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Abstract 

Mixture toxicity modelling has emerged as a promising tool for mixture toxicity risk assessment, however, 

its inherent complexity makes it a field of great challenges. The main objective of this thesis was to 

investigate the link between mixture toxicity modelling, experimental testing (of both artificial and 

environmental mixtures) and modelling to validate and identify possible pitfalls in the mixture toxicity risk 

assessment process. Three agricultural streams in Scania, southern Sweden was used as a case study, where 

samples were collected from in 2016. Passive samplers (ChemChatchersTM) were deployed in the water for 

two weeks to capture fluctuations of pesticides. An initial risk assessment of the chemical extracts from the 

passive sampler (PS extracts) were performed to identify the chemicals in the PS extracts contributing the 

most to overall toxicity of the extract according to risk-quotient based risk assessment, calculated from the 

concentrations of each chemical detected in the extract together with their EC50 values, obtained from 

databases. The ecotoxicological testing were performed with the single chemicals identified as toxicity 

drivers in the PS extracts, an artificial mixture containing those same compounds and the PS extracts 

themselves. Ecotoxicological tests were performed in an optimized semi high-throughput method in 96-

well microplates based on the OECD protocol (201). Comparable toxicity was observed from the 

experimental testing and the modeling, suggesting that the modelling concept is solid and that the low-

dose/effect chemicals in the PS extracts do not affect the toxicity in an antagonistic nor synergistic way. 

Additionally, the modelling concepts concentration addition (CA) and independent action (IA) showed near 

identical results due to mixtures of only a few chemicals, hence CA was used as the sole modelling concept 

in this thesis. In conclusion, the modelling concept is robust in itself, but is sensitive to the selection of data 

from databases since it highly affects the RQ-based risk assessment. Additionally, difference in RQ and 

toxicity could be seen between the sites and sampling occasions, which was mainly explained by different 

ratios of chemicals in the mixtures. 
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Introduction 

Freshwater algae and agricultural use of pesticides 

Pesticide use- and pollution is one of many interacting threats against freshwater ecosystems. The intense 

use of pesticides in agricultural intense areas are a source of pollution that could cause decline in 

biodiversity and damaging the functions of a freshwater ecosystem (Craig et al. 2017). The use of pesticides 

is wide-spread in our current course of action, where about 0,21-6.5 kg/hectare/year are used in 

conventional agriculture (FAOSTAT 2014). The Swedish pesticide monitoring programme has for the past 

~15 years monitored selected spots for pesticides and the number of detected pesticides has increased with 

an increase around 2009 (figure 1) at the small agricultural river Skivarpsån, southern Sweden, which is 

one of the sites in the case study of this thesis. Although, this is likely to be due to improved, more sensitive 

detection methods. Most of the volume applied in the fields do not end up in the target organisms (i.e. weeds 

and pests) but are instead reaching non-target species in the soil and surrounding water bodies. 

Freshwater ecosystems play a crucial role for both human life and to maintain a healthy natural 

environment, providing several benefits including water purification, nutrient cycling and flood protection 

Figure 1 - Pesticides detected in the Swedish monitoring programme of pesticides from the year 2002 - 2017. 
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(Darwall et al. 2018). Freshwater algae are a species group that are crucial for the function and well-being 

of their ecosystems, providing many of the important functions of a freshwater ecosystem. The exposure 

patterns to pesticides vary greatly in spatial and temporal aspects due to surroundings, precipitation, 

temperatures and season for application. For algae and their ecosystems, the exposure to complex chemical 

mixtures are certainly a reason for concern.  

Chemical risk assessment 

Single compound risk assessment 

Traditionally, risk assessment of chemicals is done from a “compound per compound”-perspective, 

meaning that the risk posed by chemicals are handled unrelated to each other. The basic idea and concept 

can be described as:  

     

Even though the risk assessment is a very complex process, it can be simplified to the scheme in figure 2. 

The fundamental purpose of this process is to make sure that the hazard to a certain organism (i.e. the 

concentration that poses harm) does not exceed the concentration expected in the environment, thus the risk 

characterization ratio (RCR) should be below one for an acceptable risk. This approach is in theory well 

designed, but, we face exposure scenarios that in many cases are comprised by multiple chemicals that are 

assessed individually. This led to an underestimation of the risk of chemical use and exposure which 

required a development of chemical risk assessment to include assessment of chemical mixtures and multi-

exposure scenarios. 

Risk = Hazard * Exposure 

- Hazard = the inherent capacity of a chemical to affect or harm an organism. 

- Exposure = the amount of a chemical that an organism gets exposed to and is 

affected by its uptake ability and the bioavailability of the compound. 
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Risk assessment of chemical mixtures 

Risk assessment of chemical mixtures is a field that is still 

under a lot of development but has progressed rapidly in 

recent decades (Kortenkamp et al, 2009, Backhaus & Faust, 

2012). The complexity of this assessment compared to 

working with single substances makes it into a field of great 

challenges. A challenge that has arisen with our current 

extensive use of pesticides is that the actual testing of 

different chemical mixtures relevant to agricultural field 

scenarios are simply way too complex to be experimentally 

feasible. To deal with this issue, prediction modelling has 

been, and is, an important tool in mixture toxicity assessment. 

The prediction concepts of concentration addition (CA) and 

independent action (IA) are today widely used. These two 

modelling concepts are operating through information on 

toxicity and concentrations of the single chemicals that are 

present in the mixture (Backhaus and Faust, 2012).  

Calculation of CA: 

 

- ECxmix : Predicted total concentration of the 

mix that provokes X % effect 

- ECxi : concentration that provokes X% 

effect by each individual chemical 

- Pi : relative fraction of chemical i in the 

mixture. 

 

Calculation of IA:  

 

- Emix : Effect of mixture of n compounds 

- Ei : single effect of compound i 

Figure 2 - Overview scheme of the chemical risk assessment process 

Figure 3 - Theoretical calculations of modelling 

concepts: Concentration addition and independent 

action 
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CA assumes that compounds in the mixture targets the same receptor, i.e. has Mode of actions (MoA), 

which allows us to sum up each chemical’s Effective concentration (EC)x-value (usually EC50), calculated 

to fractions of the total mixture, into one total EC50mix. This means that the fractionated sum of the n EC50s 

should produce the same EC50 value independent on how you make out the fractions. For example, 1:4 of 

an EC50 of chemical A + 3:4 of an EC50 for chemical B should present the same EC50mix as if we were to 

swap the fractions to 3:4 of A and 1:4 of B. For calculating predicted toxicity of a mixture according to CA, 

one only needs the ECx (EC50) for each chemical. 

IA is a concept that instead assumes that chemicals act individually, unrelated to other chemicals in the 

mixture, thus producing their individual effect to the target organism. This means that the chemicals have 

different MoA but the same endpoint, giving a situation where the effects of the chemicals overlap, and are 

not completely additive. For this model, one usually need the full dose-response relationship (i.e. tet-1 and 

tet-2 values) for each chemical in the mixture, which is information that is often hard to collect from 

databases.  

State of the art in the mixture risk assessment is nearly exclusively based on CA. Since CA is additive and 

sum up the fractions to get the toxicity of a mixture, that is a more conservative route and reduces the risk 

of underestimate the toxicity. The availability of toxicity data (EC50’s) for the CA approach is certainly 

another important reason for using this as the base concept of mixture toxicity prediction.  

Artificial mixtures have mostly been used to develop these models. Yet today, not much research has been 

done to fully validate these models when it comes to comparison to real environmental mixtures sampled 

in the field and to real experimental testing. Tang et al (2014) tested real environmental mixtures from grab-

samples of different water sources and concluded that herbicides are the clear main driver of algal toxicity. 

The importance of validation with real environmental mixtures lies mostly within testing for effect of low-

dose/effect chemicals that are often excluded in the artificial mixtures but might have an effect in complex 

environmental mixtures with a large amount of chemicals. In addition, this testing is important for reliable 

and robust modelling.  

Methods 

Algal ecotoxicity testing in microplates 

Ecotoxicological experiments, particularly mixture experiments, are time and resource demanding. 

Traditionally, these tests are done in Erlenmeyer flasks or 10 ml cultivation plastic flasks. The time and 

material needed to setup the assays are certainly a limiting factor in the production of ecotoxicological data 
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and would benefit greatly with a more high-throughput method. Work has therefore been done to set up 

methods to increase the testing capacity by using 96-welled microplates to run experiments instead of e.g. 

Erlenmeyer flasks, with prominent outcomes (Nagai et al 2013). In this thesis, further optimization has been 

done of the experimental procedure with a semi high throughput method using microplates (24/48/96-well) 

for algal ecotoxicity experiments (Part 1 of the thesis). 

Sampling campaign of environmental mixtures – passive sampling 

An important part of this project was to test real environmental mixtures. Three sites (small streams and 

rivers) in Skåne, southern Sweden was chosen because of intense agricultural activities in the surrounding 

areas. The sampling was done prior to this 

thesis, in September and October 2016. 

The three sites were Höje Å (1), 

Skivarpsån (2) and H42 (3) (figure 4), 

where Höje Å was chosen as a relatively 

clean reference site. For full details and 

description of the sampling campaign, see 

report by A. Håkansson, 2017.  

To get a representative sample that captured the variation of chemicals over time, passive samplers (PS) 

were used. The devices used (ChemCatcherTM with Empore SBD-RPS discs) were deployed in water bodies 

Figure 4 - Sampling sites used as a case study in this thesis 
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to passively collect chemicals over a fixed time span (in this case for 2 weeks). The devices contain binding 

sites for non-polar compounds, and an equilibrium state are eventually reached (Ahrens et al, 2013). The 

chemicals captured were extracted with acetone and methanol according to methodology presented by 

Vermeirssen et al. 2009. This yields a chemical mixture sample that reflects and captures fluctuations of 

chemicals over the time period and thus possibly, an exposure scenario constituting of more realistic 

fractions of different chemicals that algae must cope with compared to grab samples, thus passive samplers 

are highly suitable to use when working with environmental mixtures (Vermeirssen et al, 2009). In addition, 

passive samplers are much relevant because of the exposure patterns of pesticide pollution tend to have 

huge temporal variability due to seasons of exposure, time during the day, weather conditions and run-off 

pulses. 

Some drawbacks with PS are firstly that different sampler-types used gives different fractions/amounts of 

chemicals in the eluted product. This is dependent of the different solid phases used which affects the 

affinity of chemicals to bind to the binding sites. It also depends on the elution fluids used, which can elute 

some chemicals better than others (Ahrens et al, 2013). This makes the fractions of chemicals collected not 

reflect the real environmental fractions, which would be an argument against that PS would provide more 

environmentally realistic fractions. Another drawback is that in this specific case, the flow rate of the water 

was not measured, resulting in that the concentrations in the chemical extracts from the PS can’t be 

calculated back into actual environmental concentrations, thus it can be hard to relate this to actual risk for 

the organisms, hence the Risk quotient (RQ) calculated in this report are not applicable to the general 

concept of RQ > 0,1 = Risk (EFSA 2013). These passive sample-extracts (PS extracts) was used for 

experimental testing during the thesis. 

Initial risk assessment of sample sites – identifying chemicals for artificial mixture 

testing 

A chemical mixture from the field often contains a wide variety of chemicals, and in the PS extracts from 

the field sites used in this thesis (Höje Å, Skivarpsån and H42), the number of detected chemicals ranged 

from 19-46 different chemicals. Even though the number of chemicals detected is high, the ones that are 

posing a risk to algae might be few.  
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To locate these high-risk chemicals, an approach was used where the EC50 values of each chemical in the 

mixture is retrieved from a database and the measured environmental concentrations (MEC) are used to 

calculate Toxic unit (TU). The PS extracts were analysed at the Swedish university of agriculture (SLU) 

which provided a chemical profile of each PS extract (3 sample sites, 2 sample occasions = 6 extracts in 

total). The results were then used to calculate the 

relative risk (henceforth referred to as Risk quotient 

(RQ)) that each individual compound in the mixture 

would pose to algae. The EC50 / MEC = TU, were the 

sum of TU for all chemicals in the mix gives RQalgae for 

the mixture, i.e. the total risk posed to algae.  

In the PS extracts, only two to four chemicals in each extract was identified to drive more than 95% of the 

toxicity according to the RQ-approach (figure 5) and those were chosen as the chemicals to test individually 

in ecotoxicological testing for modelling- and mixture purposes. The theory behind this is that these two to 

four compounds should be representative of the whole mixture’s toxicity (i.e. >95%) and thus this approach 

can be used to simplify the mixture toxicity testing by using an artificial mixture with only a few 

compounds. 

• Toxic units (TUi) = MECi / EC50i 

• RQalgae = Σ TU 

• RQalgae > 0,1 = Risk (EFSA 2013) 
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PS extracts, grab samples and chemical profiling  

At the time points of passive sampling, grab samples of the water column was also taken. The grab samples 

have been used for other testing outside this thesis, nevertheless it’s relevant to compare the chemical 

profiling of the two sampling methods. In all the six PS extracts, 56 pesticides were detected (Herbicides = 

33, Fungicides = 15, Insecticides = 8) and between the extracts the number of detected pesticides varied 

from 17 to 48 different chemicals. For the grab samples (water column) the total nr of detected chemicals 

were 57 and between samples/sites it ranged from 8 to 42. E.g. the detection in Skivarpsån, September was 

40 pesticides in the PS extract and 22 in the water column. 

Waterfall-plots presented (figure 5) provide a distribution of the chemical constituents of the PS extracts 

and the water column from Skivarpsån, 2016, all based on % of total RQ. In both sampling strategies, 

Diflufenican is the main toxicity driving compound according to RQ. The comparison between the sampling 

strategies of PS extract and Water column shows a relatively good similarity of what compounds are the 

ones posing the highest risk to algae (i.e. Diflufenican, Metazachlor and Isoproturon and to some extent, 

Prosulfocarb) according to % of total RQ of the PS extract. This is important since showing that the two 

Figure 5 - Waterfall plots of the chemical distribution based on Toxic unit / Risk quotient-approach, based on the initial risk 

assessment done with data base collected EC50 values. The Y-axis shows % of total RQ, i.e. showing the compounds posing the 

highest risk to algae. 
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sampling methods capture more or less the same chemicals, provides robustness to each other as reliable 

and relevant sampling strategies. 

Aims of the project 

To continue develop the field of chemical mixture toxicity in aquatic ecotoxicology by exploring the links 

between chemical profiles of environmental pesticide mixtures in PS extracts, predictive mixture toxicity 

and experimental ecotoxicity testing. Additionally, to investigate what chemicals to select when working 

with artificial mixtures and how to handle chemical fractions and calculations to be able to, as accurate as 

possible, reflect an environmental mixture of chemicals.  

Specific aims 

The specific aims of this project are:  

• Set up a semi high throughput ecotoxicity assay for algae using 96-well microplates based on 

growth rate in 72 hours 

• Evaluate the relative risk from pesticide pollution to algae from different agricultural streams using 

extracts from passive samplers and algal ecotoxicity assays  

• Compare chemical risk assessment of pesticides mixtures on algae based on mixture toxicity 

modelling and experimental testing  

• Identify drivers of mixture toxicity through modelling and experimentally test field- and artificial 

mixtures, investigating possible low dose-effects and/or synergism from compounds left out of the 

artificial mixture. 

 

This thesis will be presented in 3 parts to keep the methods and results of each specific parts connected to 

one another for better overview of the project. These 3 parts are: 

1. Algae growth and optimization of microplate assay – to develop a robust method for toxicity assays 

in 96-well plates 

2. Experimental testing of toxicity to algae by single chemicals and chemical mixtures 

3. Modelling of ecotoxicological risk from chemical mixtures  
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1. Algae growth and optimization of microplate assay 

The first part of the thesis was to develop an optimized semi high-throughput assay for algae in microplates. 

In this section, the general growth assay settings and procedures will be presented as well as the 

optimization of the 96-well microplate growth assay and the results.  

1.1 Material and methods 

Algae cultivation and growth tests 

Throughout the thesis, the freshwater algae Raphidocelis subcapitata (R. subcapitata, also known as 

Pseudokirchnerinella subcapitata) have been used for all experimental testing. Algae cultivation was made 

in 40 ml cultivation flasks (Thermo scientific NuncTM EasYFlaskTM 25cm2) and grown in 22 +\- 2 degrees 

Celsius, light conditions 100 +\- 10 LUX and with light/dark cycle of 16/8h. The flask kept an agitation of 

~60 rpm. For cultivation, 10 ml was used as a total volume in the flasks containing algae in MBL medium, 

a growth/cultivation media suitable for fresh water algae (see Appendix 1 for recipe) and new algae stocks 

was set up approximately once a week to keep the algae in good condition.  

As a proxy for growth, fluorescence units (FU) was used throughout the project. This was measured by 

pipetting 250 µl of algae into a 96-well microplate and the fluorescence measurement was done in a 

Varioscan Flash from Thermo scientific. The fluorescence was measured with an excitation wavelength at 

425 nm and emission wavelength at 680 nm.    

To make sure that this was reflecting the cell density values with a linear relationship, a standard curve was 

created were algae concentrations on difference densities was counted in a microscope using a Bürker-

chamber to get a cells/ml value. On the same algae suspensions, the FU was then measured and compared 

to make sure that a linear relationship existed between these two detection methods (Figure 9, pg. 16), 

which was the case up to ~ 20 FU.  

For the growth assays (as well as the toxicity assays), the algae cultivation was started 3-4 days prior to the 

experiment to keep the algae in their exponential growth-phase at the start of the growth/toxicity assay.  

To establish the growth rate of the algae, initial growth assays were set up. The conditions were as described 

above, and the growth was monitored for ~8 days to capture the lag-phase (adaption with initial slow 

growth), the exponential phase (fast cell division and growth) and the peak and decline (Figure 8, pg. 16). 

The algae starting cell density were kept around 15-20000 for optimal growth, although some growth assays 

were started at higher densities before this was optimized.  
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Microplate growth test Ecotoxicity tests in microplates 

The microplate growth assay in 96-well plates (Thermo scientific) was optimized during the first part of 

the thesis project with the aim of performing standardized toxicity assays for R. subcapitata exposed to 

different chemicals. 

The microplates were set up with fresh MBL 

medium together with algae suspension to a 

total volume of 200 µl according to Figure 7. 

The wells with algae was surrounded with 

Milli-Q water in the outer wells because these 

wells are more easily evaporating since they 

are exposed to more air exchange. 

The growing conditions was mostly kept the 

same as for the flask, except the light was 

increased slightly to reach the same intensity 

inside the wells. This is due to less light 

exposure from the sides, since the light 

reaching the algae in the wells comes basically 

only from straight above, which is not the case 

in a cultivation flask. This was tested by 

placing a device to measure light intensity at 

the bottom of a well in a clean microplate and 

measure the difference between that intensity 
Figure 6 - 96-well microplate with algal growth 

Figure 7 - General setup for algal growth test 
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and the measured intensity at the bottom of a clean flask.  

The growth rate/duplication rate calculated in this thesis is always calculated as the fluorescence at 72 h 

growth divided by the fluorescence at the start of the assay (t0) minus the blank (only MBL medium). 

In the optimization, the following specific conditions tested was: 

A. The volume in the wells 

The volumes 200 µl or 250 µl was tested. 60 wells per test condition was tested. 

B. To seal the plate with parafilm or use the plate lid + testing only regular MBL or carbonated MBL 

medium 

Sealing of the plate with parafilm was to reduce evaporation from the wells. In contrast, the regular lid gave 

the algae air exchange to keep them in better conditions to grow. When sealing the plate with parafilm, it 

was tested to add extra carbon in the form NaHCO3. The carbonated MBL was made at a concentration of 

750 mg/L of NaHCO3 dissolved in MBL medium. The carbonated medium was then tested in parallel with 

regular MBL to see if the algae did grow better or worse.  

C. Starting cell density in the wells 

The range between ~15 000 – 140 000 cells/ml was tested. Several tests with varying number of wells. 

D. The difference in growth throughout the positions on the plate 

This was to investigate the variation between different positions on the microplate. Since toxicity assays 

was performed on the plates, the variation pattern over the plate needed to be tested to make sure that the 

data handling was done properly. 

 

1.2 Results 

Algae growth in flasks 

The growth (duplication) rate are presented in Figure 8. The exponential growth rate to lasted for 4-5 days 

and with a duplication of 76 times in 72 h (average of 7 assays). The presented data in Figure 8 are from 

an 8 days test to get the full growth curve to capture lag-phase, exponential phase, peak and decline. The 

results indicate that algae should be harvested at 3-4 days for experiments, since they are then in their 

exponential growth which indicate optimal health conditions of the algae (Nyholm & Källqvist, 1989). 
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A calibration curve was produced to investigate the relationship between the cells/ml (counted in 

Figure 9 - Standard curve of the relationship between FU and cells/ml counted in microscope. Good 

linearity with an R-value of < 0,99 up until ~20 FU. 

Figure 8 - Growth rate/growth pattern of R. subcapitata in cultivation flasks. Growth rate is 

calculated as; times more fluorescence units at day X compared to t0 (initial FU value at day 0). 
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microscope) and the Fluorescence units (FU) used as a growth proxy throughout the project. The 

relationship in the range of ~15.000-2.800.000 cells/ml (corresponding to FU ~ 0,1- 20) was found to be a 

linear with R-value = 0,9924 (Figure 9). With a FU higher than ~20, this method seems to underestimate 

the algae cell density, which was concluded in initial growth tests. This issue was not a problem in this 

study since the working range didn’t reach above 10 FU in the toxicity assays. 

Growth assays in microplates 

As mentioned in the Methods section, a few different conditions were tested to optimize the growth in 

microplates:  

 

A. The volume in the wells – In Figure 10, a comparison of plates with 200µl and 250µl are presented. 

The results showed no difference in growth of the algae between 200 and 250 µl. 200 µl were chosen as 

the working volume due to practical reasons; when toxicity assays were later performed in microplates, the 

ability of making a dilution series of toxicants directly in the microplate wells increased by using a smaller 

total volume, since the wells can fit maximum 400 µl. This granted feasibility to work with narrower 

dilution ranges, which gave more accurate concentration-response curves.  

 

Figure 10 - Comparison between 200 and 250 µl total volume in microplate wells for optimal growth 

rate. 
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B. To seal the plate with parafilm or use the plate lid + testing only regular MBL or carbonated MBL 

medium. 

The theory behind sealing the plate was to reduce evaporation in the wells and reasoning for using only the 

plate lid was for practical reasons, quicker experimental throughput and to keep some air exchange for the 

algae to give the algae access O2 and CO2 for better growth. The results (Table 1) shows no observable 

difference between the set up with carbonate compared to regular MBL after 72 h. Although, the carbonate 

seems to give the algae better growth in the span of 4-7 days, the toxicity assays were run in 72 h and the 

stable growth with regular MBL was considered important. The evaporation rate in 72 h was ~ 2% with 

sealed plate and ~ 7% with only lid on the plate.  

The set up without carbonate, unsealed plate was chosen for the assays. Firstly, because it was more 

experimentally feasible to work with this method due to that carbonated MBL was suspected to be unstable 

and it needed to be pH-adjusted, which reduced the high throughput that were desired. Secondly, because 

this was unfortunately realized after many of the toxicity assays was already performed, making it 

impracticable to redo those experiments with the sealed plate with carbonate-set up, even though it would 

possibly be preferable because of the low evaporation rate.  

C. Starting cell density in the wells 

The optimal starting cell density at t0 was tested in several different experiments. The range tested was 

between 15000-150000 cells/ml. The fluorescence units (FU) was correlated to cells/ml and a linear 

relationship was seen up to FU ~20. 

Table 1 - Comparison of algal growth rate in 96 well plates using different conditions: 1. MBL medium alone, 2. MBL medium 

with added carbon and 3. MBL with added carbon and parafilm seal around the plate. Duplication factor = FU 72h / FU t0.  

CV = coefficient of variation.  

Table 2 - Comparison of different starting Fluorescence units (FU) and how it affects the growth rate. Low (0,15), Medium 

(0,27) and High (1,14) FU are tested 



21 

 

 The results show a clear difference in growth, with low starting density (around 20 000 cells/ml) as the 

optimal set up for good growth with a duplication factor of 39,7 times. The OECD test no. 201-guideline 

for algae toxicity assays require a growth duplication of at least 16 times in 72 h, which this is safely above. 

The results were in line with the hypothesis, since the small volume in the wells could limit the algae’s 

potential to growth in higher densities. 

D. The difference in growth throughout the positions on the microplate 

The data collection in Figure 11a and 11b shows a heat map (color schemed pattern of FU values) of three 

separate growth assays in 96-plates after 72 h. A trend can be seen that it is generally better growth on the 

left side of the plate, vaguely decreasing towards the right. A statistical comparison was performed to 

investigate possible differences between the wells (Figure 11b). This was to make sure that the data was 

handled properly when performing toxicity assays. T-tests was executed between every pair of 3 vertical 

wells to each 3 vertical wells one step to the right from those. E.g., 2 B, C and D was t-tested against 3 B, 

C and D. For each plate, this gave 36 combinations to test (108 for the three plates in total). Of the 108 

tested combinations, only 10 of them gave a P-value below 0,05, indicating that those 10 had a statistical 

difference with 95% certainty. Overall, this was interpreted as a neglectable difference since the pattern of 

the cells were a difference could be seen were spread out over the plate, with only one position that was the 

same in two plates. The reason for only comparing the adjacent wells was that this is how the toxicity data 

was to be handled. E.g. column 2 with controls was compared to column 3 containing toxicant treatment. 

The data handling strategy chosen it presented in detail in the method section of Part 2 in the report. 
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Figure 11b - Statistical tests between each adjacent vertical pair of 3 wells. Yellow and red wells are those with a 

P-value below 0,05 and the Red wells marks the spot where the same well on two different plates showed statistical 

difference with 95% confidence. 

Figure 11a - Overview of growth rate throughout the positions of the microplate. Presented as a heat map of each 

individual plate: Red = low growth, yellow = medium growth and green = good growth. White wells are blanks 

(only MBL medium) 
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2. Experimental testing of toxicity to algae by single 

chemicals and chemical mixtures 

In this section the procedures of the toxicity assays preformed are presented, both with single chemicals 

and with chemical mixtures. The chemical mixtures tested was the PS extracts from rivers in Scania and an 

artificial mixture containing the top 2-3 toxicity driving compounds of the PS extracts according to RQ-

based risk assessment (described in introduction, pg. 10). The same identified toxicity driving compounds 

was also tested individually to have access to in-house toxicity data for analysis, comparison and modelling.  

2.1 Methods and material 

Toxicity assays for R. subcapitata was performed according to the OECD guideline test no. 201 (OECD 

2006) in 96-well plates and in cultivation flasks to validate the microplate-method. The conditions were 

kept the same as for the cultivation described above for flask and microplates, respectively.  

The assay was performed using control samples with MBL-medium + algae only, and the toxic effects of 

the tested chemicals was related to the growth in the control samples, described as % inhibition of growth 

at different concentrations of toxicant. 

Plotting of the results as dose-response curves was done with the open source software R-studio, and the 

scripts used for plotting of the results can be found in the attachment with supplementary data. 

Single compounds 

The toxicity testing was performed with chemicals identified as problematic compounds according to initial 

risk assessment of the field sites (Höje Å, Skivarpsån and H42). The identified problematic chemicals were: 

Diflufenican, Isoproturon, Metazachlor and Prosulfocarb. Prosulfocarb was later removed from the mixture 

modelling due to lower toxicity in my own assays than the database EC50-value, which could not be verified 

through literature. The re-assessment of toxicity-driving compounds with in-house produced EC50s did by 

then no longer show Prosulfocarb as one of the most problematic compounds.  

Preparing toxicants and set up of the assay 

The chemicals were weighed and dissolved in Methanol and one stock solution for each chemical was used 

through the project for consistency. When performing an actual toxicity assays, a calculated amount was 
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pipetted into a glass vial to let the Methanol evaporate, and then the remaining toxicant were re-dissolved 

in MBL medium into the highest working solution for the assay’s range of concentrations.  

The experimental setup was optimized based on the growth assays in the microplates; both to get a solid 

and reproducible assay and to be able to handle and analyze the data correctly. The layout of the controls 

and concentrations to be tested is shown in Figure 12 were C represents the tested concentrations 1-10 and 

DK represents the control samples. The optimization of the setup was, as mentioned before, based on the 

growth assays. The idea here was to reduce the bias that exists throughout the plate (Figure 11, pg. 20). To 

deal with this, the treatments (C1-C10) were always compared only to the adjacent controls. E.g. C7 were 

compared to DK 7 and DK 8. This was to make sure that the toxicity of any treatments was not over- or 

underestimated, since the growth pattern vary slightly across the plate. 

Artificial mixture 

To make the artificial chemical mixtures, the chemicals identified as the toxicity drivers according to initial 

risk assessment were used. The top two to three (depending on what site) chemicals in each PS extract were, 

according to RQ, describing >95% of the toxicity in the field mixtures. The artificial mixture was prepared 

with only those two to three chemicals, in corresponding amounts/concentrations as those in the PS extracts. 

This artificial mixture should according to concentration addition concept and our hypothesis, describe at 

least 95% of the toxicity of the field mixtures. Example is shown in Table 3, Skivarpsån, sampling occasion 

September 2016. The fractions in this scenario are calculated form the sum of concentrations of the three 

chemicals in the PS extracts (i.e. Diflufenican, Isoproturon and Metazachlor). The reasoning behind this is 

that the artificial mixture should be constituted of only those three compounds, with the same fractional 

distribution as found in the PS extract. For Skivarpsån, October, that was also tested as an artificial mixture, 

the mixture was constituted by Diflufenican (fraction 0,032), Metazachlor (0,90) and Isoproturon (0,066). 

Figure 12 - Experimental setup for the toxicity assays. Concentrations are labeled C1-C10 and controls are labeled DK1-DK10.  
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Table 3 - Summary of risk assessment to algae based on RQ-approach. The table shows data based on EC50 values from in-house 

toxicity assays with which a re-assessment of relative risk was done (further explained in Part 3, pg. 26).  

From the fractions and the highest concentration in the range to be tested, the amounts in nmol/L of each 

chemical could now be calculated. This resulted in an artificial mixture with the same concentration of each 

of the toxicity driving chemicals, as present in the PS extracts. The range of concentration to be tested could 

be estimated through the EC50 values of the single chemicals, together with the fractions calculated for the 

artificial mixture.  

This mixture was then tested in the optimized 96-well plate assay, with the same set up as the single 

compound assays and dose-response curves was produced.  

Toxicity testing of PS extracts from the field 

To be able to fully validate the method of RQ-based risk assessment, using artificial mixtures and in the 

end, also validate the prediction models for risk assessment, the PS extracts from the fields needed to be 

tested. The total concentration of chemicals in the extracts could be summed up, using the chemical 

profiling done at SLU, and RQalgae could be calculated. The extracts were eluted from the passive sampler 

with methanol and were stored in the freezer for long lasting stability of the chemical composition (done in 

2016 prior to this thesis).  

The toxicity assays with the PS extracts was performed in a similar way with the same microplate-set up as 

described earlier and the extracts could be used directly since the total concentration of the extracts was 

known (e.g. 18752,9 nmol/L in the Skivarpsån, September 2016-extract). The range to be tested could be 

identified the same way as for the artificial mixture, i.e. through the toxicity driving chemical’s individual 

EC50 values together with the fractions and should according to the hypothesis be in the same range as for 

the artificial mixtures. 
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2.2 Results 

Single compound toxicity 

To be able to perform robust mixture toxicity testing, in house produced single compound data were needed. 

The toxicity data accessible from databases are presumably reliable but vary greatly in methodological 

details thus the applicability of those for mixture predictions and risk assessment might give a variance in 

distributions of relative risk presented by each chemical in a mixture (this issue is addressed further in the 

Discussion of the report). To neutralize this factor of error, and to test how impactful that is to the risk 

assessment, in-house single compound data was produced.  

The assay in microplate needed to be verified to the standardized method in cultivation flasks to make sure 

that the method in microplates gave comparable results (i.e. validating the method). This comparison 

between flasks and microplates is presented in Table 4. Although the growth rate of the algae is slower in 

the microplates (25-40 times duplication in 72 h for plates and 60-100 times duplication for flasks), the 

results are relatively comparable. No statistical test could be run (with robust results), since the n of the test 

groups in this case is only two. An increase of replicates of the experiment would possibly show a 

significant difference; undeniably there is a tendency of difference between the EC50s for Diflufenican.  

Results from the single chemical toxicity assays is presented in Figure 13 as dose-response curves. The 

plotted data in the dose-response curves is made from two separate assays plotted together, this shows good 

reproducibility of the results. 

Table 5 - Table of EC50s for the two assays performed for each 

single chemical. Good reproducibility was observed for the 

method. 

Table 4 - Comparisons of EC50 values between cultivation 

flasks and 96-well microplates.  
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For the plate assays, two separate assays were performed for each chemical to get robust data to work with 

for the predictions and the artificial mixture experiments. Additionally, it was important to validate the 

reproducibility of the microplate method and test its robustness. The EC50s of the single compound are 

presented in Table 5.  

Artificial mixture and PS extract testing 

The results from the artificial mixture testing is 

presented along with the testing of the passive sampler 

PS extract. Dose-response curves for the artificial 

mixture and the PS extracts are shown in Figure 14. 

Since the artificial mixture was prepared to match the 

PS extracts, describing >95% of the toxicity, the results 

from the extract and the artificial mixtures were 

expected to match decently, depending on the 

robustness of the initial risk assessment of the extracts 

and on the effects of the low dose/low effect chemicals 

Figure 13 - Single compound dose-response curves. Plotted as % inhibition of growth for treatments (black dots) compared to the controls 

(green dots) on the Y-axis and concentration in nmol/L on the X-axis. 

Table 6 - EC50 values of the tests of artificial mixture and 

PS extract from site Skivarpsån, sept. + oct. 2016.  
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in the mixture. The EC50s of the assays for artificial mixture and PS extracts are presented in Table 6 and 

no observable difference between artificial mixtures and PS extracts can be observed, which indicates that 

the artificial mixture was reconstituted correctly.  

Overall, the results indicated a robust method for running the ecotoxicological experiments in 96-well plates 

as well as a reliable risk assessment of the PS extracts, identifying the toxicity driving compounds and 

constituting the artificial mixture. From the observed results, no effect of the low-dose chemicals can be 

seen, suggesting that the RQ-based approach is useful for this purpose of testing and comparison.  

Figure 14 - Dose-response curves of the site Skivarpsån, sept. + oct. 2016, with results of both artificial mixture and PS extract. For EC50 

comparison, see table 6. The plots presented are plotted with two separate assays in the same plot which facilitates estimation of the 

reproducibility.  
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3. Modelling of ecotoxicological risk from chemical 

mixtures 

This section includes the initial risk assessment of the PS extracts re-assessed with in-house EC50 values. 

It also includes modelling of predicted mixture toxicity to algae from the different PS extracts and the 

evaluation of the modelling. 

Table 7 - Summary table of the RQ-based risk assessment done initially based on data-base EC50 values (in blue) and the re-

assessment with in-house EC50s (in matte red). The total RQ of the PS extracts increased with a factor of ~ 4-5 with the re-

assessment of relative risk.  
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The main purpose of the modelling was to be able to compare the predicted toxicity of the PS extracts with 

the experimental testing. Since the prediction modelling is based on only the top two to three most toxicity 

driving compounds, the rest of the low-toxicity/dose chemicals are excluded from the artificial mixture.  

3.1 Methods and theory  

Risk quotient approach – re-assessing drivers of mixture toxicity in the PS extracts 

In the PS extracts, only two to four chemicals in each extract was identified to drive more than 95% of the 

toxicity according to the initial risk assessment with EC50 values obtained from databases. After running 

ecotoxicity experiments, producing EC50 values for single chemicals with the 96-well plate method, the 

risk to algae was re-assessed with the in-house produced EC50 values. This was done for two reasons. 1. 

To get a correct fraction-distribution of the toxicity drivers when creating the artificial mixture. 2. To be 

able to compare the risk assessment based on RQ with data base vs in-house toxicity data.  

The re-assessment of the RQ-approach gave greatly increased total RQ for all sample sites. The results of 

the re-assessment (with in house EC50s) and the initial assessment (data base obtained EC50s) are shown 

in Table 7. The EC50 values for Diflufenican, Isoproturon and Metazachlor were all lower the the 

performed experimental testing compared to data base values obtained. The opposite was observed for 

Prosulfocarb were in-house EC50 were higher than the data base obtained one, hence excluded from the 

modelling and artificial mixture testing because it was identified to contribute with < 1 % of the overall 

toxicity of the mixtures according to RQ-approach.  

Predictive toxicity – modelling and comparison with experimental data 

The concepts of CA and IA are both predictive, but, works slightly different in what exactly they predict. 

CA is trying to predict what concentration provokes X effect (e.g. EC50). IA is predicting the effect of a 

mixture from each chemical’s individual effect. One could describe the difference in prediction that CA 

just adds up the EC50s of each chemical, but IA also assumes that effects of chemicals can overlap, which 

predicts a less toxic mixture. The reasoning behind this is that if chemicals have dissimilar Modes of action 

(MoA), they will target different biological/molecular targets in the organism, which will give the coping 

mechanisms ways of dealing with the toxicity of each chemical independently from the others.  

In this thesis the mixtures were not very complex in the way that the number of chemicals driving the 

toxicity is very low (two-three chemicals), although complex overall (constituting of 17-48 detected 

chemicals in the PS extracts).  
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When performing the predictions, it was clear that the difference in predicted toxicity between CA and IA 

was neglectable, thus CA was used as the sole prediction model thereafter (Figure 15 presented as an 

example of prediction plot with CA and IA combined). 

The predictions were done with the software R-studio, and the scripts used are attached in as supplementary 

data. To predict the full dose-response curve, the Tet-1 and Tet-2 values are used together with the EC50s 

and fractions of the chemicals in the mixture. The Tet-1 and 2 values are calculated using non-linear least 

squares (nlsLM function in R-Studio) for each of the three fitting models used; Weibull, Logit and Probit 

(see supplementary data for specifics). Tet-1 describes the position of the curve on the x-axis and tet-2 

describes the slope (shape) of the curve. What these values gives is basically the information from which 

you could calculate each effect-point (1 % effect, 2 %, 3% etc…) and corresponding concentration in a 

concentration-response curve. Together with the fractions of each chemical in a mixture one can then 

predict the full dose-response relationship of a mixture according to CA and IA.  

Figure 15 - Predicted toxicity of site M42, illustrating the neglectable difference between the 

two prediction models CA and IA 
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3.2 Results 

In Figure 16 the modelling results are presented from Skivarpsån, September and October, together with 

the experimental data from both the artificial mixture and the PS extract. The results show good 

comparability between the modelling and the experimental data.   

The modelling of the other sampling sites, Höje Å and M42, was modelled with the same strategy (CA) 

and the summary results are presented in Figure 17. The results show that the toxicity of the sites is highly 

dependent of the occurrence of compounds with higher or lower toxicity. The reasoning behind this is; the 

modelling of the sites is based on chemical extracts, so the toxicity (EC50-values) have to be put in to 

relation to the total RQ of each site (see figure 12), meaning that if the EC50 for a site is low, the total RQ 

affects the risk to algae at that site as well, not just the EC50 by itself. In addition, the PS extracts are 

concentrates of the chemical exposure in the streams, and the actual concentrations in the rivers are not 

possible to interpret or calculate from these samples. The results are instead showing the relative 

distribution of chemicals and their relative risk through the concept of RQ. 

Since the model and strategy was verified with experimental data for the site Skivarpsån, both October and 

November, only modelling was performed for the other sites. This was assumed to be reliable due to the 

similar chemical constituents for all the sites. The EC50s presented in Figure 18 are predictions based on 

CA (see figure 12, for each respective site and occasion). 

Figure 16 - Results from 2 assays + modelling plotted together. In blue; prediction model calculated based on concentration addition. In gold 

with dark golden dots; Artificial mixture based on the PS extract from Skivarpsån. In green with dark green dots; PS extract. 
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Figure 17 – Modelling results of PS extract toxicity to algae based on concentration addition for each site and occasion. The site 

Skivarpsån was experimentally tested (figure 13) for comparison and the sites Höje Å and M42 was only modelled. EC50’s predicted 

for each dose-response curve is presented in the boxes in nmol/L 
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Results overview 

In this section a collected summary of all obtained results is presented (Table 8).  

Noteworthy are especially the results from the experimental testing and CA-modelling of the site 

Skivarpsån where the EC50s obtained/calculated are relatively similar (also shown in figure 16, pg. 32, as 

dose-response curves).  

For the RQ-modelling, the increase in RQ after using in-house EC50s are caused by lower values, i.e. higher 

toxicity to algae. This indicated the sensitivity of this parameter in the assessment and the importance of 

selecting suitable and reliable EC50s for RQ-based risk assessment (further presented in Part 3, e.g. Table 

7).  

  

Table 8 - Table of all obtained results from modelling and mixture toxicity assays. The risk quotient is calculated from EC50 values 

from databases or EC50 values from my single compound toxicity tests. Experimental testing and CA-modelling are presented as EC50 

values in nmol/L 
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Discussion 

In this thesis, the link between pesticide pollution from field samples and the toxicity modelling have been 

explored. Specifically, the utility, accuracy and validity of the modelling have been tested and what 

compounds to include in an artificial mixture made to mimic an environmental mixture. 

Discussion of results 

The results in this thesis is firstly demonstrating a successful development of an ecotoxicological assay for 

testing chemical toxicity to algae in 96-well plates, a high throughput method with good reproducibility 

and results comparable to those in cultivation flasks. The results for Diflufenican differs a bit though, which 

could not be explained. For the other tested chemical, Isoproturon, the comparison between the methods 

showed no difference.  

The evaporation in the microplate was tested and calculated to be around 7%. This is something that is hard 

to calculate into the actual results of the toxicity assays. Even if the concentration of chemicals in the wells 

are supposedly increasing when the evaporation of the medium occurs, it’s happening slowly over the time 

span of the assay (72 h) and the change in concentration in the wells can therefore not really be accounted 

for. The increase in exposure concentration is nevertheless something that one should bear in mind when 

interpreting the results of the toxicity assays, in which the EC50s might be slightly lower in plates than 

flasks for this reason. 

Regarding the mixture toxicity of the artificial mixture versus the PS extract, obtained results showed both 

mixtures posed a similar effect on algae (Figure 14 and table 6, pg. 27/28). These results suggest that the 

concept of RQ-based risk assessment is solid and, for the mixture composition in this case, are a reliable 

way of identifying toxicity drivers within the mixture. In addition, the prediction model of concentration 

addition gave results that showed no observable difference compared to the experimental data of either the 

artificial mixture nor the PS extract (Figure 16, pg. 32). 

Multi-species approach 

In the field of ecotoxicology and chemical risk assessment, single species exposure to a chemical of interest 

has for long been standard praxis (OECD, 2006) for ecotoxicological evaluation of chemicals. Algae is one 

taxonomic level that is required for risk assessment of new chemicals according to (EC regulation 

1907/2006), and R. subcapitata is a customary species.  
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The single species approach is inadequate for environmental risk assessment because of exposure to 

chemical mixtures and because different species have different sensitivity to chemical exposure. Therefore, 

toxicity testing including several species would be more optimal to improve chemical risk assessment of 

mixtures. Community ecotoxicology is trying to address this complexity of multi-species and interaction 

of chemicals (Clements and Rohr, 2009), looking at species abundance, community composition, tolerance 

mechanisms and species interactions. 

On the same subject, an approach to address differences in species sensitivity to chemical pollution is the 

species sensitivity distribution (SSD) that is based on describing the statistical distribution amongst a set of 

species in relation to a certain pollutant and can be used to set hazardous concentration (HC) levels to 

protects an expected percentage of a defined group of species (Posthuma et al. 2001), also referred to as 

Potentially affected fraction (PAF). The SSD approach has been used widely for many years in 

environmental policy to set hazard levels and environmental quality criteria but are mostly looking at effects 

from single chemical exposure in risk assessment instead of trying to put it into a mixture assessment 

setting.  

In the past decade, different approaches to combine mixture toxicity assessment and multi-species system 

has been investigated (De Zwart and Posthuma, 2005; Gregorio et al 2013). Generally, the goal is to apply 

the prediction models to SSD curves and get the multi-substance potentially affected fraction (msPAF). 

Problems arise though, when this is done working from the SSD curves of single species for each chemical 

in the mixture and applying the prediction models to concentrations from each SSD. This approach has not 

been successful for multi-species aggregated to one SSD (Gregorio et al, 2013). In contrast, a better 

approach would be to instead evaluate a specific mixture to each species first (basically what’s been done 

in this thesis for R. subcapitata) and then aggregate the EC50 values for multiple species to an SSD curve 

for the specific mixture. This can of course be experimentally tested but this is not a feasible amount of 

work (multiple chemicals tested to multiple species) but would instead preferably be modelled. There 

instead, the problem is non-accessible data for most chemicals where one would need the full dose-response 

relationship for each chemical in the mixture to do proper predictions of the mixture toxicity.  

Challenge with insufficient available ecotoxicological data 

Many of the tools that we need for solid chemicals risk assessment of mixtures already exists today. As 

mentioned above, the SSD concept applied to multiple species are a prominent tool for implementing a 

community approach to risk assessment of chemical mixtures.  
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Looking at the overall picture, is seems like the challenges we face lies mostly within the accessibility of 

reliable data, and an absence of certain data to make proper risk predictions of chemical mixtures; tet-1 and 

tet-2 values for the dose-response relationship of a chemical to a certain species would be something that 

could easily be presented if the customary praxis would look that way. In addition, the vast number of 

chemicals is certainly one of many greater challenges, but strictly speaking about the risk assessment issue, 

this is a problem that could possibly be greatly reduced in a relatively easy way by demanding more detailed 

data presentation from chemical producers, since this is information that should exist. With available tet-1 

and tet-2 values or full dose-response curves, the prediction models could be properly run for a specific 

mixture for multiple species and then combined into an SSD curve which would present a great tool for 

environmental policy decision makers and researchers alike.  

Another challenge with data accessible from databases is that the EC50 values that can be retrieved for risk 

assessment strategies is an extremely sensitive parameter regarding on how the risk is in the end are 

estimated. In this study, an initial RQ-based risk assessment of the sampling sites was made with database 

EC50 values for each chemical detected in the PS extract. After testing the top four toxicity driving 

compounds according to this risk assessment, the procedure of RQ-based risk assessment was redone, and 

the relative risk increased by a factor of ~ 4-5 since the toxicity testing resulted in lower EC50 values than 

the database values. The site Skivarpsån, sampling occasion September 2016 for example, increased from 

RQ = 108 to RQ = 545 with the re-assessment with in-house experimental data. This is certainly an 

illustration of the importance of robust available ecotoxicological data. The risk quotient presented here is, 

as mentioned before, not relatable to RQ in a regulatory setting, where RQ > 0,1 = risk to algae. This 

because this is chemicals extracted from a passive sampler and to calculate this back into environmental 

concentration, the flow-rate needs to be measured to be able to calculate the volume passed through the PS-

device from which further calculations can be done to set approximated environmental concentrations.  

Conclusions 

Chemical risk assessment of mixtures is a field of great complexity. For a solid and reliable chemical risk 

assessment of mixtures, a tremendous amount of information is required, information that we often do not 

have access to (i.e. the full dose-response curves for multiple chemicals and species). In addition, the 

inherent complexity of the chemical mixtures we face in the environment are often beyond our ability to 

retrieve information about what it contains. This is not because we can’t handle a specific site, but because 

there are too many exposure scenarios, sites and mixtures to handle. In conclusion, a difficulty with using 

artificial mixtures for environmental risk assessment purposes is what chemicals to select/include in the 

mixture and in what fractions. The results in this thesis suggests that working from a RQ-approach is 
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feasible and one can achieve decent precision in the toxicity risk assessment. One of the greatest challenges 

we face within today’s and future risk assessment is not lack of methods to handle it, but a challenge of 

making information accessible and not produce new chemicals faster than we can handle and evaluate their 

risks. Something that sadly has been the case since the dawn of chemical mass production.  
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Appendix 

Appendix 1 – MBL recipe 

Reference: Nichols, H. W. (1973) in Handbook of Phycological Methods, Ed. J. R. Stein, pp. 16-

17. Camb. Univ. Press. (R. R. L. Guillard, personal communication).  

Adapted for freshwater Algae  

  

Stock solutions Per Litre distilled water (dH2O), in brackets per 50 mL 

1. CaCl2.2H2O  36.76 g (1.838 g) 

2. MgSO4.7H2O  36.97 g (1.849 g) 

3. NaHCO3  12.60 g (0.630 g) 

4. K2HPO4    8.71 g (0.435 g) 

5. NaNO3  85.01 g (4.250 g) 

6. Na2SiO3.9H2O  28.42 g (1.421 g) 

7. Na2EDTA    4.36 g (0.218 g) 

8. FeCl3.6H2O    3.15 g (0.1575 g) 

9. Metal Mix    Add each constituent separately to ~750mL of dH2O, fully dissolving 

between additions.  Finally make up to 1L with dH2O.  CuSO4.5H2O    0.01 g 

 ZnSO4.7H2O  0.022 g 

 CoCl2.6H2O    0.01 g 

 MnCl2.4H2O    0.18 g 

 Na2MoO4.2H2O  0.006 g 

10. H3BO3  28.4 g 

11. Tris stock  250.0 g / L dH2O 

 

To Prepare MBL Medium  

Add 1mL of each stock solution (1 – 9, 11) to 1 L distilled water and 5 mL of stock 10. 

Adjust pH to 7.2 with HCl (the pH is normally around 8.3) 

Sterile filter the medium into autoclaved 1 L Schott bottles.  
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Appendix 2 

Excel files and R-studio scripts  

1. Artificial mixture calculations template - Anton Sandblom ST-2019 – EXCEL FILE 

2. PS extract tox assay template - Anton Sandblom ST-2019 – EXCEL FILE 

3. R-Studio script - Dose-response fitting - Anton Sandblom ST-2019 – R-STUDIO SCRIPT 

4. R-Studio Script - Prediction + PS-extract + Artificial mixture - Anton Sandblom ST-2019 – R-SCRIPT 

5. R-studio script - Prediction CA+IA - Anton Sandblom ST-2019 – R-SCRIPT 

6. Raw data - passive samplers + RQ-based risk assessment - Anton Sandblom ST-2019 – EXCEL FILE 

 

Primary contact for supplementary data: Anton.sandblom@gmail.com 

Secondary contact: Natalia.corcoll@gu.se or Thomas.backhaus@bioenv.gu.se, Dpt. Of biological and 

environmental sciences. 
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