individual treated replicates had abundances below the control range occasionally. On 

day 43 the LowPA treatment had significantly lower abundances compared to the control. The 

Silica, MedPA and HighPA treatments had no significant differences compared to the control.  
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The mean abundance of Naididae (Figure 46) ranged from 6.0 ×/÷ 1.99 Ind. sample⁻¹ 

on day -1 to 49.7 ×/÷ 2.29 Ind. sample⁻¹ on day 36 in the control. The mean abundance of 

Naididae ranged from 2.4 ×/÷ 1.33 Ind. sample⁻¹ on day -1 to 41.6 ×/÷ 1.33 Ind. sample⁻¹ on 

day 114 in the Silica treatment.  

 

 

Figure 46 Abundance of Naididae [Ind. sample⁻¹] 

 

The mean abundance of Naididae ranged from 3.4 ×/÷ 2.98 Ind. sample⁻¹ on day -1 to 

32.4 ×/÷ 1.81 Ind. sample⁻¹ on day 58 in the LowPA treatment. The mean abundance of 

Naididae ranged from 6.1 ×/÷ 1.44 Ind. sample⁻¹ on day -1 to 28.7 ×/÷ 6.05 Ind. sample⁻¹ on 

day 114 in the MedPA treatment. The mean abundance of Naididae ranged from 

6.5 ×/÷ 1.27 Ind. sample⁻¹ on day -1 to 40.1 ×/÷ 2.91 Ind. sample⁻¹ on day 114 in the HighPA 

treatment. The abundance of Naididae declined shortly before the first application and rose 

again afterwards. The abundance of the oligochaetes remained mostly in the control range 

over the course of the study. There were no significant differences compared to the control 

group throughout the study and thus the NOEC is > 150 mg L⁻¹. 

4.3.2 PRC of macroinvertebrate community 

The PRC of the macroinvertebrate community (Figure 47) showed the effect of the treatments 

on community level. All treatments had moderate effects at the start of the study. On day 36 

all treatments showed the highest positive effect, with MedPA having the highest positive 

effect on the community of macroinvertebrates. After day 36 the positive effects decreased 

steadily until the end of the study. On days 58 and 71 the Silica and LowPA treatment showed 

slight negative effects. 
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Figure 47 Principal response curve of macroinvertebrate community 

 

The changes in the macroinvertebrate community were not significant 

(p-value = 0.186). Out of the 30 taxa 10 had a species score over 0.5 in absolute value. The 

only positive species score over 0.5 was 1.52 for Coleoptera. Chaoborus sp. had the biggest 

negative species score with -3.54, followed by Radix sp. with -1.75, Tanypodinae larvae 

with -1.69 and Asellus aquaticus with -1.53. Naididae, Chironomidae and Planorbidae had 

species scores between -1.0 and -1.5. The small individuals of the family Lymnaeidae and 

Gerris sp. had species scores smaller than -1.0 but greater than -0.5.  

4.3.3 Biovolume 

The transformed (ln) biovolume of Chaoborus sp. larvae (Figure 48) on day 36 showed 

no significant differences compared to the control, neither in the Silica nor HighPA treatment. 

In the controls and the Silica treatment most larvae had a biovolume between 2 and 3 mm³. 

The median of the control was lower with 1.5 mm³ compared to 1.9 mm³ in the Silica 

treatment. The HighPA treatment showed no real maximum distribution and a uniformly 

distributed biovolume above 0 mm³. The median was 1.2 mm³ in this treatment. On day 85 

there were no significant differences between the controls and the treatments. The violin 

plots had a similar shape with maxima around 1 to 2.5 mm³ and around -1 to 0 mm³ of 

transformed biovolume in all treatments. The medians of the control and the HighPA 

treatment were 1.0 mm³ and in the Silica treatment the median was at 1.4 mm³. On the last 

day of the study there were fewer small organisms in all treatments. the course of the violin 

plots is unimodal in all treatments. The peaks were around 2 mm³ with median values of 

1.6 mm³ in the control, 1.4 mm³ in the Silica treatment and 1.9 mm³ in the HighPA treatment.  
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Figure 48 Transformed (LN) biovolume of Chaoborus sp. larvae on days 36, 85 and 114 

 

The transformed values of the biovolume of Cloeon dipterum (Figure 49) show a 

different course over the study than the Chaoborus sp. larvae. On day 36 the mayfly larvae 

had the biggest individuals in all treatments. There was no significant difference between the 

controls and the treatments. In all treatments and the control, the peak value of the unimodal 

course was between 1 and 2 mm³. The Silica and HighPA treatments have slightly wider violin 

plots and single individuals with higher biovolume than in the control. The median in the 

control of 1.3 mm³ was higher than in the Silica treatment and the HighPA treatment with 

1.1 mm³ and 1.0 mm³ respectively. On day 85 the organisms were much smaller compared to 

day 36. This picture can be seen in all the treatments considered.  
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Figure 49 Transformed (LN) biovolume of Cloeon dipterum larvae on days 36, 85 and 114 

 

The biggest organisms were found in the controls. The median in the control 

was -4.0 mm³ and in the Silica and HighPA treatments in a similar region of -4.5 mm³. The low 

biovolume values suggest that the organisms that were found were in the lower larval stages 

on day 85 and in higher larval stages on day 36. On study day 114 the organisms that were 

found were bigger than on day 85 but smaller compared to day 36. The Silica treatment had 

the biggest organisms with a median of -1.1 mm³ and a bimodal course with peaks around 

0.5 mm³ and - 2.0 mm³. The HighPA treatment had a bimodal course with the largest peak 

at -2.5mm³ and a smaller peak at 1.0 mm³ and a median of -1.9 mm³. The control had only 

one peak around -2 to -3 mm³ and a median of -2 mm³. 
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On study day 26 there were no Zygoptera larvae in the Silica treatment (Figure 50). The 

number of larvae in the control and HighPA treatment was low as well.  

 

Figure 50 Transformed (LN) biovolume of Zygoptera larvae on days 36, 85 and 114 

 

The organisms in the control were bigger than the ones in the HighPA treatment with 

a median of 4.3 mm³ compared to 0.4 mm³. On day 85 more organisms were found. The 

individuals in the Silica treatment were smaller with a bimodal course. The controls showed a 

bimodal course as well with both smaller and bigger organisms than in the Silica treatment. 

The HighPA treatment had the biggest and smallest organisms and a bimodal course at around 

the same scale as the control. The violin plots on day 114 show comparable, but upwards 

shifted shapes as day 85. All treatments had a similar peak at 1.5 – 2 mm³ of transformed 

biovolume. 
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On day 36 no Asellus aquaticus were present in any of the samples (Figure 51). On day 

85 the unimodal violin plots of all treatments had their maximum between -2 mm³ and -4 mm³ 

of transformed biovolume. There was no significant difference between the control and the 

treatments.  

 

Figure 51 Transformed (LN) biovolume of Asellus aquaticus on days 85 and 114 

 

The median of the control was -2.1 mm³and -2.3 mm³ in the HighPA treatment. In the 

Silica treatment the median was the lowest at -2.8 mm³. On day 114 the organisms were 

bigger in all treatments. The medians increased to -0.5 mm³ in the control, to 0.2 mm³ in the 

Silica treatment and to –1.1 mm³ in the HighPA treatment. The isopods had a broad spectrum 

of biovolume on day 114 ranging from -4.0 mm³ to 3.2 mm³ in the control. 

 



  Results 

96 
 

The biovolume of the organisms of the family of Lymnaeidae, consisting of the genera 

Radix and Lymnaea in this study ranged from 0 mm³ to 5 mm³ in the control on day 36 (Figure 

52). The peak in the control was between 0.5 mm³ to 1 mm³. In the Silica treatment the peak 

is higher, but the maximum transformed biovolume is lower at 2.5 mm³. The peak in the 

HighPA treatment was lower compared to the control at 0.25 mm³ to 0.5 mm³. On day 85 the 

range of biovolume in the control and treatments was broader. Smaller and bigger individuals 

were present.  

 

 

Figure 52 Transformed (LN) biovolume of Lymnaeidae on days 36, 85 and 114 

 

In the control the peak was comparable to sampling day 36, while mean of biovolume 

of the individuals in the Silica treatment was lower at -0.6 mm³. The HighPA treatment showed 

no peak in biovolume. The different sizes were evenly distributed. The median of -0.9 mm³ 
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was lower than in the Silica treatment and the control. On day 114 there were larger and more 

large individuals in all mesocosms. The shape of the violin plots are comparable to day 85 with 

an increased number of large individuals. 

The transformed biovolume of the family Planorbidae on day 36 (Figure 53) showed 

no significant differences between the control and the treatments. All violin plots on this day 

show a bimodal course of transformed biovolume. The biggest peak in the control and the 

HighPA treatment were in in the positive value range between 1.3 mm³ and 1.6 mm³. The 

biggest peak in the Silica treatment was in the negative value range at around – 1 mm³. On 

day 85 less large organisms were sampled.  

 

 

Figure 53 Transformed (LN) biovolume of Planorbidae on days 36, 85 and 114 
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The shape of the violin plots is unimodal in all observed mesocosms. The peaks are 

close to each other around 0 mm³. On day 114 the shape of the violin plots and the distribution 

of the biovolume had a similar course as on day 85. The peak values are higher at 0.3 mm³ in 

the control, 0.7 mm³ in the Silica treatment and 1.1 mm³ in the HighPA treatment. The 

biovolume of all species did not differ significantly from the control on any day. An ANOVA 

was performed with the transformed (y*=ln(2y+1)) values for each taxon and day separately. 

None of the p-values were below 0.2, which means that there is no indication of significant 

differences. 

4.3.4 Dominance 

Table 10 shows the temporal development of the relative density [%] of the most 

abundant and relevant macroinvertebrate taxa. In the control, Cloeon dipterum was initially 

eudominant with almost 60%. The dominance decreased continuously and increased again 

slightly at the end. Chaoborus sp. showed a contrary course. The dominance ratios increased 

steadily until day 36 and then slowly decreased to 28.6% (eudominant) by the end of the 

study. The Naididae started with a dominance of 5.3% on the verge of being classified as 

dominant and rose to just under 20% (eudominant) on day 71, after which the classification 

fell again to dominant (8.6%). The dominance of Asellus aquaticus increased continuously and 

reached a high of 18.0% (eudominant) on the last day. The dominance of Planorbidae 

fluctuated between dominant and eudominant (8% and 25% respectively). The other 

gastropods, dragonflies and chironomids were subdominant or recedent had dominance 

ratios below 5%. The Silica treatment showed a similar pattern. The most dominant taxa were 

Cloeon dipterum, Chaoborus and Planorbidae. in the LowPA treatment, the relative 

dominance of Chaoborus larvae increased to a high of 63.1% on day 85. Cloeon dipterum 

larvae were less dominant than in the control but showed a similar pattern. Anisoptera were 

no longer present at the time of application. All other taxa showed a similar trend to the 

control. In the MedPA treatment, mayflies were also eudominant at the beginning, accounting 

for around a third of the total number. In this treatment, too, the percentage dominance fell 

sharply and rose again at the end. The chaoborids increased in their dominance from 15% to 

40.3% on day 36 and then decreased, with one exception of 50.4% on day 85. In this 

treatment, Naididae were more dominant (19.2%) on day 71 than in any other treatment 

except the control. The course of the HighPA treatment was similar to that of the control. At 

7.5% on day 71, juvenile lymnaeids were more dominant than ever in the control. Asellus 

aquaticus was less dominant than in all other treatment groups and the control  but still 

subdominant to dominant at the end of the study. 

Table 10 Relative densities [%] of most abundant macroinvertebrate taxa 

Control 

Day -19 -6 -1 15 22 29 36 43 58 71 85 114 

Anisoptera 2.2 1.9 0.2 0.1 0.1 0 0 0.1 0 0 0 0.1 

Asellus aquaticus 0 1.4 1.8 2 0.8 1.4 1.6 2.8 2.6 3.4 2.9 18 

Ceratopogonidae 5.3 3.4 2.1 0.9 0.7 0.5 0.3 0.1 0.3 0.2 0.6 0 
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Table 10 (continued) Relative densities [%] of most abundant macroinvertebrate taxa 

Control 

Day -19 -6 -1 15 22 29 36 43 58 71 85 114 

Chaoborus sp 17.6 28.3 44.8 50.8 48.1 57.5 58.4 57.5 45.4 45.8 49.8 28.6 

Chironomidae 0.3 0 0.4 2.3 1 1.1 0.5 1.6 1.5 1.9 1.5 1.1 

Cloeon dipterum 59.2 43.2 33.7 18.1 22.6 7.9 4.3 5.7 2.6 1.5 3.9 7.9 

Lymnaea stagnalis 0 0.1 0 0.1 0.2 0.2 0.4 0.6 1.1 1.6 1.4 2.3 

Lymnaeidae 

<0.5 cm 

0 0 0 0 0 0.1 4.7 4.9 3.4 3.2 3.5 4.2 

Naididae 5.3 6.2 2.8 3.8 3.6 7.9 10.2 11.6 17.2 19.8 6 8.6 

Planorbidae 8.8 12.1 11.3 19.3 19.7 18.4 17.2 12.9 22.8 20.2 25.9 19.9 

Radix sp. 0 1.7 1.5 1 1.6 2.6 0.6 0.9 0.5 0.2 0.1 0 

Zygoptera 0.6 1.2 1 1.1 0.8 0.4 0.2 0.2 0.1 0.6 1.8 2.2 

Silica 

Day -19 -6 -1 15 22 29 36 43 58 71 85 114 

Anisoptera 1.5 1.3 0.3 0.2 0 0 0 0.2 0 0 0 0 

Asellus aquaticus 0 0.5 0.8 0 0.3 1.3 0.3 2.1 2.2 2.6 1.5 12.5 

Ceratopogonidae 4.4 6.3 3 1 0.5 0.2 0.3 0.2 0.2 1.3 0.4 0 

Chaoborus sp 26.9 30.8 31.2 43.4 54 59.9 60 51.8 42.2 38.4 48.3 36 

Chironomidae 0.8 0 0 0.3 0.2 0.2 0.4 1.5 2.1 3.1 1.3 0.9 

Cloeon dipterum 52.4 44.4 55.8 29.5 25.9 15.4 8.2 6.2 3.5 3.6 7.2 12.1 

Lymnaea stagnalis 0 0 0 0.2 0.2 0.2 0.3 0 1.3 3.3 3.4 1.3 

Lymnaeidae 

<0.5 cm 

0 0 0 0 0 0 4.9 5.6 6 6.4 4.1 3.9 

Naididae 4.1 4.9 1.3 4.1 2.8 2.2 3.9 10.7 13.2 7.8 5.3 10.9 

Planorbidae 8.7 8.9 5.8 19 13.9 16.1 21.1 19.3 26.9 32.2 21.4 16 

Radix sp. 0 0.5 0 1.1 1.7 2.6 0.2 1.3 1.9 0.5 0.1 0.4 

Zygoptera 1 2.2 1.5 1.1 0.5 1.1 0.1 0.4 0 0.2 1.6 2.2 

LowPA 

Day -19 -6 -1 15 22 29 36 43 58 71 85 114 

Anisoptera 1.5 1.8 0.4 0 0 0 0 0 0 0 0 0 

Asellus aquaticus 0 0.8 3.1 0.9 1.3 2.2 2.9 3.8 3.8 3.8 4.5 18.8 

Ceratopogonidae 6 4 3 1.2 0.7 0.4 0.1 0.2 0.1 0.9 1.3 0 

Chaoborus sp 32.5 45.4 54.8 48.6 35.1 56.8 53.9 50.2 47.3 53.3 63.1 41.2 

Chironomidae 0 0 0 0.5 0.7 0.9 0.6 0.3 0.3 2.1 0.8 0.6 

Cloeon dipterum 42.7 36.9 29.2 27.4 32.6 16.9 8 5.2 2.6 1.9 6.4 12.8 

Lymnaea stagnalis 0 0.1 0 0.1 0.3 0.4 1 1.3 1.6 2.7 2.7 1.8 

Lymnaeidae 

<0.5 cm 

0 0 0 0 0 0 2.7 3.5 3.9 6.2 2.5 1.4 

Naididae 6.4 3.4 1.9 4.6 7.2 3.4 5.3 7.3 12.1 6.2 2.1 7.4 
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Table 10 (continued) Relative densities [%] of most abundant macroinvertebrate taxa 

LowPA 

Day -19 -6 -1 15 22 29 36 43 58 71 85 114 

Planorbidae 10 4.5 5 13.9 18.5 16.2 22.6 26.4 25.6 20.5 13 7.7 

Radix sp. 0.1 1.6 1.6 1.2 1 1.4 0.7 0.9 1.2 0.6 0.1 0.1 

Zygoptera 0.5 0.7 0.3 0.7 0.6 0.2 0.1 0 0 0 0.1 1.9 

MedPA 

Day -19 -6 -1 15 22 29 36 43 58 71 85 114 

Anisoptera 1.3 1.6 0.3 0 0 0 0 0 0 0 0 0 

Asellus aquaticus 0 0.4 0.3 2.1 1.7 1.5 2.5 5.2 3.5 3.7 3.2 7.8 

Ceratopogonidae 6.8 4.4 4.4 1.4 0.6 1.1 0.6 0 1 0.4 1 0 

Chaoborus sp 15 30.6 35.1 23.7 27.5 37.9 40.3 25.9 21.6 27.8 50.4 32.2 

Chironomidae 0.1 0.1 0.2 2.8 2.1 2.1 1.1 1.7 2.4 2.6 2.7 1.2 

Cloeon dipterum 65.9 49.2 47.6 39.9 38.3 15.8 13.2 13.7 5.7 4.7 6.3 15.9 

Lymnaea stagnalis 0 0 0 0.2 0.2 0.6 0.2 1.3 2.6 3.2 2.3 2.1 

Lymnaeidae     

<0.5 cm 

0 0 0 0 0 0.6 3.4 7.4 10.4 7.8 2.7 3.9 

Naididae 2.9 5.6 3.1 7.1 5.1 6 6.9 14.8 16.7 19.2 8 17.6 

Planorbidae 6.5 5.4 5.4 19.2 21 26.9 27.1 27.4 32.8 26.9 15.6 11.1 

Radix sp. 0 1.3 0.5 2.1 1.5 3.4 1.9 0.2 1.2 0 0.6 0.2 

Zygoptera 0.8 1.3 2.6 1.2 0.9 2.1 0.4 0.2 0 0 0.6 3.8 

HighPA 

Day -19 -6 -1 15 22 29 36 43 58 71 85 114 

Anisoptera 1.7 1.6 0.3 0.1 0 0 0 0.1 0 0 0 0 

Asellus aquaticus 0 0.9 1.6 0.8 0.5 1.8 1.6 2.8 3.5 2.7 2.9 7.4 

Ceratopogonidae 4.9 4.1 1.2 0.6 0.7 0.3 0.4 0.1 0.6 0.4 0.9 0 

Chaoborus sp 25.1 38.3 44.6 44.6 34.7 48.4 54.5 46.8 39.6 43.9 55.2 40.6 

Chironomidae 0.1 0.1 0.3 0.6 1.6 0.8 0.3 0.9 2.1 1.8 1.7 0.7 

Cloeon dipterum 53.4 35.8 33 24.5 22.5 8.2 4.7 4.8 2.2 2.9 2.6 7.8 

Lymnaea stagnalis 0 0.1 0 0.3 0.1 0 0.3 1.1 3.8 3 2.7 1.9 

Lymnaeidae 

<0.5 cm 

0 0 0 0 0 0 5.9 4.6 2.6 7.5 1.6 4.7 

Naididae 3.8 6.9 3.5 3.8 3.1 3.1 5.6 9.4 10.8 7 6.4 13.1 

Planorbidae 10.2 8.4 11.8 22.2 34.2 34 24.4 27.1 32.1 28.4 21 13.7 

Radix sp. 0 2.1 1 1 1.1 2.8 0.6 0.5 0.6 0.5 0.1 0 

Zygoptera 0.4 0.6 2.1 0.6 0.1 0.3 0.3 0 0 0.1 0.9 1.4 
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4.3.5 Diversity indices 

The mean number of taxa (Figure 54) ranged from 7.8 ×/÷ 1.11 on day -19 to 

13.5 ×/÷ 1.17 on day 85 in the control. The mean number of taxa ranged from 7.5 ×/÷ 1.10 on 

day -1 to 17.0 ×/÷ 1.00 on day 85 in the Silica treatment. The mean number of taxa ranged 

from 7.2 ×/÷ 1.23 on day -19 to 13.3 ×/÷ 1.09 on day 85 in the LowPA treatment. The mean 

number of taxa ranged from 8.0 ×/÷ 1.00 on day -19 to 15.2 ×/÷ 1.15 on day 85 in the MedPA 

treatment. The mean number of taxa ranged from 7.7 ×/÷ 1.08 on day -19 to 12.9 ×/÷ 1.14 on 

day 85 in the HighPA treatment. The number of taxa rose gradually in all mesocosms 

throughout the study. All treated mesocosms, with single exceptions remained in the control 

range. On day -1 the Silica treatment had a significantly lower number of species compared to 

the control. The number of species was significantly lower in the HighPA treatment on day 29.  

 

 

Figure 54 Number of macroinvertebrate taxa 
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The mean Shannon index (Figure 55) ranged from 1.3 ×/÷ 1.14 on day -1 to 

1.9 ×/÷ 1.11 on day 114 in the control. The mean Shannon index ranged from 1.1 ×/÷ 1.29 on 

day -1 to 1.7 ×/÷ 1.15 on day 114 in the Silica treatment. The mean Shannon index ranged 

from 1.2 ×/÷ 1.09 on day -1 to 1.7 ×/÷ 1.11 on day 114 in the LowPA treatment. The mean 

Shannon index ranged from 1.1 ×/÷ 1.13 on day -19 to 1.8 ×/÷ 1.12 on day 114 in the MedPA 

treatment. The mean Shannon index ranged from 1.3 ×/÷ 1.23 on day 29 to 1.8 ×/÷ 1.11 on 

day 114 in the HighPA treatment. The Shannon index, like the number of taxa rose throughout 

the study however, with greater dispersion. There were no significant differences compared 

to the control group throughout the study regarding the Shannon index. 

 

 

 

Figure 55 Shannon index of macroinvertebrate community 
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The mean evenness (Figure 56) ranged from 0.53 ×/÷ 1.16 on day 36 to 

0.77 ×/÷ 1.09 on day 114 in the control. The mean evenness ranged from 0.51 ×/÷ 1.25 on day 

36 to 0.67 ×/÷ 1.10 on day 58 in the Silica treatment. The mean evenness ranged from 

0.52 ×/÷ 1.13 on day 85 to 0.69 ×/÷ 1.14 on day 114 in the LowPA treatment. The mean 

evenness ranged from 0.54 ×/÷ 1.13 on day -19 to 0.74 ×/÷ 1.15 on day 114 in the MedPA 

treatment. The mean evenness ranged from 0.57 ×/÷ 1.07 on day 36 to 0.74 ×/÷ 1.11 on day 

114 in the HighPA treatment. The evenness fluctuated in all mesocosm throughout the study 

but remained on a similar level. There were no significant differences compared to the control 

group throughout the study regarding the evenness. 

 

 

 

Figure 56 Evenness of macroinvertebrate community 

4.3.6 Statistical evaluation 

Table 11 shows the effects on the zooplankton taxa. The effects were classified 

according to EFSA (see Table 4). Neither in the Silica treatment nor in the LowPA or HighPA 

treatment any taxa were assigned to another class than class 1 (no effects). In the MedPA 

treatment the larvae of the genus Chaoborus were assigned to effect class 3A- due to 

pronounced direct effects. The sum of Diptera and the total sum were assigned to the same 

class. All other taxa and sums of taxa were assigned effect class 1 due to not showing effects 

compared to the control. Overall 15 taxa, including sums are classified as MDD Category 1 and 

three as MDD Category 2. 
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Table 11 Classification of the effect on macroinvertebrates over the entire duration of the study 
according to EFSA (2013) 

MDD 

Category 
Taxon Silica LowPA MedPA HighPA 

1 Asellus aquaticus 1 1 1 1 

1 Chaoborus sp. 1 1 3A- 1 

1 Chironomidae 1 1 1 1 

1 Cloeon dipterum 1 1 1 1 

1 Coleoptera larvae 1 1 1 1 

1 Lymnaea stagnalis 1 1 1 1 

1 Lymnaeidae <0 5 cm 1 1 1 1 

1 Naididae 1 1 1 1 

1 Planorbidae 1 1 1 1 

1 Radix sp. 1 1 1 1 

1 Sum Chironomidae 1 1 1 1 

1 Sum Diptera 1 1 3A- 1 

1 Sum Gastropoda 1 1 1 1 

1 Sum Odonata 1 1 1 1 

1 Total sum 1 1 3A- 1 

2 Acari 1 1 1 1 

2 Musculium lacustre 1 1 1 1 

2 Trichoptera 1 1 1 1 

3 Anisoptera 1 1 1 1 

3 Chaoborus sp. pupa 1 1 1 1 

3 Chironomidae pupa 1 1 1 1 

3 Coleoptera adult 1 1 1 1 

3 Corixidae 1 1 1 1 

3 Dugesia sp. 1 1 1 1 

3 Dytiscidae 1 1 1 1 

3 Notonecta glauca 1 1 1 1 

3 Sum Coleoptera 1 1 1 1 

3 Sum Heteroptera 1 1 1 1 

3 Tanypodinae 1 1 1 1 

3 Tanypodinae pupa 1 1 1 1 

3 Zygoptera 1 1 1 1 
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4.3.7 Potamopyrgus antipodarum bio-assay  

The number of embryos was assessed on three samplings (Figure 57). Each ten snails 

per treatment were sampled, measured and their embryos were counted. On day 28 most 

embryos were found per snail compared to the other sampling. In the control 

28.2 ×/÷ 2.68 embryos were found. The Silica and HighPA treatment had lower numbers with 

21.4 ×/÷ 3.90 and 20.9 ×/÷ 1.04 embryos respectively. The LowPA and MedPA treatment had 

higher numbers compared to the control with 31.1 (×/÷3.47; ×/÷1.99) each.  

 

 

Figure 57 Mean number of embryos in Potamopyrgus in all treatments and the control after 28, 56 
and 84 days in bio assays 

 

According to CPCAT calculations no difference was significant compared to the control. 

Since data is normally distributed (Shapiro-Wilks test p=0.8365) and variances are 

homogenous (Levene Test p=0.3376) an ANOVA was performed as well. A p-value of 0.0058 

(Table 13) indicates that variances between the groups are significantly greater than the 

variances within the groups. To see which treatment differentiates significantly to the control 

a Dunnett’s post-hoc test was performed. The Silica treatment (p=0.049) and the HighPA 

treatment (p=0.018) both have significantly lower number of embryos compared to the 

control. 

On day 56 the control had a mean number of embryos of 20.7 ×/÷ 3.34. The HighPA 

treatment had the lowest number of embryos with 20.1 ×/÷ 1.98 and the LowPA treatment 

the highest with 25.7 ×/÷ 3.03. No differences compared to the control were significant, with 

neither the CPCAT approach nor after performing an ANOVA (Table 12, Table 13). 
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Table 12 Statistical evaluation of reproduction data using the CPCAT approach. All hypotheses were 
tested with Monte-Carlo simulations (n= 10000) 

max p-

values Day28 Day56 Day84 

Silica 0.2385 0.9304 0.466 

LowPA 0.5742 0.6212 0.5657 

MedPA 0.5772 0.8892 0.9679 

HighPA 0.1613 0.9309 0.9691 

 

The mean number of embryos was the lowest for all treatments on day 84 with 

8.8 ×/÷ 5.31 in the control, 12.7 ×/÷ 1.55 in the Silica treatment, 12.0 ×/÷ 2.71 in the LowPA, 

9.3 ×/÷ 1.86 in the MedPA and 9.0 ×/÷ 3.25 in the HighPA treatment. There was no significant 

difference compared to the control (Table 12, Table 13). 

 

Table 13 ANOVA results of embryo count data of Potamopyrgus assay 

Day 
Variance between 

 groups 

Variance within 

 groups 

Total 

variance 
p-value F F* 

28 282.79 117.63 400.42 0.0058 6.61 3.36 

56 63.67 206.35 270.02 0.5234 0.85 3.36 

84 37.63 209.82 247.46 0.7412 0.49 3.36 
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4.4 Emerging insects 
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4.4.1 Abundance data 

The mean abundance of all emerging insects (Figure 58) ranged from 

28.3 Ind. sample-1 ×/÷ 1.66 on day 70 to 205.0 ×/÷ 1.05 Ind. sample⁻¹ on day 35 in the control. 

The mean abundance of all emerging insects ranged from 57.7 ×/÷ 1.42 Ind. sample⁻¹ on day 

77 to 203.1 ×/÷ 1.21 Ind. sample⁻¹ on day 7 in the Silica treatment. The mean abundance of all 

emerging insects ranged from 29.6 ×/÷ 2.11 Ind. sample⁻¹ on day 77 to 

207.6 ×/÷ 1.28 Ind. sample⁻¹ on day 7 in the LowPA treatment. The mean abundance of all 

emerging insects ranged from 14.3 ×/÷ 2.52 Ind. sample⁻¹ on day 77 to 

195.9 ×/÷ 1.16 Ind. sample⁻¹ on day 7 in the MedPA treatment. 

 

 

Figure 58 Abundance of all emerging insects [Ind. sample⁻¹] 

 

The mean abundance of all emerging insects ranged from 29.3 ×/÷ 2.73 Ind. sample⁻¹ 

on day 84 to 260.0 ×/÷ 1.2 Ind. sample⁻¹ on day 35 in the HighPA treatment. The total 

abundance of emerged insects stayed constant during the first six weeks after application and 

decreased afterwards. With lower abundances the dispertion in the data increased. The Silica 

treatment had significantly higher abundances of emerging insects on days 49 and 56 

compared to the control. Neither polyamide treatment had significant different abundances 

compared to the control. One replicate of the MedPA treatment had lower abundances than 

all controls starting day 35 until the end of the study.  
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The mean abundance of Chaoborus sp. (Figure 59) ranged from 

2.0 ×/÷ 6.92 Ind. sample⁻¹ on day 84 to 110.1 ×/÷ 1.15 Ind. sample⁻¹ on day 35 in the control. 

The mean abundance of Chaoborus sp. ranged from 4.0 ×/÷ 2.67 Ind. sample⁻¹ on day 77 to 

108.7 ×/÷ 1.19 Ind. sample⁻¹ on day 49 in the Silica treatment. 

 

 

Figure 59 Abundance of all emerged Chaoborus sp. [Ind. sample⁻¹] 

 

The mean abundance of Chaoborus sp. ranged from 0.3 ×/÷ 5.64 Ind. sample⁻¹ on 

day 84 to 79.3 ×/÷ 1.85 Ind. sample⁻¹ on day 35 in the LowPA treatment. The mean abundance 

of Chaoborus sp. ranged from 1.2 ×/÷ 8.95 Ind. sample⁻¹ on day 63 to 

100.2 ×/÷ 1.61 Ind. sample⁻¹ on day 35 in the MedPA treatment. The mean abundance of 

Chaoborus sp. ranged from 2.9 ×/÷ 2.56 Ind. sample⁻¹ on day 84 to 

162.4 ×/÷ 1.39 Ind. sample⁻¹ on day 35 in the HighPA treatment. The abundance of 

Chaoborus sp. was significantly higher compared to the control on day 14 in the Silica 

treatment. On the last sampling day one relplicate of the LowPA treatment had 0 organisms. 

One replicate of the MedPA treatment had no Chaoborus sp.on two consecutive sampling 

days (63,70). No significant differences were observed in either polyamide treatment. A dip in 

overall abundance was found in all mesocosms after the applications and a maximum two to 

three weeks after that. Same applies for male (Figure 60) and female (Figure 61) chaoborids. 
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The mean abundance of male Chaoborus sp. (Figure 60) ranged from 

0.5 ×/÷ 5.41 Ind. sample⁻¹ on day 84 to 50.5 ×/÷ 1.38 Ind. sample⁻¹ on day 35 in the control. 

The mean abundance of male Chaoborus sp. ranged from 0.5 ×/÷ 11.08 Ind. sample⁻¹ on 

day 84 to 53.9 ×/÷ 1.33 Ind. sample⁻¹ on day 49 in the Silica treatment.  

 

 

Figure 60 Abundance of male emerged Chaoborus sp. [Ind. sample⁻¹] 

 

The mean abundance of male Chaoborus sp. ranged from 0.2 ×/÷ 3.78 Ind. sample⁻¹ on 

day 84 to 36.7 ×/÷ 1.61 Ind. sample⁻¹ on day 35 in the LowPA treatment. The mean abundance 

of male Chaoborus sp. ranged from 0.3 ×/÷ 5.64 Ind. sample⁻¹ on days 63 and 77 to 

46.2 ×/÷ 2.18 Ind. sample⁻¹ on day 28 in the MedPA treatment.The mean abundance of male 

Chaoborus sp. ranged from 0.2 ×/÷ 3.78 Ind. sample⁻¹ on day 63 to 82.7 ×/÷ 1.21 Ind. sample⁻¹ 

on day 35 in the HighPA treatment. There were significantly higher abundances on day 56 and 

on day 84 of male Chaoborus sp. In the Silica treatment. In every treatment there were no 

organisms detected, on individual samplings.  
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The mean abundance of female Chaoborus sp. (Figure 61) ranged from 

0.5 ×/÷ 4.67 Ind. sample⁻¹ on day 84 to 28.4 ×/÷ 1.68 Ind. sample⁻¹ on day 35 in the control. 

The mean abundance of female Chaoborus sp. ranged from 0.5 ×/÷ 11.08 Ind. sample⁻¹ on 

day 77 to 29.6 ×/÷ 1.27 Ind. sample⁻¹ on day 0 in the Silica treatment. The mean abundance of 

female Chaoborus sp. ranged from 0.2 ×/÷ 3.78 Ind. sample⁻¹ on day 84 to 

23.5 ×/÷ 1.45 Ind. sample⁻¹ on day 42 in the LowPA treatment. The mean abundance of female 

Chaoborus sp. ranged from 0.2 ×/÷ 3.78 Ind. sample⁻¹ on day 63 to 32.0 ×/÷ 1.2 Ind. sample⁻¹ 

on day 35 in the MedPA treatment. 

 

 

Figure 61 Abundance of female emerged Chaoborus sp. [Ind. sample⁻¹] 

 

The mean abundance of female Chaoborus sp. ranged from 0 Ind. sample⁻¹ on day 84 

to 41.1 ×/÷ 1.82 Ind. sample⁻¹ on day 35 in the HighPA treatment. On day 56, compared to the 

control, there were significantly more female Chaoborus sp. identified in the Silica treatment. 

In every treatment and the control there were no female individuals found, on individual 

samplings. 
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The mean abundance of Cloeon dipterum (Figure 62) ranged from 

0.2 ×/÷ 2.8 Ind.sample⁻¹ on day 77 to 67.7 ×/÷ 1.43 Ind. sample⁻¹ on day 21 in the control. The 

mean abundance of C. dipterum ranged from 1.4 ×/÷ 1.63 Ind. sample⁻¹ on day 77 to 

76.0 ×/÷ 1.97 Ind. sample⁻¹ on day 21 in the Silica treatment. The mean abundance of 

C. dipterum ranged from 0 Ind. sample⁻¹ on day 70 to 89.6 ×/÷ 1.47 Ind. sample⁻¹ on day 35 in 

the LowPA treatment. The mean abundance of C. dipterum ranged from 

0.2 ×/÷ 3.78 Ind. sample⁻¹ on day 77 to 54.6 ×/÷ 1.4 Ind. sample⁻¹ on day 28 in the MedPA 

treatment. 

 

 

Figure 62 Abundance of all emerged Cloeon dipterum [Ind. sample⁻¹] 

 

The mean abundance of C. dipterum ranged from 0.5 ×/÷ 3.78 Ind. sample⁻¹ on day 77 

to 61.0 ×/÷ 1.15 Ind. sample⁻¹ on day 35 in the HighPA treatment. On days 56 and 77 the Silica 

treatment had significantly higher abundances compared to the control. The LowPA 

treatment had significantly more Cloeon dipterum compared to the control on day 49. The 

MedPA and HighPA treatment showed no significant differences compared to the control, but 

each two replicates of these treatments had no organisms on one sampling day at latter stages 

of the study. Starting day 63 the MDD for the Silica treatment and the polyamide treatments 

exceeded 100, except on the last sampling day (95 and 89 respectively).  
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The mean abundance of male Cloeon dipterum (Figure 63) ranged from 0 Ind. sample⁻¹ 

on days 70 and 77 to 38.9 ×/÷ 1.69 Ind. sample⁻¹ on day -7 in the control. The mean abundance 

of male C. dipterum ranged from 0.3 ×/÷ 5.09 Ind. sample⁻¹ on day 63 to 

40.2 ×/÷ 1.52 Ind. sample⁻¹ on day -7 in the Silica treatment. The mean abundance of male 

C. dipterum ranged from 0 Ind. sample⁻¹ on day 77 to 39.4 ×/÷ 2.31 Ind. sample⁻¹ on day 28 in 

the LowPA treatment. The mean abundance of male C. dipterum ranged from 0 Ind. sample⁻¹ 

on days 63 through 84 to 30.3 ×/÷ 1.46 Ind. sample⁻¹ on day 28 in the MedPA treatment. 

 

 

Figure 63 Abundance of male emerged Cloeon dipterum [Ind. sample⁻¹] 

 

The mean abundance of male C. dipterum ranged from 0 Ind. sample⁻¹ on day 77 to 

33.4 ×/÷ 1.97 Ind. sample⁻¹ on day 0 in the HighPA treatment. The abundance of male 

Cloeon dipterum was significantly higher compared to the control on days 56 and 84 in the 

Silica treatment There were no significant differences in the LowPA, MedPA and HighPA 

treatments compared to the control.  
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The mean abundance of female Cloeon dipterum (Figure 64) ranged from 

0.2 ×/÷ 2.8 Ind. sample⁻¹ on day 77 to 29.1 ×/÷ 1.44 Ind. sample⁻¹ on day 21 in the control. The 

mean abundance of female C. dipterum ranged from 0 Ind. sample⁻¹ on day 77 to 

42.0 ×/÷ 1.54 Ind. sample⁻¹ on day 21 in the Silica treatment. 

 

 

Figure 64 Abundance of female emerged Cloeon dipterum [Ind. sample⁻¹] 

 

The mean abundance of female C. dipterum ranged from 0.2 ×/÷ 3.78 Ind. sample⁻¹ on 

days 77 and 84 to 36.1 ×/÷ 1.85 Ind. sample⁻¹ on day 28 in the LowPA treatment. The mean 

abundance of female C. dipterum ranged from 0.3 ×/÷ 3.78 Ind. sample⁻¹ on days 63 through 

77 to 24.9 ×/÷ 1.25 Ind. sample⁻¹ on day 21 in the MedPA treatment. The mean abundance of 

female C. dipterum ranged from 0.3 ×/÷ 8.41 Ind. sample⁻¹ on day 70 to 

29.1 ×/÷ 1.59 Ind. sample⁻¹ on day 21 in the HighPA treatment. The abundance of male 

Cloeon dipterum was significantly higher compared to the control on days 56 in the Silica 

treatment There were no significant differences in the LowPA, MedPA and HighPA treatments 

compared to the control. 
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The mean abundance of Coenagrionidae (Figure 65) ranged from 0 Ind. sample⁻¹ on 

day -7 and 84 to 2.5 ×/÷ 2.0 Ind. sample⁻¹ on day 42 in the control. The mean abundance of 

Coenagrionidae ranged from 0 Ind. sample⁻¹ on days -7, 0, 56, 63, 77 and 84 to 

3.2 ×/÷ 1.91 Ind. sample⁻¹ on day 21 in the Silica treatment. The mean abundance of 

Coenagrionidae ranged from 0 Ind. sample⁻¹ on days -7, 70 and 77 to 1.6 ×/÷ 2.23 Ind. sample⁻¹ 

on day 49 in the LowPA treatment. 

 

 

Figure 65 Abundance of all emerged Coenagrionidae [Ind. sample⁻¹] 

 

The mean abundance of Coenagrionidae ranged from 0 Ind. sample⁻¹ on days -7, 7, 63 

and 84 to 3.2 ×/÷ 1.49 Ind. sample⁻¹ on day 42 in the MedPA treatment. The mean abundance 

of Coenagrionidae ranged from 0 Ind. sample⁻¹ on days -7, 7 and 70 through 84 to 

1.1 ×/÷ 7.78 on day 42 in the HighPA treatment. In the LowPA treatment there were 

significantly more organisms compared to the control on day 84. The abundance of 

Coenagrionidae fluctuated in all treatments over the whole study. MDD’s were over 100 on 

all sampling days except three (0, 42 and 56), so on all other days only indirect (positive) effects 

could be statistically confirmed. 
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The mean abundance of Tanypodinae (Figure 66) ranged from 

1.8 ×/÷ 6.21 Ind. sample⁻¹ on day 70 to 80.4 ×/÷ 1.58 Ind. sample⁻¹ on day 7 in the control. The 

mean abundance of Tanypodinae ranged from 1.4 ×/÷ 1.63 Ind. sample⁻¹ on day 35 to 

67.8 ×/÷ 1.54 Ind. sample⁻¹ on day 7 in the Silica treatment. The mean abundance of 

Tanypodinae ranged from 0.4 ×/÷ 9.57 Ind. sample⁻¹ on day 42 to 79.1 ×/÷ 1.51 Ind. sample⁻¹ 

on day 7 in the LowPA treatment. 

 

 

Figure 66 Abundance of all emerged Tanypodinae [Ind. sample⁻¹] 

 

The mean abundance of Tanypodinae ranged from 1.0 ×/÷ 7.74 Ind. sample⁻¹ on day 

77 to 95.5 ×/÷ 1.18 Ind. sample⁻¹ on day 7 in the MedPA treatment. The mean abundance of 

Tanypodinae ranged from 1.3 ×/÷ 9.00 Ind. sample⁻¹ on day 70 to 89.1 ×/÷ 1.42 Ind. sample⁻¹ 

on day 7 in the HighPA treatment. The abundance of Tanypodinae rose during the application 

phase to its maximum in all mesocosms and declined afterwards. The dispersion increased in 

the second half of the experiment. There were no significant differences compared to the 

control group throughout the study and thus the NOEC is > 150 mg L⁻¹. 
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The mean abundance of Orthocladiinae (Figure 67) ranged from 0 Ind. sample⁻¹ on 

days 70 and 84 to 16.2 ×/÷ 2.44 Ind. sample⁻¹ on day 0 in the control. The mean abundance of 

Orthocladiinae ranged from 0 Ind. sample⁻¹ on days 14, 28, 70 and 84 to 

17.2 ×/÷ 5.73 Ind. sample⁻¹ on day 0 in the Silica treatment. The mean abundance of 

Orthocladiinae ranged from 0 Ind. sample⁻¹ on days 28, 49 and 84 to 42.8 ×/÷ 2.40 Ind. 

sample⁻¹ on day 0 in the LowPA treatment. The mean abundance of Orthocladiinae ranged 

from 0 Ind. sample⁻¹ on days 14, 35, 3, 70 and 84 to 19.0 ×/÷ 2.06 Ind. sample⁻¹ on day 7 in the 

MedPA treatment. 

 

 

Figure 67 Abundance of all emerged Orthocladiinae [Ind. sample⁻¹] 

 

The mean abundance of Orthocladiinae ranged from 0 Ind. sample⁻¹ on days 28, 49 

through 70 and 84 to 21.2 ×/÷ 1.62 Ind. sample⁻¹ on day 0 in the HighPA treatment. In the 

LowPA treatment there were significantly more organisms compared to the control on day 21. 

The Silica treatment had significantly higher abundances on day 63 compared to the control. 

The MedPA and HighPA treatments showed no significant differences compared to the 

control. MDD’s were over 100 on all sampling days after the first application except two (7 

and 21), so on all other days only indirect (positive) effects could be statistically confirmed.  
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The mean abundance of Chironominae (Figure 68) ranged from 0 Ind. sample⁻¹ on day 

49 to 5.0 ×/÷ 1.15 Ind. sample⁻¹ on day 7 in the control. The mean abundance of Chironominae 

ranged from 0 Ind. sample⁻¹ on days 21, 35, 42, 70 and 77 to 8.9 ×/÷ 3.12 Ind. sample⁻¹ on 

day  -7 in the Silica treatment. The mean abundance of Chironominae ranged from 

0 Ind. sample⁻¹ on day 63 to 12.8 ×/÷ 1.41 Ind. sample⁻¹ on day -7 in the LowPA treatment. The 

mean abundance of Chironominae ranged from 0.2 ×/÷ 3.78 Ind. sample⁻¹ on days 42 and 56 

through 84 to 7.3 ×/÷ 3.08 Ind. sample⁻¹ on day -7 in the MedPA treatment. 

 

 

Figure 68 Abundance of all emerged Chironominae [Ind. sample⁻¹] 

 

The mean abundance of Chironominae ranged from 0 Ind. sample⁻¹ on days 63 and 84 

to 4.0 ×/÷ 3.33 Ind. sample⁻¹ on day -7 in the HighPA treatment. The abundance of 

Chironominae fluctuated strongly throughout the study in all treatments and the control. On 

day 63 there were significantly more Chironominae in the Silica treatment compared to the 

control. Neither polyamide treatment had significant differences compared to the control 

over the study. 
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The mean abundance of all Chironomidae (Figure 69) ranged from 

10.4 ×/÷ 1.79 Ind. sample⁻¹ on day 42 to 104.1 ×/÷ 1.42 Ind. sample⁻¹ on day 7 in the control. 

The mean abundance of all Chironomidae ranged from 12.0 ×/÷ 1.13 Ind. sample⁻¹ on day 35 

to 97.7 ×/÷ 1.12 Ind. sample⁻¹ on day 7 in the Silica treatment. The mean abundance of all 

Chironomidae ranged from 7.5 ×/÷ 1.3 Ind. sample⁻¹ on day 49 to 131.0 ×/÷ 1.64 Ind. sample⁻¹ 

on day 0 in the LowPA treatment. The mean abundance of all Chironomidae ranged from 

2.8 ×/÷ 20.91 Ind. sample⁻¹ on day 70 to 130.6 ×/÷ 1.04 Ind. sample⁻¹ on day 7 in the MedPA 

treatment. 

 

 

Figure 69 Abundance of all emerged Chironomidae [Ind. sample⁻¹] 

 

The mean abundance of all Chironomidae ranged from 10.2 ×/÷ 2.59 Ind. sample⁻¹ on 

day 56 to 113.2 ×/÷ 1.35 Ind. sample⁻¹ on day 7 in the HighPA treatment. The abundance of all 

Chironomidae declined after the application phase and the dispersion rose after the first half 

of the study. There were no significant differences compared to the control group throughout 

the study and thus the NOEC is > 150 mg L⁻¹. One replicate of the MedPA treatment had no 

organisms on day 70. One replicate of each treatment exceeded the control range at the latter 

stages of the study. 

 

4.4.2 PRC of emerging insect community 

The PRC of the emerging insect community (Figure 70) depicts the effect of the 

treatments on community level. The Silica treatments started with positive effect-like values 

before application. After the applications the effect decreased and peaked in negative value. 

After that the effect turned around and the positive effect was stronger than in all polyamide 
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treatments. The LowPA treatment has moderate effects with a similar staring point as the 

Silica treatment. After application the values approached the control and remained within the 

control range until the end of the study. The MedPA treatment, after a positive peak after the 

last application, shows a negative effect until the end of the study. HighPA treatment, like the 

MedPA treatment, shows a positive effect of the particles on the community, but with a later 

peak. After that, at the same time as the MedPA treatment, the HighPA treatment showed a 

strong negative effect, but recovered two weeks after. Before the first application (vertical 

line;day 0) there are no differences compared to the control line.  

 

 

Figure 70 Principal response curve of emerging insect community 

The changes in emerging insect community were not significant (p-value = 0.258). 7 

out of the 19 taxa had species scores with an absolute value over 0.5. Out of those only 

Thysanoptera had a negative sign with a species score of -0.91. Chaoborus sp., with species 

score of 2.85 followed by Chironomidae with a score of 2.00 had the biggest species scores. 

The subfamily Orthocladiinae and Cloeon dipterum had species scores around 1.5 with 1.55 

and 1.44 respectively. Two more subfamilies of Chironomidae had species scores greater than 

0.5. Chironominae with 0.90 and Tanypodinae with 0.61 had the fifth and sixth greatest 

positive species scores. 

4.4.3 Biovolume 

The biovolume of the male Chaoborus sp. (Figure 71) showed no significant differences 

within a sampling date. The frequently occurring biovolumes ranged between 10 and 15 mm3 
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in all treatments and the control on day 0. Study days 42 and 56 showed lower values in 

biovolumes but no significant differences between the treatments and control. 

 

Figure 71 Biovolume of male emerged Chaoborus sp. on days 0, 42 and 56 

The female Chaoborus sp. (Figure 72) were slightly bigger compared to the male 

organisms in average on day 0. There were no significant differences between the control and 

the treatments. The 15 mg PA L⁻¹ lacked smaller organisms between 5 and 10 mm3. On study 

days 42 and 56 the organisms were smaller than on day 0 in general. There were no significant 

differences between the control and the treatments after application. 

 

Figure 72 Biovolume of female emerged Chaoborus sp. on days 0, 42 and 56 
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The biovolume of Cloeon dipterum males (Figure 73) ranged between 5 and 20 mm3 in 

the control and all treatments at study days 0 and 21. There were no significant differences 

between the treatments and the control. The organisms were slightly smaller on average on 

day 21 and even smaller on day 42. 

 

Figure 73 Biovolume of male emerged Cloeon dipterum on days 0, 21 and 42 

The biovolume of Cloeon dipterum females (Figure 74) had the highest frequencies 

from 15 to 30 mm3 before application and after application on day 21. On study day 42 the 

mean biovolumes of organisms in the treatments and the control were lower. No significant 

differences were detected. 

 

Figure 74 Biovolume of female emerged Cloeon dipterum on days 0, 21 and 42 
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4.4.4 Sex ratio 

The sex ratio of nmales/ntotal of Chaoborus sp. (Table 14) showed significant differences 

compared to the control on three sampling in the Silica treatment. On days 0 and 14 the 

proportion of males was significantly lower compared to the control. On day 21 the proportion 

was less than half compared to the control, but no significance could be found due to 

insufficient sample size. On day 49 the proportion of males was significantly higher in the Silica 

treatment compared to the control. The LowPA and MedPa showed no significant differences 

compared to the control throughout the study. The proportion of males in the HighPA 

treatment was significantly higher on day 28. After day 56 not all treatments and after day 70 

neither treatment had sufficient numbers for statistical evaluation.  

Table 14 Sex ratio of Chaoborus sp. Proportion calculated as nmales/ntotal. Bold green cells show 
significant differences to control. Italic orange cells indicate low abundances (n<30) and unreliable 
statistical analysis. 

Day 

Control ratio  

(nmales/ntotal)  Silica LowPA MedPA HighPA 

-7 60.8 55.1 57.6 69.7 69.9 

0 55.3 31.8 51.0 54.2 54.8 

7 39.7 48.1 43.7 52.9 40.0 

14 55.9 28.6 43.9 31.6 72.7 

21 78.6 30.8 42.9 65.9 66.7 

28 66.7 64.3 66.7 65.1 81.4 

35 62.7 75.6 64.5 62.1 64.4 

42 56.2 66.7 53.5 42.6 51.6 

49 49.8 64.0 51.2 50.0 41.0 

56 45.5 43.9 51.4 29.4 43.0 

63 55.1 55.9 60.0 28.6 44.4 

70 60.9 50.0 52.5 45.5 43.5 

77 45.5 57.1 40.0 66.7 52.4 

84 58.3 60.0 50.0 53.8 100.0 

 

The proportion of nmales/ntotal of Cloeon dipterum (Table 15) showed no significant 

differences compared to the control in neither treatment. Starting day 63 no significant 

differences were observable due to insufficient numbers of individuals. The proportion of 

males in the control stayed around 50 to 60% through the first 8 samplings (day -7 to day 42). 

The proportion sunk after. 

 

 

 



  Results 

124 
 

Table 15 Sex ratio of Cloeon dipterum. Proportion calculated as nmales/ntotal. Italic orange cells indicate 

low abundances (n<30) and unreliable statistical analysis. 

Day 

Control ratio  

(nmales/ntotal)  Silica LowPA MedPA HighPA 

-7 63.6 58.7 63.8 63.0 60.2 

0 58.9 61.6 47.4 66.7 61.9 

7 51.0 50.0 66.7 58.1 50.6 

14 55.0 53.4 54.3 50.0 43.5 

21 55.0 46.3 47.1 49.7 40.8 

28 53.1 55.9 54.2 65.5 52.5 

35 55.3 43.4 54.5 61.3 58.6 

42 48.6 46.4 48.9 58.8 42.9 

49 29.7 35.4 34.7 52.1 40.0 

56 27.3 31.3 20.0 40.0 10.0 

63 33.3 37.5 23.5 0.0 30.0 

70 0.0 42.9 36.4 0.0 66.7 

77 0.0 100.0 0.0 0.0 0.0 

84 44.4 72.7 75.0 0.0 50.0 

 

4.4.5 Dominance 

In the control (Table 16), the mayflies Cloeon dipterum were initially the most 

dominant taxon with 43.4% (eudominant). At the end of the study, the taxon was less 

represented with 7.2% and classified as dominant. On day 21, the mayflies showed a peak 

with over 60% relative dominance. Chaoborus sp. peaked at 58.2% (eudominant) on day 49, 

with the lowest proportions of less than 10% (dominant) recorded in the first weeks after first 

application. The taxon Chironomidae increased continuously towards the end of the study, 

while the subfamilies Orthocladiinae, Tanypodinae and Chironominae decreased steadily. The 

Silica treatment showed a similar trend to the control, whereby the dominance of the 

Chironomidae was even higher at 63.1% at the last sampling. The LowPA treatment confirms 

this trend. However, there was a very high dominance of Tanypodinae on day 7 with almost 

50%. Chaoborus sp. was also eudominant on day 35 with 60.3%. As in the other treatments, 

Cloeon dipterum was not recedent to subdominant at the end of the study. In the HighPA 

treatment, Chaoborus sp. on day 35 with 64.3% and Chironomidae with 78.1% on day 77 

achieved the highest relative dominances across all treatments. Cloeon dipterum started high 

at 40.3% (day -7), then dropped dramatically to 9.1% (dominant) on day 84 with an interim 

peak on day 21 at just below 60%. 

 



   

125 
 

Table 16 Relative densities [%] of most abundant taxa of emerging insects 

Control 

Day -7 0 7 14 21 28 35 42 49 56 63 70 77 84 

Anisoptera 0.0 0.0 0.0 0.6 0.0 0.4 0.0 0.0 0.0 0.3 0.0 0.0 0.0 0.0 

Chaoborus sp. 28.2 17.2 8.3 5.2 7.7 36.8 54.1 56.6 58.2 55.8 48.9 44.5 20.8 12.0 

Chironomidae 4.1 5.2 3.0 13.1 3.6 5.4 4.2 3.3 6.8 8.8 15.5 21.9 40.9 43.3 

Chironominae 1.8 1.9 3.0 1.5 2.2 0.7 0.5 0.5 0.0 2.9 0.4 2.6 3.9 0.5 

Cloeon 

dipterum 

43.4 31.3 25.2 39.8 60.9 43.0 30.5 26.2 15.6 9.6 8.3 1.9 0.6 7.2 

Coenagrionidae 0.0 0.8 0.4 0.6 1.2 1.5 1.5 2.6 1.0 2.6 1.1 0.6 0.6 0.0 

Orthocladiinae 9.9 11.3 7.2 0.4 4.9 0.1 0.7 0.7 0.6 1.5 1.5 0.0 7.1 0.0 

Tanypodinae 9.0 30.6 51.3 35.9 16.4 8.7 4.2 4.0 7.6 10.8 14.0 12.9 13.6 26.4 

Thysanoptera 2.2 0.9 0.2 0.4 0.5 2.1 1.2 2.2 5.1 5.3 6.8 10.3 2.6 1.4 

Silica 

Day -7 0 7 14 21 28 35 42 49 56 63 70 77 84 

Anisoptera 0.0 0.0 0.5 0.0 0.0 0.5 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 

Chaoborus sp. 30.4 20.4 19.5 16.0 6.4 20.7 38.6 59.2 64.0 54.2 43.8 22.2 8.4 7.1 

Chironomidae 3.5 7.8 1.7 11.1 1.1 7.2 7.6 6.0 10.8 10.6 18.8 48.4 60.5 63.1 

Chironominae 6.5 0.9 2.9 0.6 0.0 0.5 0.0 0.0 0.6 0.4 1.9 0.0 0.0 2.1 

Cloeon 

dipterum 

38.7 29.1 31.0 38.6 64.4 57.7 45.3 27.2 15.8 22.0 16.9 7.1 2.5 9.9 

Coenagrionidae 0.0 0.0 0.5 0.6 2.7 2.7 1.7 1.6 1.5 0.0 0.0 0.8 0.0 0.0 

Orthocladiinae 7.0 14.6 8.5 0.0 8.0 0.0 0.4 1.2 0.9 1.8 3.8 0.0 5.9 0.0 

Tanypodinae 11.6 27.2 34.6 30.3 15.5 9.0 1.3 3.6 1.8 6.2 7.5 16.7 20.2 17.0 

Thysanoptera 1.6 0.0 0.5 0.3 0.4 0.9 3.4 0.4 3.5 2.6 3.1 3.2 0.0 0.0 
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Table 16 (continued) Relative densities [%] of most abundant taxa of emerging insects 

1.5 mg/L PA 

Day -7 0 7 14 21 28 35 42 49 56 63 70 77 84 

Anisoptera 0.0 0.0 0.0 1.4 0.4 0.2 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 

Chaoborus sp. 34.3 16.4 14.5 9.8 5.4 11.9 43.9 51.5 52.3 53.2 37.4 32.8 6.5 1.2 

Chironomidae 6.5 10.0 3.6 27.6 5.4 7.2 1.8 4.0 2.4 6.9 26.1 29.6 57.4 59.6 

Chironominae 7.7 2.1 2.4 1.4 0.6 0.4 0.5 0.5 0.6 1.9 0.0 6.4 7.4 2.3 

Cloeon 

dipterum 

27.8 13.5 22.4 29.0 56.7 63.1 46.4 36.6 30.0 16.2 16.5 8.8 0.9 2.3 

Coenagrionidae 0.0 0.2 0.5 0.7 0.9 0.6 0.5 0.7 1.8 0.9 0.9 0.0 0.0 1.2 

Orthocladiinae 13.8 26.2 14.6 0.3 18.4 0.0 0.2 0.2 0.0 1.9 0.9 0.8 2.8 0.0 

Tanypodinae 8.2 31.1 39.7 25.8 10.2 13.6 3.8 1.2 1.2 8.8 8.7 6.4 17.6 31.6 

Thysanoptera 0.4 0.0 0.5 0.5 0.0 0.6 1.2 3.5 7.6 8.3 6.1 12.0 2.8 0.6 

15 mg/L PA 

Day -7 0 7 14 21 28 35 42 49 56 63 70 77 84 

Anisoptera 0.0 0.0 0.0 1.1 0.5 0.0 0.0 0.3 0.0 0.0 0.0 0.0 0.0 0.0 

Chaoborus sp. 26.9 13.3 9.3 6.5 23.3 53.1 60.3 52.3 35.4 26.5 9.4 21.8 13.0 18.3 

Chironomidae 6.7 5.1 2.9 15.2 4.1 6.8 7.7 10.1 11.9 30.2 56.3 46.2 48.1 42.7 

Chironominae 7.8 3.0 3.0 0.6 1.3 0.3 0.6 0.3 0.8 0.6 1.0 1.3 1.9 0.8 

Cloeon 

dipterum 

33.9 25.2 21.1 22.8 42.6 29.0 21.9 22.7 20.2 17.3 2.1 2.6 1.9 2.3 

Coenagrionidae 0.0 0.4 0.0 1.7 1.5 1.4 2.1 3.2 2.1 1.2 0.0 1.3 1.9 0.0 

Orthocladiinae 6.7 13.8 11.3 0.0 7.7 0.2 0.0 0.6 1.6 1.2 0.0 0.0 1.9 0.0 

Tanypodinae 11.9 36.9 48.8 48.0 17.7 6.5 4.7 5.2 10.7 11.7 18.8 9.0 13.0 31.3 

Thysanoptera 3.9 1.1 1.7 1.4 0.3 1.4 2.2 3.6 11.5 9.9 8.3 15.4 5.6 0.0 

 



   

127 
 

Table 16 (continued) Relative densities [%] of most abundant taxa of emerging insects 

150 mg/L PA 

Day -7 0 7 14 21 28 35 42 49 56 63 70 77 84 

Anisoptera 0.0 0.0 0.5 0.0 0.0 0.4 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 

Chaoborus sp. 31.4 16.0 7.2 4.0 8.0 39.1 64.3 60.6 53.8 54.2 25.0 16.1 10.3 9.1 

Chironomidae 2.9 3.6 0.7 17.3 2.0 5.8 4.2 8.8 13.2 13.9 32.8 60.6 78.1 54.5 

Chironominae 4.2 0.8 1.0 0.9 1.0 0.4 0.6 0.4 1.8 0.6 0.0 1.9 2.7 0.0 

Cloeon 

dipterum 

40.3 32.4 26.7 34.6 58.1 38.3 23.4 17.5 16.1 6.6 9.5 3.9 0.7 9.1 

Coenagrionidae 0.0 0.2 0.0 0.7 2.3 0.6 0.3 1.5 2.3 0.6 1.7 0.0 0.0 0.0 

Orthocladiinae 9.1 11.2 10.1 0.5 13.3 0.0 0.1 0.4 0.0 0.0 0.0 0.0 1.0 0.0 

Tanypodinae 9.3 33.4 46.9 34.4 12.3 11.3 3.4 3.2 4.1 10.8 12.9 5.8 4.5 24.8 

Thysanoptera 0.7 0.7 1.0 0.9 0.3 1.6 1.8 4.2 6.1 10.2 13.8 7.7 0.3 0.8 
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4.4.6 Diversity indices 

The mean number of taxa (Figure 75) ranged from 5.1 ×/÷ 1.46 on day 84 to 

9.2 ×/÷ 1.12 on day 0 in the control. The mean number of taxa ranged from 5.0 ×/÷ 1.00 on 

day 84 to 8.5 ×/÷ 1.09 on day 7 in the Silica treatment. The mean number of taxa ranged from 

5.6 ×/÷ 1.21 on day 84 to 9.7 ×/÷ 1.06 on day 7 in the LowPA treatment. The mean number of 

taxa ranged from 3.5 ×/÷ 2.95 on day 70 to 9.0 ×/÷ 1.12 on day 7 in the MedPA treatment. The 

mean number of taxa ranged from 5.0 ×/÷ 1.00 on day 84 to 10.0 ×/÷ 1.00 on day 7 in the 

HighPA treatment. On day 0, before application the number of taxa in the Silica treatment was 

significantly lower compared to the control. The number of taxa was significantly lower 

compared to the control on day 56 in the HighPA treatment.  

 

 

Figure 75 Number of taxa of emerging insects 

 

The mean Shannon index (Figure 76) ranged from 1.2 ×/÷ 1.21 on day 35 to 

1.6 ×/÷ 1.14 on day 0 in the control. The mean Shannon index ranged from 1.0 ×/÷ 1.55 on day 

77 to 1.5 ×/÷ 1.09 on day -7 in the Silica treatment. The mean Shannon index ranged from 

0.9 ×/÷ 1.06 on day 84 to 1.6 ×/÷ 1.03 on day -7 in the LowPA treatment. The mean Shannon 

index ranged from 0.6 ×/÷ 4.48 on day 70 to 1.7 ×/÷ 1.07 on day 49 in the MedPA treatment. 

The mean Shannon index ranged from 0.9 ×/÷ 1.38 on day 77 to 1.5 ×/÷ 1.14 on day 0 in the 

HighPA treatment. There were no significant differences compared to the control group 

throughout the study regarding the Shannon index. 
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Figure 76 Shannon index of emerging insect community 

The mean evenness (Figure 77) ranged from 0.56 ×/÷ 1.14 on day 35 to 

0.79 ×/÷ 1.15 on day 77 in the control. The mean evenness ranged from 0.56 ×/÷ 1.49 on day 

21 to 0.87 ×/÷ 1.01 on day 0 in the Silica treatment. The mean evenness ranged from 

0.50 ×/÷ 1.17 on day 35 to 0.81 ×/÷ 1.09 on day 0 in the LowPA treatment. The mean evenness 

ranged from 0.36 ×/÷ 3.12 on day 70 to 0.79 ×/÷ 1.31 on day 77 in the MedPA treatment. The 

mean evenness ranged from 0.50 ×/÷ 1.20 on day 35 to 0.69 ×/÷ 1.11 on day 0 in the HighPA 

treatment. There were no significant differences compared to the control group throughout 

the study regarding the evenness. 
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Figure 77 Evenness of emerging insect community 

 

4.4.7. Emergence mean Time  

The emergence mean Time for a proportion of 20% of the organisms (EmT20) was 

normalized to the control value (Figure 78). The control value is fixed at a value of 1. The total 

sum of chaoborids, as well as the male and female individuals separately have EmT20 values 

below 1 in all treatments. The only exception were the female Chaoborus sp. in the HighPA 

treatment, where the organisms emerged around 25% later than in the control. The males 

have EmT20values closer to 1 compared to the females and the total sum, which also includes 

the organisms whose sex was not distinguishable. The total sum of Cloeon dipterum had EmT20 

values over 1 in all treatments with the organisms in the LowPA treatment emerged the latest 

followed by the MedPA treatment. 20% of the Cloeon dipterum males emerged slightly early 

in the Silica and LowPA treatment compared to the control. The organisms in the MedPA and 

HighPA treatment emerged 20% to 40% later than the ones in the control. The female Cloeon 

dipterum emerged early compared to the control in all treatments except the LowPA 

treatment.  
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Figure 78 Emergence mean Time for 20% of the emerging insects normalized to control 

The Chironomidae and its subfamilies Tanypodinae, Chironominae and Orthocaldiinae 

had the strongest changes in EmT20 compared to the control. Orthocladiinae had the lowest 

EmT20 values in all treatments. The organisms emerged four times earlier compared to the 

control. The difference was not significant with MDD values over 120% in all treatments. 

Chironominae emerged earlier in all treatments as well, with the closest EmT20 value to the 

control in the HighPA treatment followed by the Silica treatment. The organisms in the MedPA 

treatment emerged three times earlier than the individuals in the control. The MDD, however, 

was over 100% in all treatments. The Tanypodinae show no clear pattern. The individuals 

emerged 60% later than in the control. The organisms in The MedPA treatment had slightly 

delayed emergence. The individuals in the LowPA and HighPA treatments emerged early 

compared to the control. The Tanypodinae met the MDD criteria, with MDD values of 100% 

in the Silica treatment and 98% in the polyamide treatments however. The total sum of 

Chironomidae, which also includes organisms of other subfamilies or not distinguishable 

organisms showed delayed emergence compared to the control in all treatments except the 

MedPA treatment. The organisms emerged nearly 90% later in the HighPA treatment followed 
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by the Silica treatment and the LowPA treatment. The Coenagrionidae emerged later 

compared to the control in all treatments. The organisms in the HighPA treatment had the 

most delayed emergence followed by the MedPA, LowPA and Silica treatments. There were 

no significant differences in the 20% Emergence mean Time compared to the control. 

The EmT50 (Figure 79) shows a different pattern than the EmT20. Chaoborus sp. total, 

males and females emerged later in the Silica treatment. Males also emerged earlier in the 

LowPA and HighPA treatments. The females emerged slightly earlier in all polyamide 

treatments. The EmT50 of the total sum of Cloeon dipterum and both sexes ranged around 

control value of 1.  

 

 

Figure 79 Emergence mean Time for 50% of the emerging insects normalized to control 

The total number of Chironomidae and the Orthocladiinae in the Silica treatment 

emerged later than in the control. The total sum emerged nearly 125% later in the Silica 

treatment than in the control. Chironominae in the LowPA and HighPA treatments and the 

total sum in the HighPA treatment emerged around 75% later than in the control. 
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Chironominae in the MedPA treatment and Orthocladiinae in the HighPA treatment emerged 

around 100% earlier than the individuals in the controls. EmT50 of Tanypodinae ranged around 

the control value. The EmT50 of Coenagrionidae was lower in the Silica and MedPA treatments. 

The LowPA and HighPA values ranged around the control. There were no significant 

differences between any treatment and the control. 

The Emergence mean Time of 80% of total emergence (Figure 80) normalized to 

control was delayed in the Silica treatment for all taxa, except Coenagrionidae. Chaoborus had 

an early emergence in both sexes and the total sum in the MedPA and HighPA treatments.  

While the males and females had a similar EmT80 relative to the control in the MedPA 

treatment, the EmT80 relative to the control of the males was much lower than of the females.  

 

 

Figure 80 Emergence mean Time for 80% of the emerging insects normalized to control 
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The EmT80 relative to the control of Cloeon dipterum was delayed or on control level in 

total sum, males and females in all treatments but less than 20%. The changes in EmT80 relative 

to the control in the Silica treatment were the strongest in the subfamily Tanypodinae, 

followed by Orthocladiinae and Chironominae. The MedPA treatment caused an early EmT80 

relative to the control in all taxa belonging to the Chironmidae. The strongest effect can be 

found in the subfamily Orthocladiinae in the MedPA and HighPA treatments. These effects are 

significant compared to the control. The early emergence of Orthocladiinae in the LowPA 

treatment is not significant compared to the control. The changes in EmT80 relative to the 

control for Coenagrionidae were the highest in the Silica treatment. These changes were not 

significant. 

4.4.8. Statistical evaluation 

Table 17 shows the effects on the zooplankton taxa. The effects were classified 

according to EFSA (see Table 4). In the Silica treatment there were some taxa that were 

assigned to effect class 2+. Even though the male and the sum of all Chaoborus showed slight 

indirect effects the female individuals were assigned to effect class 1 “no effects”. The 

opposite is true for Cloeon dipterum, were females and the total sum showed slight indirect 

effects (class 2+), but males showed no effects (class 1). Out of the subfamilies of the family 

of Chironomidae only the Chironominae and Orthocladiinae showed slight indirect effects 

(class 2+). The total sum of emerging insects was also assigned class “+ as there were slight 

effects on the abundance. In the LowPA treatment the sum of all Chironomidae and the total 

sum of Cloeon dipterum as well as the Orthocladiinae showed slight indirect effects (class 2+). 

Chaoborus sp. males and Thysanoptera showed slight indirect effects in the MedPA treatment. 

All taxa were assigned class 1 “no effects” in the HighPA treatment. Overall 13 taxa, including 

sums and sexes are classified as MDD Category 1 and four as MDD Category 2. 

  



  Results 

135 
 

Table 17 Classification of the effect on emerging insects over the entire duration of the study according 
to EFSA (2013) 

MDD Category Taxon Silica LowPA MedPA HighPA 

1 Chaoborus sp. 2+ 1 1 1 

1 Chaoborus sp. female 1 1 1 1 

1 Chaoborus sp. male 2+ 1 2+ 1 

1 Chironomidae  1 2+ 1 1 

1 Chironomus sp. 1 1 1 1 

1 Cloeon dipterum 2+ 2+ 1 1 

1 Cloeon dipterum female 2+ 1 1 1 

1 Cloeon dipterum male 1 1 1 1 

1 Orthocladiinae  2+ 2+ 1 1 

1 Sum Chironomidae 1 1 1 1 

1 Tanypodinae  1 1 1 1 

1 Thysanoptera  1 1 2+ 1 

1 Total sum 2+ 1 1 1 

2 Chironominae  2+ 1 1 1 

2 Coenagrionidae  1 1 1 1 

2 Hydrophilidae  1 1 1 1 

2 Sum Odonata 1 1 1 1 

3 Anisoptera  1 1 1 1 

3 Ceratopogonidae  1 1 1 1 

3 Chironomidae <2mm  1 1 1 1 

3 Coleoptera  1 1 1 1 

3 Culicidae  1 1 1 1 

3 Curculionidae  1 1 1 1 

3 Dixidae sp. 1 1 1 1 

3 Dytiscidae  1 1 1 1 

3 Helophorus sp. 1 1 1 1 

3 Mymaridae  1 1 1 1 

3 Nematocera  1 1 1 1 

3 Podonominae  1 1 1 1 

3 Psychodidae  1 1 1 1 

3 Trichoptera  1 1 1 1 
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5.Discussion 
The mesocosm study was conducted in a big pond which was set up 18 months before 

the start of the pre application phase. This allowed the formation of a stable, a near-natural 

biosconoesis. Six weeks before the first application individual mesocosms were created by 

introducing stainless steel enclosures. 16 of these 1000 L systems were used in a design with 

five controls, two particulate controls and three triplicated microplastic treatments. 

Polyamide and silica were applied each four times to reach nominal concentrations of 

1.5 mg L-1 (LowPA), 15 mg L-1 (MedPA) and 150 mg L-1 (HighPA and Silica) respectively. Over a 

span of over 100 days on 158 individual samplings and 15 endpoints a total of over 2528 

samples were taken. Some of these samples were not analyzed as they were only for optional 

analysis only. In total 67 taxa were taxonomically differentiated. The fate of the particles was 

calculated mathematically and confirmed by turbidity measurements in situ. The effects on 

individual endpoints and taxa are discussed below and then put within a larger context at the 

ecosystem level. 

5.1 General study design 

This design, together with the balanced biocoenosis and extensive monitoring of 

various endpoints ensured a statistically sufficient power to show effects in eight potentially 

endangered species at least. Since the mode of action of the polyamide particles was not clear 

the aim was to have a sound biodiversity in the mesocosm test systems to demonstrate any 

impact. Minimum Detectable Difference (MDD) values over 100% signify that it is impossible 

to show significant toxic effects in given test design. Since a change of more than 100% in 

abundance is needed to show significant effects compared to the control and an abundance 

value is not able to fall below a limit of zero, no relative change of abundance can surpass 

100%. The number of replicates for the polyamide treatments was sufficient to not be 

influenced by outliers in general. The triplicates ensured a statistically powerful design. One 

replicate of the MedPA treatment had positive and negative outlier values for some endpoints 

and taxa. This however had no influence on the statistical evaluation since geometric means 

were used and the other two replicates had stable values. The Silica treatment had two 

replicates. This was sufficient to show whether a particle effect occurred. There were some 

significant differences between the Silica treatment and the controls. These are discussed in 

the respective subchapters. 

To provide a better understanding of the test system’s sensitivity, it is helpful to 

consider the MDD values of the primary producers and consumers in more detail. The primary 

producers, especially the phytoplankton color classes had MDD values below 100% for the 

total chlorophyll content, the diatoms and the blue algae throughout the study. The green 

algae showed MDD values over 100% on day 21 and all other samplings after day 31. After the 

first application, the cryptomonads had MDD values below 100% starting study day 6, except 

the Silica treatment on day 13. In general, the MDD values of the cryptomonads were 

relatively high compared to the other color classes. The sum of all zooplankton organisms met 

the MDD criteria on all samplings in all treatments after the first application. So did the taxa 

Alonella sp., Cephalodella sp., Chaoborus sp., Chironomidae, Chydorus sp., Cyclopidae, 
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Daphnia longispina, Euchlanis sp., Hexarthra sp., Lecane sp., Lepadella sp., Mytilinia sp., 

Nauplia, Ostracoda, Polyarthra sp., Simocephalus sp. and all sums (Rotaria, Cladocera and 

Copepoda). All other taxa exceeded a MDD value of 100% on at least one sampling and in at 

least one treatment. Bdelloidae on day 56 and Keratella quadrata on day 84 only surpassed a 

MDD value of 100% once and in all treatments. Out of the macroinvertebrate taxa, that were 

sampled more often than the zooplankton organisms and counted mostly alive, less taxa 

fulfilled the MDD criteria throughout the whole study. These taxa were Chaoborus sp., Cloeon  

dipterum, Naididae, Planorbidae and the sums of all organisms and Diptera. The sum of all 

Chironomidae had MDD values below 100% after application in the polyamide treatments. 

The Chironomidae had an MDD value of 101% on days 71 and 85 in the Silica treatment. The 

sum of all emerged insects and the sum of all chironomids were the only two taxa of the 

emerged organisms that met the MDD criteria throughout the study. The sum of all 

Chaoborus sp. met the criteria until day 77, while the male organisms met the criteria until 

day 70 and the females until day 63. The sum of Cloeon dipterum met the criteria until day 56 

in the polyamide treatments and until day 49 in the Silica treatment. The female organisms 

had a MDD value below 100% until day 56 and the males until day 49 in all treatments. 

Tanypodinae met the MDD criteria until day 63 and on day 84 in all treatments and 

additionally on day 77 in the polyamide treatments. Over all endpoints 49 taxa, life stages and 

sexes and 10 sums met the respective criteria and were classified in MDD class 1, 8 taxa and 

life stages were MDD class 2 and the remaining 32 taxa and life stages were categorized as 

MDD class 3. This meets the requirements of the EFSA, which requires 8 potentially sensitive 

taxa in MDD class 1 for aquatic mesocosms (EFSA, 2013). 

Beyond biological sensitivity, the spatial allocation of the mesocosms also played a 

crucial role in ensuring experimental reliability. The position of the mesocosms were assigned 

to the respective treatments based on the data of macroinvertebrates and physicochemical 

parameters prior to the first application. The assignment was done to prevent false effects 

due to varied solar radiation at different spots of the big outer pond. Additionally, organism 

blooms at certain spots before placement of the enclosures could not be excluded. By 

assigning the mesocosms with educated randomness with reference to pre-sampling results, 

false effects before application could be prevented with a few exceptions of non-relevant taxa. 

Before first application there were significant differences to the control for Daphnia pulex, 

Coleoptera, Acari and the emerged Chironomidae in the LowPA treatment, and for female 

emerged Chaoborus sp. in the Silica treatment. Neither difference continued to the next 

sampling and thus had no influence in the assessment of the direct and indirect effects of the 

silica and polyamide microparticles. In addition to biological factors, physical and chemical 

water parameters provide further insights into the system’s comparability between 

treatments. Temperature, oxygen content and conductivity, with one exception on day 86 in 

the MedPA treatment, showed no significant differences compared to the control. This again 

is an indicator, that the allocation of the mesocosm was done evenly. The pH in the Silica 

treatment was significantly lower on days 57 to 86, except on day 78, with a p-value of 0.067. 

This may be explained by the different algal compositions in the mesocosms. There were more 
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diatoms and less blue algae in the Silica treatment. Zepernick et al. (2021) stated that in waters 

with higher pH, due to cyanobacterial blooms, diatoms have a competitive disadvantage, 

because of the pH-dependency of bio silicification. The total chlorophyll content was not 

different between controls and Silica treatment.  

While physicochemical differences were minimal, sedimentation dynamics and 

turbidity patterns offer additional relevant context for the exposure scenario. Since there 

were no reliable analytics of water and sediment samples regarding microplastic 

concentration in the respective environmental medium, the turbidity measurements give an 

important insight into the distribution over time. Additionally, the turbidity can also describe 

the sinking dynamics for the silica particles, which would not have been possible with 

analytical methods, since silica itself is a component of the natural sediment. Due to the higher 

density of the silica particles, they sediment faster than the polyamide particles (Figure 10). 

The silica particles, however, were slightly smaller on average, which leads to the assumption 

that the mixture of different particle sizes sedimented relatively even. The calculated 

sedimentation time of the lower limit of the mean particle size of the polyamide particle and 

the upper limit of the mean particle size of the silica particle differed by only 0.1 hours. The 

particles were stirred up again, especially during the application phase, as the system was 

affected by wind and sampling.  

It has been shown that hydrodynamic processes and climatological conditions affect 

microplastic sinking and resuspension into and from sediment (Castro-Castellon et al., 2022; 

Hurley et al., 2017; Rodrigues et al., 2018; Dahms et al., 2020; Zhang and Chen, 2020). For this 

reason, macroinvertebrates were not sampled while the applications were ongoing, since this 

sampling disturbs the mesocosms strongly. By splitting the total quantity to be applied at four 

points in time, particles were constantly present in the water phase over a period of around 

14 days. This made it possible to simulate the continuous input that also occurs in nature more 

precisely. 

The calculated sinking velocity of the particles and the resulting sedimentation time 

for 100 cm (the initial water level minus the depth of application) and the measured turbidity 

match. Both methods suggest that most of the particles arrived in the lower water layers or 

on the sediment after about 24 hours. Only the highest polyamide treatment was selected for 

the graph, as measurement with a higher particle count is more reliable. With the mean 

particle size, given by the distributor (see Appendix A), 5 * 1010 particles were applied in the 

HighPA treatment. A tenth of that in the MedPA and a hundredth in the LowPA treatment 

respectively. With a diameter of the mesocosms of 1.10 m and an area of 9500 cm² there were 

around one million particles per cm³ sediment, respecting the bioactive and bioturbated 

upper 5 cm horizon. That is approximately 2.4 mg PA g⁻¹ wet sediment in the HighPA 

treatment. Arshad et al. (2023) found 0.67 mg g⁻¹ wet sediment in samples from the present 

study. They analysed sediment samples with fluorescence microscopy and discussed in the 

master thesis that their analyses might certainly under represent the microplastic particles.  

This corresponds well with the values of a maximum of 4000 items kg⁻¹ (or 1 g kg⁻¹) sediment 
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found in beach sediment of the Rhine-Main area in Germany (Klein et al., 2015). Assuming 

that no particles above 50 µm were used in this study and that the LowPA and MedPA 

treatment had lower amounts of plastic, one can assume environmentally relevant 

concentrations. Stankovic et al. (2020) calculated 8 g cm-2 as environmentally relevant. With 

a surface of approximately 1 m² and a Volume of around 1 m³ the concentrations used in this 

study were 1.5 g m-2 in the LowPA treatment, 15 g m-2 in the MedPA treatment and 150 g m-2 

in the HighPA and Silica treatment respectively. The HighPA concentration however exceeds 

the “worst-case” stated by Stankovic et al. (2020) of 80 g m-2. Furthermore, it can be assumed 

that in the environment the reservoirs, which are supposed to be represented by the 

mesocosms, are more likely to be regarded as sinks for the particles than the Rhine or the 

Main. In the surface water of the Danube River, a maximum of only 150 items m-³ were found 

(Lechner et al., 2014). This clearly shows that microplastic particles, depending on their 

density and biochemical processes sediment over time and are washed away in lotic waters. 

In the project “MikroPlaTaS” to which this dissertation belongs, the highest polyamide 

concentrations were found at the Lippe (site Lippe 1 before the weir) with 16.5 µg m -3 and in 

Quitzdorf with 36.1 µg m-3. The most frequently found polymer was PS. PE was found in the 

highest concentrations of up to 928.9 µg m-3. However, these data refer to fractions of 100-

500 µm (Wendt-Potthoff et al., 2022). 

In this study spherical virgin primary polyamide microplastic particles were used. In 

other studies, weathered particles, other shapes and sizes and polymers are used, which can 

complicate comparability of the results from different studies. Various approaches to 

improving comparability are conceivable. In the future, a standard mixture of different 

particles could be used (de Ruijter et al., 2023). The analysis of environmental samples can be 

standardized in order to achieve a better comparison of the different loads of the habitats. 

Otherwise, consideration must be given to comparing results of similar particle sizes and the 

same polymers separately, as both represent different potential mechanisms of action. 

In the present mesocosm study, little significant effects of the applied microplastic 

particles on the investigated components of the aquatic biocenosis  compared to the control 

systems could be detected. This outcome is particularly noteworthy in light of ongoing debates 

regarding the potential ecological risks of microplastics, as it suggests a low or even negligible 

ecological relevance of the specific particles used under near-natural conditions. A key 

element in interpreting these findings lies in the use of environmentally relevant 

concentrations and particle sizes, as typically detected in freshwater habitats. Unlike many 

laboratory studies that rely on artificially high concentrations, the experimental design in this 

study aimed to simulate microplastic exposure under realistic environmental conditions. The 

absence of significant effects under these circumstances thus supports the conclusion that the 

specific microplastic particles used at the tested concentration do not pose an acute threat to 

the investigated aquatic community. It is also important to highlight that mesocosm 

approaches bridge the gap between laboratory and field studies by combining controlled 

conditions with ecological complexity. In this study, a multi-trophic community structure was 

considered, allowing for a realistic assessment of ecosystem responses. Especially in this 
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context, the lack of observable changes is highly meaningful, as it points toward a potential 

resilience of the studied communities to the specific microplastic stressors introduced. 

Nevertheless, these findings should not be interpreted as a general dismissal of 

potential risks associated with microplastics in aquatic environments. Rather, they indicate 

that not all types of microplastic particles and concentrations necessarily induce harmful 

effects. The observed ecological robustness may be attributed to the physicochemical 

properties of the particles used (e.g., polymer type, size, surface characteristics). This 

highlights the importance of a differentiated assessment of microplastic impacts, which must 

consider both the material characteristics and the environmental context, including 

concentration and exposure duration. 

5.2 Primary producers  

The temporal course of abundance, expressed by the chlorophyll a content, is 

influenced by sunlight, available nutrients and the presence of primary consumers. The 

chlorophyll a content per liter that can be found in nature varies strongly between different 

water bodies and also vary seasonally. Pre-alpine lakes are mostly oligotrophic waters with 

> 5 µg L⁻¹. Mesotrophic waters, often found in the low mountain regions, have a chlorophyll a 

content of 5 - 20 µg L⁻¹. Eutrophic waters, such as the Elbe, but also the Bautzen dam, are 

characterized by a content of 20 - 75 µg chlorophyll L⁻¹ (Caspers 1984, LAWA 1998). The 

Bautzen dam has frequently exhibited blue algae blooms for several years. Levels above 

75 µg chlorophyll a L⁻¹ indicate a hypertrophic water body (Öffentlichkeitsarbeit RK 2018). 

These are often found in heavily agricultural used regions. However, it is important to note 

that the standard method for wet chemical chlorophyll measurement according to 

DIN 38409-60 is not directly comparable with this measurement method. In the delayed 

fluorescence measurement, only alive, photosynthetically active cells are measured, which 

promises better informative value, especially in ecotoxicological studies. The chlorophyll a 

content in the main growth period, in which the study was performed, suggest that the 

mesocosms were mesotrophic to moderately eutrophic, with one mesocosm in the MedPA 

treatment being hypertrophic on occasional samplings, due to visually determinable Volvox 

occurrence. 

In this study, there were some effects on the phytoplankton. Most striking was the 

rapid and significant increase in chlorophyll content in diatoms compared to the control after 

the first application and up to three days after the last application in the Silica treatment. This 

can be explained by the fact that the limiting factor for the growth of diatoms in the 

mesocosms was silica, which they build their scaffold with (Gilpin et al., 2004, 

McNair et al., 2018, Gibson et al., 2000). This effected the total chlorophyll a content as well 

for the same period of time. After this period, there were no significant effects anymore, 

indicating that the excess silica has been metabolized or the particles have at least left the 

water phase, and were not bioavailable any more for the plankton, which is consistent with 

the calculated sinking velocity. There were no significant effects compared to the control in 

the LowPA treatment over the whole study, while the effects in the MedPA treatment can be 
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assigned to the one mesocosm with the spherical algae bloom. All significant effects in this 

treatment were in the green algae and thus affected the total chlorophyll a content, except 

one. The pattern is a different one in the HighPA treatment, where the only consecutive 

significant changes can be found in the blue algae. There the chlorophyll content increased 

compared to the control during the four-application process. During this time, all treated 

mesocosms, except the Silica treatment with strong competition by diatoms, were slightly 

higher in chlorophyll-a content than the control. The community response to the particulate 

stressors expressed by the PRC was significant compared to the control. RDA was performed 

to determine where the significance occurred. Significant differences compared to the control 

were observed on days 6, 9, and 31. The treatment explained 20%, 13%, and 28% of the 

changes on these days, respectively. It is noticeable that two of these days are during the 

application process. It cannot be ruled out that these changes were caused by the turbidity 

caused by the particles. 

In addition to overall community responses, size-specific fractions provide further 

insights into potential mechanisms of action. The 30 µm fraction that was measured 

occasionally as well showed less significant differences between the control and the 

treatments. This can be partly explained by the smaller number of samplings. The total 

chlorophyll a content of the 30 µm fraction was between 65% to over 100% of the whole 

sample. The values above 100% can be explained by the fact that the subsamples are slightly 

different in the composite sample. As the algae are sometimes severely damaged after the 

measurement, a repeated measurement is difficult to carry out. The 30 µm fraction is exactly 

in the size range of the silica and polyamide microplastic and an important food source for 

filter feeders such as Daphnia. An experiment in the same mesocosms as this main study, 

showed that the position of the mesocosm in the big outer pond was more relevant for biofilm 

structure than the polymer type it grew on (unpublished data; personal communication  

Prof. Dr. Bodo Philipp). Since there were limited data in literature that the chosen particle size 

and polymer type has direct toxic effects on phytoplankton and primary producers in general, 

a more precise taxonomic evaluation was not performed. Likewise, an analysis of periphyton 

was not carried out, since many of the species overlap. The macrophyte mapping showed no 

significant differences to the control. The macrophytes grew evenly in all mesocosms and have 

steadily increased their coverage and thus their biomass. Single ground coverage values 

exceeding 100% are normal and possible due to the different growth heights of the species 

and the overlapping coverages in different depths. 

Beyond the present study, existing literature offers additional evidence and 

contrasting findings on the interaction between microplastic and primary producers. A marine 

study (Kvale et al 2021) has shown that the existence of microplastic in an ecosystem can 

positively influence the growth of algae. This is caused by the reduced feeding pressure by 

zooplankton organisms. Microplastic may also act as substrate for biofilms. Since in this study 

the particles were very small and were spherical even particles, this reason can be denied for 

this study. Abinandan et al 2023 found that the photosynthetic activity of Raphidocelis 

subcapitata was negatively influenced by PET, PVC and PS microplastic. 
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Rani-Borges et al. (2020) reviewed studies on the toxicity of microplastic particles on 

microalgae. They found that the least research was done with PA particles, on particles in a 

size range of 20-50 µm and on exposure times of over 30 days. All these criteria were met in 

this study which gives an impression of the importance of this research. Most studies used 

similar concentration levels than the ones in this study (Rani-Borges et al., 2020). Lagarde et 

al. (2016) found that Chlamydomas reinhardtii overexpressed genes in the biosynthesis 

pathway after an exposure of over 70 days. Since the generation time of algae is very short, 

this is an indication that the effects of the microplastic continuum are constantly changing and 

that long-term experiments also offer important added value. Wu et al. (2019) were able to 

determine an inhibitory effect on photosynthetic activity for PVC and PP particles. This effect 

was up to over 50% at concentrations of 250 mg L⁻¹. Cao et al. (2022) found similar effects, 

but in their experiment smaller particles (1 µm) were more toxic than bigger particles (5 µm). 

Since particles of 5 µm were the smallest used in this study, this could explain the lack of direct 

toxic effects. Like Cao et al. (2022) PS microplastic were also used by Natarajan et al. (2022). 

They also found a higher increase of oxidative stress in smaller (1 µm) than bigger (12.5 µm) 

particles.  

The results indicate that the impact of microplastic particles on phytoplankton varies 

depending on particle type, size, and concentration, with silica availability notably enhancing 

diatom growth. These findings underscore the necessity for long-term studies to fully 

elucidate the dynamic and complex effects of microplastics on primary producers. 

5.3 Zooplankton 

The zooplankton organisms are an important link in the food chain and are involved 

both as primary and secondary consumers, transferring carbon compounds produced by the 

photoautotrophic organisms to higher trophic levels. Since the particles used in the presented 

study fall within the size spectrum of food that is ingested by many of the animal planktonic 

organisms (Scherer et al., 2018), it can be assumed that the microplastic particles are also 

ingested. In the laboratory, with a mixture of feed algae and dyed particles of the same batch 

as in the mesocosm experiment, it was observed that Daphnia magna ingested the particles 

as well as the algae (Appendix F). No significant effects were detected at the population level 

using the PRC. Nevertheless, several effects were detected on different taxa in the mesocosm 

experiment. The most sensitive taxon was the class Ostracoda. The seed shrimps showed 

significant differences compared to the control in all polyamide treatments on day 70. No 

significant differences were observed in the previous weeks, but p-values below 0.2 from day 

41 in the MedPA and HighPA treatments and from day 56 in the LowPA treatment. On day 84, 

the differences compared to the control were significant in the HighPA treatment and showed 

a clear trend in the MedPA treatment with a p-value of 0.0502. Professor Dr. Burkhard Scharf 

(personal communication) has identified the ostracods present in the samples as Cypria 

opthalmica, Cypridopsis vidua und Notodromas monacha. All three species belong to the 

order Podocopida. Ostracoda begin their development as nauplii larvae. Only at a later stage 

could they be clearly identified as ostracods. Due to the partly grazing, partly predatory food 

intake, both silica and polyamide particles can be ingested and have a negative influence on 
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development (Scherer et al 2018). Particle ingestion may also have led to death due to 

subsequent adhesion in the intestine (Cole et al., 2013). Furthermore, it is striking that the 

Ostracoda reacted to the Silica treatment with a decrease, which was not significant. The 

species all live at least temporarily on the sediment surface and are therefore zooplankton 

representatives that are in direct contact with the sedimented plastic particles. The oral 

cavities and chewing organs of the Ostracoda are located on the underside of their bodies. 

Intestinal analysis confirmed that they had induced ingestion. Various quantities and particle 

sizes from 5 µm to 25 µm were regularly found. The particles appeared to be ingested more 

or less non-selectively. It is possible that the particles were masked or enveloped by bio fueling 

of phytoplankton or other organics prior to ingestion (Long et al., 2017). The particles may 

also have become entangled in the leg hairs of the organisms and also been sucked in. It may 

also have clung to the outside of the food and also been ingested. Otherwise, it could be 

proven that the Ostracoda had a lot of pollen in them and few microplastic particles in their 

gastrointestinal tract. It is assumed that it was the pollen of apple tree blossoms from the 

surrounding area. As the pollen is comparable in size to the particles, the particles may also -

were picked up non-selectively by the ostracods (Appendix F), which was already shown some 

taxa of the class in other studies (Scherer et al. 2017). To quantify this more precisely, a 

feeding experiment in the laboratory with pollen and polyamide particles could provide 

clarity. 

In addition to Ostracoda, the Rotifera exhibited abundance patterns that may also 

reflect interactions with the microplastic particles used. On day 56 of the study in the two 

highest microplastic treatments (MedPA and HighPA) had significantly lower abundances 

compared to the control, while there were no effects, but tendencies, in the LowPA treatment. 

The phylum Rotifera, which includes the genera Keratella, Synchaeta and Hexarthra, was very 

dominant in terms of abundance throughout the course of the study. The abundance 

development of Rotifera in the control can be attributed to the natural influences of the 

physical parameters. According to Voigt and Koste (1978) and Donner (1973), Rotifera can 

occur in water bodies under a wide range of diffenrent conditions. The decrease in the first 

half of the study may be due to rising temperatures and the increasing abundance of 

secondary consumers. In the alkaline range, it can be assumed that abundances are steadily 

increasing (Donner 1973). Although the pH value did not fall below 7 in this study, this could 

not be observed in this experiment. This can also be attributed to the increasing numbers of 

predators. The courses of the treatments are similar to those of the control, but with a 

somewhat greater decline. The drop in abundance in the MedPA treatment may be due to the 

high concentrations of spherical algae, which, unlike cryptomonads, are not a food source for 

Rotifera and compete with the other algae (Voigt and Koste 1978). This decline in abundance 

may also be linked to the ingestion of microplastic particles, as demonstrated in previous 

studies. 
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Since Rotifera can ingest microplastic particles (Setälä et al 2014), these effects may 

also be due to the PA particles. At 5 to 40 µm, the algae that are ingested by Rotifera by 

swirling correspond exactly to the plastic particles used (Campbell et al 2009). As these were 

pure particles, it is likely that the animals did recognize them as dangerous via their 

chemoreceptors. If the particles are ingested in the gastrointestinal tract, it cannot be ruled 

out that the particles may hinder the digestive process and cause death. Cole et al. (2013) 

found that the plastic can stick together in the intestine. Although Voigt and Koste (1978) state 

that Rotifera can excrete undigested food via the mouth or intestine. In the class of Bdelloidea, 

for example, the food is first made slimy in the stomach and formed into pills. It is unknown 

what effect this process can have on plastic. However, it should also be noted that most of the 

particles sank after day 14 and were only partially resuspended by sampling. Thus, after about 

two weeks following the first application, the particles were less bioavailable to the Rotifera.  

The silica used in Silica treatment promoted the growth of diatoms in these mesocosms. 

Various Rotifera species feed on these diatoms (Voigt and Koste, 1978). This is also 

accompanied by the development of the genera Synchaeta and Hexarthra. With regard to the 

abundance trends of Rotifera, it can be stated that minor effects of PA on the genus of Rotaria 

cannot be ruled out, as the stress levels occasionally show lower numbers of individuals than 

the average value of the control. However, for the total abundance of Rotifera, only isolated 

significant differences to the control can be identified, so that it can be assumed that the total 

population is not endangered by the polyamide. In addition, the abundance recovered from 

the minima on day 56 within four weeks. The significance of the individual taxa showed no 

clear correlation. 

Unlike Rotifera, Cladocera and Copepoda showed more resilience, though indirect 

effects cannot be excluded. Cladocera, to which the genera Daphnia and Simocephalus 

belong, show natural fluctuations due to temperature, generational changes and changes in 

the biocenosis over time. According to research by Jaikumar et al. (2018), Daphnia were able 

to ingest particles with a size of 1-5 µm, with temperature-dependent toxicities of 

105 particles ml⁻¹ at 18° C. Khosrovyan and Kahru (2022) found no effects of neither virgin nor 

weathered microplastic on Daphnia magna reproduction. No significant differences between 

the treatments and the control were observed for the total Cladocera. Especially because the 

abundances in the treatments increase again after day 41 or 56, the theory suggests that the 

cladocerans are able to avoid the polyamide particles or that even if they are ingested, they 

can be released harmlessly. The taxa, which belong to the Cladocera, also showed no effects.  

A closer look at copepod abundance and developmental patterns further illustrates 

the complex interplay between biological and environmental variables. Developmental 

processes of nauplii and copepodite stages are temperature-dependent; 2 °C less can slow 

down development by two days (Einsle, 1993). Generation changes in the sense of newly 

hatched nauplii and naturally dead adult copepods that have already reached the end of their 

lifespan in spring can also have an influence on the fluctuations. However, these changes 

cannot be discussed further, as these cycles and the lifespan depends on the species. The 

taxonomic determination was only carried out up to the family level. It can be assumed that 
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different species with specific generation changes occur in the enclosures. Likewise, no 

copepodite or nauplius stages could be subdivided, so that no further assumptions can be 

made. The most dominant taxon of the Copepoda were the nauplii larvae, which are the first 

larval stage of many crustaceans, especially barnacles, ostracods, copepods and some higher 

crustaceans. The nauplii larvae were assigned to copepods for the summation, as the 

ostracods showed only low abundances. These feed filter-feeding on algae colonies. At certain 

stages the base food source of Cyclopidae switches to animal food. For example, the ingestion 

of microplastic pellets with diameters of 7.3 µm into the stomach was observed in adult filter-

feeding calanoids in a laboratory experiment (Cole et al., 2013). Rodríguez-Torres et al. (2020) 

also showed comparable results but found that the predominant phytoplankton content 

determines ingestion. Studies by Cole et al. (2013) have shown that plastic particles can stick 

together in the intestine after ingestion. Fagiano et al. (2022) also demonstrated a negative 

correlation between microplastic in the sea and copepod abundance. Thus, the lack of 

abundance peaks of copepods in the treatments can be seen as a decline in reproductive 

performance due to the altered nutritional basis caused by the polyamide. The ingestion of at 

least 5 µm small particles by the nauplii is possible from the first stage onwards (Henriksen et 

al., 2007). The ingestion of carnivorous Cyclopidae may have been secondary to the 

consumption of filter-feeding Rotifera, calanoids or cannibalism. The decreases in the MedPA 

treatment can be assumed to be outliers caused by Volvox mass occurence. This form of green 

algae is not a food source for Copepoda or the prey of Cyclopidae but instead competes with 

their food algae for nutrients. Furthermore, Cyclopidae and their associated nauplii follow 

specific sinking and movement behaviors to capture their prey. This process may have been 

further disadvantaged by the spherical algae abundance (Henriksen et al., 2007). The earlier 

recovery of the population at the LowPA treatment is due to the lower concentration. The 

general declines after day 70 can be superimposed on the onset of the dormancy phase or 

diapause, so that egg laying or further development ceases at the transition to fall/winter or 

due to the declining food supply (Einsle, 1993). In summary, the copepod population is not 

affected over the entire experimental period.  

The study demonstrates that microplastic particles within the size range of natural 

food sources are ingested by various zooplankton taxa, with Ostracoda showing the highest 

sensitivity to polyamide exposure. While some taxa, such as the rotifers, exhibited minor 

fluctuations possibly linked to microplastic presence, overall zooplankton populations 

including Cladocera and Copepoda showed resilience over the experimental period. In order 

to assess the impact on the very small rotifers more precisely, a denser sampling plan would 

be necessary. These findings highlight the complex interactions between microplastics and 

zooplankton communities, emphasizing the need for further research to clarify long-term 

ecological consequences and species-specific responses. 
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5.4 Macroinvertebrates 

With the three macroinvertebrate sampling techniques 37 distinct taxa were detected 

on twelve sampling occasions. Nine of those samplings took place after the application phase 

and three before the first application. The last sampling of the macroinvertebrates was on day 

114 after the first application. This biological endpoint was the least sensitive in the study. 

Here, only three taxa effects were assigned according to EFSA in the MedPA treatment. Two 

of these taxa are sums that depend on the one taxon with an effect. The glass midges 

Chaoborus showed a strong effect in the MedPA treatment. However, this was mainly due to 

a replicate that already had the lowest abundance of this genus before application (Figure 39). 

Two species were identified, Chaoborus crystallinus and Chaoborus obscuripes, which 

according to Cockroft et al. (2022) are frequently found in small, fishless and man-made ponds 

in Europe. The distribution of biovolume of these larvae shows that there is a shift to higher 

(L3/L4) larval stages over the course of the year, particularly on study day 114 (mid-

September). This is related to the generally univoltine life cycle of the two Chaoborus species, 

in which only one generation change occurs per year and the larvae of the second generation 

overwinter in the fourth larval stage (L4). Like the phantom midges, Chironomidae have a total 

of four larval stages (Vallenduuk and Moller 2007). The number of generations per year is not 

uniform due to the high diversity of the family. Many species have an univoltine, others a 

bivoltine or trivoltine life cycle, always depending on the living conditions in relation to 

physical and chemical parameters in the water (Vallenduuk and Moller 2007).  

Since Cloeon dipterum usually has a bivoltine generation cycle, with a generation 

change from the first to the second generation from May to June (Lichtenberg, 1973), the 

individuals found after the application phase can be assigned to the rapidly developing second 

generation. This is also confirmed by the emergence data for Cloeon dipterum in this study, 

which showed the highest emergence in mid-June. The increase in the availability of diatoms 

for the second generation of the year in the Silica treatment could have led to an increase in 

the abundance of the slowly developing and later overwintering subsequent generation, 

which was still in a younger, smaller larval stage on day 85 (mid-August) and still not as big on 

day 114 as on day 36.  

Aside from temporal dynamics, the potential for recolonization is a key factor when 

assessing the recovery potential of macroinvertebrate populations. The macroinvertebrates 

are the only group assessed in this experiment, where extrinsic recovery can be an option. As 

many of the taxa have an emergent adult phase the organisms from the control and 

treatments, other outer pond on the test facility or nearby ponds and streams can recolonize 

potentially harmed mesocosms. Some other taxa like Asellus aquaticus or Lymnaea stagnalis 

are not able to recover extrinsic. A potential effect followed by recovery has to be intrinsic. 

That means that surviving individuals reach the age of reproduction and recolonize the system 

from within the system. An example of extrinsic recovery in this study are the Chaoborus 

larvae, where significant reductions in the MedPA treatment compared to the control can be 

seen in the first third to half of the experiment. As the study progresses, extrinsic 

recolonization takes place. For ecotoxicological recovery and effect classification it is 



  Discussion 

148 
 

important to ensure that the stressed systems abundance approaches the control values and 

not the other way around. As there were no other pronounced direct effects followed by 

recovery, no example of intrinsic recovery within this group. 

Despite the potential for recovery, methodological limitations must also be considered 

when interpreting low abundances and high variability in the macroinvertebrate data. High 

MDD values of many individual taxa may be a reason for the absence of significant direct 

differences compared to the control. These high MDD values are partly due to high variances 

and partly due to low abundances of individual taxa. As no distinction was made between the 

three sampling techniques, it can only be assumed that, due to the relatively small sized 

mesocosms, the netting sampled too small of a water column. The other two methods should 

not suggest any difference to the larger mesocosms, while each of the three netting hauls was 

about 30 cm shorter than in the systems that are normally used. It is therefore possible that 

the relatively low abundances of individual taxa can be attributed to this methodological 

adjustment and that in future at least four or five net pulls should be carried out with these 

systems. The reason for the smaller systems is related to the availability of the outer pond and 

the number of replicates, that could no longer have been selected with the larger mesocosm 

systems in the available outer pond (see Figure 5, A).  

To further strengthen the validity of the findings, a complementary bio-assay was 

conducted using Potamopyrgus antipodarum as a model organism. Two different statistical 

methods were used in the bio-assays with Potamopyrgus antipodarum. The method specified 

in the guideline (OECD 242), which suggests an ANOVA and a suitable pos-hoc test (e.g., 

according to Dunnett) and the method according to Lehmann et al. (2018), which works with 

a closure principle computational approach test (CPCAT). Both methods were used to handle 

the analysis as protectively as possible. With CPCAT, no significant differences were found 

between the treatments and the control. An ANOVA of the data showed that both treatments 

with the highest particle load differed significantly from the control in embryo number on 

day 28. That contrasts with the findings of Lehmann et al. (2018) which found no real 

differences in the capability of detecting significant differences between multiple t-test, such 

as Dunnett’s and CPCAT. The mudsnails are a proxy organism for endocrine effects (Duft et 

al., 2003, Duft et al., 2007, Schmitt et al., 2010) and have been invasive in Europe for decades 

(Ponder 1988, Kinzelbach 1995, Alonso and Castro-Diez 2008). It has already been shown that 

P. antipodarum ingests microplastic (Imhof et al., 2013). Imhof and Laforsch (2016) found no 

effects of microplastic on this species. Romero-Blanco et al. (2021) also found no effects on 

reproduction or survival but were able to demonstrate a significant effect on the reaction time 

of the snails. Since the effects only occurred on the first sampling (day 28) and only in the 

treatments with a particle load of 150 mg L⁻¹, it is reasonable to assume that the effect is due 

to the greatly increased turbidity, which was present in these two treatments for about half 

of the time up to the first sampling. Even if there were only indirect effects due to the turbidity, 

a certain risk can be deduced from the significantly reduction in the number of embryos.  

Nevertheless, it is important to ecotoxicologically investigate the potential endocrine effects 

of plastic materials, as many of them release estrogenic chemicals (Yang et al., 2011).  
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Macroinvertebrate communities showed limited direct sensitivity to polyamide 

microplastics, with observed effects largely influenced by natural variability and extrinsic 

recolonization, while subtle reproductive impacts in Potamopyrgus antipodarum were likely 

driven by increased turbidity rather than direct toxicity. 

5.5 Emerging insects 

The analysis of emerging insects makes it possible to gain insights into both direct 

effects and effects that delay development. By implementing the EmTx, it is possible for the 

first time to establish this standard laboratory endpoint (e.g., OECD 218) for semi-outdoor 

studies for mesocosms where there are no precisely defined starting conditions. A more 

defined discussion for the non-standard analysis like sex ratio, biovolume and the EmTx can 

be found in the following subsection 5.7. The emerging insects are the most regularly analysed 

endpoint. It is noticeable that there is a negative correlation between the polyamide 

concentration and the number of significant effects compared to the control. The LowPA 

treatment shows nine significant differences compared to the control, the MedPA treatment 

a third of them and the HighPA treatment again a third of them. The Silica treatment had the 

most significant effects with a total of 16 significant deviations from the control. All of these 

significant differences, except for one, indicated indirect effects, meaning higher abundances 

in the Silica treatment compared to the control. The only case, for which the Silica treatment 

had significant direct effects compared to the control was the Shannon index before 

application on day 0 and thus not relevant for effect analysis. 

To better understand these findings, it is essential to consider the ecological niches 

and exposure pathways of the different insect taxa. Since the different taxa of emergent 

insects colonize the entire water phase and the sediment, different effects were to be 

expected. The Chironomidae larvae, which mainly reside in the sediment, only came into 

closer contact with the particles after they had sunk. For some aquatic invertebrates, it has 

already been shown that abiotic (e.g., sedimentation rate) and biotic (e.g., morphology, diet) 

factors play a major role in the uptake of microplastic (Scherer et al., 2017). No significant 

effects can be identified for the abundance development of Chironomidae from the 

subfamilies Orthocladiinae, Podonominae, Chironominae and Tanypodinae, which spend their 

different larval stages benthically. For the chironomid Chironomus riparius, it has already been 

shown that soft PE microplastic cause negative effects at the metabolic and cellular level 

(Muñiz-González et al., 2021). In addition, for C. riparius in connection with PVC microplastic 

a negative effect on emergence, development and weight in relation to the concentration of 

microplastic concentration has been detected (Scherer et al., 2020).  

While Chironomidae showed limited effects in this study, other insect taxa revealed 

clearer patterns of sensitivity to the treatments applied. The most sensitive taxon was Cloeon  

dipterum with a total of three significant differences after application compared to the 

control. Mayflies are considered important bioindicators for the pollution of ecosystems 

(Carde and Resh 2009). Filter feeders and detritus eaters are more likely to ingest microplastic 

due to their low selectivity in food choice (Scherer et al., 2018). The larvae of Cloeon dipterum 
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feed according to this pattern. In addition, the larvae are organisms that live in the pelagic 

zone of stagnant water (Eastham 1958). It is therefore possible that the larvae ingested 

microplastic during the application period, but that this had no direct effect on the abundance 

of adult individuals. The limited time that the microplastic is in the water column could be a 

limiting factor here. The second generation of Cloeon dipterum, which probably emerges from 

study day 21 onwards, may not have come into sufficient contact with the microplastic, as 

most of the particles should already be near the sediment at this time. Whether microplastic 

are ingested by the larvae and subsequently spread by the adult individuals out of the test 

system further into the terrestrial environment is the subject of further studies. However, it 

has already been shown that aquatic caddisfly larvae can take up nanoparticles and spread 

them terrestrially as adults (Bundschuh et al., 2019). The same has been shown in this study 

for chaoborids (Michler-Kozma et al., 2022). Although the number of effects on individual taxa 

was limited, total community metrics still offer important complementary insights. Only the 

total sum had two consecutive significant differences compared to the control (in the Silica 

treatment). Both were indirect effects with increasing abundance. The standardized 

abundance-based evaluation suggests that there was no influence of the polyamide or silica 

particles on the emerging insects. Only a few individual taxa met the MDD criteria throughout 

the study. It was therefore important to also consider the totals of the order Odonata, the 

family Diptera and the total sum of all organisms, even if this makes it difficult to assign effects 

to individual species or genera. But even the sums have shown little to no effect.  

Beyond abundance, sublethal parameters such as biovolume and emergence time may 

reveal delayed or masked responses in the insect community. The biovolume of male and 

female Chaoborus sp. and Cloeon dipterum was analyzed on three samplings each. The limiting 

factor for the selection of these days was the condition of the organisms. Since each sample 

was a bulk sample of the emergence per week some organisms were no longer intact and 

could therefore not be measured. On the respective sampling days, each one before 

application and two after application the most intact male and female organisms could be 

measured. Organisms do not have to be intact to be taxonomically interpreted, but for exact 

measurements. Fewer fluctuations were detected than in the larvae, as the adult insects no 

longer grow. However, both Chaoborus sp. and Cloeon dipterum, especially the females, are 

smaller later in the year. This indicates that these organisms belong to the faster growing but 

smaller summer generation. Emerging insect taxa exhibited limited direct adverse effects from 

polyamide microplastic exposure, with most significant differences observed at lower 

concentrations and primarily reflecting indirect or environmental influences. The silica 

treatment elicited more pronounced indirect effects, often increasing abundances. Sensitive 

taxa like Cloeon dipterum showed some significant responses, likely related to feeding 

behavior and habitat use, but overall abundance and community-level metrics remained 

largely unaffected by polyamide particles. Sublethal parameters such as biovolume and 

emergence timing revealed subtle seasonal or generational shifts rather than clear 

toxicological impacts, indicating that polyamide microplastics may have minimal immediate 

effects on emerging insect communities within the study’s timeframe.  
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5.6 Trophic and ontogenetic transfer  

An evaluation by project partners at the WWU Münster has shown that polyamide 

particles were found in larvae of the genus Chaoborus. The particles were found in the 

gastrointestinal tract of the individuals. (Michler-Kozma et al., 2022). Since the particles have 

a comparable size to the algae on which daphnids feed non-selectively and filter-feeding 

(Scherer et al., 2018), it is reasonable to assume that the predatory Chaoborus sp. larvae have 

ingested the particles via the daphnids or other prey, as described by Cuthbert et al. (2019). 

This would be a sign of bioaccumulation of microplastic particles. Particles were also detected 

in the adult, emerged individuals. However, these were individual findings.  

Al-Jaibachi et al. (2018) also found a similar picture in Culex, where the number of microplastic 

particles found in the organisms decreased steadily from the larvae to the pupae to the adult 

insects. The transition of microplastic particles from the larval stage to the adult organism has 

also been observed in another mosquito in laboratory tests (Simakova et al 2022). These 

observations highlight the relevance of ontogenetic transfer as a mechanism for trophic and 

environmental redistribution of microplastic. Yan et al. (2022) provide an overview of the 

potential impact of microplastic on trophic chains. Some taxa, such as various Diptera and 

Ephemeroptera, are an important food source for organisms such as birds which influences 

their abundance and population size (Lewis-Phillips et al., 2020). This ontogenetic transfer 

opens up the possibility of aquatic microplastic accumulating in terrestrial biocenoses.  

Dipterans do not tend to avoid microplastic contaminated ponds when laying eggs (Cuthbert 

et al., 2019), which makes the cycle start all over again. In a mesocosm experiment, Yildiz et 

al. (2022) showed that microplastic particles were transferred trophically from daphnids to 

odonate larvae, and that chironomids retained these particles in their bodies during 

ontogenesis. Castro-Castellon et al. (2021) provide an overview that there is a transfer of 

microplastic in freshwater food webs. Despite uncertainties in quantification, the 

ecotoxicological relevance of such transfer pathways becomes evident when regional 

exposure levels are considered. In general, the ecotoxicological risk that microplastic has on 

the ecosystem in Europe and North America, should be acceptable, compared to Asia 

(PEC/PNEC > 1) (Adam et al., 2019). But non-direct toxic effects must also be considered when 

it comes to risks to ecosystems. The presence of microplastic can lead to macroinvertebrates 

adapting their feeding habits, as in some cases over 20% of the food they eat is composed of 

plastic (Martinez Rodriguez et al., 2024). Also, microplastic presence can lead to behavioral 

changes and influence the drift frequency of riverine invertebrates (Mora-Teddy et al., 2024). 

While concentrations used in experimental studies often exceed environmental levels, 

the relevance of realistic dosages is increasingly emphasized. Although 100 microplastic L⁻¹ 

can be considered a high concentration in water (Cunningham and Sigwart 2019), they found 

higher impacts with lower dosages on benthic organisms. Lenz et al. (2016) propose a 

maximum concentration of 1 mg L⁻¹ as environmentally relevant. The concentration of 

1.5 mg L⁻¹ in the LowPA treatment falls exactly within this range. Bucci et al. (2019) found that 

most of the particles used in laboratory studies are below the sizes found in the environment. 

However, it should be noted that detecting small particles analytically is still a challenge and 
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it is likely that the amount of plastic in the environment is underestimated (Lindeque et al., 

2020). Finally, the experimental design of the present study allows for important conclusions 

on particulate vs. plastic-specific effects. Cunningham and Sigwart (2019) propose the idea of 

including a non-plastic particulate control, which was not done at the time their study was 

published. In this study the Silica treatment serves as such. Finding effects only in the HighPA 

and Silica treatment is a strong hint, that effects are more particulate-related than plastic-

related. In their review Weis and Palmquist (2021) state that microplastic research lacks long-

term exposure studies. Spivak et al. (2011) stated in a study with phytoplankton that the 

results of longer term mesocosm experiments generally give good insights on ecosystemic 

reactions. In a field study Stankovic et al (2021) found no microplastic related effects on 

macroinvertebrate community with a concentration of 80 g m-2. 

Polyamide microplastic particles were detected in Chaoborus sp. larvae and adults, 

indicating trophic transfer and potential bioaccumulation within aquatic food webs. This 

ontogenetic transfer raises concerns about microplastic movement from aquatic to terrestrial 

ecosystems, with possible ecological impacts including altered feeding behavior and 

population dynamics. Although experimental concentrations often exceed environmental 

levels, the study’s inclusion of a non-plastic particulate control (silica) suggests observed 

effects are primarily related to particle presence rather than plastic-specific toxicity. Long-

term and realistic exposure studies remain crucial to fully understand the ecological risks of 

microplastic pollution. 

5.7 New endpoints and ecosystemic effects  

To ensure the highest possible level of protection, it is also important to record and 

evaluate non-lethal endpoints, as the lowest effect level often does not come from a lethal 

endpoint. The emergence time is a measure of the time the organisms need to fully develop. 

In laboratory studies, with synchronized individuals at the start of the experiment, the exact 

time that the larvae need to pass through metamorphosis from the youngest larval stage to 

hatching can be determined. A change in this emergence time can be induced by a change in 

temperature, different food availability, increased predation pressure or a chemical stressor.  

The emergence time is constant and typical for a given species (Corbet 1964). In higher-tier 

studies, organisms can also be specifically added to record this endpoint. However, this is only 

possible to a limited extent and with only a few species at the same time.  

Given the logistical limitations in semi-field experiments, a novel calculation method 

was applied to estimate emergence time retrospectively. In order to be able to use a defined 

number of age-synchronized organisms, for other species and studies in which a defined 

number of organisms are not used at the application point, a method was developed and 

tested in this work to calculate the emergence time based on the total emergence per taxon 

and replicate. With this method, the emergence time can be calculated for each replicate 

based on the available organisms represented by the total emergence. For this purpose, only 

data after the first application is used and to achieve good accuracy, the emergent organisms 

should be sampled and analyzed continuously. This is ensured by weekly sampling of a pooling 

emergence trap. The ecological relevance of emergence timing becomes particularly evident 
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when considering implications for population continuity and predator-prey interactions. A 

change in emergence time can have numerous negative effects on the biocoenosis. On the 

one hand, for many organisms it is necessary that enough organisms hatch at the same time 

to create a new generation. Delayed hatching of one sex can also prevent sufficient organisms 

capable of mating from being available at the same time. Also, insects are an important food 

source for higher order aquatic and terrestrial consumers and delay in emergence can 

potentially delay the development of these consumers.  

Mayflies for example sometimes emerge highly synchronized in large masses 

(Bauernfeind and Soldán, 2012). Due to the short lifespan, a sex-dependent shift can therefore 

have far-reaching consequences for the further development and survival of a mayfly 

population. The percentage of males was lower on day 14 and 21, especially in the HighPA 

treatment. However, the shift observed here does not necessarily have to be induced by 

microplastic, since the differences were not significant compared to the control. Besides 

chemical stress, other environmental drivers such as temperature and predation must be 

considered as alternative or interacting factors. For other mayfly species, it has been shown 

that increased water temperature and predators can influence development (Peckarsky et al., 

2001; Harper and Peckarsky, 2006). For Cloeon dipterum, the combination of food availability 

and predation risk appears to play an important role in relation to development (Šupina et al., 

2016). It is unlikely that water temperature has an influence on hatching time in this case, as 

no deviations in the temperature curve can be detected. Predators and food availability could 

have had an influence on the emergence time, but should also not deviate between controls 

and treatments.  

In parallel, the subfamily Chironominae showed trends in emergence dynamics, but 

detection of effects was limited by sampling constraints. The subfamily of Chironominae 

showed no direct or indirect effect by the silica nor the polyamide. Due to the low and 

fluctuating abundances and the MDD value below 100% only once post first application no 

direct effects could be observed. Khosrovyan and Kahru (2021), showed a delayed emergence 

of Chironomus riparius, which belongs to Chironominae in their study. However, no effect on 

the total emergence was observed in the treated mesocosms. Something comparable, with 

similar concentrations, was also found in the present higher tier study. The EmT50 and EmT80 

of the Chironominae was clearly, although not significantly, delayed in the HighPA and LowPA 

treatment. This leads to the assumption that here too, with slowly ageing particles, there was 

a tendency towards a sublethal effect. A deeper look at sublethal parameters across 

treatments highlights the sensitivity of such endpoints even in the absence of significant 

abundance changes. The fact that this trend is also not evident in the EmT20 could be due to 

the particles. Khosrovyan and Kahru (2021) also found no effects with virgin polyamide 

particles and only found effects with particles that were aged by UV-weathering for 26 days. 

For the Chironominae in this study, the EmT20 in the control is 7 days, the EmT50 is 21 days and 

the EmT80 is 45 days. As this was an outdoor trial, it can be assumed that the ageing processes 

of the particles were similar.  

Nevertheless, even in the EmTx calculation, the abundance was too low to demonstrate 

any effects. In the MedPA treatment, there was an even lower and more fluctuating total 

emergence, which led to the individuals emerge earlier than in the control. Orthocladiinae, in 
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contrast, revealed more consistent patterns across abundance and emergence time 

endpoints. A different picture emerged for the Orthocladiinae. There, significantly more 

organisms were found in the LowPA treatment on day 21 and in the Silica treatment on day 63. 

The EmT80, on the other hand, shows a significantly earlier emergence for this subfamily 

compared to the control in the MedPA and HighPA treatment. The LowPA treatment also 

shows the tendency of an effect with a p-value of 0.06. In contrast to the abundance 

evaluation, no significant differences were found for the Silica and LowPA treatment in the 

EmTx calculation compared to the control. This shows that an evaluation of the sublethal 

endpoints is also important in order to obtain a general overview of the effects of a substance. 

To increase the robustness of future studies, methodological adaptations and improved 

representativeness are essential. 

It has been shown that for a calculation of EmTx per treatment it is better to calculate 

each replicate individually and then calculate mean values. This also takes into account the 

deviations that naturally occur between individual mesocosms, as the replicates are 

comparable but never identical. It can be assumed that small effects are masked in 

abundances, especially in less abundant species. These may then be detectable in the EmTx. 

In addition, size-based metrics such as biovolume offer insights into population structure and 

timing of generation shifts. By evaluating the size distribution of the organisms, whether by 

assessing length, calculating length-weight regression or the biovolume, one gets an insight 

into the age structure of the populations. This can help to find the point in time, when certain 

taxa are most vulnerable. Younger, smaller organisms are often more likely to be affected by 

stress than older animals. By comparing the biovolume and abundances of Cloeon dipterum 

larvae and adults it is possible to determine when the generation changes from the winter to 

the summer generation and back to the next winter generation occurred. For future 

experimental designs, incorporating long-term data and timing of life stages will be crucial for 

ecological relevance. Accordingly, both for the planning of future semi-field studies and in the 

evaluation, the timing when the most vulnerable life stages dominate the population should 

be considered. For this it is also important, as for biological monitoring, that data has been 

collected over many years and reused continuously to create the closest possible 

approximation to reality.  

This is further supported by complementary studies using other stressors, such as 

veterinary pharmaceuticals, which underline the relevance of EmTx-based approaches. 

Another study, with the veterinary drug eprinomectin, showed a strong dose-response 

relationship for macroinvertebrates. Accordingly, the emerging insects also responded. The 

calculation of the EmTx (Appendix G) confirmed the assumptions from this study, showing that 

no EmT50 could be calculated at the highest concentration for Cloeon dipterum, as no 

organisms emerged. At the low concentration, very early emergence was observed. Based on 

the knowledge of the effect, this is a sign of a toxic effect that develops in the long term. This 

means that the substance in the given concentration is not directly toxic for the larger 

organisms, but is likely toxic to smaller organisms. In the medium concentration, a delayed 

emergence is seen for the total amount of Cloeon dipterum. The substance was toxic to all life 

stages, but recovery was possible and organisms were able to emerge towards the end of the 

study. It should also be noted that in the medium concentration the females emerged early 
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and the males late. This is an indication of a difference in sensitivity between the two sexes. 

In contrast, other taxa such as Chaoborus sp. and Tanypodinae demonstrated clearer dose-

dependent effects on emergence. The strongly differing emergence times can have serious 

effects on mating and reproductive success of the population. The picture is different for 

chaoborids. Here, all concentrations were highly toxic to the larvae. All EmT50 values are well 

below 1, which indicates that the larvae that were about to hatch at the time of application 

emerged at least partially at the beginning of the study and hardly any organisms emerged 

later. This can be clearly seen in the highest concentration, where the EmT50 values are 

almost 0, which means only single findings of individuals. Finally, the Tanypodinae, with their 

sediment-dwelling larvae, are discussed. A clear concentration-effect relationship can be seen 

here. While the EmT50 in the low concentration is more or less equal to the control, it 

decreases further with increasing concentration. This is also an indication of strong toxic 

effects without recovery. 

The further expansion of mesocosm data, by capturing sublethal effects, biovolume 

and biomass, can provide a basis for ecosystem models to expand risk assessment in the 

future. For this it is important to find constant patterns and to understand the variability in  

natural occurring dynamics (Loerracher et al., 2023). Finally, statistical approaches and 

sampling biases should be revisited to ensure comparability across taxa. Furthermore, the 

existing methods could also be adapted in the future. Given the example of the PRC for 

macroinvertebrates, which describes the response of the community to a stressor. The current 

procedure for mesocosm experiments is that the PRC is calculated from the raw data of 

organisms that were caught. However, it is doubtful whether the sampling methods for all 

taxa sample a comparable proportion of organisms. For example, if 20% of all Chaoborus sp. 

larvae in the system are sampled and only 5% of all Chironomus sp. larvae, the Chaoborus sp. 

larvae will be overrepresented in the evaluation, as one fifth of a population is compared to 

one twentieth. The same applies to diversity indices such as Shannon and Evenness. In order 

to improve this in the future, the representativeness of the different taxa must be examined 

for all sampling methods.  

In conclusion, the absence of significant effects on certain organism groups and 

endpoints in this mesocosm study should not be seen as a methodological limitation, but 

rather as a valuable contribution to the environmental risk assessment of microplastics. Since 

the communities in ecosystems are interconnected in many ways, the loss of one species can 

have unpredictable consequences. In order to better predict these consequences and 

potentially endangered groups, species, and life stages, a comprehensive prospective and 

retrospective risk assessment is necessary. In this experiment, there were only isolated effects 

on primary producers. Effects were observed on small animal planktonic organisms, whereas 

larvae and adult winged macroinvertebrates showed exclusively non-lethal effects. However, 

in order to achieve the protective goal of ecotoxicology, which is to protect populations, these 

sublethal effects are also relevant, as they too can cause lasting changes to the communities. 

The results suggest that certain types of microplastic, under environmentally realistic 

conditions, may pose limited ecotoxicological risk. Thus, this study helps to bring nuance to 

the broader discussion around microplastics in freshwater ecosystems and emphasizes the 

importance of controlled, ecologically relevant experiments in evaluating the environmental 
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safety of emerging contaminants. In this experiment, unaged pure microplastic particles were 

used. In the environment, polyamide has the potential to absorb other pollutants, such as 

PFAS or Bisphenol A. In the short term, this can even reduce the toxicity of the chemical 

substances to organisms, but it also carries the potential for the substances to be transported 

further or to remain available for longer due to continuous desorption (Mejías et. al, 2023; 

Rehse et. al, 2018). Other additives, phthalates, or metal pigments can also bind to the organic 

polymer matrix, which often has hydrophobic and hydrophilic areas. This is different from 

silica particles, which were used as particulate control. These have a negatively charged 

surface at alkaline pH and can bind cations, but also certain pharmaceuticals (Guo et. al, 2019). 

However, in this mesocosm experiment, there was neither a heavy metal contamination nor 

a measurable concentration of chemical substances (Appendix H). Therefore, no statement 

can be made about the vector function of the particles in this experiment. 

5.8 Evaluation of research questions and hypotheses 

All shown data and evaluations help answer the research questions and hypotheses defined 

at the beginning of this thesis. All of these are answered in detail below by classifying the 

results and highlighting potential further emerging questions. 

Research questions 

A) Does the presence of the added particles have an influence on the physicochemical 

composition of the model ecosystems and thus on the living conditions of the 

organisms? 

As described in the results the physicochemical parameters (pH, conductivity, temperature 

and oxygen content) did not differ significantly compared to the control. Neither did the 

chemical parameters (hardness, phosphate, nitrate). All parameters were more or less in the 

control range throughout the study. The turbidity changed, depending on the particle amount 

and type. After each application the turbidity rose up to tenfold compared to the control in 

the HighPA treatment. After the particles had settled, which happened after few days, the 

turbidity values returned to the control level. The sole influence of the particles on the living 

conditions was posed by the addition of the silicon dioxide particles in the Silica treatment 

which caused a short-term increase of chlorophyll a originating from diatoms and thus diatom 

abundance. So, overall, there was no impact on the physicochemical parameters, posed by 

the particles.  

B) Is there a group in the aquatic invertebrate food web whose abundance is 

particularly influenced positively or negatively by the particles, i.e. which are the 

species of risk? 

As described for research question A) the diatoms were positively impacted by the Silica 

particles short-term. The presence of polyamide microplastic particles did positively affect the 

blue and green algae, expressed by the chlorophyll a content. Both indirect effects were found 

in the HighPA treatment. There were no treatment related direct effects for the chlorophyll a 

content, the macrophyte ground coverage or the abundance of macroinvertebrates or 

emerging insects. The abundance of some zooplankton organisms however was negatively 

affected by the polyamide treatment. The abundance of Cyclopidae and the total sum of all 
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organisms in the MedPA and HighPA treatment and of Ostracoda in all polyamide treatments 

was lower compared to the controls on various samplings. Cyclopidae and Ostracoda 

abundance was lower in the latter stages of the study. As many species of the family of 

Cyclopidae live near detritus and are benthic or semi benthic and all found Ostracoda species 

are associated with sediment or macrophytes, it can be assumed that effects on small, partly 

grazing organisms are only to be expected after the particles have completely sunk and 

accumulated on the sediment, and that these organisms are therefore among the most 

potentially endangered.      

C) Does a refined evaluation in higher tier studies, especially for stressors that are not 

typically tested in mesocosms, provide the opportunity to better assess effects and 

expand a risk analysis? 

The evaluation of biovolume showed no significant differences between the control and the 

treatments with the high particle load neither for macroinvertebrates nor emerged insects. 

Nevertheless, this evaluation can help to track the development of larvae and other 

invertebrates over the season. This, in turn, can help in future studies to identify the points in 

time when the most sensitive stages of development occur and adapt the study design 

accordingly. Furthermore, the biovolume of the emerged insects may give hints on the 

reproductive ability of these individuals. The larger the organisms are, the more food intake 

during larval development. Since the food intake is driven by availability and ability to feed of 

the larvae themselves this may give an insight into the functionality of the bioscoenosis.  

The evaluation of sexratio of emerged Chaoboridae and Baetidae has revealed some (limited 

by the abundances) significant differences compared to the control. With a higher catch rate, 

for example through larger traps and better sample fixation, this endpoint is potentially 

suitable for indicating a different influence on ontogenetic development in the two sexes.   

Calculating the EmTx allows to provide an additional laboratory endpoint for more complex 

field studies. Knowledge of the development time of the allows effects to be better 

differentiated. This makes it possible to distinguish toxic effects from those that are more 

likely to be developmental delays. In addition, this study showed that taxa that did not exhibit 

any direct or indirect toxic effects, such as Orthocladiinae, exhibited significantly different 

development times when particles were added. 
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Hypotheses 

1) As the particles have a higher density than water and are relatively small, they will 

sediment slowly. They can limit the light intensity available to the algae and higher 

aquatic plants for a short period of time.  

There were no negative effects on algal or macrophyte growth. The sedimentation time was 

less than three days and thus, despite multiple applications in quick succession no effects were 

observed. The hypothesis is rejected. 

2) Zooplankton organisms, especially filter feeders, will ingest the particles 

unselectively as they are similar in size to their preferred food. Once the particles 

have been ingested, they can have an effect on the small animal organisms in 

various ways. 

Ostracods and cyclopoids showed significant lower abundances in the microplastic treated 

systems towards the end of the study. Both groups consist of grazing and predatory taxa which 

suggests and was shown for Ostracoda that particles were actively picked up or ingested 

through food. This hypothesis is accepted. 

3) Larger aquatic invertebrates, so-called macroinvertebrates, can ingest plastic 

particles directly as well as through their food and in some cases pass the particles 

on ontogenetically. This can cause effects on the organisms. 

The food intake of and ontogenetic transfer in macroinvertebrates was shown for 

Chaoborus sp. Since even smaller organisms ingested plastic particles via grazing and filtering 

it is reasonable that other macroinvertebrates did likely. The in some cases significantly early 

or delayed emergence speaks for an effect of the particles on larval development. This 

hypothesis can be accepted.  
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6.Conclusion 

An obvious advantage of mesocosm experiments over laboratory experiments is the 

increased realism. However, this also makes standardization and replicability more difficult. 

Nevertheless, these higher-tier experiments are also assigned a low safety factor by regulatory 

authorities, which in some cases can be only 0.1% of that of an acute laboratory experiment. 

Particularly in the case of stressors that cannot be subordinated to the classic regulatory 

procedure, mesocosm experiments can give useful hints to ecotoxicological risk potential. 

These, admittedly very complex, experiments can provide an initial insight into the 

endangered species, populations, trophic levels or developmental stages. This top-down 

approach to risk assessment could be particularly useful for stressors such as particles, oil films 

or temperature changes, as the more natural conditions can reveal a more realistic response 

of the biocoenosis. In addition to these positive aspects, the mesocosm experiment also 

revealed some weaknesses in the design. Firstly, the number of concentrations in a 

(semi -) field study is limited if sufficient replicates are to be used at the same time. Secondly, 

a stressor for which the effect thresholds cannot be clearly defined requires a very high 

spacing factor compared to laboratory tests in order to assess the potential effect limits as no 

range finding experiments can be done easily. It is always important to ensure that one does 

not end up in a concentration that is far from all naturally expected concentrations, as the 

greatest benefit of such studies is their closeness to reality. With a duration of over 100 days 

after the first application this study is one of few to include long exposure, a particulate 

treated control and at least one environmentally realistic concentration.  

All in all, however, it could be shown that no unacceptable risk to aquatic ecosystems 

is to be expected in the given experiment with non-aged, primary, spherical polyamide 

microplastic particles in a size of 5 - 50 µm and in concentrations of 1.5, 15 and 150 mg L⁻¹. 

This dissertation has laid the foundation of knowledge to gain a basic understanding of the 

effects of small, untreated microplastic particles on aquatic invertebrate biocoenosis. This 

opens up the potential to expand the knowledge through further adaptations and questions 

and to integrate it into a holistic risk analysis. A comprehensive risk assessment must cover 

the entire life cycle for these particulate stressors. Future studies should include a more 

diverse range of particles (polymer type, size, shape) and focus on non-lethal endpoints in 

addition to the positive aspects of mesocosm studies. Additionally, interactions with 

chemicals, that adhere to the particles during aging or recycling, should be a focal point in the 

future.  
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Date 
average daily air 
temperature [°C] 

sum daily 
precipitation [mm] 

sum daily sunshine 
[min] 

05.04.2020 10.1 0.0 764.0 

06.04.2020 13.4 0.0 767.0 

07.04.2020 13.6 0.0 735.0 

08.04.2020 15.3 0.0 751.0 

09.04.2020 14.2 0.0 546.0 

10.04.2020 12.3 0.0 739.0 

11.04.2020 11.1 0.0 774.0 

12.04.2020 15.2 0.0 618.0 

13.04.2020 7.4 0.0 474.0 

14.04.2020 4.1 0.0 411.0 

15.04.2020 8.1 0.0 666.0 

16.04.2020 14.1 0.0 769.0 

17.04.2020 14.1 0.0 776.0 

18.04.2020 13.8 4.4 366.0 

19.04.2020 10.3 0.0 296.0 

20.04.2020 9.6 0.0 824.0 

21.04.2020 11.1 0.0 823.0 

22.04.2020 12.2 0.0 832.0 

23.04.2020 13.5 0.0 811.0 

24.04.2020 13.8 0.0 629.0 

25.04.2020 9.0 0.0 638.0 

26.04.2020 11.6 0.0 837.0 

27.04.2020 14.1 0.0 763.0 

28.04.2020 11.8 2.1 98.0 

29.04.2020 11.8 2.4 348.0 

30.04.2020 10.2 5.0 202.0 

Mean/sum 10.9 14.0 18439.0 

01.05.2020 8.4 2.0 216.0 

02.05.2020 7.3 3.6 168.0 

03.05.2020 9.6 0.0 515.0 

04.05.2020 9.4 0.5 115.0 

05.05.2020 7.2 0.0 832.0 

06.05.2020 9.5 0.0 881.0 

07.05.2020 12.8 0.0 834.0 

08.05.2020 15.2 0.0 664.0 

09.05.2020 14.9 0.0 445.0 

10.05.2020 14.7 2.8 181.0 

11.05.2020 4.6 2.1 96.0 

12.05.2020 5.8 0.0 630.0 

13.05.2020 7.4 0.0 293.0 

14.05.2020 7.0 0.0 448.0 

15.05.2020 8.7 0.0 875.0 

16.05.2020 10.7 0.0 786.0 

17.05.2020 12.0 0.0 846.0 
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Date 
average daily air 
temperature [°C] 

sum daily 
precipitation [mm] 

sum daily sunshine 
[min] 

18.05.2020 15.2 0.0 866.0 

19.05.2020 16.7 0.0 600.0 

20.05.2020 15.6 0.0 319.0 

21.05.2020 16.5 0.0 880.0 

22.05.2020 17.6 2.6 107.0 

23.05.2020 11.8 1.8 178.0 

24.05.2020 11.0 0.3 163.0 

25.05.2020 13.5 0.0 428.0 

26.05.2020 12.6 0.0 539.0 

27.05.2020 15.5 0.0 727.0 

28.05.2020 13.8 0.0 918.0 

29.05.2020 13.8 0.0 920.0 

30.05.2020 13.8 0.0 712.0 

31.05.2020 13.5 0.0 695.0 

Mean/sum 11.8 15.7 16877.0 

01.06.2020 16.6 0.0 921.0 

02.06.2020 19.0 0.0 850.0 

03.06.2020 18.3 1.7 388.0 

04.06.2020 12.9 6.7 11.0 

05.06.2020 9.3 7.1 182.0 

06.06.2020 9.9 7.4 387.0 

07.06.2020 12.6 0.0 490.0 

08.06.2020 13.3 0.1 539.0 

09.06.2020 13.0 1.6 271.0 

10.06.2020 13.1 6.8 12.0 

11.06.2020 13.9 0.4 105.0 

12.06.2020 18.8 0.0 722.0 

13.06.2020 21.0 0.0 816.0 

14.06.2020 17.5 18.7 51.0 

15.06.2020 15.1 13.2 0.0 

16.06.2020 15.3 0.8 70.0 

17.06.2020 15.4 21.1 89.0 

18.06.2020 15.9 0.3 103.0 

19.06.2020 16.3 10.7 551.0 

20.06.2020 16.9 0.0 595.0 

21.06.2020 18.1 0.0 838.0 

22.06.2020 18.0 0.0 490.0 

23.06.2020 18.7 0.0 909.0 

24.06.2020 19.3 0.0 863.0 

25.06.2020 19.4 0.0 780.0 

26.06.2020 20.3 0.0 883.0 

27.06.2020 20.9 0.2 415.0 

28.06.2020 17.7 0.0 41.0 



Appendix C  Weather data of DWD-Station 7410 Neu-Ulrichstein page 3 of 5 

 
 

Date 

average daily air 

temperature [°C] 

sum daily 

precipitation [mm] 

sum daily sunshine 

[min] 

29.06.2020 15.4 2.3 462.0 

30.06.2020 16.1 0.0 702.0 

Mean/sum 16.3 99.1 13536.1 

01.07.2020 18.9 2.3 268.0 

02.07.2020 17.2 0.4 429.0 

03.07.2020 16.4 0.0 603.0 

04.07.2020 18.1 0.0 341.0 

05.07.2020 20.3 0.0 235.0 

06.07.2020 13.9 2.5 392.0 

07.07.2020 14.1 0.4 558.0 

08.07.2020 13.1 3.4 0.0 

09.07.2020 18.6 0.1 263.0 

10.07.2020 17.4 0.0 280.0 

11.07.2020 14.1 0.0 382.0 

12.07.2020 15.0 0.0 698.0 

13.07.2020 17.5 0.0 892.0 

14.07.2020 18.6 0.9 505.0 

15.07.2020 15.3 0.0 225.0 

16.07.2020 13.5 3.2 0.0 

17.07.2020 15.9 0.0 186.0 

18.07.2020 19.4 0.0 626.0 

19.07.2020 20.8 0.0 568.0 

20.07.2020 17.7 0.0 352.0 

21.07.2020 16.1 0.0 851.0 

22.07.2020 16.5 0.0 902.0 

23.07.2020 17.7 0.0 870.0 

24.07.2020 20.6 0.0 316.0 

25.07.2020 20.1 4.7 311.0 

26.07.2020 19.0 0.1 429.0 

27.07.2020 20.4 0.0 418.0 

28.07.2020 20.7 0.0 534.0 

29.07.2020 17.3 0.0 794.0 

30.07.2020 19.5 0.0 890.0 

31.07.2020 23.1 0.0 897.0 

mean/sums 17.6 18.0 15015.0 

01.08.2020 23.9 2.9 527.0 

02.08.2020 19.7 0.1 331.0 

03.08.2020 16.8 0.0 218.0 

04.08.2020 16.6 0.0 509.0 

05.08.2020 19.5 0.0 869.0 

06.08.2020 23.0 0.0 867.0 

07.08.2020 24.9 0.0 861.0 
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Date 
average daily air 
temperature [°C] 

sum daily 
precipitation [mm] 

sum daily sunshine 
[min] 

08.08.2020 27.3 0.0 765.0 

09.08.2020 25.5 1.1 375.0 

10.08.2020 22.2 1.2 211.0 

11.08.2020 23.8 0.0 601.0 

12.08.2020 22.4 4.1 397.0 

13.08.2020 21.6 47.5 123.0 

14.08.2020 19.6 0.9 98.0 

15.08.2020 20.2 0.0 283.0 

16.08.2020 21.7 41.3 611.0 

17.08.2020 18.3 2.3 112.0 

18.08.2020 18.7 0.1 508.0 

19.08.2020 18.9 0.1 759.0 

20.08.2020 22.1 0.0 319.0 

21.08.2020 24.5 0.7 242.0 

22.08.2020 21.0 0.1 396.0 

23.08.2020 17.3 0.0 341.0 

24.08.2020 15.7 0.0 298.0 

25.08.2020 17.0 0.0 332.0 

26.08.2020 17.1 0.0 43.0 

27.08.2020 15.7 2.0 499.0 

28.08.2020 16.5 0.0 154.0 

29.08.2020 13.9 4.5 104.0 

30.08.2020 13.9 3.6 55.0 

31.08.2020 13.5 12.1 44.0 

mean/sums 19.8 124.6 11852 

01.09.2020 12.8 0.1 309.0 

02.09.2020 14.6 0.0 639.0 

03.09.2020 13.5 5.1 101.0 

04.09.2020 18.2 0.0 57.0 

05.09.2020 14.7 0.3 112.0 

06.09.2020 12.7 0.0 449.0 

07.09.2020 13.9 0.0 707.0 

08.09.2020 16.7 0.0 758.0 

09.09.2020 18.0 0.0 474.0 

10.09.2020 15.1 0.0 693.0 

11.09.2020 14.7 0.0 717.0 

12.09.2020 17.6 0.0 689.0 

13.09.2020 17.8 0.0 706.0 

14.09.2020 20.7 0.0 707.0 

15.09.2020 21.4 0.0 612.0 

16.09.2020 20.8 0.0 545.0 

17.09.2020 14.2 0.0 517.0 

18.09.2020 13.9 0.0 710.0 
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Date 
average daily air 
temperature [°C] 

sum daily 
precipitation [mm] 

sum daily sunshine 
[min] 

19.09.2020 14.8 0.0 685.0 

20.09.2020 15.1 0.0 592.0 

21.09.2020 16.5 0.0 696.0 

22.09.2020 17.4 0.0 681.0 

23.09.2020 18.1 1.8 350.0 

24.09.2020 14.7 2.9 425.0 

25.09.2020 10.1 0.5 66.0 

26.09.2020 7.9 14.7 0.0 

27.09.2020 8.4 0.0 28.0 

28.09.2020 10.1 0.0 246.0 

29.09.2020 10.4 6.1 0.0 

30.09.2020 11.6 0.0 10.0 

mean/sums 14.9 31.5 13281 
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Mesocosm 1. Measure 

[cm] 

2. Measure 

[cm] 

3. Measure 

[cm] 

Mean [cm] Distance 

to  

top edge 

[cm] 

1 105 104 106 105.0 29.1 

2 107 108 108 107.7 28.6 

3 105.5 106 106 105.8 30.8 

4 106 106 106.5 106.2 31.4 

5 105 106 105 105.3 35.6 

6 107 107 108 107.3 28.6 

7 106 107 106 106.3 32.9 

8 106 107 107 106.7 32.2 

9 106 106 106 106.0 28.6 

10 104 106 104 104.7 28.7 

11 107 107 105 106.3 31.1 

12 104 106 107 105.7 31.8 

13 106 107 106 106.3 31.1 

14 107 106 107 106.7 35.2 

15 105 106 106.5 105.8 31.8 

16 106 107 108 107.0 28.9  

 
21.04.2020 05.05.2020 

Mesocosm Distance to  

top edge 

[cm] 

Water level  

[cm] 

Distance to  

top edge 

[cm] 

Water level  [cm] 

1 28.4 105.7 26.4 107.7 

2 28.4 107.9 26.9 109.4 

3 30.7 105.9 28.7 107.9 

4 29.9 107.7 27.8 109.8 

5 35.2 105.7 32.9 108.0 

6 27.9 108.0 26.2 109.7 

7 32.9 106.3 30.8 108.4 

8 32.1 106.8 29.5 109.4 

9 28.4 106.2 26.3 108.3 

10 28.7 104.7 26.6 106.8 

11 30.7 106.7 28.6 108.8 

12 31.9 105.6 29.6 107.9 

13 30.7 106.7 28.5 108.9 

14 34.9 107.0 32.8 109.1 

15 31.4 106.2 29.4 108.2 

16 28.7 107.2 27 108.9  
31.7 106.0 29.3 108.4  
27.5 106.3 25.4 108.4  
32.6 106.9 30.9 108.6  
32.2 106.7 30.4 108.5 

  29.2 106.4 27.4 108.2 
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  Mean: 106.5 Mean: 108.5 

   
24.05.2020 29.05.2020 

Mesocosm Distance to  

top edge 

[cm] 

Water level  

[cm] 

Distance to  

top edge 

[cm] 

Water level  [cm] 

1 26.4 112.5 28.3 110.6 

2 26.4 107.0 28.5 104.9 

3 28 110.9 30 108.9 

4 27.8 111.1 29.4 109.5 

5 32 105.7 34.1 103.6 

6 26.3 111.3 28.2 109.4 

7 30 107.6 32 105.6 

8 29 107.6 31 105.6 

9 26 114.9 27.7 113.2 

10 26.5 108.1 28.3 106.3 

11 28.2 107.7 30.2 105.7 

12 29.4 109.8 31 108.2 

13 28.2 113.7 29.9 112.0 

14 32.5 101.3 34.3 99.5 

15 29 107.3 30.9 105.4 

16 26.3 111.1 28.5 108.9 

  Mean: 109.2 Mean: 107.3 

   
02.06.2020 05.06.2020 

Mesocosm Distance to  

top edge 

[cm] 

Water level  

[cm] 

Distance to  

top edge 

[cm] 

Water level  [cm] 

1 29.3 109.6 29.5 109.4 

2 29.7 103.7 29.5 103.9 

3 31.3 107.6 31.1 107.8 

4 30.5 108.4 30.9 108.0 

5 35 102.7 35.2 102.5 

6 29.5 108.1 29.4 108.2 

7 33.5 104.1 33.4 104.2 

8 32.1 104.5 32.2 104.4 

9 29.1 111.8 29 111.9 

10 29.7 104.9 29.5 105.1 

11 31.7 104.2 31.5 104.4 

12 32.7 106.5 32.4 106.8 

13 31.6 110.3 31.3 110.6 

14 35.9 97.9 35.4 98.4 

15 32 104.3 31.8 104.5 

16 29.4 108.0 29.5 107.9 

  Mean: 106.0 Mean: 106.1 
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06.06.2020 08.06.2020 

Mesocosm Distance to  

top edge 

[cm] 

Water level  

[cm] 

Distance to  

top edge 

[cm] 

Water level  [cm] 

1 28.9 110.0 29 109.9 

2 29.2 104.2 28.9 104.5 

3 30.7 108.2 30.6 108.3 

4 30.5 108.4 30.3 108.6 

5 35.2 102.5 34.8 102.9 

6 29 108.6 29.2 108.4 

7 32.9 104.7 33 104.6 

8 31.9 104.7 31.8 104.8 

9 28.6 112.3 28.8 112.1 

10 29.4 105.2 29.3 105.3 

11 31.5 104.4 31.4 104.5 

12 32.4 106.8 32 107.2 

13 30.9 111.0 30.7 111.2 

14 35.3 98.5 34.9 98.9 

15 32 104.3 31.8 104.5 

16 29.3 108.1 29.2 108.2 

  Mean: 106.4 Mean: 106.5 

   
22.06.2020 07.07.2020 

Mesocosm Distance to  

top edge 

[cm] 

Water level  

[cm] 

Distance to  

top edge 

[cm] 

Water level  [cm] 

1 23 115.9 27.1 111.8 

2 23.3 110.1 27 106.4 

3 25.4 113.5 28.9 110.0 

4 24.4 114.5 28.4 110.5 

5 29.1 108.6 33.1 104.6 

6 24 113.6 27.8 109.8 

7 27.5 110.1 31.5 106.1 

8 26.5 110.1 31.6 105.0 

9 23.7 117.2 27.3 113.6 

10 24.9 109.7 27.9 106.7 

11 26.7 109.2 29.6 106.3 

12 27.1 112.1 31 108.2 

13 26.1 115.8 29.3 112.6 

14 30.5 103.3 33.2 100.6 

15 26.6 109.7 30 106.3 

16 24.5 112.9 28.1 109.3 

  Mean: 111.6 Mean: 108.0 

   
20.07.2020 03.08.2020 
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Mesocosm Distance to  

top edge 

[cm] 

Water level  

[cm] 

Distance to  

top edge 

[cm] 

Water level  [cm] 

1 29.6 109.3 32.5 106.4 

2 29.5 103.9 32.9 100.5 

3 31.4 107.5 35 103.9 

4 31.5 107.4 34.7 104.2 

5 35.6 102.1 39 98.7 

6 30.6 107.0 34.8 102.8 

7 33.7 103.9 37 100.6 

8 32.9 103.7 35.9 100.7 

9 29.9 111.0 33.1 107.8 

10 30.8 103.8 33.8 100.8 

11 32.3 103.6 35.7 100.2 

12 33.8 105.4 37.1 102.1 

13 31.9 110.0 34.8 107.1 

14 35.7 98.1 38.9 94.9 

15 32.7 103.6 35.8 100.5 

16 31 106.4 34.5 102.9 

  Mean: 105.4 Mean: 102.1 

   
17.08.2020 

Mesocosm Distance to  

top edge 

[cm] 

Water level  

[cm] 

1 28.5 110.4 

2 28.3 105.1 

3 30.4 108.5 

4 29.9 109.0 

5 35 102.7 

6 29 108.6 

7 32.9 104.7 

8 31.5 105.1 

9 28.5 112.4 

10 29.4 105.2 

11 31.1 104.8 

12 33 106.2 

13 30 111.9 

14 34.9 98.9 

15 31.5 104.8 

16 30.2 107.2 

  Mean: 106.6 
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08-Mai-20 1 0.42 0.88 0.54 0.28 2.12 01-Jun-20 1 0.64 1.56 2.18 2.09 6.47 26-Jun-20 1 2.26 0 3.58 7.83 13.67 22-Jul-20 1 1.53 0 1.71 4.36 7.6 20-Aug-20 1 2.82 0 0.92 5.14 8.88

08-Mai-20 2 0.76 3.13 1.27 0 5.16 01-Jun-20 2 0.55 0.78 1.37 1.17 3.87 26-Jun-20 2 1.29 0.91 2.64 3.58 8.42 22-Jul-20 2 0.85 0 0.91 2.43 4.19 20-Aug-20 2 3.17 0 1.19 5.76 10.12

08-Mai-20 3 0.35 0.48 0.61 0.72 2.16 01-Jun-20 3 0.22 0.78 0.81 0.52 2.33 26-Jun-20 3 1.02 0.67 2.16 2.62 6.47 22-Jul-20 3 0.88 0.08 0.87 1.8 3.63 20-Aug-20 3 4.16 0 2.04 7.66 13.86

08-Mai-20 4 0.33 1.16 0.73 0.5 2.72 01-Jun-20 4 0.17 1.18 0.62 0.06 2.03 26-Jun-20 4 0.97 0.5 3.08 3.3 7.85 22-Jul-20 4 1.49 0 1.2 2.68 5.37 20-Aug-20 4 2.22 0 0.87 3.95 7.04

08-Mai-20 5 0.25 0.74 0.63 0.48 2.1 01-Jun-20 5 0.21 1.12 0.54 0 1.87 26-Jun-20 5 0.98 0.62 2.13 2.81 6.54 22-Jul-20 5 0.98 0 1.27 2.79 5.04 20-Aug-20 5 1.33 0.1 1.07 2.27 4.77

08-Mai-20 6 0.22 0.7 0.45 0.22 1.59 01-Jun-20 6 0.2 2.82 4.3 2.47 9.79 26-Jun-20 6 0.02 1.17 3.01 1.59 5.79 22-Jul-20 6 1.45 0.31 2.09 3.46 7.31 20-Aug-20 6 0.33 0.59 0.68 0.52 2.12

08-Mai-20 7 0.24 0.54 0.38 0.24 1.4 01-Jun-20 7 0.43 3.78 2.73 1.58 8.52 26-Jun-20 7 0 2.8 6.06 2.85 11.71 22-Jul-20 7 1.49 0.02 1.88 2.98 6.37 20-Aug-20 7 0.83 1.71 3.58 2.04 8.16

08-Mai-20 8 0.17 0.77 0.42 0.07 1.43 01-Jun-20 8 0.53 2.44 2.24 1.37 6.58 26-Jun-20 8 1.17 0.96 1.95 2.55 6.63 22-Jul-20 8 1.41 0 1.31 3.44 6.16 20-Aug-20 8 3.84 0 1.18 6.99 12.01

08-Mai-20 9 0.17 1.51 0.7 0.01 2.39 01-Jun-20 9 0.45 2.78 1.76 0.86 5.85 26-Jun-20 9 1.91 1.4 4.21 4.37 11.89 22-Jul-20 9 1.45 0.01 1.27 2.64 5.37 20-Aug-20 9 2.77 0 1.71 4.96 9.44

08-Mai-20 10 0.29 1.77 0.96 0.45 3.47 01-Jun-20 10 0.33 1.54 1.89 0.76 4.52 26-Jun-20 10 1.46 0.83 3.2 3.8 9.29 22-Jul-20 10 1.27 0 1.77 3.62 6.66 20-Aug-20 10 3.32 0 1.91 6.14 11.37

08-Mai-20 11 0.19 1.44 0.64 0.08 2.35 01-Jun-20 11 0.29 1.73 1.7 0.81 4.53 26-Jun-20 11 1.13 1.46 2.65 2.23 7.47 22-Jul-20 11 1.75 7.59 2.27 0 11.61 20-Aug-20 11 3.12 20.36 4.88 0 28.36

08-Mai-20 12 0.25 1 0.52 0.1 1.87 01-Jun-20 12 0.95 3.53 1.86 0.48 6.82 26-Jun-20 12 1.14 0.11 2.11 3.1 6.46 22-Jul-20 12 1.82 0 1.26 3.93 7.01 20-Aug-20 12 2.28 0 1.34 4.49 8.11

08-Mai-20 13 0.18 1.2 0.74 0.29 2.41 01-Jun-20 13 0.59 1.08 2.08 2.08 5.83 26-Jun-20 13 1.11 1.21 1.55 2.23 6.1 22-Jul-20 13 2.13 14.14 4.1 0 20.37 20-Aug-20 13 3.98 24.66 10.93 0.04 39.61

08-Mai-20 14 0.34 0.85 0.75 0.67 2.61 01-Jun-20 14 1.15 3.34 2 1.31 7.8 26-Jun-20 14 1.77 2.89 4.57 3.27 12.5 22-Jul-20 14 1.2 0 1.16 2.76 5.12 20-Aug-20 14 2.51 0 1.41 4.45 8.37

08-Mai-20 15 0.28 1.58 0.74 0.08 2.68 01-Jun-20 15 0.98 3.05 3.34 2.71 10.08 26-Jun-20 15 1.28 3.1 4.11 2.8 11.29 22-Jul-20 15 2.19 0 1.64 4.72 8.55 20-Aug-20 15 3.25 0 1.86 6.08 11.19

08-Mai-20 16 0.28 1.24 0.77 0.33 2.62 01-Jun-20 16 0.53 1.74 1.56 1.46 5.29 26-Jun-20 16 2.27 1.41 3.3 4.57 11.55 22-Jul-20 16 1.23 0.14 1.03 1.8 4.2 20-Aug-20 16 2.61 0 0.96 4.38 7.95

19-Mai-20 1 0.27 1.91 0.83 0 3.01 04-Jun-20 1 0.91 2.4 3.11 2.92 9.34 02-Jul-20 1 4.03 0 3.01 7.8 14.84 29-Jul-20 1 3.84 0 1.96 7.5 13.3

19-Mai-20 2 0.38 1.27 1.07 0.67 3.39 04-Jun-20 2 0.45 0.77 1.59 1.61 4.42 02-Jul-20 2 2.16 1.23 3.54 5.12 12.05 29-Jul-20 2 2.22 0 1.18 4.6 8

19-Mai-20 3 0.15 0.44 0.53 0.4 1.52 04-Jun-20 3 0.67 0.31 0.79 1.4 3.17 02-Jul-20 3 2.1 0 1.8 4.64 8.54 29-Jul-20 3 1.17 0 0.93 2.3 4.4

19-Mai-20 4 0.26 1.09 0.7 0.37 2.42 04-Jun-20 4 0.33 1.31 0.73 0.18 2.55 02-Jul-20 4 1.85 0 1.49 3.81 7.15 29-Jul-20 4 1.11 0 1.69 3.37 6.17

19-Mai-20 5 0.51 0.27 0.66 1.07 2.51 04-Jun-20 5 0.62 1.98 1.27 0.69 4.56 02-Jul-20 5 2.36 0.72 3.15 5.23 11.46 29-Jul-20 5 1.44 0.06 1.2 2.66 5.36

19-Mai-20 6 0.55 2.25 1.47 0.77 5.04 04-Jun-20 6 0 3.84 8.29 3.04 15.17 02-Jul-20 6 1.55 0.97 2.32 3.06 7.9 29-Jul-20 6 1.35 0 1.42 3.29 6.06

19-Mai-20 7 0.15 1.04 0.92 0.24 2.35 04-Jun-20 7 0.55 4.76 3.37 1.83 10.51 02-Jul-20 7 0.06 0.57 3.51 2.7 6.84 29-Jul-20 7 1.75 0.95 1.96 2.02 6.68

19-Mai-20 8 0.19 1.05 1.21 0.81 3.26 04-Jun-20 8 0.59 1.6 1.65 1.51 5.35 02-Jul-20 8 0.78 1.73 2.72 2.12 7.35 29-Jul-20 8 1.29 0.09 1.52 2.97 5.87

19-Mai-20 9 0.13 1.08 0.53 0.04 1.78 04-Jun-20 9 0.79 0.77 1.42 1.94 4.92 02-Jul-20 9 1.59 0.99 3.58 4.01 10.17 29-Jul-20 9 1.78 0 1.07 3.69 6.54

19-Mai-20 10 0.14 1.15 0.67 0.1 2.06 04-Jun-20 10 0.45 1.61 1.27 0.69 4.02 02-Jul-20 10 3.8 0.33 2.82 6.33 13.28 29-Jul-20 10 2.17 0 2.34 5.1 9.61

19-Mai-20 11 0.96 5.44 1.42 0 7.82 04-Jun-20 11 0.64 0.81 1.09 0.91 3.45 02-Jul-20 11 1.61 0 1.04 3.17 5.82 29-Jul-20 11 1.82 7.06 1.5 0 10.38

19-Mai-20 12 0.05 0.95 0.64 0.12 1.76 04-Jun-20 12 0.71 3.53 1.55 0.39 6.18 02-Jul-20 12 2.42 0 2.66 5.86 10.94 29-Jul-20 12 1.29 0 1.2 3.48 5.97

19-Mai-20 13 0.12 1.28 0.52 0 1.92 04-Jun-20 13 0.52 0.63 1.12 1.37 3.64 02-Jul-20 13 1.37 20.64 5.44 0 27.45 29-Jul-20 13 4.04 35.31 6.58 0 45.93

19-Mai-20 14 0.54 0.32 0.94 1.6 3.4 04-Jun-20 14 1.66 1.22 2.19 3.71 8.78 02-Jul-20 14 1.79 0.1 2.71 4.67 9.27 29-Jul-20 14 1.78 0.3 1.35 3.19 6.62

19-Mai-20 15 0.02 0.89 0.93 0.36 2.2 04-Jun-20 15 1.07 2.74 1.98 1.6 7.39 02-Jul-20 15 2 1.81 5.32 5.81 14.94 29-Jul-20 15 1.85 0.12 1.41 3.11 6.49

19-Mai-20 16 0.18 0.89 0.81 0.52 2.4 04-Jun-20 16 1.07 0.63 2.09 3.28 7.07 02-Jul-20 16 2.61 0 1.54 5.3 9.45 29-Jul-20 16 2.29 0 2.52 5.47 10.28

26-Mai-20 1 0.11 2.79 1.5 0.22 4.62 08-Jun-20 1 1.21 5.58 3.33 1.93 12.05 09-Jul-20 1 2.53 0 1.42 4.95 8.9 06-Aug-20 1 3.05 0 1.86 6.34 11.25

26-Mai-20 2 0.25 2.32 1.06 0.08 3.71 08-Jun-20 2 1.06 1.87 1.89 1.46 6.28 09-Jul-20 2 2.46 0 1.78 5.19 9.43 06-Aug-20 2 2.32 0 1.61 5.16 9.09

26-Mai-20 3 0.19 3.58 1.03 0 4.8 08-Jun-20 3 0.59 2.24 2.35 1.18 6.36 09-Jul-20 3 1.32 0 1.77 3.53 6.62 06-Aug-20 3 1.27 0 0.93 2.43 4.63

26-Mai-20 4 0.13 1.79 0.79 0 2.71 08-Jun-20 4 0.36 2.12 1.96 1.03 5.47 09-Jul-20 4 1.51 0 0.76 2.87 5.14 06-Aug-20 4 1.45 0 1.36 2.77 5.58

26-Mai-20 5 0.18 1.41 0.72 0.07 2.38 08-Jun-20 5 0.66 6.23 2.97 0 9.86 09-Jul-20 5 2.04 0 2.23 4.85 9.12 06-Aug-20 5 1.3 0 1.34 2.86 5.5

26-Mai-20 6 0.49 1.71 1.11 0.56 3.87 08-Jun-20 6 0.09 5.17 7.54 2.97 15.77 09-Jul-20 6 1.75 0.81 3.61 4.63 10.8 06-Aug-20 6 0.5 0 0.49 0.89 1.88

26-Mai-20 7 0.44 1.52 1.03 0.33 3.32 08-Jun-20 7 1.43 12.51 4 0 17.94 09-Jul-20 7 1.47 0 1.45 3.24 6.16 06-Aug-20 7 2.82 0.24 2.95 5.42 11.43

26-Mai-20 8 0.35 1.92 1.66 0.67 4.6 08-Jun-20 8 0.85 2.47 2.29 1.89 7.5 09-Jul-20 8 0.81 0 1.05 3.03 4.89 06-Aug-20 8 3.24 0.05 2.21 5.41 10.91

26-Mai-20 9 0.23 2.71 1.14 0 4.08 08-Jun-20 9 1.25 1.41 2.1 3.19 7.95 09-Jul-20 9 1.71 0 0.88 3.43 6.02 06-Aug-20 9 2.16 0 1.4 3.8 7.36

26-Mai-20 10 0.25 2.04 0.9 0 3.19 08-Jun-20 10 0.77 1.36 1.93 1.74 5.8 09-Jul-20 10 2.19 0 1.17 4.7 8.06 06-Aug-20 10 3.95 0 2.38 7.35 13.68

26-Mai-20 11 0.28 1.63 0.7 0 2.61 08-Jun-20 11 0.48 1.28 1.95 1.55 5.26 09-Jul-20 11 1.23 0 1.02 2.3 4.55 06-Aug-20 11 1.47 3.37 1.97 1.08 7.89

26-Mai-20 12 0.19 2.4 1.03 0 3.62 08-Jun-20 12 0.69 3.25 2.49 1.64 8.07 09-Jul-20 12 1.84 0 1.43 4.71 7.98 06-Aug-20 12 1.65 0 1.33 3.82 6.8

26-Mai-20 13 0.12 1.12 0.63 0.21 2.08 08-Jun-20 13 0.7 1.1 1.41 1.71 4.92 09-Jul-20 13 1.77 74.98 18.1 0 94.85 06-Aug-20 13 5.32 49.76 10.88 0 65.96

26-Mai-20 14 0.03 1.47 0.74 0.02 2.26 08-Jun-20 14 2.43 4.57 7.42 7.06 21.48 09-Jul-20 14 1.72 0 1.91 4.15 7.78 06-Aug-20 14 1.57 0 1.65 3.36 6.58

26-Mai-20 15 0.69 1.58 1.96 1.71 5.94 08-Jun-20 15 1.65 4.28 3.3 3.02 12.25 09-Jul-20 15 3.45 0 1.64 7.42 12.51 06-Aug-20 15 2.46 0.15 1.74 3.94 8.29

26-Mai-20 16 0.23 1.83 0.59 0 2.65 08-Jun-20 16 1 3.99 6.41 4.13 15.53 09-Jul-20 16 1.14 0 0.86 2.46 4.46 06-Aug-20 16 5.64 0 2.06 9.32 17.02

28-Mai-20 1 0.03 1.53 1.16 0.23 2.95 16-Jun-20 1 2.01 0 2.67 5.05 9.73 15-Jul-20 1 1.4 0 0.72 2.77 4.89 12-Aug-20 1 3.43 0 1.93 5.61 10.97

28-Mai-20 2 0.17 1.43 1.57 0.66 3.83 16-Jun-20 2 1.4 0.53 2.72 3.5 8.15 15-Jul-20 2 2.43 0 1.57 5.41 9.41 12-Aug-20 2 2.66 0 1.61 5.53 9.8

28-Mai-20 3 0.18 2.41 0.81 0 3.4 16-Jun-20 3 1.08 4.24 7.74 3.16 16.22 15-Jul-20 3 0.96 0.1 1.2 1.97 4.23 12-Aug-20 3 1.8 0 1.38 4.07 7.25

28-Mai-20 4 0.01 1.35 1.12 0.09 2.57 16-Jun-20 4 1.86 1.31 5.96 6.17 15.3 15-Jul-20 4 0.64 0 0.56 1.16 2.36 12-Aug-20 4 1.17 0 0.7 2.41 4.28

28-Mai-20 5 0.11 1.65 0.84 0 2.6 16-Jun-20 5 0.96 2.5 5.69 3.56 12.71 15-Jul-20 5 0.78 0.04 1.3 1.92 4.04 12-Aug-20 5 1.75 0 1.34 4.39 7.48

28-Mai-20 6 0.24 2.18 2.9 1.9 7.22 16-Jun-20 6 2.69 7.43 4.54 3.46 18.12 15-Jul-20 6 0.54 0.54 1.69 1.87 4.64 12-Aug-20 6 0.53 0.33 0.62 0.8 2.28

28-Mai-20 7 0.34 3.07 2.36 0.78 6.55 16-Jun-20 7 1.56 4.03 3.57 2.93 12.09 15-Jul-20 7 1.85 0 1.53 3.91 7.29 12-Aug-20 7 2.63 0.39 4.16 6.09 13.27

28-Mai-20 8 0.29 0.57 1.13 0.88 2.87 16-Jun-20 8 1.23 1.52 4.41 4.56 11.72 15-Jul-20 8 0.66 0 0.73 1.6 2.99 12-Aug-20 8 2.47 0 2.31 5.93 10.71

28-Mai-20 9 0.12 1.85 0.95 0.03 2.95 16-Jun-20 9 1.35 0.06 1.74 3.26 6.41 15-Jul-20 9 1.13 0 0.79 2.29 4.21 12-Aug-20 9 1.9 0 1.07 3.86 6.83

28-Mai-20 10 0.06 1.58 1.2 0.19 3.03 16-Jun-20 10 2.05 0 1.92 5.2 9.17 15-Jul-20 10 1 0 0.69 1.86 3.55 12-Aug-20 10 1.96 0 1.44 4.34 7.74

28-Mai-20 11 0.05 1.63 0.97 0.06 2.71 16-Jun-20 11 0.63 0.55 1.24 1.5 3.92 15-Jul-20 11 0.62 0.73 0.76 0.83 2.94 12-Aug-20 11 3.94 12.51 5.71 1.04 23.2

28-Mai-20 12 0.3 2.88 0.88 0 4.06 16-Jun-20 12 1.5 13.59 4.89 0 19.98 15-Jul-20 12 1.18 0 0.76 2.15 4.09 12-Aug-20 12 1.6 0 1.09 3.62 6.31

28-Mai-20 13 0.4 1.52 1.18 0.9 4 16-Jun-20 13 1.66 3.83 7.28 5.61 18.38 15-Jul-20 13 6.93 83.55 17.05 0 107.53 12-Aug-20 13 0.81 12.5 2.61 0 15.92

28-Mai-20 14 0.36 1.89 0.72 0 2.97 16-Jun-20 14 0.43 3.87 10.11 5.58 19.99 15-Jul-20 14 1.25 0.18 1.2 2.65 5.28 12-Aug-20 14 1.72 0 1.11 3.14 5.97

28-Mai-20 15 0.37 1.4 1.69 1.16 4.62 16-Jun-20 15 7.89 0 5.91 15.18 28.98 15-Jul-20 15 1.2 0 0.62 2.21 4.03 12-Aug-20 15 2.5 0 1.91 5.31 9.72

28-Mai-20 16 0.07 1.65 0.84 0.01 2.57 16-Jun-20 16 1.79 2.72 6.23 4.94 15.68 15-Jul-20 16 0.33 0 0.44 0.7 1.47 12-Aug-20 16 2.22 0 1.63 5.32 9.17
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26-Mai-20 1 0.02 1.12 1.13 0.36 2.63 22-Jul-20 1 3.21 0 1.77 5.41 10.39

26-Mai-20 2 0.31 0.63 0.56 0.65 2.15 22-Jul-20 2 1.17 0 1.07 2.82 5.06

26-Mai-20 3 0 2.6 2.07 0.23 4.9 22-Jul-20 3 1.19 0 1.13 2.33 4.65

26-Mai-20 4 0.02 0.65 0.53 0.15 1.35 22-Jul-20 4 1.44 0 1.06 3.28 5.78

26-Mai-20 5 0.11 0.79 0.65 0.08 1.63 22-Jul-20 5 0.89 0 1.47 2.95 5.31

26-Mai-20 6 0.25 0.95 0.85 0.59 2.64 22-Jul-20 6 1.6 0.19 1.53 2.93 6.25

26-Mai-20 7 0.29 1.21 0.73 0.28 2.51 22-Jul-20 7 1.13 0 1.39 2.73 5.25

26-Mai-20 8 0.24 1.21 1.32 0.65 3.42 22-Jul-20 8 1.22 0 1.44 2.7 5.36

26-Mai-20 9 0.23 2.01 0.97 0.19 3.4 22-Jul-20 9 1.28 0.12 1.38 2.62 5.4

26-Mai-20 10 0.14 1.06 0.56 0.12 1.88 22-Jul-20 10 1.17 0 1.54 3.47 6.18

26-Mai-20 11 0 1.05 0.61 0.12 1.78 22-Jul-20 11 0.5 0.23 0.6 1.02 2.35

26-Mai-20 12 0.04 1.55 1.12 0 2.71 22-Jul-20 12 1.38 0 1.19 3.45 6.02

26-Mai-20 13 0.18 0.38 0.46 0.4 1.42 22-Jul-20 13 0.11 0.09 0.15 0.16 0.51

26-Mai-20 14 0.32 0.98 0.49 0.14 1.93 22-Jul-20 14 1.18 0 1.24 2.89 5.31

26-Mai-20 15 0.68 1.17 1.61 1.62 5.08 22-Jul-20 15 1.67 0.02 1.62 3.54 6.85

26-Mai-20 16 0.06 0.75 0.51 0.18 1.5 22-Jul-20 16 1.02 0 1 2.44 4.46

26-Jun-20 1 2.34 0 2.28 5.65 10.27 20-Aug-20 1 2.22 0 0.93 4.22 7.37

26-Jun-20 2 2.09 0.73 2.14 3.93 8.89 20-Aug-20 2 4.06 0 1.85 7.93 13.84

26-Jun-20 3 0.91 0.74 1.98 2.43 6.06 20-Aug-20 3 4.02 0 2.18 7.7 13.9

26-Jun-20 4 0.83 0.59 2.92 2.98 7.32 20-Aug-20 4 2.29 0 0.91 4.17 7.37

26-Jun-20 5 0.62 0.83 1.79 1.75 4.99 20-Aug-20 5 1.44 0 0.6 2.35 4.39

26-Jun-20 6 0.07 1.55 3.25 1.86 6.73 20-Aug-20 6 0.3 0.33 0.42 0.47 1.52

26-Jun-20 7 0 2.33 5.78 2.81 10.92 20-Aug-20 7 0.55 0 1.1 1.71 3.36

26-Jun-20 8 2.03 0.7 2.06 3.51 8.3 20-Aug-20 8 3.54 0 1.79 7.39 12.72

26-Jun-20 9 0.59 0.1 0.69 1.21 2.59 20-Aug-20 9 2.81 0 1.54 5.76 10.11

26-Jun-20 10 0.95 0.14 2.06 2.78 5.93 20-Aug-20 10 3.53 0 1.9 7.22 12.65

26-Jun-20 11 0.74 0.71 1.19 1.56 4.2 20-Aug-20 11 0.62 0.35 0.94 1.08 2.99

26-Jun-20 12 1 0.6 2.23 2.67 6.5 20-Aug-20 12 2.87 0 1.11 5.01 8.99

26-Jun-20 13 0.78 0 0.59 1.88 3.25 20-Aug-20 13 2.01 1.01 2.82 4.06 9.9

26-Jun-20 14 0.63 1.3 1.44 1.26 4.63 20-Aug-20 14 3.02 0 1.17 4.84 9.03

26-Jun-20 15 0.99 2.16 2.26 1.62 7.03 20-Aug-20 15 3.4 0 2.13 7.14 12.67

26-Jun-20 16 0.93 0.82 2.23 2.25 6.23 20-Aug-20 16 2.96 0 1.22 4.77 8.95
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24-Mai-20 1 27.2 0 25.1 0 0.9 1.2 0 17-Jul-20 1 69.1 0 42.2 0 11.2 13.7 2

24-Mai-20 2 29.2 0 26.5 0 1.4 1.3 0 17-Jul-20 2 69.1 0 42.2 0 10.6 9.5 6.8

24-Mai-20 3 28.8 0 26.9 0 1.3 0.6 0 17-Jul-20 3 74 0 39.5 0 14.2 11.5 8.8

24-Mai-20 4 28.4 0 25.6 0 1.5 1.3 0 17-Jul-20 4 68.9 0 38.6 0 17.8 4.3 8.2

24-Mai-20 5 32.8 0 29.9 0 1.1 1.8 0 17-Jul-20 5 72.2 0 39.9 0 16.7 11.1 4.5

24-Mai-20 6 26.4 0 22.9 0 1.6 1.9 0 17-Jul-20 6 64.2 0 39 0 9.9 8.9 6.4

24-Mai-20 7 25.5 0 23 0 1.4 1.1 0 17-Jul-20 7 59.4 0 38.9 0 7.8 4.2 8.5

24-Mai-20 8 35.4 0 33.6 0 0.4 1.4 0 17-Jul-20 8 52.1 0 35.2 0 9.8 2.5 4.6

24-Mai-20 9 26.2 0 23 0 1.2 2 0 17-Jul-20 9 64.6 0 42.6 0 14.9 2 5.1

24-Mai-20 10 36.1 0 32.6 0 1.6 1.9 0 17-Jul-20 10 72.4 0 40.9 0 13 13.8 4.7

24-Mai-20 11 40.9 0 37.7 0 1.6 1.6 0 17-Jul-20 11 62.8 0 38.7 0 12 7.5 4.6

24-Mai-20 12 27.9 0 25.8 0 1.3 0.8 0 17-Jul-20 12 66.7 0 36.3 0 14.5 8.5 7.4

24-Mai-20 13 28.6 0 26.3 0 1.1 1.2 0 17-Jul-20 13 54.4 0 33.3 0 11.1 3.7 6.3

24-Mai-20 14 22.7 0 20.2 0 1.3 1.2 0 17-Jul-20 14 71 0 44.7 0 15.2 7.6 3.5

24-Mai-20 15 24.5 0 22 0 1.6 0.9 0 17-Jul-20 15 68.3 0 43.4 0 15.3 7.2 2.4

24-Mai-20 16 26.5 0 23.8 0 1.6 1.1 0 17-Jul-20 16 69.4 0 41.8 0 7.5 7.4 12.7

12-Jun-20 1 33.2 0 20.1 0.3 4.9 1.9 6 22-Aug-20 1 60.3 0.3 50.5 0 0 8.1 1.4

12-Jun-20 2 36.9 0 23.2 0 5.5 3.8 4.4 22-Aug-20 2 90.2 0.5 52.4 0 31.5 5.8 0

12-Jun-20 3 34.6 0 25.5 0 0 3.1 6 22-Aug-20 3 86 0.3 49.6 0 24.1 12 0

12-Jun-20 4 41.5 0 25.2 0 4.6 3.9 7.8 22-Aug-20 4 108.9 0.5 51.5 0 33.5 23.4 0

12-Jun-20 5 30.9 0 19.6 0.5 3.6 3.4 3.8 22-Aug-20 5 87.3 0.7 55.6 0 25.6 5.4 0

12-Jun-20 6 28.5 0 22.6 0 2.7 1.5 1.7 22-Aug-20 6 90.9 0.5 50.4 0 25.2 14.8 0

12-Jun-20 7 39.5 0 24.4 0 2.8 4 8.3 22-Aug-20 7 60.4 0.4 52.1 0 0 4.7 3.2

12-Jun-20 8 38.5 0 29 0 3.7 2.8 3 22-Aug-20 8 99.3 0.7 52.2 0 26.7 14.8 4.9

12-Jun-20 9 42.2 0 28.1 0 4.5 3.6 6 22-Aug-20 9 89 0.5 51.7 0 25.5 9.3 2

12-Jun-20 10 37.9 0 29.7 0 5.8 0 2.4 22-Aug-20 10 80.8 0.4 48.7 0 22.5 9.2 0

12-Jun-20 11 30.3 0 20.8 1 2.6 0 5.9 22-Aug-20 11 76.4 1 51 0 17.6 6.8 0

12-Jun-20 12 39.6 0 23.5 0.4 6.9 3.1 5.7 22-Aug-20 12 93.5 0.2 50.4 0 32.4 8.9 1.6

12-Jun-20 13 41.3 0 25.8 0 5.1 3.5 6.9 22-Aug-20 13 102.6 0.5 61 0 32.2 8.9 0

12-Jun-20 14 32.4 0 21.2 0.4 3.8 3 4 22-Aug-20 14 89.3 1.6 53.9 0 21.9 11.9 0

12-Jun-20 15 46.5 0 27.2 0 6.3 3.5 9.5 22-Aug-20 15 93.8 0 53.8 0 26.2 11.9 1.9

12-Jun-20 16 48.2 0 31.5 0 4.7 4.3 7.7 22-Aug-20 16 113.7 0.7 55.6 0 42.1 15.3 0
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18-Mai-20 1 2460.63 0.14 2.16 4.46 1.29 14.96 7.41 0.14 3.17 29.71 1728.92 5.18 24.1 139.06 0.43 461.73 0.72 0.14 1.73 34.32 0.86 2291.01 8.84 154.02 20 0.988 0.33

18-Mai-20 2 2512.1 0.28 1.57 1.5 0.43 9.4 0.78 0.43 1.71 21.65 2127.21 7.69 0.71 8.12 111.68 1.42 181.84 3.13 0.14 1.71 29.99 0.71 2384.61 1.64 121.08 21 0.663 0.218

18-Mai-20 3 1429.92 0.14 1.73 1.58 0.07 16.55 46.33 3.96 0.29 8.06 1075.61 1.29 7.05 48.13 1.29 0.29 104.96 0.29 0.29 0.79 111.08 0.14 1310.93 50.36 64.68 21 0.995 0.327

18-Mai-20 4 2064.6 1.01 0.29 0.72 0.58 0.29 20.86 24.03 2.3 0.86 13.96 1311.73 3.74 0.14 14.82 230.22 1.73 0.14 170.5 0.14 0.29 2.73 262.37 1.15 1781.57 26.33 251.08 23 1.224 0.39

18-Mai-20 5 246.2 1.16 0.29 1.45 1.08 1.16 5.78 170.07 1.3 0.29 2.75 7.52 1.3 0.29 17.06 0.43 0.29 0.22 33.62 0.14 234.05 1.08 8.97 19 1.171 0.398

18-Mai-20 6 2269.73 1.42 1.35 16.1 0.5 0.71 5.56 1781.77 4.42 0.14 6.84 210.4 1.71 0.28 194.8 1 4.13 1.21 37.11 0.28 2034.33 0.5 226.5 19 0.809 0.275

18-Mai-20 7 1153.76 0.58 2.45 1.73 0.07 14.53 1.01 0.43 0.5 0.86 0.14 3.6 954.96 5.32 0.58 21.01 30 1.01 93.6 3.31 0.29 0.22 13.53 4.03 1103.97 2.01 44.53 23 0.775 0.247

18-Mai-20 8 788.11 1.29 3.94 0.07 7.73 1.43 0.57 2 0.43 4.01 482.89 12.03 0.72 10.02 94.85 2.72 144.88 0.57 0.57 0.21 14.03 3.15 676.02 2.07 102.58 21 1.264 0.415

18-Mai-20 9 1149.38 0.15 0.29 3.65 6.86 5.04 0.44 3.07 1.61 7.74 870.44 2.77 0.44 4.82 70.88 0.73 158.39 3.8 2.12 0.15 5.55 0.44 1056.44 8.55 77.74 21 0.899 0.295

18-Mai-20 10 1944.18 2.96 2.81 0.89 13.33 3.19 1.63 1.48 22.3 1515.41 1.19 0.3 8.3 175.56 0.89 159.41 1.04 0.3 4.67 27.04 1.48 1740.91 5.71 188.89 20 0.864 0.288

18-Mai-20 11 2589.89 0.14 0.29 1.74 17.35 6.29 1.16 11.14 2101.52 1.16 5.21 144.83 2.6 0.14 168.76 0.29 6.94 0.22 118.66 1.45 2408.76 7.45 162.18 19 0.777 0.264

18-Mai-20 12 2265 0.43 8.82 2.17 0.43 15.91 9.4 1.01 3.04 23.79 1753.43 6.07 0.14 91.4 67.61 1.74 266.31 3.47 0.29 2.6 6.65 0.29 2163.84 10.84 83.52 21 0.893 0.293

18-Mai-20 13 3649.24 1.02 0.22 0.15 0.07 86.71 5.16 1.16 29.41 2669.43 2.03 0.58 10.46 293.97 1.74 0.87 328.4 0.29 1.31 2.9 212.49 0.87 3257.01 5.23 380.68 21 0.996 0.327

18-Mai-20 14 1000.85 0.14 2.01 1.37 4.46 6.69 7.34 789.64 1.29 13.81 36.33 0.43 0.14 93.6 0.29 0.14 0.22 42.66 0.29 951.21 6.69 40.79 18 0.86 0.298

18-Mai-20 15 2140.44 0.43 2 0.07 12.88 1.15 0.07 0.43 1.43 4.44 1728.06 14.6 0.43 4.44 182.75 0.72 167.07 0 3.72 0.43 14.03 1.29 1936.22 1.72 195.63 20 0.746 0.249

18-Mai-20 16 2241.72 3.42 2.99 0.07 0.07 10.83 6.7 1.21 2.85 37.39 1984.4 2.42 1.42 41.95 1.14 106.48 1.85 0.28 35.97 0.28 2176.48 7.98 52.78 18 0.56 0.194

23-Jun-20 1 914.6 0.56 1.98 3.95 0.85 34.79 12.21 0.07 352.58 194.92 0.14 2.68 147.99 0.71 28.86 0.14 0.56 2.96 128.65 710.51 13.06 182.85 18 1.656 0.573

23-Jun-20 2 2500.91 0.14 0.71 1.13 0.14 0.21 53.69 8.58 3.55 1057.8 501.77 0.28 7.52 587.09 2.84 0.14 269.01 0.07 0.99 5.25 1842.62 12.34 640.78 19 1.428 0.485

23-Jun-20 3 2508.6 0.14 0.14 1.13 0.28 13.83 5.08 630.49 952.22 3.25 386.03 0.56 0.28 458.08 56.53 0.56 2101.69 5.08 399.86 15 1.459 0.539

23-Jun-20 4 1203.35 0.57 1.57 0.14 0.57 29.56 8.73 0.14 443.74 365.43 0.29 4.01 263.64 1.43 79.1 0.14 1.43 2.86 896 9.44 293.2 16 1.438 0.519

23-Jun-20 5 1811.1 1.29 0.14 0.43 21.55 3.22 0.29 365.43 657.84 2.72 336.72 0.86 0.43 402 0.14 0.29 17.75 1446.31 3.65 358.56 16 1.474 0.532

23-Jun-20 6 1262.73 0.28 1.83 0.71 0.42 95.2 1.41 0.14 0.14 90.05 362.88 0.28 0.28 388.57 0.99 0.56 29.15 13.55 0.92 275.37 774.09 2.25 483.77 19 1.618 0.549

23-Jun-20 7 1115.79 0.14 0.57 2.07 25.28 0.07 1.42 131.84 5.98 480.48 0.14 138.96 3.42 0.78 324.64 607.11 0.07 505.76 14 1.397 0.529

23-Jun-20 8 367.28 0.28 0.42 1.75 0.07 25.73 1.54 2.1 59.72 73.15 0.98 67.83 0.14 30.56 0.28 0.7 102.03 267.14 3.99 93.56 16 1.807 0.652

23-Jun-20 9 1712.39 0.14 1.85 27.78 9.12 4.34 446.72 264.96 2.42 345.44 0.71 270.16 0.43 0.5 337.68 0.14 1322.65 13.46 373.22 15 1.709 0.631

23-Jun-20 10 2227.68 0.14 3.88 0.29 1.01 80.29 8.63 2.95 944.46 493.24 9.06 314.82 0.72 0.14 149.57 0.86 1.22 216.4 1813.87 12.59 395.11 17 1.581 0.558

23-Jun-20 11 3735.95 0.93 0.71 71.79 15.81 5.41 1940.24 1176.57 0.14 9.12 477.92 5.41 0.28 25.43 0.43 0.14 3.77 1.71 0.14 3154.06 21.22 549.71 18 1.151 0.398

23-Jun-20 12 1564 0.14 1.42 1.99 0.28 0.28 27.78 10.04 402.56 664.89 0.28 12.96 410.4 0.57 28.56 0.85 0.14 0.43 0.43 1112.52 10.32 438.18 18 1.313 0.454

23-Jun-20 13 2111.7 0.28 0.14 124.11 35.39 900 628.44 0.14 0.43 398.3 2.7 0.14 14.47 1.77 1.56 3.83 1547.45 35.53 522.41 15 1.344 0.496

23-Jun-20 14 1593.14 1.5 0.28 0.28 41.38 2.21 0.57 277.92 1023.36 0.14 1.71 192.24 1.42 0.85 43.09 0.14 0.07 0.71 5.27 1352.48 3.06 233.62 18 1.1 0.381

23-Jun-20 15 1016.99 0.14 4.33 0.14 0.14 29.57 2.34 0.14 111.91 351.7 0.14 4.68 121.77 0.28 0.14 72.77 1.13 0.14 315.53 858 2.76 151.34 18 1.599 0.553

23-Jun-20 16 1947.95 0.71 0.43 2.84 0.57 0.64 33.26 12.48 4.75 0.14 569.01 1052.62 2.7 223.9 0.57 34.4 0.07 0.07 8.79 1668.66 17.87 257.3 18 1.185 0.41

06-Jul-20 1 973.08 0.44 6.71 0.15 0.29 13.12 102.8 28.52 1.03 0.15 0.44 136.4 39.57 279.51 7.66 239.57 26.16 21.22 69.34 485.32 43.11 382.46 17 1.967 0.694

06-Jul-20 2 974.75 0.14 3.9 0.14 29.86 31.31 0.29 203.69 108.6 295.3 1.74 228.27 1.3 1.3 68.91 609.47 31.88 325.16 14 1.734 0.657

06-Jul-20 3 1034.27 0.74 2.51 38.1 9.73 162.86 167.72 400.44 1.47 234.93 0.15 0.44 15.18 580.69 12.24 438.54 12 1.551 0.624

06-Jul-20 4 801.22 1.02 12.26 73.28 20.36 0.15 0.29 151.02 14.31 0.15 423.21 9.34 77.59 3.5 2.77 11.97 255.04 33.06 496.49 15 1.498 0.553

06-Jul-20 5 1044.83 0.15 0.3 0.67 0.07 16.53 114.07 5.06 0.15 0.89 239.69 76.25 0.3 347.58 7.3 209.75 0.3 14.3 11.47 537.91 22.48 461.8 17 1.714 0.605

06-Jul-20 6 1204.77 0.15 0.45 0.07 3.28 135.74 0.6 0.6 328.52 24.5 320.4 3.57 301.41 0.15 0.3 30.75 54.28 709.01 4.48 456.14 15 1.66 0.613

06-Jul-20 7 587.44 2.11 0.29 1.6 16.99 0.87 0.44 33.77 6.97 0.44 312.49 1.74 200.58 2.9 2.47 3.78 245.54 2.91 329.48 15 1.181 0.436

06-Jul-20 8 484.84 0.15 1.53 0.29 24.69 5.52 0.15 73.93 7.12 270.15 4.5 62.02 1.02 33.77 177.14 5.81 294.84 13 1.41 0.55

06-Jul-20 9 595.21 1.42 2.24 37.47 11.82 125.88 113.46 0.3 159.16 0.45 79.51 0.15 0.15 63.2 382.35 14.06 196.63 13 1.805 0.704

06-Jul-20 10 730.45 2.69 3.89 71.28 5.24 1.2 236.13 139.12 0.15 121.54 0.75 107.4 5.98 35.08 517.88 10.33 192.82 13 1.777 0.693

06-Jul-20 11 954.8 0.59 0.3 68.52 22.22 0.15 326.81 220.81 280.96 1.78 27.93 0.44 1.33 2.96 578.51 22.67 349.48 13 1.496 0.583

06-Jul-20 12 637.11 0.74 3.56 30.59 13.04 0.3 198.07 183.7 154.74 0.89 43.33 0.89 7.26 432.36 16.9 185.33 12 1.584 0.637

06-Jul-20 13 416.28 0.15 1.31 49.12 48.54 0.29 91.39 66.13 0.15 149.56 1.46 6.86 0.29 0.88 0.15 164.83 50.14 198.68 14 1.633 0.619

06-Jul-20 14 939.63 0.58 1.61 66.13 6.72 4.23 279.49 1.61 449.85 1.31 110.73 7.88 9.49 401.32 12.56 515.98 12 1.334 0.537

06-Jul-20 15 668.33 2.63 0.29 1.9 21.9 4.23 28.76 5.11 0.15 391.31 0.88 161.31 1.9 47.96 243.29 6.13 413.21 12 1.228 0.494

06-Jul-20 16 1190.46 0.15 1.75 8.18 60 125.33 0.44 179.2 471.17 0.15 0.15 191.68 1.9 119.78 8.61 1.61 20.36 790.96 133.95 251.68 16 1.739 0.627

21-Jul-20 1 556.34 8 0.15 14.06 14.21 35.98 0.15 1.2 158.19 1.2 207.26 11.67 79.51 1.35 22.51 0.9 239.8 51.24 221.62 15 1.695 0.626

21-Jul-20 2 769.8 0.15 4.89 0.73 1.17 29.93 43.87 1.17 1.31 79.85 1.46 0.15 0.15 529.71 6.28 61.68 1.9 4.67 0.73 144.17 47.52 559.64 18 1.162 0.402

21-Jul-20 3 868.66 0.89 0.07 0.15 14.74 76.99 6.4 0.74 0.45 68.88 8.12 0.45 0.15 450.71 8.34 219.96 11.17 0.45 298.01 22.33 527.7 16 1.381 0.498

21-Jul-20 4 838.3 0.59 3.11 0.07 0.3 38.3 71.85 117.04 0.89 0.15 5.04 205.26 1.48 0.74 0.15 310.67 29.7 13.33 8.89 0.74 30 251.7 161.27 382.52 19 1.784 0.606

21-Jul-20 5 1037.4 0.23 24.64 172.03 30.31 0.3 0.3 0.3 4.99 34.54 9.37 504.38 12.09 198.49 44.22 1.21 243.91 60.24 676.71 15 1.542 0.569

21-Jul-20 6 996.11 0.15 1.65 0.15 2.54 95.44 16.75 2.54 0.15 280.93 4.34 0.3 534.55 4.19 38.97 0.15 6.73 6.58 331.42 21.98 629.99 17 1.274 0.45

21-Jul-20 7 979.01 1.91 2.64 26.49 10.86 0.73 0.29 231.62 452.16 5.72 152.53 0.15 2.2 1.61 90.1 474.4 14.52 478.65 14 1.446 0.548

21-Jul-20 8 748.56 2.27 0.29 0.44 29.42 30.3 1.47 0.29 22.08 0.29 417.39 4.11 0.15 62.73 0.73 176.6 261.85 32.5 446.81 15 1.316 0.486

21-Jul-20 9 554.43 2.24 5.55 31.92 42.02 2.16 0.31 68.47 0.77 0.15 267.54 5.55 94.99 0.15 0.31 0.46 31.84 196.37 50.04 299.46 16 1.6 0.577

21-Jul-20 10 307.62 5.73 0.15 0.15 0.92 12.82 14.5 0.15 0.61 40.99 2.44 180.38 3.51 44.66 0.61 88.09 16.18 193.2 13 1.351 0.527

21-Jul-20 11 391.03 0.3 0.97 0.75 22.59 38.97 0.15 0.15 0.3 39.27 2.99 0.15 272.77 3.89 7.48 0.15 0.15 50.49 40.17 295.36 16 1.088 0.393

21-Jul-20 12 487.85 1.29 1.52 7.9 13.82 29.92 0.15 0.15 0.3 9.57 5.77 373.8 2.28 33.79 0.3 0.91 6.38 55.51 38.27 387.77 16 0.999 0.36

21-Jul-20 13 135.85 0.37 0.15 9.93 6.07 10.37 1.63 62.37 0.15 41.26 2.07 1.48 62.52 20.3 48.96 11 1.443 0.602

21-Jul-20 14 399.71 1.11 6.22 32.96 26.15 1.48 0.15 0.15 34.44 0.15 245.41 3.56 39.19 1.63 7.11 80.89 34 278.52 14 1.369 0.519

21-Jul-20 15 507.2 0.3 3.93 0.3 36.22 8.59 2.96 0.74 20.74 0.15 0.15 402.52 1.19 23.63 0.89 4.89 49.86 12.59 438.74 15 0.875 0.323

21-Jul-20 16 365.18 0.74 4.81 0.59 1.04 13.33 5.04 0.74 0.15 0.15 155.33 1.33 0.15 0.3 162.07 8.3 10.22 0.74 0.15 167.63 7.56 175.55 18 1.251 0.433
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28-Jul-20 1 867.11 0.15 1.66 6.8 0.15 1.21 6.05 35.15 12.85 0.15 1.51 1.97 219.12 1.51 0.6 391.38 6.65 162.36 0.3 17.54 385.25 22.68 426.53 18 1.47 0.508

28-Jul-20 2 437 0.15 0.15 0.29 0.59 2.14 1.18 7.52 30.51 20.27 0.59 6.34 64.19 1.47 0.59 0.59 274.13 8.47 12.53 1.03 3.98 0.29 80.69 34.87 304.64 21 1.381 0.454

28-Jul-20 3 888.5 0.15 0.3 0.15 1.51 3.78 8.77 74.75 30.31 0.15 1.81 68.48 13.61 0.91 0.15 330.76 2.65 341.8 0.15 8.01 0.3 425.85 41.04 405.51 20 1.492 0.498

28-Jul-20 4 538.49 0.3 0.15 0.45 3.53 6.17 2.41 18.35 16.84 3.46 0.15 1.5 139.85 3.16 0.6 0.3 0.3 276.92 6.39 0.15 42.48 0.3 0.6 13.83 0.3 201.57 24.51 295.42 24 1.499 0.472

28-Jul-20 5 575.55 0.15 0.46 0.31 0.31 35.7 70.62 2.62 0.31 0.31 0.15 8.79 27.83 4.93 0.15 300.85 12.88 82.04 26.99 0.15 115.86 47.42 371.78 19 1.581 0.537

28-Jul-20 6 531.58 0.3 2.62 1.5 22.59 24.83 0.3 0.3 0.45 166.94 4.19 235.68 1.72 33.28 4.79 32.09 236.8 27.08 258.57 15 1.505 0.556

28-Jul-20 7 828.56 2.78 0.3 5.41 18.65 11.73 0.15 0.15 8.57 228.27 0.45 0.3 331.73 3.53 114.06 0.15 1.5 2.11 98.72 442.1 25.86 350.38 18 1.557 0.539

28-Jul-20 8 522.35 0.45 4.54 0.89 36.71 16.23 0.89 14.45 0.45 0.15 0.3 361.13 3.35 30.16 0.15 1.79 50.71 96.82 18.01 397.84 16 1.176 0.424

28-Jul-20 9 621.55 0.15 4.18 5.77 25.21 34.09 0.61 1.06 0.3 127.79 1.06 0.15 315.64 3.19 66.74 0.3 3.95 31.36 227.25 41.83 340.85 17 1.525 0.538

28-Jul-20 10 336.38 0.16 3.88 1.09 4.03 26.51 7.6 0.47 1.09 27.52 0.62 207.29 2.09 41.01 13.02 69.15 13.35 233.8 14 1.369 0.519

28-Jul-20 11 72.11 1.14 0.3 0.76 8.81 10.63 0.3 5.62 1.06 0.3 38.34 0.91 0.15 2.73 0.76 0.3 10.16 11.69 47.15 15 1.581 0.584

28-Jul-20 12 333.39 0.15 0.62 0.08 0.93 12.8 27.14 23.21 0.62 0.77 0.15 0.15 1.08 37.09 2.93 0.15 206.17 4.39 8.02 2.47 4.47 52.96 38.48 233.46 19 1.425 0.484

28-Jul-20 13 445.32 0.23 23.31 10.78 21.18 0.15 0.46 0.91 276.92 0.3 75.85 1.9 0.15 33.18 277.22 45.55 87.09 13 1.237 0.482

28-Jul-20 14 336.95 0.3 0.83 32.12 46.94 14.06 0.15 0.15 4.08 42.1 0.15 150.34 2.57 9.37 6.5 27.29 78.91 50.71 197.43 15 1.752 0.647

28-Jul-20 15 317.73 0.3 0.15 0.3 3.34 0.3 2.43 22.02 31.81 0.61 1.21 0.91 10.93 0.3 208.58 1.82 4.25 0.76 27.71 43.64 37.27 230.6 18 1.287 0.445

28-Jul-20 16 450.3 0.45 1.8 0.45 3.31 15.19 18.35 0.75 4.21 2.41 149.55 0.6 1.05 0.6 232.41 4.89 11.43 0.15 0.6 1.95 0.15 163.98 29.03 247.6 20 1.318 0.44

04-Aug-20 1 648.64 0.31 0.16 4.31 0.78 8.61 39.55 15.35 0.16 3.76 231.32 0.63 173.06 8.93 155.76 2.35 3.6 388.18 27.88 212.61 16 1.573 0.567

04-Aug-20 2 613.16 5.34 0.6 7.67 53.91 18.05 2.11 5.41 117.52 0.6 0.15 0.6 348.2 10.08 31.95 1.8 9.17 150.82 33.24 402.11 16 1.437 0.518

04-Aug-20 3 628.13 0.16 1.79 1.09 4.36 61.18 25.88 0.78 2.18 94.78 11.54 0.16 292.75 4.05 121.67 0.31 5.14 0.31 228.62 33.2 353.93 17 1.565 0.552

04-Aug-20 4 613.56 2.16 0.15 0.15 3.7 0.62 3.86 34 74.87 1.54 0.15 0.15 4.47 183.89 3.39 0.15 210.87 8.64 66.46 6.48 0.46 7.4 261.74 86.9 245.02 21 1.732 0.569

04-Aug-20 5 487.8 0.16 1.5 0.95 15.52 49.49 30.88 0.63 4.91 28.42 5.54 0.16 238.16 11.56 96.28 3.64 130.56 51.31 288.28 15 1.619 0.598

04-Aug-20 6 769.23 1.48 0.08 0.31 0.78 12.16 33.44 1.09 2.03 400.78 2.81 0.16 292.75 4.52 15.43 0.47 0.94 420.12 36.25 306 15 1.1 0.406

04-Aug-20 7 824.74 0.31 3.18 0.16 3.72 17.05 19.22 0.93 282.71 1.09 0.47 401.4 5.43 73.88 1.24 0.62 13.33 371.79 23.87 418.45 16 1.287 0.464

04-Aug-20 8 429.18 0.16 2.79 0.08 0.78 33.57 12.87 0.93 0.47 21.09 0.31 0.16 296.82 4.81 41.94 0.62 11.78 75.28 15.21 330.39 15 1.169 0.432

04-Aug-20 9 565.32 0.16 3.2 0.47 3.27 22.14 33.44 1.4 0.47 213.17 1.87 232.35 4.36 41.54 0.47 0.62 6.39 263.13 38.58 254.49 16 1.428 0.515

04-Aug-20 10 573.76 3.84 0.16 4.64 98.24 16 0.32 3.84 121.36 0.96 175.04 4.32 131.28 0.8 12.64 0.32 253.92 24.8 273.28 15 1.688 0.623

04-Aug-20 11 418.27 0.31 0.31 1.09 0.16 0.47 3.74 30.94 0.16 0.16 0.31 215.28 4.99 1.09 0.16 0.16 125.49 3.9 28.45 0.16 0.94 251.54 32.19 129.23 20 1.304 0.435

04-Aug-20 12 436.73 0.16 2.82 5.95 18.79 24.04 0.47 0.16 1.25 109.24 2.35 0.16 252.7 3.92 10.49 1.25 2.98 125.38 31.71 271.65 16 1.293 0.466

04-Aug-20 13 591.16 2.3 0.15 4.6 1.69 20.64 0.15 1.07 1.69 439.37 0.77 0.15 107.06 2.46 0.31 0.15 8.6 440.6 27.08 109.82 16 0.857 0.309

04-Aug-20 14 533.14 1.17 4.68 19.17 19.33 13.72 0.47 2.03 2.49 115.98 0.16 304.13 5.14 13.41 0.47 8.73 22.06 151.61 35.85 325.49 16 1.439 0.519

04-Aug-20 15 362.28 0.15 0.15 5.17 0.15 0.46 5.55 11.1 1.85 41.09 215.11 3.86 60.52 0.62 16.5 118.41 13.41 220.66 14 1.332 0.505

04-Aug-20 16 414.33 4.83 3.53 39.37 24.87 3.99 131.77 1.07 157.25 3.99 38.14 0.92 4.6 170.98 32.39 196.62 12 1.605 0.646

18-Aug-20 1 460.3 0.74 0.3 0.44 3.19 0.59 3.7 28.89 3.56 0.89 2.81 291.7 0.15 0.89 59.26 9.63 39.48 13.78 0.3 333.26 11.7 88.15 18 1.327 0.459

18-Aug-20 2 518.87 3.96 0.15 1.25 0.29 7.63 67.87 11.15 1.03 7.19 102.35 0.29 0.15 0.29 176.6 8.51 116.95 13.21 220.18 30.96 244.47 17 1.735 0.612

18-Aug-20 3 288.97 0.15 0.15 0.52 0.3 1.63 35.04 3.85 1.48 113.48 3.56 0.44 0.15 65.33 3.11 58.89 0.89 176.67 7.11 100.37 16 1.558 0.562

18-Aug-20 4 333.82 4.11 0.73 1.61 0.07 0.15 6.31 30.3 13.79 3.23 161.85 0.29 0.15 90.98 8.66 10.27 1.32 173.29 27.44 121.28 15 1.505 0.556

18-Aug-20 5 483.59 1.66 0.45 0.38 0.3 23.36 54.5 30.31 0.3 0.15 12.09 80.35 6.5 0.15 0.15 252.23 11.49 6.95 2.27 94.7 67.72 306.73 18 1.577 0.546

18-Aug-20 6 527.85 2.36 1.03 0.81 2.21 3.24 14.44 2.95 0.15 0.88 6.48 408.47 2.95 1.18 0.29 0.15 64.78 7.22 2.65 0.15 2.51 2.95 419.82 15.18 80.1 21 0.942 0.309

18-Aug-20 7 335.24 4.32 1.58 0.58 3.88 17.91 5.04 0.29 1.44 144.53 1.29 0.58 105.97 3.88 13.53 0.14 0.14 1.58 28.56 193.24 10.36 123.88 18 1.575 0.545

18-Aug-20 8 401.17 0.73 3.23 0.29 1.17 27.37 39.99 2.35 173.37 0.29 0.15 75.86 9.1 22.3 0.88 44.09 240.93 43.51 103.23 15 1.704 0.629

18-Aug-20 9 461.71 0.15 0.89 1.93 1.33 2.96 34.15 18.81 0.3 0.15 1.78 316.07 1.19 0.15 1.33 45.41 6.52 15.11 1.04 12.44 347.33 23.85 79.71 19 1.244 0.423

18-Aug-20 10 365.97 0.15 0.45 1.36 2.65 1.36 1.06 33.64 2.72 0.15 1.36 159.86 0.76 0.3 0.45 85.03 2.72 64.55 0.15 6.65 0.6 228.33 5.44 118.67 20 1.542 0.515

18-Aug-20 11 596.01 0.3 1.78 0.15 0.44 25.33 6.81 0.15 0.3 402.52 19.93 0.15 0.3 35.33 2.96 77.93 0.15 1.33 20.15 521.28 7.7 60.66 18 1.195 0.413

18-Aug-20 12 353.79 0.45 1.12 5.24 12.12 20.34 0.9 1.8 154.75 1.35 0.15 0.15 140.46 3.89 6.13 0.15 3.29 1.5 164.63 28.28 152.58 17 1.357 0.479

18-Aug-20 13 429.95 0.66 0.15 6.9 1.03 0.44 390.61 0.44 0.15 26.78 2.05 0.44 0.15 0.15 391.79 1.03 34.12 13 0.409 0.159

18-Aug-20 14 362.71 0.15 1.03 0.52 0.29 6.63 28.08 14 1.77 3.39 135.74 0.29 0.15 0.29 150.48 3.39 9.87 3.1 3.54 150.91 24.17 180.33 18 1.477 0.511

18-Aug-20 15 217.24 0.15 0.15 1.32 1.91 0.29 6.9 4.99 0.59 115.55 0.15 0.29 0.73 32.94 1.17 16.58 0.73 1.03 31.77 167.27 5.73 39.84 18 1.509 0.522

18-Aug-20 16 305.08 0.15 2.43 0.15 1.47 10.32 7.37 0.15 0.44 186.29 1.92 1.47 1.92 73.32 1.47 15.18 1.03 206.93 9.28 83.79 16 1.217 0.439
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07-Mai-20 1 8 16 41 4 282 8 16 1 2 378 16 0 0 1 61 10 8 0.933 0.449

07-Mai-20 2 1 10 7 59 3 64 1 13 13 3 174 13 0 0 0 69 13 9 1.555 0.708

07-Mai-20 3 2 15 29 2 61 27 13 149 13 2 0 0 46 2 7 1.553 0.798

07-Mai-20 4 4 11 35 2 89 5 18 3 167 18 0 0 0 48 7 7 1.353 0.695

07-Mai-20 5 3 17 54 2 1 237 5 12 49 380 49 3 0 0 79 3 8 1.207 0.581

07-Mai-20 6 1 6 11 39 1 2 157 11 12 5 245 12 2 0 0 53 11 9 1.237 0.563

07-Mai-20 7 2 12 100 11 2 114 10 33 284 33 2 0 0 125 2 7 1.318 0.678

07-Mai-20 8 2 15 144 5 63 5 51 285 51 0 0 0 164 2 6 1.252 0.699

07-Mai-20 9 2 18 52 5 144 28 15 2 266 15 0 0 0 75 4 7 1.312 0.674

07-Mai-20 10 1 7 11 41 2 105 14 7 1 2 191 8 0 0 0 54 9 9 1.364 0.621

07-Mai-20 11 3 25 48 173 1 10 26 1 287 27 0 0 0 73 4 8 1.238 0.596

07-Mai-20 12 15 54 4 1 173 1 10 23 2 283 23 1 1 0 74 2 8 1.172 0.564

07-Mai-20 13 4 8 19 28 2 223 5 7 4 300 7 0 0 0 49 12 8 0.984 0.473

07-Mai-20 14 5 13 67 1 125 7 36 2 256 36 1 0 0 81 7 8 1.363 0.655

07-Mai-20 15 2 6 20 81 3 150 10 19 291 19 0 0 0 104 6 7 1.293 0.664

07-Mai-20 16 2 5 46 2 137 1 12 24 1 230 25 0 0 0 53 3 8 1.194 0.574

20-Mai-20 1 9 9 12 113 2 189 1 1 5 5 1 9 5 361 15 0 0 1 128 14 12 1.32 0.531

20-Mai-20 2 1 5 3 4 102 2 56 20 14 1 8 3 219 22 0 0 1 108 8 11 1.551 0.647

20-Mai-20 3 1 1 11 49 1 104 1 30 66 4 5 273 70 0 0 0 62 6 10 1.59 0.691

20-Mai-20 4 8 1 12 1 29 2 110 12 18 1 3 4 201 21 0 0 1 44 12 10 1.491 0.648

20-Mai-20 5 3 5 8 2 100 141 1 19 65 344 65 0 0 0 110 3 8 1.409 0.678

20-Mai-20 6 6 2 13 90 139 1 19 6 9 285 6 0 1 0 103 15 9 1.362 0.62

20-Mai-20 7 1 1 22 1 80 2 106 8 43 3 3 270 46 0 0 0 105 4 9 1.475 0.672

20-Mai-20 8 1 7 3 19 196 1 149 1 10 20 3 4 414 23 0 0 0 217 11 11 1.315 0.548

20-Mai-20 9 1 2 3 14 3 88 3 122 4 7 20 4 1 272 24 0 4 0 108 3 11 1.424 0.594

20-Mai-20 10 1 8 2 5 148 80 1 15 3 8 2 273 12 0 0 0 153 10 11 1.294 0.54

20-Mai-20 11 5 1 10 1 106 1 149 1 18 18 2 4 316 20 0 1 0 118 9 10 1.348 0.586

20-Mai-20 12 2 2 9 2 72 1 96 16 12 1 1 214 13 0 0 0 84 3 9 1.357 0.618

20-Mai-20 13 6 16 66 1 148 1 11 13 7 5 274 20 1 0 0 83 11 9 1.387 0.631

20-Mai-20 14 4 2 10 3 108 112 3 1 20 18 6 3 290 25 0 0 0 124 7 11 1.501 0.626

20-Mai-20 15 1 6 1 17 123 1 114 1 12 16 1 4 1 298 20 1 0 1 142 7 12 1.416 0.57

20-Mai-20 16 3 4 6 76 2 61 3 23 33 7 1 219 40 0 0 0 87 4 10 1.675 0.728

25-Mai-20 1 1 10 6 171 131 2 5 8 2 336 13 0 0 0 177 3 9 1.117 0.509

25-Mai-20 2 0 1 2 2 124 1 1 27 0 0 7 5 1 5 5 181 10 1 0 1 130 5 10 1.104 0.479

25-Mai-20 3 1 2 5 2 137 2 72 5 24 2 2 254 26 2 0 0 146 2 10 1.244 0.54

25-Mai-20 4 1 3 10 1 41 2 93 10 14 2 3 2 182 17 0 0 2 54 3 10 1.466 0.637

25-Mai-20 5 1 7 4 4 92 2 101 11 95 1 1 319 96 2 0 0 102 2 10 1.43 0.621

25-Mai-20 6 1 7 49 1 140 2 1 4 205 0 0 0 1 57 5 7 0.891 0.458

25-Mai-20 7 1 3 5 75 3 82 3 23 2 197 23 0 0 0 83 2 8 1.282 0.616

25-Mai-20 8 9 9 3 140 2 96 2 5 23 2 291 25 0 2 0 154 0 8 1.277 0.614

25-Mai-20 9 1 10 6 125 1 69 2 8 10 2 1 235 12 0 2 0 132 2 10 1.302 0.565

25-Mai-20 10 2 4 7 1 140 1 51 1 4 1 8 1 221 12 0 0 1 149 3 10 1.119 0.486

25-Mai-20 11 1 1 6 82 1 50 7 10 1 159 11 0 0 0 89 1 8 1.238 0.595

25-Mai-20 12 2 1 6 2 102 4 1 98 4 19 2 241 19 1 0 0 115 2 9 1.221 0.556

25-Mai-20 13 1 1 15 1 31 1 144 8 4 2 14 222 6 0 0 0 48 15 9 1.197 0.545

25-Mai-20 14 2 1 1 3 57 1 67 8 11 1 4 156 11 0 0 1 62 6 9 1.326 0.603

25-Mai-20 15 2 1 5 2 111 2 58 5 34 1 3 224 35 0 0 0 120 3 9 1.308 0.595

25-Mai-20 16 7 1 1 90 4 2 66 7 23 5 5 211 28 2 0 0 98 5 9 1.452 0.661

10-Jun-20 1 3 1 230 9 96 2 2 24 2 6 375 26 9 0 2 240 6 10 1.118 0.486

10-Jun-20 2 1 6 5 1 147 2 9 49 1 18 44 3 1 7 294 47 10 0 0 165 8 11 1.538 0.641

10-Jun-20 3 9 3 166 6 42 14 1 67 1 2 1 1 313 69 7 0 2 176 1 12 1.403 0.565

10-Jun-20 4 7 4 81 7 58 1 1 9 45 3 1 217 49 7 0 0 92 1 11 1.607 0.67

10-Jun-20 5 1 5 1 129 3 24 13 106 5 1 288 111 3 0 0 133 2 10 1.322 0.574

10-Jun-20 6 2 114 1 98 1 14 50 2 5 287 52 1 0 0 117 5 8 1.346 0.647

10-Jun-20 7 1 4 1 151 1 82 1 11 66 5 2 325 72 1 0 0 157 3 10 1.346 0.585

10-Jun-20 8 1 4 177 2 116 1 1 19 66 6 1 5 399 73 3 0 0 185 5 11 1.399 0.583

10-Jun-20 9 4 4 148 3 63 4 12 1 37 3 279 40 3 4 1 155 0 10 1.376 0.598

10-Jun-20 10 4 4 170 100 1 16 1 39 3 2 2 342 42 2 0 1 177 2 11 1.338 0.558

10-Jun-20 11 1 1 39 2 63 6 28 3 143 28 2 0 0 42 3 8 1.378 0.663

10-Jun-20 12 2 10 1 67 14 61 1 1 17 71 5 2 252 78 14 0 0 82 2 12 1.743 0.702

10-Jun-20 13 1 6 31 3 107 18 12 7 2 187 19 0 0 0 40 2 8 1.334 0.642

10-Jun-20 14 1 1 65 3 66 1 17 66 2 222 66 5 1 0 71 0 9 1.451 0.66

10-Jun-20 15 1 2 135 1 81 1 2 5 52 2 282 56 1 1 0 138 1 10 1.26 0.547

10-Jun-20 16 5 1 120 1 29 2 5 41 5 1 1 4 215 48 1 0 0 123 4 10 1.345 0.584
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17-Jun-20 1 3 1 222 2 4 90 9 29 2 1 2 365 31 5 0 0 233 2 8 1.087 0.523

17-Jun-20 2 1 7 1 153 1 4 47 10 71 2 1 2 7 307 73 7 0 0 169 7 10 1.402 0.609

17-Jun-20 3 1 5 129 1 5 55 1 1 6 4 67 3 2 280 71 5 0 4 135 2 12 1.452 0.584

17-Jun-20 4 1 3 2 113 1 1 100 1 2 21 1 37 11 1 3 1 299 50 5 0 2 121 2 14 1.559 0.591

17-Jun-20 5 4 1 158 1 2 72 1 1 12 113 7 1 373 121 2 0 0 162 1 10 1.355 0.588

17-Jun-20 6 1 156 1 1 86 8 38 6 3 300 44 1 0 0 158 3 8 1.22 0.587

17-Jun-20 7 1 3 155 63 1 8 42 4 277 47 0 0 0 158 0 8 1.201 0.578

17-Jun-20 8 7 2 72 3 94 2 1 17 1 88 2 2 1 292 91 5 0 1 79 1 13 1.568 0.611

17-Jun-20 9 2 2 113 1 93 1 2 1 1 8 56 3 2 285 60 1 3 0 116 2 12 1.412 0.568

17-Jun-20 10 2 2 118 2 94 1 4 2 1 37 1 16 4 2 286 23 2 1 1 122 2 14 1.509 0.572

17-Jun-20 11 2 1 61 1 2 106 1 1 1 6 36 3 1 222 40 3 1 0 68 0 10 1.321 0.574

17-Jun-20 12 7 106 9 51 1 14 63 5 2 258 69 9 0 0 115 2 9 1.539 0.7

17-Jun-20 13 4 2 1 15 2 3 97 1 2 14 2 40 2 1 4 190 42 4 1 2 24 4 12 1.523 0.613

17-Jun-20 14 2 1 76 3 10 59 1 4 16 105 5 282 114 10 1 0 92 0 9 1.524 0.694

17-Jun-20 15 4 112 1 1 72 1 6 109 2 308 111 1 1 0 118 0 8 1.279 0.615

17-Jun-20 16 4 1 100 2 2 56 1 1 3 4 70 2 2 1 249 76 4 0 0 107 1 12 1.433 0.577

24-Jun-20 1 4 1 263 4 7 45 1 10 0 62 3 400 66 7 0 0 275 0 9 1.087 0.495

24-Jun-20 2 1 1 218 10 6 21 1 1 1 14 1 70 4 5 6 360 77 11 0 1 240 6 14 1.266 0.48

24-Jun-20 3 4 2 172 3 1 17 1 1 1 17 42 16 2 1 280 60 3 0 0 180 1 13 1.323 0.516

24-Jun-20 4 11 4 232 9 5 29 11 1 67 0 52 16 4 441 68 9 0 11 254 0 11 1.52 0.634

24-Jun-20 5 1 6 1 116 18 1 26 1 1 29 2 0 95 6 1 304 103 2 0 2 137 0 13 1.498 0.584

24-Jun-20 6 3 139 1 37 1 1 7 45 7 3 244 52 0 2 0 140 3 8 1.271 0.611

24-Jun-20 7 4 1 184 1 46 1 5 2 0 42 7 3 296 50 1 0 2 186 3 11 1.216 0.507

24-Jun-20 8 3 1 107 2 55 1 1 1 3 1 0 72 5 1 253 79 0 1 1 110 1 12 1.37 0.551

24-Jun-20 9 6 2 183 6 4 45 2 2 6 29 3 1 289 34 5 2 0 196 0 11 1.204 0.502

24-Jun-20 10 10 1 191 5 4 43 1 1 20 36 4 2 1 319 40 6 0 1 203 1 11 1.307 0.545

24-Jun-20 11 2 3 1 38 6 4 31 4 13 1 0 77 6 1 187 83 4 4 1 49 1 12 1.668 0.671

24-Jun-20 12 2 153 8 5 13 2 7 0 50 6 2 1 249 58 7 0 0 168 1 10 1.189 0.517

24-Jun-20 13 3 5 10 5 2 40 1 3 12 2 0 16 6 9 114 26 2 0 2 22 9 12 2.006 0.807

24-Jun-20 14 8 1 67 4 4 28 1 13 69 1 6 202 76 4 0 1 76 0 10 1.584 0.688

24-Jun-20 15 6 1 179 6 26 2 9 113 9 351 122 0 2 0 186 0 8 1.208 0.581

24-Jun-20 16 139 19 2 11 3 89 7 2 272 96 2 0 0 160 2 7 1.061 0.545

01-Jul-20 1 7 544 16 47 2 15 20 101 2 2 756 120 2 0 0 562 0 9 0.942 0.429

01-Jul-20 2 412 26 4 15 5 28 3 23 109 1 11 4 641 146 15 0 0 453 4 11 1.142 0.476

01-Jul-20 3 1 9 2 308 18 5 22 2 1 34 61 144 4 5 616 182 10 0 2 338 1 13 1.438 0.561

01-Jul-20 4 17 6 310 9 5 28 12 1 2 45 142 30 5 4 3 619 82 9 0 12 334 3 14 1.555 0.589

01-Jul-20 5 2 18 273 27 3 23 2 4 26 2 76 1 159 7 2 625 198 5 0 0 305 0 13 1.529 0.596

01-Jul-20 6 2 215 16 3 51 1 2 1 29 21 121 462 151 3 0 0 236 0 10 1.385 0.601

01-Jul-20 7 3 1 399 3 1 33 2 21 19 95 2 1 580 120 1 0 0 404 1 11 1.048 0.437

01-Jul-20 8 4 192 7 1 28 2 3 10 89 3 339 97 1 0 0 200 0 9 1.17 0.533

01-Jul-20 9 9 1 151 5 27 2 5 11 11 65 2 1 290 83 0 2 0 157 1 11 1.437 0.599

01-Jul-20 10 13 134 4 4 16 1 6 2 13 4 26 46 1 2 272 66 6 1 0 144 0 13 1.663 0.648

01-Jul-20 11 1 1 1 47 2 2 18 1 7 10 17 64 1 172 74 2 8 0 53 1 10 1.648 0.716

01-Jul-20 12 7 2 157 5 4 20 1 8 64 6 1 1 276 71 5 0 0 169 1 11 1.293 0.539

01-Jul-20 13 5 7 1 31 1 1 1 8 1 11 14 4 85 27 0 2 0 8 0 10 1.871 0.813

01-Jul-20 14 10 4 2 226 10 1 24 1 33 5 43 105 3 2 469 144 4 0 0 246 2 12 1.511 0.608

01-Jul-20 15 2 7 342 13 24 2 10 20 27 187 8 642 215 0 12 0 355 0 9 1.261 0.574

01-Jul-20 16 8 2 280 17 4 25 3 39 17 88 1 1 3 488 131 5 0 0 304 3 12 1.328 0.534

08-Jul-20 1 7 1 291 3 1 32 1 2 9 14 47 4 412 62 1 1 0 296 0 11 1.075 0.448

08-Jul-20 2 1 3 179 4 9 10 1 5 9 3 36 44 4 3 1 312 65 12 0 0 195 2 14 1.476 0.559

08-Jul-20 3 11 68 4 2 7 11 28 1 30 1 1 164 42 3 0 0 75 0 9 1.61 0.733

08-Jul-20 4 11 1 138 1 3 1 23 1 3 1 24 33 25 2 1 1 269 51 5 0 4 145 1 14 1.623 0.615

08-Jul-20 5 6 106 15 7 5 1 14 46 29 1 1 231 45 7 0 0 128 1 10 1.498 0.651

08-Jul-20 6 1 4 1 88 9 3 11 1 19 43 63 2 245 82 3 0 0 101 3 11 1.611 0.672

08-Jul-20 7 1 6 154 3 4 1 18 7 7 1 27 6 235 40 5 0 1 162 0 10 1.239 0.538

08-Jul-20 8 1 11 142 3 2 22 2 2 18 95 3 301 102 2 0 0 147 0 10 1.368 0.594

08-Jul-20 9 11 2 129 2 9 1 3 12 15 94 3 281 112 0 0 0 133 0 10 1.407 0.611

08-Jul-20 10 12 182 1 16 1 4 7 18 33 49 2 325 76 1 1 0 183 0 11 1.476 0.616

08-Jul-20 11 1 42 2 1 16 2 3 11 29 1 65 173 79 1 2 1 45 0 10 1.625 0.706

08-Jul-20 12 17 72 3 7 15 1 4 1 13 39 1 173 45 8 0 0 83 0 10 1.653 0.718

08-Jul-20 13 7 5 32 3 2 19 1 26 22 1 1 119 45 0 0 0 5 1 11 1.872 0.781

08-Jul-20 14 14 57 6 2 9 1 1 10 2 41 1 61 2 207 75 2 1 1 65 0 12 1.734 0.698

08-Jul-20 15 5 1 188 7 2 12 5 4 14 20 84 2 344 104 2 5 0 198 0 11 1.346 0.561

08-Jul-20 16 1 2 103 4 3 15 4 10 1 9 56 1 209 71 4 0 0 111 1 11 1.438 0.6
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23-Jul-20 1 1 4 1 243 2 5 2 7 4 12 1 14 31 1 328 49 7 0 0 253 0 12 1.025 0.413

23-Jul-20 2 3 93 4 2 7 1 2 6 6 5 44 1 59 3 236 76 5 1 1 102 0 12 1.613 0.649

23-Jul-20 3 18 1 95 7 5 2 4 1 7 4 54 57 4 1 2 262 73 1 0 2 104 2 14 1.731 0.656

23-Jul-20 4 1 9 2 1 103 8 5 13 2 3 7 61 80 1 296 91 5 0 2 119 0 12 1.619 0.652

23-Jul-20 5 2 89 2 9 4 1 1 15 3 63 86 1 2 278 106 11 1 0 102 0 12 1.578 0.635

23-Jul-20 6 7 1 89 6 5 15 1 8 20 1 42 42 2 239 73 5 0 0 101 0 12 1.787 0.719

23-Jul-20 7 7 177 1 8 7 18 41 1 128 10 1 399 156 8 0 1 186 0 10 1.443 0.627

23-Jul-20 8 7 1 117 2 1 2 10 1 3 7 12 32 111 3 2 311 133 5 0 0 126 0 12 1.544 0.621

23-Jul-20 9 13 1 115 1 4 3 13 1 18 86 1 1 257 104 1 0 0 118 0 10 1.399 0.608

23-Jul-20 10 14 194 2 2 9 1 2 4 10 4 59 34 7 342 59 2 1 0 198 0 12 1.448 0.583

23-Jul-20 11 1 5 4 2 9 2 2 4 1 5 20 46 108 209 133 0 4 0 17 0 10 1.445 0.628

23-Jul-20 12 6 1 97 9 3 2 18 1 7 1 39 2 186 62 9 0 1 107 0 12 1.522 0.613

23-Jul-20 13 6 3 23 2 6 13 29 1 14 4 101 37 3 0 1 3 0 10 1.924 0.836

23-Jul-20 14 1 9 1 49 1 3 6 2 3 5 40 82 1 203 92 4 0 0 55 0 12 1.614 0.65

23-Jul-20 15 2 11 1 132 3 2 4 3 15 9 22 110 2 316 136 2 3 0 138 0 12 1.499 0.603

23-Jul-20 16 5 2 104 4 10 6 10 7 2 16 39 2 1 208 60 11 0 0 121 0 12 1.627 0.655

05-Aug-20 1 5 310 2 3 12 10 19 1 6 44 1 1 414 75 4 0 0 316 0 11 0.983 0.41

05-Aug-20 2 1 2 142 2 1 4 1 1 11 12 1 74 1 63 1 317 87 2 0 2 148 0 14 1.478 0.56

05-Aug-20 3 15 56 1 3 3 1 2 3 1 9 4 44 111 1 9 263 125 3 1 2 60 9 14 1.707 0.647

05-Aug-20 4 23 1 201 2 6 5 4 2 6 92 31 3 1 377 42 6 0 4 210 1 12 1.393 0.56

05-Aug-20 5 1 13 55 5 18 1 1 2 8 2 114 88 308 100 18 1 0 78 0 11 1.558 0.65

05-Aug-20 6 5 4 103 5 1 8 1 1 11 12 20 35 2 208 60 1 0 0 113 0 12 1.621 0.652

05-Aug-20 7 1 11 4 1 133 3 18 14 9 27 28 1 163 1 1 415 200 18 0 1 159 1 13 1.63 0.636

05-Aug-20 8 12 3 120 3 9 4 1 9 8 13 36 80 2 300 103 9 0 0 135 0 12 1.708 0.688

05-Aug-20 9 12 3 167 1 5 5 10 29 1 7 82 3 325 125 5 0 0 176 0 11 1.451 0.605

05-Aug-20 10 11 2 206 1 5 9 4 7 15 1 14 1 28 1 305 52 5 0 1 214 0 13 1.299 0.506

05-Aug-20 11 1 5 2 31 1 2 8 2 3 16 38 62 2 1 174 83 3 2 0 37 0 13 1.81 0.706

05-Aug-20 12 9 1 94 2 9 1 7 14 1 9 46 2 195 70 9 0 0 106 0 10 1.536 0.667

05-Aug-20 13 3 4 1 13 1 2 5 5 6 42 17 99 28 1 0 1 5 0 11 1.812 0.756

05-Aug-20 14 1 6 50 2 5 8 4 13 3 26 1 61 2 182 83 5 0 1 57 0 12 1.804 0.726

05-Aug-20 15 1 2 1 144 3 8 2 8 29 12 1 105 2 1 319 144 0 2 1 148 1 13 1.423 0.555

05-Aug-20 16 12 2 1 128 3 8 5 1 1 10 13 2 13 42 241 67 8 2 0 142 0 11 1.559 0.65

19-Aug-20 1 2 19 3 2 660 2 29 13 18 6 11 1 122 6 2 1 2 899 167 3 0 0 668 2 15 1.032 0.381

19-Aug-20 2 8 2 3 296 6 38 1 7 18 13 67 157 1 617 195 6 0 0 307 0 12 1.492 0.6

19-Aug-20 3 34 3 136 6 10 2 2 4 11 49 13 14 239 1 3 50 577 313 9 0 2 148 52 16 1.802 0.65

19-Aug-20 4 15 9 1 217 7 3 26 2 1 2 6 14 1 48 60 2 3 417 81 3 2 2 238 3 14 1.593 0.604

19-Aug-20 5 12 2 177 10 27 13 6 6 10 40 195 3 501 220 27 0 0 216 0 11 1.526 0.636

19-Aug-20 6 16 1 1 212 4 2 2 32 2 10 4 8 5 15 25 19 1 1 8 1 369 48 5 2 0 223 1 17 1.636 0.577

19-Aug-20 7 3 1 3 7 321 3 12 47 2 29 40 10 34 217 1 1 1 2 17 751 298 13 2 0 347 17 17 1.646 0.581

19-Aug-20 8 6 21 3 398 1 45 3 15 18 14 71 1 596 105 1 0 0 402 0 12 1.244 0.5

19-Aug-20 9 2 16 6 305 8 24 4 2 12 10 5 6 33 2 435 62 8 0 0 319 0 14 1.272 0.482

19-Aug-20 10 2 35 11 296 2 4 3 32 3 16 12 18 14 102 6 2 558 148 7 0 0 316 2 14 1.608 0.609

19-Aug-20 11 2 6 1 300 5 15 41 7 2 14 10 4 51 106 1 5 3 7 580 135 15 7 0 326 7 17 1.63 0.575

19-Aug-20 12 15 2 1 190 3 15 4 7 11 9 10 43 1 5 21 337 76 15 0 0 211 0 13 1.599 0.623

19-Aug-20 13 1 16 8 2 93 6 1 1 28 16 6 10 1 31 31 1 1 2 2 257 49 2 0 1 113 0 16 2.007 0.724

19-Aug-20 14 16 3 1 138 3 26 15 6 6 14 42 85 2 6 363 113 32 0 0 177 0 12 1.822 0.733

19-Aug-20 15 5 460 8 9 2 2 8 8 10 43 98 1 11 665 125 0 2 0 468 11 12 1.092 0.44

19-Aug-20 16 25 12 288 4 2 17 2 2 29 12 21 17 1 154 1 3 4 594 217 2 2 0 306 4 15 1.595 0.589

17-Sep-20 1 81 1 169 8 1 64 19 20 1 32 83 5 8 492 123 14 0 0 184 8 11 1.86 0.776

17-Sep-20 2 52 106 4 1 43 3 1 1 8 14 46 36 1 60 1 377 128 6 4 1 112 0 12 1.988 0.8

17-Sep-20 3 2 31 37 2 8 3 3 2 8 10 22 16 56 3 30 233 96 2 0 3 39 35 15 2.231 0.824

17-Sep-20 4 93 150 3 16 2 2 4 21 1 39 1 40 2 374 66 3 2 1 153 2 13 1.687 0.658

17-Sep-20 5 76 1 67 4 1 15 4 13 4 36 129 27 377 150 5 0 0 73 0 10 1.803 0.783

17-Sep-20 6 61 155 1 67 3 1 2 2 3 34 2 1 1 12 345 10 2 0 0 157 0 14 1.569 0.595

17-Sep-20 7 1 36 125 6 27 1 8 28 3 51 122 2 6 17 433 163 6 0 0 132 17 13 1.919 0.748

17-Sep-20 8 4 75 115 2 54 16 10 11 2 35 59 383 82 2 0 0 117 0 11 1.896 0.791

17-Sep-20 9 73 211 4 61 1 4 3 11 19 7 1 1 22 418 26 5 0 0 216 22 13 1.558 0.607

17-Sep-20 10 1 88 191 1 45 2 1 7 9 4 22 39 30 11 2 453 65 1 3 0 192 2 14 1.808 0.685

17-Sep-20 11 3 175 6 59 6 8 9 182 1 54 1 2 11 517 78 8 0 1 183 11 13 1.614 0.629

17-Sep-20 12 61 129 7 77 14 15 8 5 37 2 1 16 35 407 76 8 0 0 137 35 13 1.999 0.78

17-Sep-20 13 30 85 2 56 13 5 24 26 43 1 285 72 3 0 0 88 0 10 1.896 0.823

17-Sep-20 14 42 62 6 19 1 8 15 21 59 5 79 317 123 6 1 5 68 0 11 1.991 0.83

17-Sep-20 15 5 241 18 2 8 21 32 91 55 3 17 493 119 0 0 0 241 17 11 1.622 0.676

17-Sep-20 16 44 199 3 59 1 7 22 32 12 35 13 427 96 3 1 0 202 0 11 1.739 0.725
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19-Mai-20 1 157 52 6 55 24 1 17 2 48 0 32 21 2 29 20 3 7 1.474 0.757

19-Mai-20 2 128 71 7 1 1 23 1 17 1 6 33 0 18 5 0 29 24 18 9 1.357 0.618

19-Mai-20 3 163 28 14 4 68 28 17 4 63 0 40 27 1 12 12 4 7 1.598 0.821

19-Mai-20 4 177 22 5 5 1 111 1 9 2 20 1 42 0 68 36 7 11 8 3 10 1.29 0.56

19-Mai-20 5 197 2 59 2 5 1 100 3 14 11 25 0 57 34 9 32 9 18 9 1.331 0.606

19-Mai-20 6 132 43 6 20 42 2 1 12 6 41 0 30 12 0 22 21 0 8 1.615 0.777

19-Mai-20 7 240 70 7 4 1 102 1 24 31 67 0 54 47 1 37 27 6 8 1.435 0.69

19-Mai-20 8 195 51 18 13 71 1 19 22 72 0 40 24 7 28 11 12 7 1.619 0.832

19-Mai-20 9 225 86 8 18 57 1 2 37 1 15 79 0 37 20 0 41 35 10 8 1.595 0.767

19-Mai-20 10 102 1 42 8 9 17 1 16 6 2 39 0 11 6 0 18 18 6 9 1.703 0.775

19-Mai-20 11 125 25 12 13 44 1 10 9 11 44 0 30 14 0 16 5 4 8 1.794 0.863

19-Mai-20 12 126 43 5 2 1 51 1 12 11 31 0 27 21 3 19 7 17 8 1.44 0.693

19-Mai-20 13 135 2 36 9 15 36 1 2 4 26 4 54 0 23 12 1 18 11 7 10 1.817 0.789

19-Mai-20 14 145 34 3 1 79 1 11 14 2 29 0 46 32 1 22 5 7 8 1.3 0.625

19-Mai-20 15 150 1 43 6 9 62 1 13 14 1 42 0 42 18 2 19 20 4 9 1.554 0.707

19-Mai-20 16 112 1 51 3 7 3 23 1 13 10 36 0 9 14 0 38 9 4 9 1.6 0.728

26-Mai-20 1 149 25 7 4 23 1 31 2 55 1 99 1 9 13 1 13 11 1 9 1.648 0.75

26-Mai-20 2 133 39 9 4 24 3 1 1 26 24 2 63 3 16 8 0 20 18 1 9 1.796 0.817

26-Mai-20 3 187 19 10 2 61 1 2 1 31 1 56 3 100 1 32 28 1 7 12 0 11 1.661 0.693

26-Mai-20 4 213 13 11 4 77 1 11 95 1 121 1 55 22 0 9 3 1 8 1.33 0.639

26-Mai-20 5 230 61 10 3 100 1 1 4 49 1 66 1 44 38 18 24 15 22 9 1.378 0.627

26-Mai-20 6 135 44 10 42 5 34 49 0 34 6 2 18 25 1 5 1.391 0.864

26-Mai-20 7 302 45 24 4 85 59 85 172 0 43 42 0 10 35 0 6 1.575 0.879

26-Mai-20 8 249 28 27 6 34 1 1 1 57 94 184 1 14 16 4 11 14 3 9 1.62 0.737

26-Mai-20 9 242 51 18 5 26 86 56 165 0 10 15 1 30 20 1 6 1.548 0.864

26-Mai-20 10 117 21 16 2 22 16 1 39 74 0 12 9 1 8 13 0 7 1.643 0.844

26-Mai-20 11 134 11 7 4 52 1 2 1 4 49 3 64 1 32 17 3 7 3 1 9 1.511 0.688

26-Mai-20 12 250 40 13 1 59 59 3 74 1 150 0 35 22 2 21 18 1 8 1.586 0.763

26-Mai-20 13 180 24 9 12 31 1 1 15 85 2 121 1 23 6 2 11 12 1 9 1.571 0.715

26-Mai-20 14 240 30 3 116 2 16 1 71 1 91 0 69 40 7 16 10 4 8 1.293 0.622

26-Mai-20 15 155 31 8 2 30 5 16 62 1 88 0 18 11 1 16 15 0 8 1.593 0.766

26-Mai-20 16 219 37 11 3 53 1 1 1 37 1 72 2 124 1 30 21 2 19 17 1 11 1.66 0.692

02-Jun-20 1 195 9 6 4 33 1 1 1 1 18 121 149 1 18 13 2 3 4 2 9 1.247 0.567

02-Jun-20 2 141 25 3 5 33 1 1 19 53 1 80 0 19 14 0 4 18 3 8 1.58 0.76

02-Jun-20 3 175 10 7 5 47 1 1 1 4 98 1 114 1 20 26 1 5 3 2 10 1.276 0.554

02-Jun-20 4 199 10 2 6 48 1 3 1 12 116 136 0 26 20 2 4 5 1 8 1.239 0.596

02-Jun-20 5 136 16 7 5 52 1 1 8 46 66 1 22 28 2 7 5 4 8 1.499 0.721

02-Jun-20 6 177 2 24 4 1 42 1 9 92 2 106 3 24 17 1 16 6 2 9 1.349 0.614

02-Jun-20 7 233 56 3 11 85 1 1 26 50 90 1 39 46 0 21 34 1 8 1.532 0.737

02-Jun-20 8 223 26 1 4 1 28 3 2 29 127 2 162 3 19 9 0 12 12 2 10 1.36 0.591

02-Jun-20 9 254 1 52 14 8 2 69 1 2 46 59 129 0 45 18 6 21 29 2 10 1.716 0.745

02-Jun-20 10 158 14 8 3 45 1 2 18 66 1 95 0 26 18 1 5 8 1 9 1.53 0.696

02-Jun-20 11 191 1 11 5 5 34 1 2 4 20 106 2 136 0 16 18 0 2 6 3 10 1.447 0.628

02-Jun-20 12 229 26 5 8 1 68 38 79 4 131 0 43 24 1 17 8 1 8 1.568 0.754

02-Jun-20 13 172 1 18 7 5 23 1 9 104 4 125 0 13 10 0 8 10 0 9 1.344 0.612

02-Jun-20 14 157 2 10 2 51 4 1 1 14 70 2 86 0 27 24 0 4 5 1 10 1.441 0.626

02-Jun-20 15 253 1 21 1 2 52 19 3 20 133 1 156 1 28 21 3 9 11 1 10 1.421 0.617

02-Jun-20 16 185 2 12 1 4 1 56 1 3 26 76 3 108 2 24 32 0 3 8 1 10 1.518 0.659

09-Jun-20 1 142 1 6 14 37 1 5 78 92 2 24 10 3 4 2 0 7 1.229 0.632

09-Jun-20 2 120 2 12 20 2 36 2 3 2 39 2 63 4 20 15 1 4 8 0 10 1.689 0.733

09-Jun-20 3 133 7 23 4 56 1 1 41 69 0 25 30 1 5 2 0 7 1.364 0.701

09-Jun-20 4 126 4 16 1 38 3 1 63 80 0 25 13 0 2 2 0 6 1.209 0.675

09-Jun-20 5 159 1 6 16 5 103 1 2 1 23 1 44 2 48 48 7 4 1 1 10 1.207 0.524

09-Jun-20 6 193 24 21 1 67 2 6 2 70 92 2 30 20 17 3 8 13 7 1.423 0.731

09-Jun-20 7 159 32 18 2 2 68 36 1 58 0 33 35 0 9 22 1 7 1.411 0.725

09-Jun-20 8 193 2 18 44 1 43 1 3 1 80 126 3 18 21 4 7 6 5 9 1.452 0.661

09-Jun-20 9 234 2 32 74 5 72 2 10 36 1 115 4 38 26 8 10 16 6 9 1.608 0.732

09-Jun-20 10 148 4 6 40 3 51 1 5 1 2 1 32 2 76 5 20 17 14 1 1 4 11 1.641 0.684

09-Jun-20 11 133 1 3 12 32 3 6 1 73 2 85 4 19 12 1 3 0 9 1.337 0.608

09-Jun-20 12 111 3 8 32 1 20 1 45 1 78 3 9 10 1 1 7 0 8 1.448 0.696

09-Jun-20 13 112 12 10 1 29 3 2 53 2 64 3 11 17 1 5 3 4 8 1.442 0.693

09-Jun-20 14 119 5 32 1 2 1 38 3 8 1 28 64 0 13 21 4 1 1 3 9 1.636 0.745

09-Jun-20 15 195 8 19 1 60 7 1 97 2 118 0 23 37 0 6 2 0 8 1.288 0.62

09-Jun-20 16 108 4 22 4 1 48 3 3 1 20 2 48 3 24 20 4 1 3 10 1.601 0.695

16-Jun-20 1 117 8 54 2 1 4 7 41 48 2 31 23 0 5 3 0 6 1.281 0.715

16-Jun-20 2 98 7 3 1 53 1 1 3 1 4 22 2 30 1 32 21 0 7 0 10 1.444 0.627

16-Jun-20 3 78 4 4 3 50 1 6 10 23 0 26 23 1 1 3 0 7 1.232 0.633

16-Jun-20 4 147 19 4 93 2 3 9 16 1 29 2 46 44 3 14 2 3 8 1.236 0.595

16-Jun-20 5 146 7 10 9 107 2 1 3 7 29 2 53 43 11 6 1 0 8 1.047 0.504

16-Jun-20 6 162 3 2 123 2 1 5 26 33 2 63 57 3 2 1 7 0.824 0.423

16-Jun-20 7 102 14 1 47 5 3 16 15 1 32 5 13 31 3 2 9 3 8 1.544 0.743

16-Jun-20 8 123 7 4 63 3 1 1 23 21 48 3 22 33 8 2 4 1 7 1.39 0.714

16-Jun-20 9 180 10 2 1 105 1 2 48 1 10 61 1 42 44 19 2 2 6 9 1.175 0.535

16-Jun-20 10 159 2 8 19 2 94 1 2 1 14 16 51 2 32 31 31 2 2 4 8 1.363 0.655

16-Jun-20 11 153 1 17 6 4 82 2 6 35 51 3 41 32 9 8 8 1 8 1.355 0.651

16-Jun-20 12 95 1 8 7 1 29 3 3 20 22 1 50 4 6 23 0 4 4 0 10 1.792 0.778

16-Jun-20 13 142 66 3 55 1 1 4 12 19 1 28 21 6 42 16 8 7 1.184 0.609

16-Jun-20 14 67 3 2 1 36 3 9 13 25 0 17 17 2 1 2 0 7 1.367 0.703

16-Jun-20 15 102 10 1 1 61 1 2 12 14 28 1 13 39 9 6 3 1 8 1.273 0.612

16-Jun-20 16 132 11 3 1 78 6 3 19 10 1 33 6 34 37 7 7 2 2 9 1.379 0.628
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23-Jun-20 1 148 1 41 3 1 3 2 81 2 12 2 21 3 39 31 11 17 15 9 10 1.289 0.56

23-Jun-20 2 171 1 64 14 1 65 4 2 13 7 28 5 23 26 16 30 19 15 9 1.467 0.668

23-Jun-20 3 91 32 4 1 1 29 2 1 18 3 25 2 10 19 0 26 6 0 9 1.535 0.699

23-Jun-20 4 258 118 19 1 1 92 4 1 18 4 39 4 54 37 1 79 37 2 9 1.297 0.59

23-Jun-20 5 141 1 43 4 1 81 1 9 1 14 1 43 36 2 28 13 2 8 1.098 0.528

23-Jun-20 6 157 42 8 1 89 4 11 2 20 4 53 30 6 25 15 2 7 1.194 0.613

23-Jun-20 7 65 1 4 8 1 39 2 1 9 18 3 9 19 11 2 2 8 1.309 0.63

23-Jun-20 8 69 15 6 36 3 8 1 14 3 15 18 3 7 8 0 6 1.331 0.743

23-Jun-20 9 196 1 19 17 3 139 3 1 12 1 32 1 67 57 15 15 3 1 8 1.05 0.505

23-Jun-20 10 204 22 11 1 2 121 2 44 1 58 0 61 46 14 10 5 7 8 1.181 0.568

23-Jun-20 11 209 96 10 74 2 4 17 6 27 2 42 18 14 40 26 30 7 1.297 0.666

23-Jun-20 12 134 28 24 2 58 5 1 15 1 42 5 33 20 5 23 5 0 8 1.501 0.722

23-Jun-20 13 243 187 6 3 38 1 1 6 1 15 1 20 12 6 107 60 20 8 0.797 0.383

23-Jun-20 14 188 1 105 2 3 52 2 1 19 3 24 3 28 22 2 97 6 2 9 1.197 0.545

23-Jun-20 15 139 1 29 10 79 1 5 14 24 2 36 39 4 19 10 0 7 1.259 0.647

23-Jun-20 16 159 56 16 3 2 55 22 5 43 0 29 23 3 37 19 0 7 1.478 0.76

30-Jun-20 1 189 97 18 1 2 51 2 1 2 10 5 33 2 20 13 18 44 21 32 10 1.371 0.596

30-Jun-20 2 203 106 6 52 3 2 25 8 1 39 3 21 25 6 43 29 34 8 1.312 0.631

30-Jun-20 3 211 140 5 1 47 2 1 2 9 4 17 2 27 19 1 85 50 5 9 1.044 0.475

30-Jun-20 4 216 102 9 3 75 8 1 3 14 1 29 8 41 29 5 55 43 4 9 1.322 0.602

30-Jun-20 5 207 110 5 1 88 2 1 8 0 36 31 21 37 14 59 6 0.886 0.494

30-Jun-20 6 170 86 11 1 64 2 1 1 1 3 13 2 16 18 30 30 10 46 8 1.104 0.531

30-Jun-20 7 67 5 7 1 43 2 1 1 2 5 11 2 17 25 1 4 1 0 9 1.306 0.594

30-Jun-20 8 123 41 4 61 1 1 1 11 3 15 1 22 34 5 22 18 1 8 1.249 0.601

30-Jun-20 9 245 138 2 4 1 90 1 1 1 4 3 11 1 30 19 41 40 21 77 9 0.986 0.449

30-Jun-20 10 241 88 5 2 2 131 1 2 1 8 1 18 1 74 52 5 56 26 6 10 1.08 0.469

30-Jun-20 11 197 116 12 2 46 13 8 27 0 24 10 12 39 31 46 6 1.178 0.657

30-Jun-20 12 225 147 19 1 45 3 8 2 28 3 25 18 2 100 39 8 7 1.051 0.54

30-Jun-20 13 112 59 10 2 26 8 1 4 2 16 8 8 8 10 20 27 12 8 1.386 0.666

30-Jun-20 14 320 235 3 67 1 1 7 6 10 1 27 29 11 84 78 73 7 0.792 0.407

30-Jun-20 15 244 147 8 1 2 65 5 1 1 8 6 20 0 42 17 6 99 24 24 9 1.138 0.518

30-Jun-20 16 225 124 22 4 3 52 1 3 1 1 12 2 41 1 26 21 5 68 37 19 10 1.329 0.577

07-Jul-20 1 104 60 1 30 4 1 5 3 6 4 18 8 4 23 11 26 7 1.139 0.585

07-Jul-20 2 107 60 7 18 2 1 10 1 6 2 24 2 6 10 2 27 22 11 9 1.422 0.647

07-Jul-20 3 115 65 2 1 1 29 1 1 7 3 5 7 1 9 18 2 25 20 20 10 1.307 0.568

07-Jul-20 4 135 75 8 2 35 6 1 2 3 3 15 6 19 16 0 32 29 14 9 1.313 0.597

07-Jul-20 5 120 69 1 40 2 1 1 6 8 2 17 21 2 33 27 9 7 1.022 0.525

07-Jul-20 6 181 121 6 45 3 1 1 3 1 10 3 13 20 12 27 15 79 8 0.95 0.457

07-Jul-20 7 69 27 9 23 1 1 2 6 17 1 13 10 0 15 6 6 7 1.437 0.738

07-Jul-20 8 101 55 3 2 25 2 1 5 8 10 2 13 12 0 32 19 4 8 1.332 0.64

07-Jul-20 9 142 79 4 53 1 3 2 4 1 17 19 17 16 19 44 6 0.971 0.542

07-Jul-20 10 180 84 10 77 2 1 1 5 11 0 36 38 3 37 36 11 6 1.076 0.601

07-Jul-20 11 82 1 49 3 17 4 1 4 3 7 5 13 4 0 13 20 16 8 1.278 0.615

07-Jul-20 12 178 97 24 1 34 2 1 1 1 10 6 1 36 2 17 17 0 45 47 5 10 1.381 0.6

07-Jul-20 13 48 15 4 19 4 1 1 2 2 7 4 10 7 2 11 4 8 1.571 0.755

07-Jul-20 14 90 45 8 21 1 3 12 11 0 7 9 5 11 9 25 6 1.333 0.744

07-Jul-20 15 226 155 13 39 4 4 2 1 4 4 17 4 20 19 0 75 62 18 8 1.066 0.513

07-Jul-20 16 159 88 21 2 23 3 3 1 3 2 8 4 1 33 3 6 16 1 28 36 24 11 1.49 0.621

14-Jul-20 1 99 67 6 1 10 1 1 2 1 10 8 1 5 3 2 36 22 9 9 1.162 0.529

14-Jul-20 2 100 69 8 6 2 3 1 8 3 16 2 3 3 0 40 25 4 8 1.164 0.56

14-Jul-20 3 102 51 7 21 1 9 9 4 16 1 5 16 0 22 27 2 7 1.457 0.749

14-Jul-20 4 79 23 9 24 1 2 2 14 4 25 1 5 19 0 3 16 4 8 1.668 0.802

14-Jul-20 5 106 73 3 1 15 1 3 1 5 4 10 0 4 11 0 22 34 17 9 1.135 0.517

14-Jul-20 6 195 123 21 32 5 2 2 2 3 5 26 5 12 15 5 44 42 37 9 1.22 0.555

14-Jul-20 7 147 96 16 2 22 1 3 7 22 0 5 16 1 66 20 10 7 1.121 0.576

14-Jul-20 8 116 67 2 2 1 24 1 1 1 17 6 1 6 18 0 37 14 16 9 1.228 0.559

14-Jul-20 9 92 43 2 6 36 1 1 2 1 10 1 15 21 0 2 20 21 8 1.215 0.584

14-Jul-20 10 119 61 4 1 1 38 4 2 1 7 7 4 13 25 0 27 29 5 9 1.291 0.588

14-Jul-20 11 87 36 2 3 15 2 1 2 11 15 16 2 6 8 1 15 16 5 8 1.587 0.763

14-Jul-20 12 111 41 24 1 2 18 1 1 6 4 8 5 39 1 11 7 0 17 19 5 11 1.8 0.751

14-Jul-20 13 47 9 3 16 2 1 1 7 8 10 2 8 8 0 5 2 2 8 1.742 0.838

14-Jul-20 14 67 41 7 1 6 1 5 6 13 0 2 4 0 18 19 4 7 1.288 0.662

14-Jul-20 15 159 102 5 30 2 1 3 1 3 12 8 2 14 16 0 34 59 9 9 1.172 0.533

14-Jul-20 16 116 41 33 6 19 6 1 1 6 3 45 6 6 13 0 16 20 5 9 1.658 0.754
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21-Jul-20 1 83 60 6 3 2 1 1 2 2 6 15 1 1 0 23 18 19 9 1.11 0.505

21-Jul-20 2 69 38 6 3 6 2 12 2 21 2 1 5 0 14 21 3 7 1.399 0.719

21-Jul-20 3 75 1 44 6 8 1 2 6 7 12 2 2 6 0 19 23 2 8 1.389 0.668

21-Jul-20 4 43 3 7 3 8 3 3 1 2 13 25 3 4 4 0 1 2 0 9 1.943 0.884

21-Jul-20 5 72 46 5 1 10 2 1 4 3 11 2 2 8 0 13 20 13 8 1.257 0.604

21-Jul-20 6 112 63 4 32 2 2 5 4 9 0 11 19 2 22 28 13 7 1.202 0.618

21-Jul-20 7 115 60 20 1 18 1 4 9 2 34 0 4 14 0 21 27 12 8 1.403 0.675

21-Jul-20 8 95 62 4 2 11 2 1 12 1 9 0 2 9 0 22 21 19 8 1.181 0.568

21-Jul-20 9 62 24 1 19 2 1 1 14 16 2 4 15 0 7 8 9 7 1.376 0.707

21-Jul-20 10 59 29 10 2 5 1 1 1 4 6 17 0 1 4 0 9 7 13 9 1.596 0.726

21-Jul-20 11 50 14 1 15 11 9 12 0 4 10 1 3 9 2 5 1.438 0.893

21-Jul-20 12 74 13 47 1 1 1 7 4 56 0 0 3 7 3 7 1.149 0.591

21-Jul-20 13 38 16 1 13 2 1 1 1 3 3 2 6 5 2 4 8 4 8 1.469 0.707

21-Jul-20 14 40 1 19 1 1 4 14 5 0 1 0 6 9 4 6 1.228 0.685

21-Jul-20 15 81 63 8 1 7 2 7 1 1 7 0 22 35 6 5 0.781 0.485

21-Jul-20 16 45 8 23 2 1 1 2 7 1 30 0 1 1 6 1 1 6 1.378 0.769

28-Jul-20 1 60 31 18 1 1 1 1 2 5 21 1 0 14 8 9 7 1.232 0.633

28-Jul-20 2 41 26 4 2 1 7 1 11 0 1 1 8 10 8 6 1.146 0.64

28-Jul-20 3 60 18 4 1 1 7 1 1 4 2 15 6 23 1 3 3 1 9 8 1 11 1.936 0.807

28-Jul-20 4 38 7 10 1 8 1 1 9 1 21 1 5 3 3 2 2 8 1.715 0.825

28-Jul-20 5 66 47 5 5 4 5 9 0 2 1 2 15 12 20 5 0.998 0.62

28-Jul-20 6 92 44 5 1 26 6 1 3 4 2 13 0 9 14 3 20 16 8 8 1.431 0.688

28-Jul-20 7 69 26 25 1 2 1 3 8 3 39 0 1 0 13 10 3 8 1.483 0.713

28-Jul-20 8 22 10 3 3 2 4 5 0 2 1 5 2 3 5 1.43 0.888

28-Jul-20 9 29 14 2 8 1 4 6 0 2 5 1 5 5 4 5 1.281 0.796

28-Jul-20 10 64 19 25 8 1 2 1 1 4 3 30 1 8 0 8 5 6 9 1.608 0.732

28-Jul-20 11 15 3 1 2 8 1 9 0 2 0 2 1 5 1.287 0.8

28-Jul-20 12 75 6 52 1 1 2 9 4 62 0 0 2 3 1 7 1.079 0.554

28-Jul-20 13 6 1 1 1 3 3 0 0 0 4 1.242 0.896

28-Jul-20 14 24 4 1 2 1 1 2 13 3 1 2 0 2 2 0 7 1.442 0.741

28-Jul-20 15 42 24 3 5 1 7 2 10 0 1 4 0 10 13 1 6 1.294 0.722

28-Jul-20 16 50 1 34 4 1 2 1 6 1 40 1 2 1 1 1 8 1.16 0.558

04-Aug-20 1 49 22 18 1 1 7 19 0 0 7 2 13 5 1.164 0.723

04-Aug-20 2 13 5 3 2 1 2 4 0 0 1 3 1 5 1.479 0.919

04-Aug-20 3 29 8 2 1 1 1 10 6 12 1 1 0 5 3 0 7 1.581 0.813

04-Aug-20 4 25 9 5 2 1 1 6 1 14 0 0 4 3 2 7 1.621 0.833

04-Aug-20 5 39 25 6 1 2 1 1 3 10 0 2 0 11 7 7 6 1.169 0.652

04-Aug-20 6 43 14 5 8 1 1 13 1 18 1 3 3 2 3 1 10 7 1.553 0.798

04-Aug-20 7 83 14 56 1 1 8 3 65 0 1 0 5 7 2 6 1.018 0.568

04-Aug-20 8 20 3 5 3 1 1 7 8 0 1 0 3 0 6 1.583 0.883

04-Aug-20 9 41 21 2 1 10 1 4 2 7 0 3 7 0 9 12 0 7 1.39 0.714

04-Aug-20 10 64 17 30 4 1 1 4 6 1 39 0 0 9 7 1 8 1.471 0.707

04-Aug-20 11 24 10 2 2 1 1 4 4 6 1 2 0 3 6 1 7 1.641 0.843

04-Aug-20 12 49 7 34 1 3 3 1 38 0 0 2 5 6 1.032 0.576

04-Aug-20 13 5 5 0 0 0 0 1 0 0

04-Aug-20 14 27 10 3 2 2 1 9 5 0 2 2 6 2 6 1.486 0.829

04-Aug-20 15 20 10 1 1 5 3 7 0 0 6 4 0 5 1.277 0.794

04-Aug-20 16 108 5 90 4 4 1 4 94 0 2 1 1 2 3 0 6 0.704 0.393

11-Aug-20 1 57 2 37 1 4 5 4 4 50 0 0 1 1 7 1.242 0.638

11-Aug-20 2 23 8 2 1 1 1 5 3 2 11 1 0 5 2 1 8 1.798 0.865

11-Aug-20 3 23 4 6 1 4 2 6 14 0 1 0 4 0 6 1.658 0.925

11-Aug-20 4 27 7 12 1 1 5 1 19 0 0 2 5 0 6 1.389 0.775

11-Aug-20 5 24 11 6 1 2 3 1 9 0 0 2 1 8 6 1.436 0.801

11-Aug-20 6 45 8 12 2 2 1 20 33 0 2 4 3 1 6 1.381 0.771

11-Aug-20 7 74 2 60 1 1 6 4 70 0 1 0 2 6 0.745 0.416

11-Aug-20 8 17 3 9 2 2 1 14 0 0 1 2 5 1.313 0.816

11-Aug-20 9 22 2 1 1 1 3 13 1 15 0 1 0 2 0 7 1.363 0.7

11-Aug-20 10 69 2 52 6 1 1 5 2 64 0 0 1 1 0 7 0.944 0.485

11-Aug-20 11 21 5 7 1 1 3 2 2 10 0 1 0 2 3 7 1.724 0.886

11-Aug-20 12 28 1 19 1 1 5 1 25 1 0 1 6 1.047 0.584

11-Aug-20 13 5 1 2 2 2 0 0 1 0 3 1.055 0.96

11-Aug-20 14 17 11 4 1 1 5 0 0 3 2 6 4 0.955 0.689

11-Aug-20 15 18 9 1 1 1 6 8 0 1 0 5 3 1 5 1.195 0.742

11-Aug-20 16 257 10 223 1 7 1 1 4 2 7 1 240 0 1 0 3 5 2 10 0.635 0.276
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18-Aug-20 1 74 43 2 29 72 0 1 1 0 3 0.78 0.71

18-Aug-20 2 26 3 11 4 1 6 1 17 0 1 1 2 1 2 6 1.49 0.832

18-Aug-20 3 31 1 6 5 15 2 1 1 8 0 1 3 1 1 0 7 1.473 0.757

18-Aug-20 4 43 7 15 1 3 2 14 1 30 0 1 2 1 2 4 7 1.532 0.787

18-Aug-20 5 34 14 15 1 4 19 0 1 0 5 2 7 4 1.082 0.78

18-Aug-20 6 35 5 14 9 6 1 20 0 5 2 2 1 4 5 1.398 0.868

18-Aug-20 7 106 5 75 3 5 18 96 0 3 1 1 3 1 1 5 0.935 0.581

18-Aug-20 8 102 2 76 2 3 1 17 1 95 0 2 1 0 1 1 0 7 0.866 0.445

18-Aug-20 9 24 3 1 1 1 18 22 1 1 0 0 5 0.873 0.542

18-Aug-20 10 45 23 1 1 1 19 43 1 0 0 5 0.961 0.597

18-Aug-20 11 66 11 24 1 1 4 25 49 0 1 1 2 8 6 1.331 0.743

18-Aug-20 12 51 5 29 1 1 1 14 44 0 1 0 2 3 6 1.135 0.633

18-Aug-20 13 14 8 3 1 2 5 0 1 0 4 4 0 4 1.116 0.805

18-Aug-20 14 11 4 4 1 1 1 5 0 1 4 5 1.39 0.863

18-Aug-20 15 28 6 1 9 11 1 12 0 4 4 1 1 5 5 1.3 0.808

18-Aug-20 16 82 1 61 1 1 18 79 0 1 1 5 0.714 0.444
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Mesocosm EMT20 EMT50 EMT80 spec Mesocosm EMT20 EMT50 EMT80 spec Mesocosm EMT20 EMT50 EMT80 spec Mesocosm EMT20 EMT50 EMT80 spec
1 28.3 40.2 52.65 Chaoborus_gesamt 1 13.3 22.7 32.7 Cloeon_dipterum_gesamt 1 4.6 17.5 72.2 Chironomidae_gesamt 1 3.75 9.25 23.05 Tanypodinae
2 24.4 36.15 48.8 Chaoborus_gesamt 2 1.5 22.15 32.8 Cloeon_dipterum_gesamt 2 5.6 16.05 48.65 Chironomidae_gesamt 2 5.05 13 41.95 Tanypodinae
3 26.85 37.1 48.3 Chaoborus_gesamt 3 8.5 21.2 38.25 Cloeon_dipterum_gesamt 3 3.5 12.85 49.8 Chironomidae_gesamt 3 0.5 9.4 43.9 Tanypodinae
4 22.5 30.55 41.05 Chaoborus_gesamt 4 1.6 23.5 34.75 Cloeon_dipterum_gesamt 4 4.1 16.95 53.4 Chironomidae_gesamt 4 2.95 9.8 42.1 Tanypodinae
5 28.2 40.85 55.2 Chaoborus_gesamt 5 10.55 20.45 32.7 Cloeon_dipterum_gesamt 5 5.15 15.35 56.35 Chironomidae_gesamt 5 2.55 10.25 42.4 Tanypodinae
6 29.05 41 51.95 Chaoborus_gesamt 6 12.85 24.45 41.2 Cloeon_dipterum_gesamt 6 5.4 14.4 58.15 Chironomidae_gesamt 6 4.1 10 48.2 Tanypodinae
7 8.25 43.15 54.65 Chaoborus_gesamt 7 5.65 17.4 36.1 Cloeon_dipterum_gesamt 7 9 55.2 75.65 Chironomidae_gesamt 7 5.05 13.35 60.15 Tanypodinae
8 26.8 40.75 51.25 Chaoborus_gesamt 8 12.1 23.8 37.65 Cloeon_dipterum_gesamt 8 5 11.55 74.7 Chironomidae_gesamt 8 3.05 7.55 17.3 Tanypodinae
9 2.75 33.55 46.35 Chaoborus_gesamt 9 12.8 23.55 36 Cloeon_dipterum_gesamt 9 5.25 11.6 32.05 Chironomidae_gesamt 9 4 12.45 64.05 Tanypodinae

10 27.75 38.75 49.9 Chaoborus_gesamt 10 16.15 25.85 36.65 Cloeon_dipterum_gesamt 10 7.6 24.5 70.05 Chironomidae_gesamt 10 0 15.55 34.3 Tanypodinae
11 23 31.65 42.95 Chaoborus_gesamt 11 12.85 22.4 33.6 Cloeon_dipterum_gesamt 11 4.4 13.4 47.3 Chironomidae_gesamt 11 4.4 11 39.65 Tanypodinae
12 24.65 34.2 44.35 Chaoborus_gesamt 12 8.75 22.75 34.75 Cloeon_dipterum_gesamt 12 6.8 32.4 61.75 Chironomidae_gesamt 12 3.65 11.75 43.2 Tanypodinae
13 18 24.85 32.95 Chaoborus_gesamt 13 11.45 22.35 35.95 Cloeon_dipterum_gesamt 13 1.95 7.7 22.4 Chironomidae_gesamt 13 2.1 6.15 14 Tanypodinae
14 23.95 31.75 41.8 Chaoborus_gesamt 14 5.85 21.85 33 Cloeon_dipterum_gesamt 14 4.2 11.35 31.9 Chironomidae_gesamt 14 0 8.35 24.55 Tanypodinae
15 28.85 39.2 49.5 Chaoborus_gesamt 15 11.2 23.35 36.9 Cloeon_dipterum_gesamt 15 3.85 9.65 28.35 Chironomidae_gesamt 15 3.55 8.1 19.1 Tanypodinae
16 3.75 33.45 43.55 Chaoborus_gesamt 16 9.25 20.45 32.9 Cloeon_dipterum_gesamt 16 17.95 61.1 75.35 Chironomidae_gesamt 16 0 15.75 50 Tanypodinae
1 28 39.85 51.85 Chaoborus_male 1 11.65 21.5 32.1 Cloeon_dipterum_male 1 14.25 35.85 68.55 Chironominae.n_.d_.sp_ 1 18.3 31.75 45.05 Coenagrionidae.n_.d_.sp_
2 25.6 36.6 48.45 Chaoborus_male 2 9.65 19.45 29.95 Cloeon_dipterum_male 2 0 14.2 55.45 Chironominae.n_.d_.sp_ 2 19.95 32.1 46.55 Coenagrionidae.n_.d_.sp_
3 25.2 34.75 46.1 Chaoborus_male 3 8.55 19.75 34.15 Cloeon_dipterum_male 3 4.85 10.6 22.4 Chironominae.n_.d_.sp_ 3 23.35 36.85 55.05 Coenagrionidae.n_.d_.sp_
4 21.4 1.75 36.95 Chaoborus_male 4 2.25 22.45 32.45 Cloeon_dipterum_male 4 9.5 33 59.35 Chironominae.n_.d_.sp_ 4 2.55 33.95 44.75 Coenagrionidae.n_.d_.sp_
5 25.1 37.5 52.7 Chaoborus_male 5 10.65 19.75 30.6 Cloeon_dipterum_male 5 6.85 12.2 21.1 Chironominae.n_.d_.sp_ 5 9.3 29.3 47.8 Coenagrionidae.n_.d_.sp_
6 26.5 39.95 52.3 Chaoborus_male 6 11.7 21.7 35.7 Cloeon_dipterum_male 6 10.7 24.35 59.5 Chironominae.n_.d_.sp_ 6 17.55 31.55 45 Coenagrionidae.n_.d_.sp_
7 18.3 44.3 53.9 Chaoborus_male 7 4.75 14.05 34.75 Cloeon_dipterum_male 7 0.95 6.45 58.6 Chironominae.n_.d_.sp_ 7 14.7 22.05 30.05 Coenagrionidae.n_.d_.sp_
8 28.15 40.45 50.65 Chaoborus_male 8 9.4 22.15 36.35 Cloeon_dipterum_male 8 0 54.2 73.85 Chironominae.n_.d_.sp_ 8 6.05 21.4 33.45 Coenagrionidae.n_.d_.sp_
9 16.2 29.35 44.3 Chaoborus_male 9 9.2 20.85 32.85 Cloeon_dipterum_male 9 2.75 7.4 17.6 Chironominae.n_.d_.sp_ 9 12 39.1 53.65 Coenagrionidae.n_.d_.sp_

10 27.7 37.7 48.75 Chaoborus_male 10 4.1 26.05 35.85 Cloeon_dipterum_male 10 13.6 51.35 71.85 Chironominae.n_.d_.sp_ 10 34.55 45.5 56.45 Coenagrionidae.n_.d_.sp_
11 22.6 30.45 40.6 Chaoborus_male 11 13.05 22.1 32.15 Cloeon_dipterum_male 11 3.2 8.85 22.05 Chironominae.n_.d_.sp_ 11 13.6 29.5 45.4 Coenagrionidae.n_.d_.sp_
12 23.75 32.15 41.55 Chaoborus_male 12 10.15 22.95 35.25 Cloeon_dipterum_male 12 0 19.65 49.95 Chironominae.n_.d_.sp_ 12 20.4 0.45 37.5 Coenagrionidae.n_.d_.sp_
13 17.4 23.6 30.7 Chaoborus_male 13 11.1 22 35.35 Cloeon_dipterum_male 13 3.75 3.75 23.9 Chironominae.n_.d_.sp_ 13 21.4 33 43.8 Coenagrionidae.n_.d_.sp_
14 22.3 29.1 0.25 Chaoborus_male 14 8.35 20.95 31 Cloeon_dipterum_male 14 11.5 55.2 68.75 Chironominae.n_.d_.sp_ 14 22.15 29.6 46.35 Coenagrionidae.n_.d_.sp_
15 26.6 36.55 47.2 Chaoborus_male 15 12 25.1 37.4 Cloeon_dipterum_male 15 5.85 18.8 36.7 Chironominae.n_.d_.sp_ 15 29 38.95 47.9 Coenagrionidae.n_.d_.sp_
16 23.75 31.75 41.4 Chaoborus_male 16 9.55 19.9 30.95 Cloeon_dipterum_male 16 2.65 39.05 67.45 Chironominae.n_.d_.sp_ 16 12.7 31.65 46.6 Coenagrionidae.n_.d_.sp_
1 26.85 39.45 51.5 Chaoborus_female 1 12.85 21.75 31.1 Cloeon_dipterum_female 1 5.35 5.35 36.95 Orthocladiinae.n_.d_.sp_
2 21.65 37.25 50.25 Chaoborus_female 2 12.95 23.3 34.65 Cloeon_dipterum_female 2 0 0 24.85 Orthocladiinae.n_.d_.sp_
3 29 39.9 51.35 Chaoborus_female 3 8.45 22.3 40.75 Cloeon_dipterum_female 3 3.7 19.7 58.5 Orthocladiinae.n_.d_.sp_
4 4.05 32.5 43.55 Chaoborus_female 4 13.9 24.55 36.9 Cloeon_dipterum_female 4 0 15.9 36.35 Orthocladiinae.n_.d_.sp_
5 32.05 43.35 54.35 Chaoborus_female 5 9.65 20.3 34.6 Cloeon_dipterum_female 5 0 4.35 32.15 Orthocladiinae.n_.d_.sp_
6 31.7 44.1 54.7 Chaoborus_female 6 12.95 25.5 44.7 Cloeon_dipterum_female 6 0 13.45 51.35 Orthocladiinae.n_.d_.sp_
7 6.3 37.6 54.45 Chaoborus_female 7 6.1 18.1 37.65 Cloeon_dipterum_female 7 0.75 12.65 50.85 Orthocladiinae.n_.d_.sp_
8 19.9 37.15 48.9 Chaoborus_female 8 13.75 25.75 39.55 Cloeon_dipterum_female 8 0 8.1 20.55 Orthocladiinae.n_.d_.sp_
9 5.5 34.2 51 Chaoborus_female 9 13.75 25 40.4 Cloeon_dipterum_female 9 0.85 9.3 19.55 Orthocladiinae.n_.d_.sp_

10 28.95 39.6 49.9 Chaoborus_female 10 17.65 28.4 40.3 Cloeon_dipterum_female 10 0.45 10.2 24.5 Orthocladiinae.n_.d_.sp_
11 2.55 33.1 45.95 Chaoborus_female 11 9.75 21.15 37.5 Cloeon_dipterum_female 11 1.15 1.15 11.15 Orthocladiinae.n_.d_.sp_
12 25.3 35.8 45.35 Chaoborus_female 12 7.1 22.4 34.6 Cloeon_dipterum_female 12 0 3.6 21.9 Orthocladiinae.n_.d_.sp_
13 18.75 26.25 35.45 Chaoborus_female 13 9.7 20.35 36.8 Cloeon_dipterum_female 13 0 1.7 22.55 Orthocladiinae.n_.d_.sp_
14 25.6 34.6 45.55 Chaoborus_female 14 7.45 20.95 33 Cloeon_dipterum_female 14 1.15 1.15 17.15 Orthocladiinae.n_.d_.sp_
15 32.45 42.45 51.75 Chaoborus_female 15 10.6 21.85 37.45 Cloeon_dipterum_female 15 0.75 3.8 18.85 Orthocladiinae.n_.d_.sp_
16 25.2 34.6 45 Chaoborus_female 16 7.75 20.6 34.25 Cloeon_dipterum_female 16 0.25 7.45 20.8 Orthocladiinae.n_.d_.sp_
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samplingDate Mesocosm temperature oxygen ph conductivity samplingDate Mesocosm temperature oxygen ph conductivity samplingDate Mesocosm temperature oxygen ph conductivity samplingDate Mesocosm temperature oxygen ph conductivity

26-Mai-20 1 14.9 8.51 7.8 159 16-Jun-20 1 18.3 8.63 8.1 154 22-Jul-20 1 18.4 11.41 10.1 140 18-Sep-20 1 14.5 6.64 7.9 146

26-Mai-20 2 14.9 7.66 7.9 177 16-Jun-20 2 18.3 8.33 7.9 185 22-Jul-20 2 18 12.03 9.85 148 18-Sep-20 2 14.5 8.31 9.1 162

26-Mai-20 3 14.9 7.62 7.7 172 16-Jun-20 3 18.2 9.81 8.2 165 22-Jul-20 3 18.3 12.91 10.1 142 18-Sep-20 3 14.3 8.92 9.3 146

26-Mai-20 4 14.9 7.9 7.6 160 16-Jun-20 4 18.3 9.65 8.1 150 22-Jul-20 4 18.2 12.09 9.9 138 18-Sep-20 4 14.4 8 8.6 144

26-Mai-20 5 15 6.52 7.5 186 16-Jun-20 5 18.2 9.69 8 174 22-Jul-20 5 18.3 13.57 9.94 145 18-Sep-20 5 14.3 8.95 9.4 145

26-Mai-20 6 15 6.85 7.5 165 16-Jun-20 6 18.3 9.03 7.8 164 22-Jul-20 6 18.2 11.12 8.98 140 18-Sep-20 6 14.3 8.43 8.5 172

26-Mai-20 7 14.9 7.92 7.7 160 16-Jun-20 7 18.2 9.71 8.1 157 22-Jul-20 7 18.3 13.31 9.55 136 18-Sep-20 7 14.3 9.1 8.9 150

26-Mai-20 8 14.9 8.41 7.8 156 16-Jun-20 8 18.2 8.02 7.7 160 22-Jul-20 8 18.2 12.72 9.47 138 18-Sep-20 8 14.3 9.25 9.1 140

26-Mai-20 9 14.9 9.25 7.9 150 16-Jun-20 9 18.3 8.99 7.8 142 22-Jul-20 9 18.2 13.07 9.73 133 18-Sep-20 9 14.3 9 9.1 150

26-Mai-20 10 14.9 9.2 8.4 167 16-Jun-20 10 18.2 8.62 7.9 168 22-Jul-20 10 17.9 12.92 9.92 146 18-Sep-20 10 14.4 8.72 9 155

26-Mai-20 11 14.9 8.83 7.8 158 16-Jun-20 11 18.2 8.48 7.7 151 22-Jul-20 11 18.1 12.2 9.29 136 18-Sep-20 11 14.4 9.71 9.1 162

26-Mai-20 12 15 9.51 8.1 160 16-Jun-20 12 18.3 9.61 8.2 158 22-Jul-20 12 18.1 11.93 9.82 144 18-Sep-20 12 14.5 8 8.4 164

26-Mai-20 13 15 7.1 7.5 156 16-Jun-20 13 18.3 8.8 7.8 151 22-Jul-20 13 18.6 13.28 9.49 148 18-Sep-20 13 14.3 9.87 9.1 142

26-Mai-20 14 15 7.35 7.6 178 16-Jun-20 14 18.2 8.73 7.9 173 22-Jul-20 14 18.4 13.38 9.73 143 18-Sep-20 14 14.3 8.67 9.1 162

26-Mai-20 15 14.9 7.27 7.5 161 16-Jun-20 15 18.1 9.3 7.9 152 22-Jul-20 15 18.5 11.77 9.52 137 18-Sep-20 15 14.3 8.56 8.4 162

26-Mai-20 16 14.9 7.4 7.7 175 16-Jun-20 16 18.2 8.89 8.2 173 22-Jul-20 16 18.1 13.43 10 158 18-Sep-20 16 14.3 8.55 8.9 177

29-Mai-20 1 16.9 8.75 8 162 25-Jun-20 1 21 11.92 9.2 137 29-Jul-20 1 19.2 11.54 10.3 142

29-Mai-20 2 17 7.92 7.9 182 25-Jun-20 2 21.2 10.12 8.5 168 29-Jul-20 2 18.7 11.4 10.1 149

29-Mai-20 3 16.8 8.38 7.8 175 25-Jun-20 3 21.2 11.42 9 145 29-Jul-20 3 18.7 11.26 10.2 142

29-Mai-20 4 16.9 8.8 7.8 162 25-Jun-20 4 21.1 11.26 8.9 138 29-Jul-20 4 18.8 10.82 9.92 138

29-Mai-20 5 16.8 7.64 7.7 188 25-Jun-20 5 21 11.25 8.6 148 29-Jul-20 5 18.7 12.01 10.1 145

29-Mai-20 6 16.8 6.5 7.6 169 25-Jun-20 6 21.3 11.92 8.5 148 29-Jul-20 6 18.8 9.97 9.05 144

29-Mai-20 7 16.7 8.31 7.7 162 25-Jun-20 7 21.1 11.8 8.8 146 29-Jul-20 7 18.9 12.16 9.62 138

29-Mai-20 8 16.7 7.22 7.6 161 25-Jun-20 8 21 11.03 8.1 145 29-Jul-20 8 18.7 11.68 9.62 137

29-Mai-20 9 16.7 9.42 7.9 152 25-Jun-20 9 21.1 12.02 8.8 130 29-Jul-20 9 18.6 12.12 9.81 132

29-Mai-20 10 17 9.4 8.3 170 25-Jun-20 10 21.1 10.58 8.7 155 29-Jul-20 10 18.6 11.74 10.2 150

29-Mai-20 11 16.9 9.22 7.9 159 25-Jun-20 11 21 11.11 8.2 138 29-Jul-20 11 18.7 11.95 9.56 139

29-Mai-20 12 17 9.56 8.1 162 25-Jun-20 12 21 10.97 8.9 145 29-Jul-20 12 18.5 11.14 9.76 151

29-Mai-20 13 16.9 7.72 7.6 158 25-Jun-20 13 21 9.59 7.9 144 29-Jul-20 13 18.7 11.01 9.58 149

29-Mai-20 14 16.8 7.95 7.7 182 25-Jun-20 14 21 11.24 8.6 156 29-Jul-20 14 18.6 12.02 9.91 145

29-Mai-20 15 17 7.38 7.6 163 25-Jun-20 15 20.9 10.64 8.2 140 29-Jul-20 15 18.7 11.07 9.49 140

29-Mai-20 16 17.1 7.86 7.8 178 25-Jun-20 16 21.1 12.21 9.2 157 29-Jul-20 16 18.7 11.92 10.2 161

02-Jun-20 1 18.2 9.7 8.5 164 02-Jul-20 1 20 10.88 9.5 137 06-Aug-20 1 19 10.08 9.87 145

02-Jun-20 2 18.4 8.52 8 189 02-Jul-20 2 19.8 10.44 8.9 162 06-Aug-20 2 19 10.31 10 151

02-Jun-20 3 18.2 8.77 7.9 180 02-Jul-20 3 19.9 11.42 9.4 143 06-Aug-20 3 18.6 9.89 10 141

02-Jun-20 4 18.4 9.14 8 164 02-Jul-20 4 19.9 11.51 9.4 154 06-Aug-20 4 18.9 11.27 9.84 140

02-Jun-20 5 18.3 8.4 7.8 192 02-Jul-20 5 19.7 11.68 9 173 06-Aug-20 5 18.7 11.54 10 146

02-Jun-20 6 18.4 8.04 7.7 175 02-Jul-20 6 19.9 10.85 8.7 160 06-Aug-20 6 18.8 8.76 8.52 153

02-Jun-20 7 18.2 8.92 7.9 166 02-Jul-20 7 19.9 10.99 8.9 162 06-Aug-20 7 18.8 9.83 9.45 143

02-Jun-20 8 18.2 8.01 7.7 166 02-Jul-20 8 19.8 10.82 8.4 161 06-Aug-20 8 18.8 10.17 9.53 138

02-Jun-20 9 18.2 9.51 8.1 153 02-Jul-20 9 19.8 10.6 9.9 146 06-Aug-20 9 18.7 10.27 9.56 134

02-Jun-20 10 18.4 9.48 8.3 175 02-Jul-20 10 19.9 10.79 9.2 169 06-Aug-20 10 18.9 11.29 9.9 149

02-Jun-20 11 18.2 9.43 8 161 02-Jul-20 11 19.8 11.08 8.8 153 06-Aug-20 11 18.8 9.96 9.28 143

02-Jun-20 12 18.3 9.74 8.4 167 02-Jul-20 12 19.9 11.02 9.3 163 06-Aug-20 12 18.8 10.35 9.68 148

02-Jun-20 13 18.4 8.48 7.7 161 02-Jul-20 13 19.9 11.43 8.5 165 06-Aug-20 13 18.8 11.53 9.54 152

02-Jun-20 14 18.3 7.66 7.7 185 02-Jul-20 14 20 10.66 8.8 173 06-Aug-20 14 18.9 11.12 9.89 147

02-Jun-20 15 18.3 8.16 7.7 166 02-Jul-20 15 19.8 11.24 8.9 156 06-Aug-20 15 18.9 10.16 9.48 144

02-Jun-20 16 18.3 8.59 7.9 185 02-Jul-20 16 20 10.67 9.4 178 06-Aug-20 16 18.7 9.8 9.87 162

05-Jun-20 1 16.3 8.05 7.9 159 06-Jul-20 1 18.5 11.37 9.7 133 12-Aug-20 1 21 8.3 9.83 144

05-Jun-20 2 16.3 6.47 7.7 185 06-Jul-20 2 18.6 11.34 9.2 153 12-Aug-20 2 21.4 8.88 10 148

05-Jun-20 3 16.3 7.32 7.7 173 06-Jul-20 3 18.3 12 9.6 138 12-Aug-20 3 21.3 8.43 10.1 137

05-Jun-20 4 16.3 7.31 7.6 158 06-Jul-20 4 18.5 11.9 9.5 134 12-Aug-20 4 21 8.9 9.86 137

05-Jun-20 5 16.2 6.99 7.6 183 06-Jul-20 5 18.4 11.71 9.3 147 12-Aug-20 5 21.4 10.3 10.1 141

05-Jun-20 6 16.3 6.08 7.4 169 06-Jul-20 6 18.4 10.21 8.3 141 12-Aug-20 6 21.4 8.93 9.09 146

05-Jun-20 7 16.2 8.31 7.7 159 06-Jul-20 7 18.3 11.92 9 138 12-Aug-20 7 21.4 10.78 9.55 138

05-Jun-20 8 16.2 5.87 7.5 162 06-Jul-20 8 18.3 10.75 8.5 138 12-Aug-20 8 20.9 8.22 9.54 138

05-Jun-20 9 16.2 8.45 7.7 174 06-Jul-20 9 18.4 11.56 9.3 126 12-Aug-20 9 20.8 7.78 9.54 133

05-Jun-20 10 16.4 7.68 7.7 170 06-Jul-20 10 18.5 11.81 9.5 143 12-Aug-20 10 21.5 9.58 9.98 145

05-Jun-20 11 16.3 7.54 7.6 156 06-Jul-20 11 18.4 11.35 8.9 130 12-Aug-20 11 21.4 6.48 8.8 148

05-Jun-20 12 16.3 8.74 7.9 160 06-Jul-20 12 18.4 11.12 9.6 140 12-Aug-20 12 21.1 7.87 9.67 146

05-Jun-20 13 16.3 6.23 7.4 156 06-Jul-20 13 18.5 11.15 8.8 144 12-Aug-20 13 21.1 7.48 9.52 150

05-Jun-20 14 16.3 5.71 7.5 180 06-Jul-20 14 18.3 10.88 9 147 12-Aug-20 14 21.5 10.12 10 145

05-Jun-20 15 16.3 6.03 7.4 161 06-Jul-20 15 18.4 11.23 8.9 133 12-Aug-20 15 21.1 9.12 9.44 143

05-Jun-20 16 16.4 6.48 7.6 178 06-Jul-20 16 18.5 11.6 9.6 153 12-Aug-20 16 21.1 9.18 9.84 158

09-Jun-20 1 15.8 8.34 7.8 163 14-Jul-20 1 18.7 11.33 9.8 138 20-Aug-20 1 20.6 7.63 9.34 132

09-Jun-20 2 15.9 7.49 7.3 192 14-Jul-20 2 18.6 11.61 9.6 150 20-Aug-20 2 20.4 7.87 9.61 137

09-Jun-20 3 15.8 8.73 7.8 178 14-Jul-20 3 18.8 12.56 9.9 139 20-Aug-20 3 20.4 8.5 9.75 128

09-Jun-20 4 15.8 8.89 7.7 161 14-Jul-20 4 18.6 11.55 9.6 136 20-Aug-20 4 20.5 8.55 9.67 127

09-Jun-20 5 15.8 9 7.8 186 14-Jul-20 5 18.8 15.01 9.6 147 20-Aug-20 5 20.5 9.48 9.84 129

09-Jun-20 6 15.8 7.19 7.5 175 14-Jul-20 6 18.8 11.35 8.9 138 20-Aug-20 6 20.5 8.66 8.33 141

09-Jun-20 7 15.7 9.19 7.8 165 14-Jul-20 7 18.6 13.11 9.4 136 20-Aug-20 7 20.5 8.4 9.22 137

09-Jun-20 8 15.8 6.22 7.5 169 14-Jul-20 8 18.6 12.16 9.1 136 20-Aug-20 8 20.6 9.28 9.43 130

09-Jun-20 9 15.8 8.81 7.7 151 14-Jul-20 9 18.6 12.99 9.6 129 20-Aug-20 9 20.5 8.92 9.29 126

09-Jun-20 10 15.9 8.6 7.8 176 14-Jul-20 10 18.5 11.62 9.7 145 20-Aug-20 10 20.5 8.8 9.65 136

09-Jun-20 11 15.8 8.15 7.6 161 14-Jul-20 11 18.5 13.06 9.3 132 20-Aug-20 11 20.5 8.36 8.93 147

09-Jun-20 12 15.9 9.42 8 166 14-Jul-20 12 18.6 12.44 9.7 142 20-Aug-20 12 20.4 7.55 9.42 147

09-Jun-20 13 15.8 6.77 7.4 161 14-Jul-20 13 18.8 14.68 9.6 149 20-Aug-20 13 20.5 8.66 9.32 140

09-Jun-20 14 15.8 6.87 7.6 186 14-Jul-20 14 18.5 11.83 9.4 147 20-Aug-20 14 20.5 8.98 9.7 136

09-Jun-20 15 15.8 6.99 7.5 165 14-Jul-20 15 18.5 13.16 9.2 136 20-Aug-20 15 20.7 8.46 9.43 136

09-Jun-20 16 15.9 7.44 7.7 185 14-Jul-20 16 18.6 12.52 9.9 158 20-Aug-20 16 20.5 7.04 9.46 150
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date Mesocosmnitrate nitrateMethod Ammonium AmmoniumMethod phosphate phosphateMethod hardnessMg_CaMethod date Mesocosm nitrate nitrateMethod Ammonium AmmoniumMethod phosphate phosphateMethod hardness Mg_CaMethod

26-Mai-20 1 0 14556, 13.06.17 0 14739, 07.04.20 0.02 P6/25, 07.04.20 0.33

00961, 

13.05.20 20-Aug-20 1 0

14556-

13.06.17 0.002 14739- 07.04.2020 0.03 p6/25- 07.04.2020 0.18

00961- 

13.05.2020

26-Mai-20 2 0.06 14556, 13.06.17 0.003 14739, 07.04.20 0.02 P6/25, 07.04.20 0.43

00961, 

13.05.20 20-Aug-20 2 0

14556-

13.06.17 0.003 14739- 07.04.2020 0.02 p6/25- 07.04.2020 0.19

00961- 

13.05.2020

26-Mai-20 3 0 14556, 13.06.17 0.004 14739, 07.04.20 0.02 P6/25, 07.04.20 0.4

00961, 

13.05.20 20-Aug-20 3 0

14556-

13.06.17 0.003 14739- 07.04.2020 0.03 p6/25- 07.04.2020 0.19

00961- 

13.05.2020

26-Mai-20 4 0 14556, 13.06.17 0.004 14739, 07.04.20 0.02 P6/25, 07.04.20 0.35

00961, 

13.05.20 20-Aug-20 4 0

14556-

13.06.17 0 14739- 07.04.2020 0.02 p6/25- 07.04.2020 0.19

00961- 

13.05.2020

26-Mai-20 5 0.07 14556, 13.06.17 0.005 14739, 07.04.20 0.02 P6/25, 07.04.20 0.43

00961, 

13.05.20 20-Aug-20 5 0

14556-

13.06.17 0.003 14739- 07.04.2020 0 p6/25- 07.04.2020 0.18

00961- 

13.05.2020

26-Mai-20 6 0.05 14556, 13.06.17 0.002 14739, 07.04.20 0.02 P6/25, 07.04.20 0.37

00961, 

13.05.20 20-Aug-20 6 0

14556-

13.06.17 0.003 14739- 07.04.2020 0.04 p6/25- 07.04.2020 0.2

00961- 

13.05.2020

26-Mai-20 7 0.05 14556, 13.06.17 0.003 14739, 07.04.20 0.02 P6/25, 07.04.20 0.32

00961, 

13.05.20 20-Aug-20 7 0

14556-

13.06.17 0 14739- 07.04.2020 0.02 p6/25- 07.04.2020 0.19

00961- 

13.05.2020

26-Mai-20 8 0 14556, 13.06.17 0.003 14739, 07.04.20 0.02 P6/25, 07.04.20 0.34

00961, 

13.05.20 20-Aug-20 8 0

14556-

13.06.17 0.003 14739- 07.04.2020 0.02 p6/25- 07.04.2020 0.17

00961- 

13.05.2020

26-Mai-20 9 0 14556, 13.06.17 0.002 14739, 07.04.20 0.02 P6/25, 07.04.20 0.31

00961, 

13.05.20 20-Aug-20 9 0

14556-

13.06.17 0.002 14739- 07.04.2020 0.03 p6/25- 07.04.2020 0.17

00961- 

13.05.2020

26-Mai-20 10 0 14556, 13.06.17 0.004 14739, 07.04.20 0.02 P6/25, 07.04.20 0.37

00961, 

13.05.20 20-Aug-20 10 0

14556-

13.06.17 0 14739- 07.04.2020 0.02 p6/25- 07.04.2020 0.21

00961- 

13.05.2020

26-Mai-20 11 0 14556, 13.06.17 0.005 14739, 07.04.20 0.02 P6/25, 07.04.20 0.32

00961, 

13.05.20 20-Aug-20 11 0

14556-

13.06.17 0.002 14739- 07.04.2020 0.02 p6/25- 07.04.2020 0.22

00961- 

13.05.2020

26-Mai-20 12 0 14556, 13.06.17 0.003 14739, 07.04.20 0.02 P6/25, 07.04.20 0.36

00961, 

13.05.20 20-Aug-20 12 0

14556-

13.06.17 0.004 14739- 07.04.2020 0.02 p6/25- 07.04.2020 0.19

00961- 

13.05.2020

26-Mai-20 13 0.07 14556, 13.06.17 0.002 14739, 07.04.20 0.02 P6/25, 07.04.20 0.36

00961, 

13.05.20 20-Aug-20 13 0

14556-

13.06.17 0.003 14739- 07.04.2020 0.02 p6/25- 07.04.2020 0.19

00961- 

13.05.2020

26-Mai-20 14 0.06 14556, 13.06.17 0.006 14739, 07.04.20 0.02 P6/25, 07.04.20 0.4

00961, 

13.05.20 20-Aug-20 14 0

14556-

13.06.17 0.003 14739- 07.04.2020 0.03 p6/25- 07.04.2020 0.2

00961- 

13.05.2020

26-Mai-20 15 0.05 14556, 13.06.17 0.003 14739, 07.04.20 0.02 P6/25, 07.04.20 0.39

00961, 

13.05.20 20-Aug-20 15 0

14556-

13.06.17 0.003 14739- 07.04.2020 0.03 p6/25- 07.04.2020 0.2

00961- 

13.05.2020

26-Mai-20 16 0 14556, 13.06.17 0.003 14739, 07.04.20 0.02 P6/25, 07.04.20 0.36

00961, 

13.05.20 20-Aug-20 16 0

14556-

13.06.17 0.003 14739- 07.04.2020 0.04 p6/25- 07.04.2020 0.22

00961- 

13.05.2020

09-Jul-20 1 0 14556, 13.06.17 0 14379, 07.04.20 0.06 P6/25, 07.04.20 0.22

00961, 

13.05.20

09-Jul-20 2 0 14556, 13.06.17 0 14379, 07.04.20 0.03 P6/25, 07.04.20 0.28

00961, 

13.05.20

09-Jul-20 3 0 14556, 13.06.17 0 14379, 07.04.20 0.03 P6/25, 07.04.20 0.28

00961, 

13.05.20

09-Jul-20 4 0.07 14556, 13.06.17 0 14379, 07.04.20 0.02 P6/25, 07.04.20 0.26

00961, 

13.05.20

09-Jul-20 5 0 14556, 13.06.17 0 14379, 07.04.20 0.03 P6/25, 07.04.20 0.29

00961, 

13.05.20

09-Jul-20 6 0 14556, 13.06.17 0 14379, 07.04.20 0.04 P6/25, 07.04.20 0.26

00961, 

13.05.20

09-Jul-20 7 0 14556, 13.06.17 0 14379, 07.04.20 0.03 P6/25, 07.04.20 0.28

00961, 

13.05.20

09-Jul-20 8 0 14556, 13.06.17 0 14379, 07.04.20 0.03 P6/25, 07.04.20 0.25

00961, 

13.05.20

09-Jul-20 9 0 14556, 13.06.17 0 14379, 07.04.20 0.03 P6/25, 07.04.20 0.29

00961, 

13.05.20

09-Jul-20 10 0 14556, 13.06.17 0 14379, 07.04.20 0.03 P6/25, 07.04.20 0.33

00961, 

13.05.20

09-Jul-20 11 0 14556, 13.06.17 0 14379, 07.04.20 0.03 P6/25, 07.04.20 0.16

00961, 

13.05.20

09-Jul-20 12 0 14556, 13.06.17 0 14379, 07.04.20 0.04 P6/25, 07.04.20 0.3

00961, 

13.05.20

09-Jul-20 13 0.05 14556, 13.06.17 0 14379, 07.04.20 0.02 P6/25, 07.04.20 0.27

00961, 

13.05.20

09-Jul-20 14 0 14556, 13.06.17 0 14379, 07.04.20 0.05 P6/25, 07.04.20 0.29

00961, 

13.05.20

09-Jul-20 15 0 14556, 13.06.17 0 14379, 07.04.20 0.07 P6/25, 07.04.20 0.21

00961, 

13.05.20

09-Jul-20 16 0 14556, 13.06.17 0.003 14379, 07.04.20 0.06 P6/25, 07.04.20 0.24

00961, 

13.05.20
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Application solution (HighPA) 

 

Application solutions (left to right: HighPA/MedPA/LowPA) 
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Keratella quadrata next to microplastic particles 

 

Ostracoda with microplastic particles and pollen under microscope 
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Microplastic particles under microscope 

 

Daphnia magna with algae (green) and colorized (pink) microplastic particles 



Appendix F  Pictures page 4 of 4 

 
 

 

Potamopyrgus antipodarum bio-assay 
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date day Treatment Mesocosm DOC 

[mg/l] 

TOC 

[mg/l] 

06.06.2020 11 1 1 9.2 11 

06.06.2020 11 1 2 8.2 9.1 

06.06.2020 11 1 3 8.3 8.6 

06.06.2020 11 1 4 9.2 10 

06.06.2020 11 1 5 8.3 8.4 

06.06.2020 11 2 6 8.5 8.6 

06.06.2020 11 2 7 9.1 9.3 

06.06.2020 11 3 8 8.9 8.9 

06.06.2020 11 3 9 8.6 10 

06.06.2020 11 3 10 8.5 9 

06.06.2020 11 4 11 8.9 9 

06.06.2020 11 4 12 8.9 8.8 

06.06.2020 11 4 13 8.2 9.5 

06.06.2020 11 5 14 8.3 9.1 

06.06.2020 11 5 15 8.6 9.6 

06.06.2020 11 5 16 8.4 9.4 

 




