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SUMMARY: 23 
We demonstrate algal toxicity testing for difficult substances (e.g., colored substances or 24 
nanomaterials) using a setup illuminated vertically with an LED. 25 
 26 
LONG ABSTRACT: 27 
Ecotoxicity data is a requirement for pre- and post-market registration of chemicals by European 28 
and international regulations (e.g., REACH). The algal toxicity test is frequently used in regulatory 29 
risk assessment of chemicals. In order to achieve high reliability and reproducibility the 30 
development of standardized guidelines is vital. For algal toxicity testing, the guidelines require 31 
stable and uniform conditions of parameters such as pH, temperature, carbon dioxide levels and 32 
light intensity. Nanomaterials and other so-called difficult substances can interfere with light 33 
causing a large variation in results obtained hampering their regulatory acceptance. To address 34 
these challenges, we have developed LEVITATT (LED Vertical Illumination Table for Algal Toxicity 35 
Tests). The setup utilizes LED illumination from below allowing for a homogenous light 36 
distribution and temperature control while also minimizing intra-sample shading. The setup 37 
optimizes the sample volume for biomass quantification and does at the same time ensure a 38 
sufficient influx of CO2 to support exponential growth of the algae. Additionally, the material of 39 
the test containers can be tailored to minimize adsorption and volatilization. When testing 40 
colored substances or particle suspensions, the use of LED lights also allows for increasing the 41 
light intensity without additional heat generation. The compact design and minimal equipment 42 
requirements increase the possibilities for implementation of the LEVITATT in a wide range of 43 
laboratories. While compliant with standardized ISO and OECD guidelines for algal toxicity 44 
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testing, LEVITATT also showed a lower inter-sample variability for two reference substances (3,5-45 
Dicholorophenol and K2Cr2O7) and three nanomaterials (ZnO, CeO2, and BaSO4) compared to 46 
Erlenmeyer flasks and microtiter plates. 47 
 48 
INTRODUCTION: 49 
The algal toxicity test is one of only three mandatory tests used to generate the ecotoxicity data 50 
required for pre- and post-market registration of chemicals by European and international 51 
regulations (e.g., REACH1 and TSCA (USA)). For this purpose, standardized algal test guidelines 52 
have been developed by international organizations (e.g., ISO and OECD). These testing standards 53 
and guidelines prescribe ideal test conditions in terms of pH, temperature, carbon dioxide levels 54 
and light intensity. However, maintaining stable test conditions during algal testing is in practice 55 
difficult and the results suffer from problems with reproducibility and reliability for a range of 56 
chemical substances and nanomaterials (often referred to as “difficult substances”)2. Most of the 57 
existing algal toxicity testing setups operate with relatively large volumes (100–250 mL) situated 58 
on an orbital shaker inside an incubator. Such a setup limits the number of test concentrations 59 
and replicates achievable and high volumes of algal culture and test material. Additionally, these 60 
setups rarely have a uniform light field and reliable lighting conditions are furthermore difficult 61 
to obtain in large flasks, partly as light intensity decreases exponentially the further the light 62 
travels and partly due to the flask geometry. Alternative setups comprise plastic microtiter3 63 
plates containing small sample volumes that do not allow for adequate sampling volumes to 64 
measure pH, additional biomass measurements, pigment extraction or other analyses requiring 65 
destructive sampling. One particular challenge using existing setups for algal toxicity testing of 66 
nanomaterials and substances forming colored suspensions is the interference or blocking of the 67 
light available to the algal cells, often referred to as “shading”4,5. Shading may occur within vials 68 
by the test material and/or interactions between the test material and the algal cells, or shading 69 
can occur between vials, due to their positioning relative to each other and the light source. 70 
 71 
The method is based on the small-scale algal toxicity test setup introduced by Arensberg et al.6 72 
that allows for testing in compliance with standards such as OECD 2017, and ISO 86928. The 73 
method is further optimized to address the limitations stated above by: 1) utilizing the LED light 74 
technology to ensure uniform light conditions with minimal heat generation, 2) providing 75 
adequate sample volume for chemical/biological analysis while maintaining constant pH, CO2 76 
levels, and 3) enabling the use of versatile test container material for testing of volatile 77 
substances or substances with a high sorption potential. 78 
 79 
PROTOCOL: 80 
 81 
1. Description of the LEVITATT setup 82 
 83 
1.1. Use 20 mL scintillation glass vials (Figure 1, insert 1) allowing light penetration. 84 
Alternatively, light penetrable plastic vials can be used. Quantify the light intensity using a 85 
photometer. 86 
 87 
1.2. Use at least a 4 mL test suspension at the beginning of the test to allow for quantification 88 



 

of biomass and for characterization/quantification of nanomaterials during and after incubation 89 
(Figure 1, insert 2). 90 
 91 
1.3. Fit the 20 mL scintillation vials with a cap (Figure 1, insert 3) where a small hole is drilled 92 
(approximately 1 mm in diameter) to allow for CO2 exchange with the atmosphere. This exchange 93 
is crucial to ensure stable pH and CO2 levels during testing. 94 
 95 
1.4. For volatile substances, use an air-tight Teflon coated cap to allow for CO2 enriching of 96 
the headspace using a syringe9 or completely closed flasks with no gas phase in which CO2 is 97 
maintained in solution by an enriched sodium bicarbonate (NaHCO3) buffer system10. 98 
 99 
1.5. Fasten the vials with clamps mounted on the exterior casing (Figure 1, insert 4). 100 
 101 
1.6. Use an LED light source located below the test vials (Figure 1, insert 5) providing a uniform 102 
fluorescent illumination of “cool-white” or “daylight” type and a light intensity in the range 60–103 
120 µE∙m-2∙s-1 measured in the photosynthetically effective wavelength range of 400 nm to 700 104 
nm. The setup employs adjustable light intensity in the range 5–160 µE∙m-2∙s-1 by fitting a light 105 
dimmer to the source. This allows for testing at higher and lower light intensities. 106 
 107 
1.7. Mount the setup on an orbital shaker to agitate samples throughout the duration of the 108 
test. This keeps the cells in free suspension and facilitates CO2 mass transfer from air to water 109 
(Figure 1, insert 6). 110 
 111 
1.8. Place the setup in a temperature-controlled room or a thermostatic cabinet to maintain 112 
stable temperatures throughout testing (Figure 1, insert 7). 113 
 114 
[Place Figure 1 here] 115 
 116 
2. Preparation of algal growth medium 117 
 118 
2.1. The ISO 8692 algal growth medium consists of four different stock solutions. Weigh out 119 
the appropriate amount of salts and dilute in ultrapure water according to Table 1. 120 
 121 
[Place Table 1 here] 122 
 123 
NOTE: H3BO3 can be dissolved by adding 0.1 M NaOH. EDTA should be removed when testing 124 
metals, to avoid complexation with metal ions. Sterilize the stock solutions by membrane 125 
filtration (mean pore diameter 0.2 µm) or by autoclaving (120 °C, 15 min). Do no autoclave stock 126 
solutions 2 and 4, but sterilize them by membrane filtration. Store the solutions in the dark at 4 127 
°C. 128 
 129 
2.2. To produce 1 L of algal growth medium, transfer 500 mL sterilized ultrapure water into a 130 
1 L sterilized volumetric flask and add 10 mL of stock solution 1: Macronutrients, 1 mL of stock 131 
solution 2: Fe-EDTA, 1 mL of stock solution 3: Trace elements, and 1 mL of stock solution 4: 132 



 

NaHCO3. 133 
 134 
2.3. Fill up to 1 L with sterilized ultrapure water, stopper the flask and shake thoroughly to 135 
homogenize the algal growth medium. 136 
 137 
2.4. Equilibrate the solution before use by leaving it overnight in contact with air or by 138 
bubbling with sterile, filtered air for 30 min. After equilibration, adjust the pH, if necessary, to pH 139 
8.1 ± 0.2, with either 1 M HCl or 1 M NaOH. 140 
 141 
3. Setting up the algal test 142 
 143 
NOTE: A flow diagram of the algal test procedure is shown in Figure 2. 144 
 145 
[Place Figure 2 here] 146 
 147 
3.1. Prepare a stock solution of the test compound at the desired highest test concentration 148 
in the algal growth medium prepared according to step 2. For preparation of stock 149 
solutions/suspensions, follow OECD 201 (for soluble compounds) or OECD 318 (for 150 
nanomaterials). 151 
 152 
3.2. Measure the pH in the stock solution. If it deviates more than one unit from the algal 153 
growth medium, adjust the pH to 8 with either 1 M HCl or 1 M NaOH. 154 
 155 
3.3. Calculate the inoculum volume needed to reach a final cell concentration of 1 x 104 156 
cells/mL in a 25 mL test solution. 157 
 158 
NOTE: The inoculum should come from a culture of uncontaminated exponentially growing 159 
Raphidocelis subcapitata grown using the LEVITATT setup. 160 
 161 
3.4. Calculate the amount of stock solution to add to each 25 mL volumetric flask to obtain 162 
the desired test concentrations. The factor between each concentration should not exceed 3.2. 163 
 164 
3.5. Mark one 25 mL volumetric flask for each chosen concentration and an additional 25 mL 165 
volumetric flask marked control. 166 
 167 
3.6. Add the amount of stock solution of the test compound needed to reach the desired 168 
concentrations to the 25 mL volumetric flask. Do not add stock solution to the control. 169 
 170 
3.7. Add the medium to each 25 mL volumetric flask to reach a volume of approximately 20 171 
mL. 172 
 173 
3.8. Add the volume of inoculum calculated in step 3.3 to each 25 mL volumetric flask. Add 174 
the medium to each 25 mL volumetric flask to a final total volume of 25 mL. 175 
 176 



 

3.9. Stopper the flasks and mix thoroughly by turning the flasks two times vertically. 177 
 178 
3.10. Transfer 0.4 mL from each flask into individual screw cap vials and add 1.6 mL of acetone 179 
(saturated with MgCO3): one sample for each test concentration and the control. Close the lids 180 
tightly and store in the dark at room temperature until fluorescence measurements (section 4). 181 
 182 
3.11. Pipet 4 mL of each test solution into 20 mL scintillation vials (3 replicates per 183 
concentration and 5 replicates for the control). Screw lids on the scintillation vials. Remember 184 
that the lids must have a drilled hole (approximately 1 mm in diameter) to allow for CO2 185 
exchange. 186 
 187 
3.12. After 24 h, 48 h, and 72 h, pipet 0.4 mL from each vial into screw cap vials and add 1.6 mL 188 
of acetone (saturated with MgCO3). Close the lids tightly and store in the dark at room 189 
temperature until fluorescence measurements (section 4). 190 
 191 
3.13. After the last sample is taken at 72 h, gently pool the three replicates for a given 192 
concentration in one vial and measure the pH. Repeat for all concentrations and the control. The 193 
pH should not deviate more than 1.5 units from the initial pH for any of the samples measured. 194 
 195 
3.14. Discharge the remaining liquids into a waste container following your institutional rules 196 
and regulations. 197 
 198 
4. Analyzing algal test samples 199 
 200 
4.1. Use a fluorescence spectrophotometer to measure the algal biomass (here expressed as 201 
chlorophyll A). The peak emission for chlorophyll A is 420 nm for the excitation wavelength and 202 
671 nm for the emission wavelength. 203 
 204 
4.2. Measure the fluorescence of each individual sample three times and calculate the average 205 
value for each sample. 206 
 207 
4.3. Use equation 1 to calculate the growth rate. The measured fluorescence (relative units) 208 
can be used directly as the biomass parameter in equation 1. 209 
Equation 1:  µ = (ln Nt – ln N0) / t 210 
where µ is the growth rate (d-1), N0 is the initial biomass, Nt is the biomass at time t, and t is the 211 
length of the test period (d). Note, N0 and Nt should be expressed in the same unit. 212 
 213 
4.4. Use a statistical software to fit a non-linear regression curve (e.g., a log-logistic or Weibull 214 
function) to the growth rate data to obtain effective concentration values at 10%, 20%, and 50% 215 
inhibition. In the supplementary information an example of code for fitting in the statistical 216 
software R using the DRC package11 is given. 217 
 218 
REPRESENTATIVE RESULTS: 219 
An initial test with a reference substance is carried out to determine the sensitivity of the algal 220 



 

strain. Reference substances regularly used for R. subcapitata are potassium dichromate and 3,5-221 
Dichlorphenol7,8. Figure 3 and Table 2 show a representative result of an algal test including curve 222 
fitting and statistical outputs when the DRC package in R is applied to the growth rates. 223 
 224 
A successful test will have growth rates above 0.9 d-1 to comply with the OECD guideline and 1.5 225 
d-1 to comply with ISO 8692 guideline and should contain at least one concentration between 0% 226 
and 100% inhibition. Low growth rates may occur as a result of various issues such as bacterial 227 
contamination or inoculum not being in the exponential growth phase at the beginning of the 228 
test. Microscopic investigation of the replicates should only show uniform sickle-shaped green 229 
algae (R. subcapitata) with dimensions of approximately 2 µm width and 8 µm length. If a single 230 
replicate is contaminated, it can be omitted and the analysis can be carried out without this data. 231 
However, if multiple replicates are contaminated, repeat the experiment with uncontaminated 232 
exponentially growing inoculum. To evaluate whether the inoculum was in the exponential 233 
growth phase at the beginning of the test, calculate the growth rate of the control replicates at 234 
24 h intervals and use only the time interval at which the algal growth of the control is 235 
exponential for statistical analysis. 236 
 237 
To test the robustness of the setup, a toxicity test using two reference substances (K2Cr2O7 and 238 
3,5-Dichlorophenol) and three nanomaterials was repeated three times (3,5-Dichlorophenol, 239 
BaSO4 nanoparticles (NM-220), and ZnO nanoparticles (NM-111)) and four times (K2Cr2O7 and 240 
CeO2 nanoparticles (NM-212)). The results showed a coefficient of variation of the EC50-values 241 
between 11% and 39%, with the lowest coefficient of variation observed for ZnO nanoparticles 242 
(NM-111) and the highest coefficient of variation for CeO2 nanoparticles (NM-212) (Table 3). 243 
 244 
[Place Table 3 here] 245 
 246 
FIGURE AND TABLE LEGENDS: 247 
Figure 1: Picture of LED Vertical Illumination Table for Algal Toxicity Tests (LEVITATT). 1) 20 248 
mL glass scintillation vials for incubation, 2) 4 mL sample for analysis, 3) lid with drilled hole for 249 
CO2 exchange, 4) casing for defined light conditions, 5) LED light source located in the center of 250 
the casing, 6) orbital shaker for agitation during the experiment, and 7) a thermostatic cabinet. 251 
 252 
Figure 2: Flow diagram of the algal test setup. 253 
 254 
Figure 3: Representative concentration-response curve for 72 h exposure of a chemical 255 
compound to algae (R. subcapitata). The solid line represents the log-logistic fit and the shaded 256 
area is the 95% confidence interval for the fit. The open circles represent the calculated growth 257 
rate for each replicate. 258 
 259 
Table 1: Concentrations of nutrients in stock solutions for algal growth medium 260 
 261 
Table 2: Representative effective concentrations for 10%, 20%, and 50% inhibition of growth 262 
rate for a chemical compound using algae (R. subcapitata). The value in brackets represents the 263 



 

95% confidence interval of a log-logistic fitting. 264 
 265 
Table 3: Results of an internal laboratory toxicity test with R. subcapitata exposed for 72 h to 266 
two reference substances and three nanomaterials from the JRC repository 267 
 268 
DISCUSSION: 269 
Phytoplankton converts solar energy and carbon dioxide to organic matter and thus holds a 270 
pivotal role in the aquatic ecosystem. For this reason, algal growth rate inhibition tests are 271 
included as one of three mandatory aquatic toxicity tests required for regulatory risk assessment 272 
of chemicals. The ability to perform a reliable and reproducible algal toxicity test is key in this 273 
regard. Test setups using Erlenmeyer flasks introduces a range of variabilities and inconveniences 274 
as described in the introduction. To circumvent this issue, microtiter plates have been proposed3. 275 
While the microtiter plates minimize the volume and space required for testing, concerns have 276 
been raised in literature with regard to the compliance of such setups with the test validity 277 
criteria of test guidelines6. For example, significant loss of semivolatile chemicals as well as cross-278 
over to other wells in microtiter plates at 37 °C in cellular growth media (DMEM GluteMAX, Opti-279 
MEM, and Hams F12 GlutaMAX) was recently demonstrated by Birch et al.12. Testing of volatile 280 
substances may be successfully conducted with the LEVITATT setup using 1) closed vials with CO2 281 
enriched headspace9, 2) directly dosing the volatile compound through the headspace13 or in a 282 
filled test vial10. In terms of space requirements, LEVITATT provides a test setup that fills the gap 283 
between microtiter plates and Erlenmeyer flask setups while still providing benefits from both 284 
setups, e.g., maintaining a concise and compact test environment and sufficient test volume for 285 
destructive sampling (e.g., for characterization of nanomaterials during the test). 286 
 287 
The inter-sample variability for the LEVITATT test system ranged from 3.4% (3,5-Dichlorophenol 288 
and ZnO NP) to 5.6% (BaSO4 NP). This is within the requirement of coefficient of variation of 289 
average growth in replicate control cultures of 15% indicated by the OECD 201 guideline7 (for the 290 
LEVITATT inter-sample variability all exposures were also included). 291 
 292 
The reproducibility with regards to EC50-values of the test setup for the reference substances 293 
showed a coefficient of variance of 13% for K2Cr2O7 (n = 4) and 21% for 3,5-Dichlorophenol (n = 294 
3). This is comparable to tests carried out with conventional 250 mL Erlenmeyer flask bioassays 295 
for the reference substance K2Cr2O7 showing 16.8%14 and 25.4%15 coefficient of variation for 296 
EC50-values. Microtiter plates have shown lower variation coefficient for some reference 297 
substances (e.g., K2Cr2O7 (9%14,15), while higher coefficients of variation have been observed for 298 
phenol (34.9%16) and Dichlorophenol (38%17). Limited information is available with regard to 299 
reproducibility of studies with nanomaterials. However, comparing the inter-sample coefficient 300 
of variation for ZnO NPs using the LEVITATT system (3.4%) with microtiter plates (67%18) or 301 
Erlenmeyer flasks (13%19 and 35%20) it has less variation. To further test the robustness of the 302 
LEVITATT system, a round-robin study of two test materials (one reference substance and one 303 
difficult to test substance) have been initiated. 304 
 305 
Maintaining an uncontaminated algal culture can be difficult if not handled in sterile conditions. 306 
Exponential algal growth is a key prerequisite for performing guideline algal testing. Measuring 307 



 

the growth at multiple time points (e.g., 24 h, 48 h, 72 h) can identify whether exponential growth 308 
is occurring throughout the test period. Fluctuations in temperature and pH can influence the 309 
algal growth; thus, these parameters must be stable throughout the test period. In small volumes 310 
of test sample, fluctuations in temperature and pH occur more rapidly compared to larger 311 
volumes and the practical issues of measuring these parameters are increasingly difficult with 312 
decreasing test volume. Parameters such as pH and temperature using 4 mL test volume was 313 
stable throughout a 72 h testing period in the LEVITATT both in a temperature-controlled room 314 
at 20 °C ± 2 °C and in an incubator at similar conditions. 315 
 316 
Analytical methods for quantification of algal growth are many: cell counting in a 317 
haemocytometer, coulter counter, or fluorescence of pigment extracts. For difficult substances, 318 
considerations should be made with regard to the most suitable method for biomass 319 
quantification. For metal oxide nanoparticles, fluorescence of pigment extracts has been found 320 
to perform best due to interference of agglomerates when counting algae by haemocytometer 321 
or coulter counter21. In contrast, Farkas and Booth22 found that quantification of biomass by 322 
fluorescence was not a suitable method for ecotoxicity testing of carbon-based nanomaterials 323 
due to autofluorescence and absorbance of pigments to the nanomaterials. For colored 324 
substances, there may also be interference of the color with the fluorescence emission signal, 325 
thus, requiring additional controls or dilution to a level where this interference is negligible. 326 
 327 
In the guidance document for aquatic toxicity testing of difficult substances2, one of the 328 
recommendations for testing colored materials is to increase the light intensity. Similarly, 329 
increased light intensity has been mentioned to circumvent shading issues when testing 330 
nanomaterials23,24. However, such modifications are often associated with increased 331 
temperatures, thus, requiring additional cooling or ventilation of the samples. In the LEVITATT 332 
setup, this is solved using LED light that produces little heat compared to conventional light bulbs 333 
or fluorescent tubes. Additionally, choosing an LED with a sufficiently high light intensity output 334 
and the installation of a dimmer allow for increasing the light intensity to test colored substances 335 
or nanomaterials and regular chemicals without altering the overall setup between tests. 336 
Furthermore, the placement of the light source below the samples and in separate casings allows 337 
for a consistent and homogenous light field. 338 
 339 
In conclusion, the LEVITATT provides a compact platform for algal toxicity testing of regular 340 
chemicals compliant with international standardized guidelines. Furthermore, the setup provides 341 
a robust platform for testing of difficult substances that interfere with the passage of light toward 342 
the algal, e.g., nanomaterials. 343 
 344 
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Stock solutions Nutrient
Concentration in 

stock solution
Concentration in test solution

NH4Cl 1.5 g/L 15 mg/L (N: 3.9 mg/L)

MgCl2∙6H2O 1.2 g/L 12 mg/L (Mg: 2.9 mg/L)

CaCl2∙2H2O 1.8 g/L 18 mg/L (Ca: 4.9 mg/L)

MgSO4∙7H2O 1.5 g/L 15 mg/L (S: 1.95 mg/L)

KH2PO4 0.16 g/L 1.6 mg/L (P: 0,36 mg/L)

FeCl3∙6H2O 64 mg/L 64 µg/L (Fe: 13 µg/L)

Na2EDTA∙2H2O 100 mg/L 100 µg/L

H3BO3
a 185 mg/L 185 µg/L (B: 32 µg/L)

MnCl2∙4H2O 415 mg/L 415 µg/L (Mn: 115 µg/L)

ZnCl2 3 mg/L 3 µg/L (Zn: 1.4 µg/L)

CoCl2∙6H2O 1.5 mg/L 1.5 µg/L (Co: 0.37 µg/L)

CuCl2∙2H2O 0.01 mg/L 0.01 µg/L (Cu: 3.7 ng/L)

Na2MoO4∙2H2O 7 mg/L 7 µg/L (Mo: 2.8 µg/L)

4: NaHCO3 NaHCO3 50 g/L 50 mg/L (C: 7.14 mg/L)

1: Macronutrients

2: Fe-EDTA

3: Trace elements
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EC10 EC20 EC50

[mg/L] [mg/L] [mg/L]

Chemical compound 4.6 [1.8-7.5] 7.4 [4.1-11] 16.9 [11-22]
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Inter-sample 

coefficient of 

variation for 

growth rate

%

K2Cr2O7 4 4.5

3,5-Dichlorophenol 3 3.4

BaSO4 NP (NM-220) 3 5.6

CeO2 NP (NM-212) 4 4.3

ZnO NP (NM-111) 3 3.4

Compound

# of 

experiments
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EC50

Coefficient of 

variation for EC50 

values

(average)
mg/L %

0.73 13

1.9 21

22 20

13 39

0.13 11



Name of Material/ Equipment Company

Acetone Sigma-Aldrich

Ammonium chloride Sigma-Aldrich

BlueCap bottles (1L) Buch & Holm A/S

Boric acid Sigma-Aldrich

Calcium chloride dihydrate Sigma-Aldrich

Clear acrylic sheet (40x40 cm)

Cobalt(II) chloride hexahydrate Sigma-Aldrich

Copper(II) chloride dihydrate Sigma-Aldrich

Ethylenediaminetetraacetic acid disodium salt dihydrate Sigma-Aldrich

Fluorescence Spectrophotometer F-7000 Hitachi

Hydrochloric acid Sigma-Aldrich

Iron(III) chloride hexahydrate Sigma-Aldrich

LED light source Helmholt Elektronik A/S

Magnesium chloride hexahydrate Sigma-Aldrich

Magnesium sulfate heptahydrate Sigma-Aldrich

Manganese(II) chloride tetrahydrate Sigma-Aldrich

Orbital shaker IKA

Potassium phosphate monobasic Sigma-Aldrich

Raphidocelis subcapitata NORCCA

Scintillation vials (20 mL) Fisherscientific

Sodium bicarbonate Sigma-Aldrich

Sodium hydroxide Sigma-Aldrich

Sodium molybdate dihydrate Sigma-Aldrich

Spring clamp Frederiksen Scientific A/S

Thermostatic cabinet VWR

Ventilation pipe (Ø125 mm) Silvan

Volumetric flasks (25 mL) DWK Life Sciences

Zinc chloride Sigma-Aldrich

Table of Materials Click here to access/download;Table of
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To the editor, 

We hereby have the pleasure to submit a revised version of the paper “A small-scale setup for algal toxicity 

testing of nanomaterials and other difficult substances” by Lars Michael Skjolding, Susanne Kruse, Sara 

Nørgaard Sørensen, Rune Hjorth and Anders Baun for publication in Journal of Visualized Experiments. 

We are grateful for the valuable input provided by the two reviewers and the editorial team on our 

previously submitted version. In accordance with the reviewers’ and the editor’s recommendations, we 

have now carried out the additional revisions requested. 

With these improvements of the manuscript we hope that you will consider the paper for publication in 

Journal of Visualized Experiments. 

On behalf of the authors, 

Lars Michael Skjolding 
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