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ABSTRACT 

Microalgae bui ld the base of the food chain as being the dominant primary 

producers but also secure water pur if icat ion and the function of freshwater 

ecosystem. Discharged toxicants can cause harm to aquatic  microorganisms and 

get the ecosystem out of balance. Algal toxic ity tests f ind their appl icat ion in  

classify ing chemicals regarding their hazardous potential  and elaborate water 

quality cr iter ia. Further, they are used in biomonitoring and assessing eff luents 

to detect hazardous substances and lead to possible steps to intervene. This 

study focused on improving the standard microplate algal toxicity test based on a 

new freshwater microalga. The species Chlorella sorokiniana  was invest igated 

due to its abil i ty to be fast-growing. With a growth rate of 2.20 d -1  C. sorokiniana 

was examined to be faster growing than Raphidocel is  subcapitata  ( formerly known 

as Selenastrum capr icornum  and Pseudokirchneriel la subcapitata ) with a growth 

rate of XX. The new alga species were assayed on their  sensit iv ity with three 

quaternary ammonium compounds (BAC, DTAC, DDAC), four reference toxicants  

(K2Cr2O7, 3,5-DCP, ZnSO4, CuSO4), and two act ive compounds in herbicides 

(Glyphosate, pelargonic acid) .  The results show lower or similar EC 5 0  values 

compared to the standard species. With the f indin g in this study, C. sorokiniana 

can be suggested as new, more sensit ive species for microplate algal toxic ity 

tests with a reduct ion of execut ion t ime to 48 hours instead of 72 hours.  

 
Figure 1: Schematic execution of the microplate algal toxicity test based on the new suggested version of the  ISO 

standard test 
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INTRODUCTION 

Meeting our need for clean freshwater wi l l  be an increasing challenge in the 

future. Only 2.5 % of the water on earth is freshwater and anthropogenic act iv it ies 

are pol lut ing freshwater systems due to e.g.,  farming, sewage discharge ,  and 

industr ial processes (Regan, 2015). Polluted freshwater can cause harm to 

aquat ic organisms, humans using it  for drinking water or recreational act iv it ies as 

well as terrestr ial organisms dr inking the water . Microalgae bui ld the base of the 

food chain as being the dominant primary producers but  also secure water 

purif icat ion and the function of the freshwater ecosystem (Liu, et al. ,  2022)  and 

are therefore of great importance.  This is why contamination and the result ing 

disruption to those aquat ic microorganisms can affect higher trophic levels  and 

r isk the ecological balance. Another concerning factor is that not only marine and 

freshwater organisms are exposed to an elevated r isk, but  humans may also  

exper ience decreases in f ish catch or health r isks due to the accumulat ion of  

pol lutants in the food chain. As can be seen, it  is  ecologically signif icant to use 

microalgae for ecotoxicological assays  because of  its key role in aquat ic 

ecosystems and its sensit iv ity to chemicals (Geis, et al. ,  2000) . 

Algae toxic ity tests are broadly used to assess water qual ity.  Many advantages 

can be seen by using the microplate technique after Blaise &  Vasseur (2005) 

compared to other methods l ike the use of glass vessels.  Some of those 

advantaged are for example  high repl icabi l i ty and repeatabi l i ty, minimal training 

for technicians as wel l as simple equipment, which is common in most 

laborator iesTable 1) . But as in every method, there are disadvantages, too. In 

part icular, the test needs to run 72 hours plus a prel iminary preparat ion of 2 -5 

days before the actual test  can take place. And since t ime is a very precious 

variable, especial ly in ecotoxicity, this is a disadvantage that needs to be 

improved. Furthermore, sensit iv ity is a parameter  that needs to be enhanced. 

Another area in which algae species  with high growth rates and biomass 

product ion are of high interest  is the f ield of biofuels (Gim, et al. ,  2013) . After  

producing biofuels from sugar and then using straws and bagasse as a possible 

source, microalgae promised to produce biofuel with higher eff iciency (Ma, et  al. ,  
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2022). There the alga Chlorel la sorokiniana  started to raise attention in research  

because of its fast-growing and high biomass product ion .   

This microalga C. sorokiniana  was assayed of being a possible new species for  

microplate toxic ity tests , using contaminants such as the quaternary ammonium 

compounds (QACs) and related bioactive compounds. In recent years, the use of  

those biocides has increased signif icantly, especial ly due to the Covid -19 

pandemic. Biocides containing QACs are released into the environment and affect 

aquat ic systems. To gain knowledge about the extent of the negat ive impact of  

QACs on aquatic phytoplankton is of high signif icance, which may be determined 

using representat ive freshwater microalgae.  

 

OBJECTIVES  

This study focused on developing a  microplate algal toxic ity test based on new 

freshwater microalga that is improving the standard method. By which parameters 

can the standard toxic ity test be enhanced, and which algae species is qual if ied.  

In the f irst part of this study , a characterizat ion of the new alga species takes 

place and the optimum condit ions (e.g.,  algal growth medium, temperature) are 

determined. How can its character ist ics,  which made it  chosen as a promising 

new species, be improved.  This growth inhibit ion test  assesses the sensit iv ity  of  

a microalgae to substances, and the degree of sensit ivity  must be determined to 

f igure out if  the new species is suitable for ecotoxicity test ing.  These sensit iv it ies 

should be set in context with dif ferent condit ions, at which the test was performed. 

The focus l ies on quaternary ammonium compounds and related bioactive 

compounds. Moreover, reference toxicants should be tested to be able to compare 

the results to those shown in the l iterature. Furthermore, it  wi l l  be delved into the 

quest ion of how and how much the freshwater species dif fe rs from the standard 

species R. subcapitata .  Where are the two species similar and at which points 

are the new species improving the toxicity test.  

The hypothesis is that the promising algal species Chlorella sorokiniana  with high 

growth rates is a new species that can improve the microplate algal toxicity test 

by reducing procedure t ime without lower ing  but rather improving sensit iv ity .   
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THEORY  

TEST ORGANISMS 

In algal toxicity tests several test species are used. Guidel ines l ike ISO and OECD 

proposed diatoms P. tr icormutum  and S. costatum ,  and green algae Raphidocelis  

subcapitata  ( formerly Selenastrum capricornutum and  Pseudokirchner iel la 

subcapitata) as wel l as Desmodesmus subspicatus  ( ISO, 2012) (OECD, 2011). 

 

Figure 2: Chlorella Sorokiniana, (CCALA, 2023) 

Chlorella sorokiniana  Figure 2) is a green, unicel lular, freshwater alga that was 

f irst isolated in 1953 by Constantine Sorokin (Sorokin & Myers, 1953) . I t  is a 

subspecies that is thought to be a mutant of Chlorel la pyrenoidosa (Lizzul,  et al. ,  

2018). The algae’s  opt imum temperature range is 38 to 39 °C, whereas the 

maximum temperature is about 42 °C and the minimum l ies between 15 and 20 

°C. Furthermore, this species  is dist inguishable by larger cel ls than Chlorel la 

vulgaris .  The young daughter cel ls reach from 1.5 to 3 μm and the mother cell  

can reach up to 12 μm  (Sorokin, 1967).  Chlorel la sorokiniana  is able to grow 

mixotrophic and a preference for sugars l ike glucose or s imple organic acids such 

as acetate was found in previous studies  (Lizzul,  et al. ,  2018) . Light is the main 

source of energy in mixotrophic cult ivat ion, nevertheless,  organic,  and inorganic 

carbon (CO2) are assimilated at the same t ime (Gim, et al. ,  2013) .  
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Researchers found a higher maximal growth rate compared to other Chlorel la 

strains. Under condit ions of 38 °C and 17.600 lumen/m 3  the number of cel ls 

doubles in 11.3 hours whereas Chlorel la vulgar is  doubles 9.9 t imes (Sorokin,  

1967). According to Lizzul,  et al.  2018, a doubling t ime between 4 -6 hours at 

optimal growth condit ions at 35-40 °C can be seen (Lizzul,  et al. ,  2018) . 

With a cel l number per mL of 104  algal cells  at inoculat ion l ike it  is suggested in 

ISO, and with a doubl ing t ime of 8 hours (average of Sorokin and Lizzul) the 

calculates t ime needed to reach the cell number required to make the test val id,  

is after 32 hours with cel l number/mL of  160.000. That leads to the hypothesis  

that the execution t ime of the growth inhibit ion test by using C. sorokiniana  can 

be reduced from 72 hours to at least 48 hours.  

Chlorella sorokiniana  has already aroused the interest of many researchers and 

companies to improve the process of producing biofuel and to gain  more biomass 

in less t ime. C. sorokiniana  produced, based on the results of Liu, et al.  (2022),  

a higher amount of  biomass per l i ter than Chlorella vulgar is , which is already well-

represented in that f ie ld.  The abi l i ty of fast -growing C. sorokiniana  led to the 

assumpt ion that algal toxicity tests could be executed in a shorter t ime span 

compared to those with the standard algae species.  

ALGAL GROWTH AND RESPONSE TO POLLUTANTS 

Algal growth can be divided intp several phases if  grown under control led l ight,  

temperature,  and nutr ient condit ions. After inoculat i ng act ive cel ls into a growth 

medium, the f irst phase is ca l led a lag phase, followed by an exponent ial ( log) 

phase, a phase of decl ining growth rate,  a stat ionary phase, and a death phase 

(Figure 3). Dur ing the lag phase, the alga undertakes no cel l division and the 

value of cel ls/mL stays constant. Reproduction of microalgae takes place in the 

second phase. Each algal cel l doubles which leads to exponential growth and the 

growth rate can be calculated.  The stat ionary phase is reached when nutr ients 

become a l imit ing factor. Cell div is ion ceases and cel l density stays at one level.  

In the last phase, the death phase, microalga  cel ls are dying due to the lack of 

nutr ients. Understanding the growth of microalgae is important  since it  is required 

to use microalgal cells that are in the exponential phase to ensure a successful 
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toxic ity test .  The optimum growth rate is given at this point which al lows the 

comparison of control and exposed algal cel l densit ies  (Blaise & Vasseur, 2005) . 

 

Figure 3: Growth phases of algal cultures: Lag (1), Exponential (2), Declining growth rate (3), Stationary (4), Death (5) 
(Blaise & Vasseur, 2005) 

The l ife cycle of the standard species R. subcapitata is wel l  understood. After 

inoculat ion in new  medium, the cel ls grow exponent ial ly for  3 days. There the 

maximum photosynthetic act iv ity takes place, and the typical green colour occurs 

due to the big chloroplasts  in the cel ls. After 5 days unti l 12 days the cel ls reach 

the stat ionary phase.  The green colour decreases (decl ine in size in chloroplast )  

and decrease in chlorophyl l conten t and photosynthesis act ivity. At day 12 the 

cel ls start to die due to the loss of cel l  membrane integr ity. The  colour of the 

culture now occurs yel low (Machado & Soares, 2022) .  

Microalgae can assimilate dif ferent  ca rbon sources by using dif ferent  

mechanisms. Inorganic carbon is assimilated by the mechanism of CO 2-

concentrat ing. The microalgae f ixes dissolved inorganic carbon to biomass 

through photosynthesis. An example of a possible inorganic carbon source for  

microalgae can be sodium bicarbonate. Carbonic anhydrase converts HCO3
-  into 

CO2 ,  which then can be absorbed by the cel ls. I t  is shown that the maximum cell  

density can be increased. Some species (e.g.,  C. vulgar is) can uptake organic 
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carbon for cel l metabol ism. Pathways can be the Pentose Phosphate Pathway 

(PPP) and the Embden-Meyerhof-Pathway (EMP) (Ma, et al. , 2022) . Glucose is 

known to produce ATP, NADH, and NADPH in cel ls by taking the PPP pathway 

under heterotrophic condit ions and the EMP under mixotrophic condit ions.  Not al l  

microalgae species are able to use organic carbon for heterotrophic growth due 

to the lack of transporters.  Moreover, some species can use combines carbon 

sources under mixotrophic condit ions.  Because of the synergy between 

chloroplast and mitochondr ia metabolism in mixotrophic growth , higher 

photosynthet ic carbon f ixat ion and more glyceraldehyde-3-phosaphase (supports 

ATP forming) can be achieved. Furthermore, acetate and glycerol  are possible 

organic carbon sources. Glycerol dif fuses into the microalgal cel l  whereas acetate 

goes through the cel l passively by using transporters (Ma, et al. ,  2022) . 

Dif ferent toxicants have dif ferent inf luence on the structure and funct ion of 

ecosystems and are organism or concentrat ion dependent (sensit iv ity).  Some 

toxicants in environmental environments  target biological membranes  of algae, 

which leads to leakage and reduction of ful l funct ion and indirect ly affect algal 

photosynthesis. Cel l size of the organism can decrease, and reproduct ion may be 

stopped, leading to a declining algal biomass (Escher, et al. ,  2021) .  

Some toxic effects are species dependent  and cell s ize, cel l wal l type, and 

thickness are factors that have an inf luence on the response of algae species to 

substances (Tato & Beiras, 2019) . 

 

Herbicides  

Herbicides can init iate negative consequences for aquat ic ecosystems , where 

they end up because of surface runoff  from Agriculture. Herbicides are used as a 

useful tool for weed control but harm green algae.  In natural ecosystems they can 

affect microalgae and due to their role as primary producers the whole funct ioning 

aquat ic ecosystem (Chiell in i,  et al. ,  2020) . Some herbicides have a mode of act ion 

of direct ly inhibit ing the photosystem II .  They block electron transfer fol lowed by 

a lack of producing ATP. Consequently, loss of chlorophyl l,  slower growth , and 

death of cel ls occur  (Escher, et al. ,  2021) . Others inhibit  cel l div is ion or l ipid 

synthesis.  Glyphosate is known to be an EPSP (5-enolpyruvylshikimic acid-3-
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phosphate) synthase inhibitor .  I f  this enzyme is hindered the biosynthesis of  

amino acids is (Annett,  et al. ,  2014) . Annett,  et al.  (2014) is suggest ing a half- l i fe 

range from 1.7 to 142 days. Furthermore,  is toxic ity of glyphosate is species-

dependent (Annett,  et al. ,  2014) .  

Pelargonic acid is a in nature widely occurring, saturated, fatty acid with nine 

carbons (Savage & Zorner, 1996) . First  isolated from leaves of Pelargoinium 

roseum it  is used in weedki l lers due to its herbicidal effects  against weeds, algae,  

and mosses.  For this act ive compound, a high r isk to aquatic organisms was 

identif ied (Alvarez, et al. ,  2021) . I t  was suggested that pelargonic acid is not  

damaging cel l membranes direct ly. I ts mode of act ion  is moving through the cel l  

membranes. The internal pH is  lowered and ATP and Glucose-6-phosphase 

decline. Afterwards,  membrane dysfunction can appear that is followed by 

leakage of the t issue (Savage & Zorner, 1996) . A synergize effect with glyphosate 

was observed because it  allows greater and more rapid uptake of glyphosate.   

Heavy metals  

Environmental contaminat ion  of aquat ic systems with heavy metals be natural and 

anthropogenic. As sources can be named among others  fossil fuel combust ion,  

mining, municipal wastes,  and sewage (Chiel l ini,  et al. ,  2020) . Heavy metals are 

present in aquat ic ecosystems in low concentrat ion and microalgae consume 

heavy metals as trace elements. But higher concentrat ions of those trace metals 

or other non-essent ial heavy metals are toxic for microalgae   (Pinto, et al. ,  2003) . 

Higher metal concentrat ions can be detected in coastal waters and waters where 

higher human act iv ity takes place . Microalgae have formed strategies of  self-

protect ion against those toxicants (Immobil isat ion, exclusion, and chelat ion. The 

mode of act ion dif fers by metals. Some impact cel l organelles or reduce 

chlorophyl l content (Leong & Chang, 2020) . Heavy metals  further can cause 

damage to proteins as wel l as cause oxidative stress to the cel l  (Escher, et al. ,  

2021).  
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MICROALGAE AS TEST SPECIES 

Unicellular algae are abundant  in aquat ic  ecosystems. They contr ibute a big part 

to carbon f ixat ion and oxygen product ion.  Moreover, as base of the food chain 

they keep the ecosystem functioning.  With every adverse effect on a species in 

one trophic level another one is put in r isk at the next trophic level.  Therefore,  is 

it  important to start assessing toxic effects at the bottom to protect other species 

and the aquat ic ecosystem (Franklin, et al. ,  1998) . Addit ional ly , are microalga 

more sensit ive to toxicants  than other freshwater organisms. Ranked by 

decreasing sensit iv i ty: Alga ≥ Crustacea > Cnidar ia > Mollusca > Chordata  

(Franklin, et al. ,  1998) . This makes them highly valued test organisms. 

Due to the shorter generation span of microalga a test on the toxic ity of a chemical 

is of higher interest  compared to other organisms l ike mollusks or chordata.  A 

toxic ity test with Daphnia takes 21 days whereas with alga results can achieved 

after 72 hours and is with 50-60 hours in the laboratory more t ime-consuming. 

The chronic test with bacterial bioluminescence lasts 22 hr.  The study concluded 

that the algae test appears as the most sensit ive one compared to tests based on 

response with Brachionus calycif lorus (2-Day Test),  Microtox Chronic Toxicity 

Test (bacter ial reagent : vibr io f ischer i)  and microcrustace (Radix, et al. ,  2000) .  

But acute tests (15 min) give often results that are very far  from  

chronic toxic ity data.  Furthermore,  test with f luorescence can give results after 5 

hours but sometimes in no toxic effect detectable  after that short  execut ion t ime 

(Radix, et al. ,  2000)  

Toxic substances can be accumulated in algal cells. Hence algae can be used in 

wastewater t reatment but also give a reason to worry about biomagnif icat ion 

along trophic levels.  Even though heavy metal accumulat ion is not always related 

to toxic ity it  is important to consider  (Pinto, et al. ,  2003) . Biomonitor ing here is 

important, so that heavy metal do not end up in high concentrat ions in  e.g.,  f ish 

for human consumption.   

MICROPLATE TEST 

A microplate algal toxic ity test  is carr ied out to determine the effects of a 

substance on the growth of microalgae.  Unicellular organisms are exposed to a 
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l iquid sample to measure the spec if ic toxic effect.  Instead of mult iple glass 

vessels, a microplate with 96 wel ls is used which relates to advantages.  

Microalgae react to dif ferent concentrat ions of the test substance by reduct ion of 

growth so that growth inhibit ion is used as endpoint .  The responses of the alga 

(growth inhibit ion) of with and without exposure to the test substance are 

compared (OECD, 2011). A common parameter worked with in l i terature is the 

EC5 0 .  This value shows the effect concentrat ion that led to 50 % of inhibit ion of a 

populat ion. Microplate toxic ity tests can be used for domestic  and industr ial  

wastewater, surface groundwater or leachates, and sediment interst it ia l waters 

(Blaise & Vasseur, 2005) . I t  f inds its appl icat ion in biomonitoring, elaborates 

water qual ity cr iter ia , and assesses eff luents in order to regulatory statutes. 

Furthermore,  it  is possible to rank and screen chemicals  regarding their  

hazardous potent ial .  

Table 1: Advantages and disadvantages of Microplate toxicity testing 

Advantages Disadvantages 

- high replicability and repeatability, 

perform high amount of analysis 

- minimal requirements 

for instrumentation and facilities 

- simple equipment, common in most 

laboratories  

- Good incubator space economy 

- minimal training for technicians  

- Small sample volume required 

- costs in glassware and reagents 

- (Tato & Beiras, 2019; Staveley & 

Smrchek, 2005; Blaise & Vasseur, 

2005)  

- exposure time may be too short for 

slow acting toxicants to have an 

effect 

- adsorption of substances in 

microplate walls 

- evaporation of volatile chemicals 

that can interfere with neighbour 

wells 

- cell density increases due to 

evaporation 

- (Tato & Beiras, 2019; Blaise & 

Vasseur, 2005) 
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Microplate toxic ity test ing is promising due to the simple and common equipment 

as wel l as non-demanding training for technicians  (Table 1). Limited space is a 

widespread problem in laborator ies that can be reduced with  this test method.  

High repl icabi l i ty and repeatabi l i ty allow a high amount of analysis. On top of that 

small sample volume, glassware and reactance are reducing costs.  A downside 

can be wel l evaporat ion (Tato & Beiras, 2019) . Under longer (>1 day) exposure ,  

evaporation can occur which leads to increased cel l density. Also, volat i le 

chemicals can evaporate and interfere with neighbour wells. This cross-

contamination may impact results (Blaise & Vasseur, 2005) . Furthermore,  

substances can be adsorbed by microplate wel ls. At the moment,  there is no 

evidence of increased adherence to plast ic microplate wel ls compared to glass 

f lasks. Sti l l ,  i t  should be considered that  adsorption on wells  can occur with 

chemicals that show a higher aff inity for plast ic  (Blaise & Vasseur, 2005).  

With al l advantages and disadvantage, the matter of t ime would be the main 

weakness of a microplate toxicity test .  The durat ion of  a chronic microplate 

toxic ity test  is 72 hours, set by the guidelines (OECD ISO). Moreover,  an 

addit ional t ime of 2-5 days is needed before the toxic ity test where the old culture 

must be inoculated in a new medium to ensure the algae cells are in  an 

exponent ial phase. Therefore, the algae species Chlorel la sorokiniana ,  as stated 

above, with a higher growth rate than other species, sounds promising to l imit the 

number of hours needed to get a toxic ity test result .  

QUATERNARY AMMONIUM COMPOUNDS  

Due to their strong cationic surface act ivity Quaternary Ammonium Compounds 

(QACs) are used as ingredients in detergents and disinfectants. Those 

surfactants are widely used in day-to-day products as personal care products,  

detergents, biocides,  and phase transfer agent  (Di Nica, et al. ,  2017) . Dur ing the 

Covid-19 pandemic the use of disinfectants became a governmental pr inciple in 

many countr ies to depress a spreading of the virus. Therefore, QACs became 

more detected in the environment . The release into the environment takes place 

due to the discharge of eff luents and sludge from sewage treatment as wel l as 

from hospitals, laundry wastewater, and roof runoff  (Zhang, et  al. ,  2015) . 
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For aquatic organisms like f ish, daphnids, rot ifer,  algae and protozoan , and a lot  

of microorganisms QACs occur to have adverse effects . Their  mode of act ion is 

penetrat ing their alkyl chain into microorganisms’  membranes and alter ing the 

phospholipid bi layer.  Therefore, they disrupt the membrane and lead to a leakage  

(Zhang, et al. ,  2015) . Studies show that  algae are more sensit ive and higher 

affected by QACs than f ish and crustaceans. QACs inhibit  nutr ient  uptake by 

algae. The degree of  toxic ity decreases with length of alkyl chain  (Zhang, et al. ,  

2015).  

MATERIAL AND METHODS 

MICROALGAL STRAIN 

The algae strain Chlorel la sorokiniana  (211-31) was purchased from the Culture 

Collect ion of Algae at Gött ingen Univers ity, SAG. The strain is an axenic culture 

and arr ived on an ESP agar. Further cult ivat ion was proceeded in l iquid 

freshwater medium based on ISO standard (see fol lowing chapter, p. 11) under 

steady i l luminat ion at 7000 lumens at 23 ± 2 °C.  

The standard alga species Raphidocel is Subcapitata  is in possession of AAU for 

generat ions.  Cult ivat ion is the same procedure as with C. sorokiniana .  

Furthermore, Dunaliel la  sp.,  which is in use for research  at AAU for example about 

product ion of  b-carot in, was subject of this study. I t  was cult ivated in freshwater 

standard medium enriched with 3 g/L NaCL.  

GROWTH MEDIUM 

For toxic ity tests with R. subcapitata  and C. sorokiniana freshwater algal medium 

after ISO standard is used (ISO, 2012). All  stock solut ions were autoclaved except 

sodium hydrogen carbonate, which was prepared in double dist i l led autoclaved 

water.  Autoclaving is used to ster i l ise equipment and media by suspend them to 

steam at 121 °C for around 30-60 min at a pressure of 103 kPa (15 psi/1.02 atm). 

By heating sodium hydrogen carbonate volat i le carbon is produced with the 

thermal react ion (Radecki & Wesolowski,  1976) :  

2𝑁𝑎𝐻𝐶𝑂3 → 𝑁𝑎2𝐶𝑂3 + 𝐶𝑂2 +𝐻2𝑂 Equation 1 
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With autoclaving the state of aggregation is changed and carbon dioxide leaves 

the solut ion. The carbon source for microalgae is therefore lessoned.  

The f inal medium contains:  

- Macronutrients: 15 mg/L NH4Cl (N: 3.9 mg/L), 12 mg/L MgCl2∙6 H2O (Mg: 2.9 mg/L), 18 

mg/L CaCl2∙2 H2O (Ca: 4.9 mg/L), 15 mg/L MgSO4∙7 H2O (S: 1.95 mg/L), 1.6 mg/L KH2PO4 

(P: 0.36 mg/L) 

- Fe-EDTA: 64 μg/L FeCl3∙6 H2O (Fe: 13 μg/L), 100 μg/L Na2EDTA∙2 H2O 

- Trace elements: 185 μg/L H3BO3 (B: 32 μg/L), 415 μg/L MnCl2∙4 H2O (Mn: 115 μg/L), 3 

μg/L ZnCl2 (Zn: 1.4 μg/L), 1.5 μg/L CoCl2∙6 H2O (Co: 0.37 μg/L), 0.01 μg/L CuCl2∙2 H2O 

(Cu: 3.7 ng/L), 7 μg/L Na2MoO4∙2 H2O (Mo: 2.8 μg/L) 

- NaHCO3: 50 mg/L (C: 7.14 mg/L) 

Final mass concentrat ion in brackets.  

To determine the inf luence of dif ferent carbon sources on the growth of C. 

sorokiniana  10 g/L glucose, 2 g/L sodium acetate and 0.15 M glycerol were added 

to freshwater media.   

TEST CHEMICALS 

While examining experiments str ict qual ity assurance were adhered to. Stocks 

and dilut ions were prepared in double dist i l led and autoclaved water. In  the 

fol lowing tTable 2, al l chemicals, their CAS-number and suppliers are. 

Table 2: Chemical name, formula, CAS-number, and provider of all chemicals used for algal toxicity tests 

Chemical name Chemical 

formula  

CAS-

number 

Suppliers 

Alkylbenzyldimethyl-

ammonium chlor ide (BAC)  

C6H5CH2N(CH3)2

RCl (R=C8H1 7  to 

C1 8H3 7)  

63449-41-2 Sigma-

Aldr ich 

Dodecyltr imethyl-ammonium 

chloride (DTAC) 

CH3(CH2)1 1N(CH3

)3Cl 

112-00-5 Sigma-

Aldr ich 

Didecyldimethyl-ammonium 

chloride (DDAC) 

C2 2H4 8ClN 7173-51-5 Sigma-

Aldr ich 
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Potassium dichromate K2Cr2O7  7778-50-9 Merck 

4868 

3,5-Dichlorophenol  C6H4Cl2O 591-35-5 Sigma-

Aldr ich 

Zinc sulphate heptahydrate  ZnSO 47H2O 7446-20-0 Sigma 

Copper(II)sulphate 

pentahydrate 

CuSO 4  5 H2O 17829-58-2 Sigma 

N-(Phosphonomethyl)glycine 

monoisopropylamine salt  

(Glyphosate)  

C6H17N2O5P 38641-94-0 Sigma-

Aldr ich 

Pelargonic acid (act ive 

compound in weedkil ler  

AlgeFr i)  

C9H18O2  112-05-0 Ecostyle 

 

DEFINE GROWTHT CURVE 

Before the start of the toxicity test the growth curves of  the species were 

determined. Therefore, the exponent ial growth phase can be obtained,  and growth 

rates be calculated. The measurements were made for al l  three spec ies R. 

subcapitata,  C. sorokiniana and  Dunaliel la in a period of 10 days. 

To be able to examine growth of the dif ferent algae species after inoculat ion , cel ls 

were counted with a Mult is izer Coulter Counter daily for 10 days. That method 

determines the occurring resistance between two electrodes as a part ic le enters 

the tube with a conducting f luid. The data can be plotted as a growth curve and 

dif ferent growth phases can be determined as discussed in the chapter about 

Algal growth and response to pollutants  on page 4.  

MICROPLATE TOXICITY TEST 

The algal growth inhibit ion test with microplates was carr ied out based on the 

standard ISO 8692:2012 for water quality  (ISO, 2012). The toxicity of a substance 

is determined by measuring the algal growth inhibit ion. The exponent ial growth 

phase of the algae species must be ensured to be able to calculate the growth 

rate. For that reason, a new culture is started 2 -5 days before the test.  The culture 
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was incubated in a 250 mL Erlenmeyer f lask with 50 mL of growth medium under 

shaking at 100 rpm and continuous f luorescent cold l ight with an intensity of 7000 

lux at 23 ± 2 degrees. Flasks are covered with a cotton plug,  so that CO 2  is able 

to dif fuse into the f lask, but contamination of the culture is prevented,  and 

evaporation is lessened. The cel l density at inoculat ion is around 5x10 3  –  104  

cel ls/mL.  An ideal microplate toxic ity test  should include a control group with no 

effect on algal growth (0% inhibit ion), two points below and above 50 % inhibitory 

growth effect ,  and a concentrat ion that give an intense or total effect on the algae 

(90-100 % growth inhibit ion)  (Blaise & Vasseur, 2005) . Algae medium, a 2-fold 

serial dilut ion of the test substance, and algae cel ls are transferred in a 

microplate as i l lustrated in Figure 4. The algal culture is diluted in a relat ion 1:50 

in the algal test medium, so 10 4  algal cel ls are inoculated per well.  The endpoint  

in algal toxic ity tests is the growth rate. Therefore, optical density, refe rr ing to 

the indirect biomass of the microalgae, is measured with a spectrometer at 450 

nm (Termo Mult iskan plate reader).  

Test procedure br ief ly can be found in Table 3.  

Table 3: Summary of test conditions for the standard and newly suggested algal microplate toxicity test 

 
( ISO, 2012)  Suggested new test  

Test organism 
Cells of Raphidocel is 

subcapitata  from a culture in 

exponent ial phase (2 -5 days 

after inoculat ing culture)  

Cells of  Chlorel la 

sorokiniana from a culture 

in exponential phase (1-2 

days after inoculat ing 

culture)  

Type of test  Microplate (96 wel ls)  toxic ity 

test,   

72h exposure 

Microplate (96 wel ls)  

toxic ity test,   

48 h exposure 

Well volume 150 μL media, 300 μL test substance, 150 μL algal 

inoculum 

Lightning Cont inuous, vert ical,  cool white f luorescent l ight with an 

intensity of 7000 lux  

Temperature 23 ± 2 °C 
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Init ial  algae 

density  

104  algal cells/wel l  

Test medium Freshwater culture media (ISO, 2012)  

Exper imental 

configurat ion 

8 control wel ls, 10 wel ls with 2 -fold di lut ion of test 

substance, 8 wel ls with background  

Measurements Absorbance (cel l density) with 

a spectrometer at 450 nm at 

(24 h), 48 h and 72 h 

Absorbance (cel l density) 

with a spectrometer at 450 

nm at (24 h), 48 h  

Endpoint  Growth inhibit ion (absorbance as biomass indicator)  

Val idity  Growth rate in the control group at least 0.9 d - 1  

  

 

Figure 4: schematic experimental configuration of a 96-well microplate for algal toxicity testing (left) with c: control and 
B: background and a picture of a 96-well microplate (right) 

Because the species Chlorella sorokiniana  is a thermophil ic  species a test sett ing 

with higher temperature of 31 ± 2 °C was carr ied out  to test the dif ferent response 

of the species under its optimal condit ion.   

CALCULATIONS 

For a growth inhibit ion test it  must be assured that the cells are in exponent ial  

phase. Therefore, an exponent ial growth equat ion Equat ion 2) was f it  to the data 

of cel l numbers at a certain t ime (Nyholm, 1985).  

𝑌 = 𝑌0 × exp[𝜇 × (𝑡 − 𝑡0)] Equation 2 

where:  
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Y is the cel l number at the end of the exponential phase  

Y0  is the cel l number at start of the exponential phase  

μ  is the maximum specif ic growth rate  

t0  is the t ime [d] at star t of the exponential phase  

t  is the t ime [d] at the end of the exponent ial phase 

Doubl ing t ime is a parameter often used in l i terature , which can be calculated 

with the received specif ic growth rate as can be seen in Equation 3. I t  helps to 

character ize microalga and compare with other species.  

 

𝑡𝑑 =
ln(2)

𝜇
× 24 

Equation 3 

 

where:  

td  is the doubl ing t ime 

μ  is the average specif ic growth rate  

  

After 72 hours of star t ing the algal toxic ity test the change and therefore inhibit ion 

of algae growth can be calculated (eq1.).  The values can be plotted as percent 

growth inhibit ion (y-axis) versus logarithmic test concentrat ion (x-axis). With this 

graph the EC5 0  values are determined. Other possibi l i t ies in measuring growth 

rate are through the chlorophyl l content or f luorescence. Further endpoints used 

in l i terature are mortal ity rate, photosynthetic act ivity, enzymatic act iv ity  (Tato & 

Beiras, 2019).  

To assess the toxic ity of a substance the effect on the growth of microalgae can 

be determined. First average specif ic growth rate (Equat ion 4) over a test per iod 

is measured by using the concentrat ion of the biomass , which is indirect gained 

from absorbance due to the assumption that absorbance is direct ly proport ional 

to cell number. Absorbance was detected with the Termo Mult iskan plate reader  

at 450 nm.  

𝜇0−𝑡 =
𝑙𝑛𝐵𝑡 − 𝑙𝑛𝐵0
𝑡𝑡 − 𝑡0

 Equation 4 

 

where:  
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μ0 - t  is the average specif ic growth rate from start to t ime t  

B0  is the biomass concentrat ion at the start of the measurements  

B t  is the biomass concentrat ion after a period  

t0  is the t ime [d] at start of the measurements  

t t  is the t ime [d] at the end of the measurements  in 

 

Further the percent of growth inhibit ion is calculated  in Equat ion 5.  

𝐼𝜇 =
𝜇𝑐 − 𝜇𝑇
𝜇𝑐

× 100 Equation 5 

 

where:  

Iμ  is the percent inhibit ion of the specif ic growth rate  in [%] 

μ0  is the growth rate in the control  in [cells/d]  

μT  is the growth rate in the treatment  in [cel ls/d]  

 

DATA ANALYSES 

The EC5 0  values were calculated by f it t ing data to inhibit ion model  (Equat ion 7) 

and were performed using GraphPad Pr ism for Windows (GraphPad Software, San 

Diego Cal ifornia USA, www.graphpad.com). The data is represented with its mean 

values and a standard error (SEM). The 95% conf idence intervals indicate that  

the probably of  true data laying in the interval is  95%. It  was used to compare 

f it ted curves on similarity.   

The model log(agonist) vs. response in GraphPad (Equat ion 7) was used in these 

exper iments to gain the best f it  of the data.  Therefore, EC 5 0  values, CI, and the 

Goodness of the Fit  can be calculated.  Al l R2  values, describing the f it  of the data 

to the model,  are above 0.85 The model assumes a standard slope of 1 due to 

the slope when a l igand binds to a receptor . 

𝑌 =
𝐵𝑜𝑡𝑡𝑜𝑚 + (𝑇𝑜𝑝 − 𝐵𝑜𝑡𝑡𝑜𝑚)

1 + (
𝑋
𝐸𝐶𝐹

)
 

Equation 6 

 

 

https://www.sciencedirect.com/topics/earth-and-planetary-sciences/united-states-of-america
http://www.graphpad.com/
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Top and Bottom referr ing to the minimum and maximum response of the species 

and  would be set to 100 and 0 on a perfect  dose response curve. In this 

exper imental design the maximum of 100 cannot be crossed because no l iv ing 

cel ls are left  at 100 % inhibitory effect.  I f  st imulat ion takes place the  values of  

the bottom can be negative. In GraphPad the parameter F can be constrained to 

the effect ive concentrat ion that is look for .  Log(agonist) (X) and response (Y) are 

the logar ithmic concentrat ion and the specif ic growth inhibit ion . Hence, the 

equat ion can be writ ten as:  

 

 

𝐼𝜇 =
𝑌𝑚𝑎𝑥

1 + (
𝑥

𝐸𝐶50
)
 Equation 7 

where: 

Iμ  is the percent inhibit ion of the specif ic growth rate in [%]  

Ym a x  is the maximum response of the organism 

x  is the concentrat ion in [mg/L]  

EC5 0  is the effect ive concentrat ion that causes 50 % growth inhibit ion  
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RESULTS 

GROWTH OF MICROALGAE SPECIES 

The dif ferent species Chlorella sorokiniana ,  Raphidocel is subcapitata ,  and 

Dunaliel la  sp. were grown at 23±2 °C in a 250 mL Erlenmeyer f lask with ISO 

standard algal medium where the medium for Dunaliel la sp. was enriched with 3 

g/L NaCl.  During the exper iment , continuous l ight at  an intensity of 7000 lux and 

shaking at 100 rpm was ensured.  In order to ident ify  growth as well as the dif ferent  

growth phases, a sample was taken dai ly for a period of ten days , and cel l  

numbers were measured with a Mult is izer Coulter Counter.  
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Figure 5: Growth of C. sorokiniana (CS, ■), R. subcapitata (RS, ♦) and Dunaliella sp. (D, ▲) based on the cell number 
per mL during 10 days after inoculation in freshwater medium  (CS, RS) and in freshwater medium enriched with 3 g/L 
NaCl (D) at t= 0 

One day after the inoculat ion C. sorokiniana  showed an exponential  growth with 

cel l numbers from 1.26×106  cel ls/mL to 1.14×107  cells/mL 24 hours later  

(dif ference of 1.01×107  cel ls/mL). The data to exponent ial growth equation  gives 

a maximum growth rate of 2.20 per day ( t=1-2) and therefore a doubl ing t ime of 

7.55 hours. The maximum cel l number was reached after four days with 1.58×107  

cel ls/mL. R. subcapitata  increased the cel l numbers exponentially from the f irst  

day after inoculat ion (1.71×106  cel ls/mL) to the third day (7.87×106  cells/mL) with 

an amount of 6.16×106  cel ls/mL. The growth rate here was 1.57 d - 1  (max: 1.86 d -

1) and the doubl ing t ime 10.62 hours. The maximum cel l number detected was 
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1.22×107  cells/mL at  t=5.  To put the growth of the two species in perspect ive the 

growth of another species, Dunaliella sp.,  was determined.  Exponent ial growth 

became vis ible dur ing the third day, where the culture grew 5.33×106  cells/mL in 

two days (t=3-5).  In this study, Dunaliel la reached a maximum specif ic growth of 

0.83 per day and doubled it  cells every 13.84 hours. The cel l numbers of al l three 

species were stabi l ized around 1.17×107  cel ls/mL. The growth curves based on 

the cel l numbers are supported with measured absorbance on curtain t ime (Figure 

6). 
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Figure 6: Growth of C. sorokiniana (CS, ■), R. subcapitata (RS, ♦) and Dunaliella sp. (D, ▲) based on the cell number 
per mL (solid line —) and on absorbance (dashed line ---) during 10 days after inoculation in freshwater medium (CS, 

RS) and in freshwater medium enriched with 3 g/L NaCl (D) at t= 0 

The growth curves based on cell  numbers and absorbance are similar  as can be 

seen in Figure 6. This supports the assumption that absorbance is direct ly 

proport ional to cel l number and can be used in experiments to calculate growth 

rates. Therefore, are fol lowing experiments of algal growth inhibit ion based on 

the absorbance at 450 nm.  
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Figure 7: Cell size distribution for R. subcapitata (RS, blue), C. sorokiniana (CS, green) and Dunaliella sp. (D, grey). 
Data from the day with maximum cell number achieved, For C. sorokiniana after 5 days, R. subcapitata and Dunaliella 
after 2 days 

The cell s ize distr ibut ion shown in Figure 7 was gained by data from the Mult isizer 

Coulter Counter. Two days (RS, D) and f ive days (CS) after inoculat ion in new 

medium the maximum cel l numbers per mL were detected. The mean cel l s izes to 

this point of t ime appeared to be 4.184 μm, 3.215 μm and 3.501 μm for R. 

subcapitata, C. sorokiniana and  Dunal iella  sp.,  respectively.  Dunaliel la sp.  

showed a decrease in numbers of cel ls with increas ing size, which was similar for 

R. subcapitata instead for and peek around 5 μm. C. sorokiniana appeared with 

more cel ls per mL in general and had a peek of cell  numbers around 3-4 μm. 

 

Growth rates are among others inf luenced by the  growth media and the therefore 

contained nutr ients for algae. Exper iments with dif ferent media composit ion in 

terms of concentrat ions of nutr ients  and with dif ferent carbon sources were 

executed and are shown in fFigure 8 Figure 9.  
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Figure 8: Absorbance at 450 nm for C. sorokiniana inoculated in media with different carbon sources Glucose (●), 
Sodium acetate (■) and Glycerol (▲), measured in a period of six days, number of replicates: 3, error bars represent 
SEM 

C. sorokiniana  showed the highest absorbance and therefore biomass in algal 

growth media with glucose with 0.118, fol lowed by 0.097 in media with addit ional 

sodium acetate and 0.077 with glycerol.  The access of CO2  as a carbon during 

the exper iment is given due to the exchange with air through a cotton plug.  The 

cotton stopper is used to avoid contamination of the culture. 

0 1 2 3

0.00

0.05

0.10

0.15

0.20

time in [days]

a
b

s
o

rb
a
n

c
e

standard

2x

10x

 

Figure 9: Absorbance of C. sorokiniana inoculated in media with different strength, standard based on the ISO growth 
media, double ISO (2x) and ten times ISO (10x) media of Macronutrients, Fe-EDTA, Trace elements and NaHCO3 
compared to the standard media. Two replicates for the standard and double media and n=4 for the ten times stronger 
medium, error bars represent SEM. 
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The growth of C. sorokiniana  in the double concentrat ion of the standard growth 

media was st imulated compared to the standard concentrat ion . However, after 

three days, the values of the experiment with double concentrat ion compared to 

the standard met the same values of  0.16. The alga in a ten t imes stronger 

medium showed growth dur ing the f irst day but stayed at constant  biomass at  

0.031 afterward.  The concentrat ion of some elements was probably too high and 

switched from being essential  to being inhibitory for the microalga. The results  

indicate that the alga never reached the exponential phase, which is a 

requirement to calculate growth rates.  The medium with 10x stronger nutr ients,  

therefore, was excluded from the fol lowing exper iments.  
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Figure 10: Growth inhibition curve of C. sorokiniana after 48 hours with quaternary ammonium compounds BAC (left) 
and DTAC (right) in ISO freshwater algae media with different strength (standard, 2x). 

By test ing the sensit iv ity of the alga whether it  has grown in dif ferent strengths 

of standard media, higher sensit ivity to BAC with EC5 0  values of 0.388 mg/L and 

0.502 mg/L for standard and double concentrat ions of ISO freshwater algae 

growth media, respectively,  was detected. Lower toxicity  to DTAC for C. 

sorokiniana  in growth media with double strength with an EC5 0  of 2.530 mg/L was 

measured compared to the toxic ity test in ISO standard media, which gave an 

EC5 0  value of 1.881 mg/L. 

 

In the standard of OECD (2011) it  is suggested that  with a slow-growing algae, 

the durat ion of the exposure should be prolonged as long as the val idity cr iter ia  

are adhered to.  As C. sorokiniana  is a fast-growing species,  which revealed a 
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growth rate of 2.20 d - 1 ,  which is higher than the standard species R. subcapitata 

as can be seen in Figure 6, in the fol lowing is discussed if  a reduct ion of test t ime 

has a negat ive effect  on the sensit iv ity of the alga.  

EXPOSURE OF 72 AND 48 HOURS 

To be able to determine whether the test durat ion can be decreased to 48 hours  

for C. sorokiniana  instead of 72 hours algal toxicity tests with mult iple substances 

were executed and the results of both t imes compared Figure 11 Figure 13).  
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Figure 11: Growth inhibition of Chlorella sorokiniana (CS) after 72 (●) and 48 hours (■) of exposure to quaternary 
ammonium compounds BAC, DTAC and DDAC. n=4 

EC5 0  values are evaluated and were 0.492 mg/L BAC after 72 hours and 0.449  

mg/L after 48 hours.  A 95 % conf ident interval was calculated of 0.454-0.533 mg/L 

and 0.412-0.491 mg/L for a durat ion of 72 and 48 hours,  respectively,  which gives 

an over lapping of 30.45 %. Toxicity tests with DTAC showed EC 5 0  of 0.233 mg/L 

after 72 hours and 0.226 mg/L after 48 hours. With the quaternary ammonium 
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compound DDAC results of 0.462 mg/L and 0.411 mg/L as EC5 0  were measured 

after 72 and 48 hours, respectively.  

In the following toxic ity test with reference substances K 2Cr2O7 ,  3,5-DCP, ZnSO 4  

and CuSO 4  after 72 and 48 hours are i l lustrated in Figure 12. 

-2 -1 0 1 2

0

50

100

150

K2Cr2O7

log(c) in [mg/L]

g
ro

w
th

 i
n

h
ib

it
io

n
 i
n

 [
%

] CS 72 hr

CS 48 hr

EC50

0.280 mg/L

0.242 mg/L

 

-2 -1 0 1 2

-50

0

50

100

150

3,5-DCP

log(c) in [mg/L]

g
ro

w
th

 i
n

h
ib

it
io

n
 i
n

 [
%

] CS 72 hr

CS 48 hr

EC50

4.221 mg/L

4.468 mg/L

 

-3 -2 -1 0 1 2

-50

0

50

100

ZnSO4

log(c) in [mg/L]

g
ro

w
th

 i
n

h
ib

it
io

n
 i
n

 [
%

] CS 72 hr

CS 48 hr

EC50

2.659 mg/L

1.914 mg/L

 

-3 -2 -1 0 1

-50

0

50

100

150

CuSO4

log(c) in [mg/L]

g
ro

w
th

 i
n

h
ib

it
io

n
 i
n

 [
%

] CS 72 hr

CS 48 hr

EC50

0.224 mg/L

0.170 mg/L

 

Figure 12: Growth inhibition of Chlorella sorokiniana (CS) exposed to reference substances K2Cr2O7, 3,5-DCP, ZnSO4 
and CuSO4 after 72 and 48 hours, data represent mean and SEM, n=2 

The toxicological effects of K 2Cr2O7  were calculated EC 50  values of 0.280 and 

0.242 mg/L for  C. sorokiniana  after 72 hours and 48 hours , respectively. The 95 

% CI of the EC50  for the 72-h test was 0.153 to 0.399 mg/L and for the 

measurement after 48 hours 0.125 to 0.348 mg/L, therefore showed an 

overlapping of 71.30 %.  An EC5 0  of 4.221 mg/L after 72 hours and of 4.468 mg/L 

after 48 hours, which was 0.585 % higher  than the toxicant 3,5-DCP on C. 

sorokiniana  was assessed. Furthermore, an EC5 0  of ZnSO 4  was reached at 2.659 

mg/L after 72 hours and 1.914 mg/L a day earl ier.  51.45 % over lapping of the 
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EC5 0  values was der ived from the 95 % confidence intervals of 1.918 to 3.737 

mg/L (72 hr) and 1.091 to 3.279 mg/L (48 hr).  The exper imental  run with CuSO 4  

gave EC5 0  values of 0.224 mg/L and 0.170 mg/L (0.30 % lower) of C. sorokiniana  

after 72 and 48 hours, respective ly.  

Glyphosate (Figure 13) had a higher toxic effect on C. sorokiniana  after 48 hours 

than 72 hours. With an EC 5 0  of 0.239 mg/L (0.206-0.274 mg/L) the concentrat ion 

needed for an inhibit ion of half  the populat ion  was close to double of the 

concentrat ion needed for after 48 hours (EC 5 0 :  0.173 mg/L, 95  % CI: 0.146-0.208 

mg/L). 
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Figure 13: Growth inhibition of Chlorella sorokiniana (CS) exposed to Glyphosate (left) after 72 (●) and 48 (■) hours, 
data represented in mean, n=3 and the weedkiller AlgeFri with the active compound pelargonic acid (right) after 24, 48 

(■) and 72 (●) hours of exposure, data represented in mean, n=3 

Algal toxicity tests with weedkil ler AlgeFri  with the act ive compound pelargonic 

acid showed var iable results dur ing the measurements (Figure 13). After 72 hours 

calculated EC 50  was 0.771 mg/L, after 48 hours 0.133 mg/L and after 24 hours  

0.100 mg/L.  95 % confidence intervals of EC5 0  at 72 hours (0.627-0.958 mg/L) 

and 48 hours (0.087-0.188 mg/L) do not overlap whereas 48 and 24 hours (0.070-

0.147 mg/L) over lap with 51.2 %. 

The results of toxic i ty tests with C. sorokiniana  after 24 hours were not used 

because the results of Figure 5 propose that  the exponent ial growth was not 

reached at 24 hours.  Except for AlgeFri to i l lustrate the dif ference in toxic 

response during the experiment . However, t reatment with QACs, reference 

substances, Glyphosate, and pelargonic acid resulted in similar or lower EC5 0  



New freshwater microalgae for  tox ic i ty  tes t ing 

 

27 

 

values for Chlorel la  at 48 hours compared to 72 hours. In the following, it  was 

worked with the results of 48 hours in terms of Chlorel la sorokiniana.  

 

TEMPERATURE CONDITION 

The species C. sorokiniana  is descr ibes as a thermophile species.  Therefore, 

exper iments (Figure 14Figure 16) were performed to examine the effect of 

temperature on the sensit iv ity of C. sorokiniana  to toxicants.  
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Figure 14: Growth of C. sorokiniana (CS), R. subcapitata (RS) and Dunaliella sp. (D) based on the cell number per mL 
during 10 days after inoculation at t= 0. Three growth experiments under ISO standard temperature of 23±2 °C with all 
species (CS, RS, D) and one experiment under 31±2 °C with C. sorokiniana (CS) 

The absorbance of Chlorel la sorokiniana under high -temperature condit ions (31±2 

°C) of 0.006 at t i the me of inoculat ion to 0.040 after 24 hours showed the entry 

of the exponential phase. A further exponential  increase of biomass to 0.191 at 

48 hours was given. The maximum growth rate of 1.90 d -1  was calculated for C. 

sorokiniana under 31±2 °C. Compared to the growth under  the standard 

temperature of 23±2 °C high temperature Chlorella revealed an earl ier start of the 

exponent ial phase from the day of inoculat ion. However, it  did not reach the 

maximum biomass of Chlorel la under standard temperature condit ions.  The 

curves of R. subcapitata and high temperature C. sorokiniana appear ed similar  

yet started latter ear lier in exponent ial growth.  
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The sensit ivity of Chlorella sorokiniana  to selected QACs under the two 

temperature condit ions of 23±2 °C and 31±2 °C was determined with growth 

inhibit ion tests (Figure 15). 
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Figure 15: Growth inhibition of Chlorella sorokiniana (CS) carried out under 23±2 °C (green, n=4) and 31±2 °C (red, 
n=2), exposed to quaternary ammonium compounds BAC, DTAC and DDAC, measured after 72 (●, ■) and 48 hours 
(▲, ▼). 

For BAC the EC5 0  values (72 hr: 0.492 mg/L, 48 hr:  0.449 mg/L) for a toxicity test 

at 23±2 °C are lower compared to those run at 31±2 °C (72 hr: 0.687 mg/L, 48 hr: 

0.635 mg/L). The response of C. sorokiniana  to DTAC was i l lustrated with values 

of EC5 0 .  At  23±2 °C they were 2.238 mg/L and 2,300 mg/L after 72 and 48 hours,  

respect ively. Effect ive concentrat ions with 50 % inhibitory effects on the 

populat ion at 31±2 °C after 72 and 48 hours were 2.263 mg/L and 2.459 mg/L, 

respect ively.  C. sorokiniana showed lower sensit iv ity to DDAC at 23±2 °C 
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(EC50=0.460 mg/L, 72 hr and EC 5 0=0.408 mg/L) compared to at 31±2 °C 

(EC50=0.372 mg/L, 72 hr and 0.381 mg/L,  48 hr).   

In Figure 16 toxicity tests with reference substances K 2Cr2O7 ,  3,5-DCP, ZnSO 4  

and CuSO 4  at two dif ferent experiment setups are i l lustrated. C. sorokiniana  was 

exposed to those toxicants  under temperature condit ions of 23±2 °C (72, 48 hr)  

and 31±2 °C (72, 48 hr).  
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Figure 16: Growth inhibition of Chlorella sorokiniana carried out under 23±2 °C and 31±2 °C, exposed to reference 
substances K2Cr2O7, 3,5-DCP, ZnSO4 and CuSO4, measured after 72 and 48 hours. Data represents mean and SEM, 
n=2 

The growth inhibit ion values of C. sorokiniana  at 23±2 °C after 72 and 48 hours  

as well as at 31±2 °C after 72 and 48 hours under exposure to K2Cr2O7  were 

evaluated with EC50 ,  which are 0.280 mg/L, 0.242 mg/L, 0.518 mg/L, and 0.398 

mg/L, respect ively. Therefore,  showed the test species had higher sensit iv ity 

grown under condit ions of 23±2 °C. The results of toxicity tests with 3,5-DCP 

showed EC5 0  values of 4.221 mg/L, 4.468 mg/L at 23±2 °C (72 and 48 hr) and 
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11.21 mg/L, 9.327 mg/L at 31±2 °C (72 and 48 hr) .  As seen in Figure 16 the two 

dif ferent condit ions present two dif ferent pathways of the growth curves based on 

the toxicity test with ZnSO 4 .  EC5 0  at condit ions at 23±2 °C lay at 2.659 mg/L and 

1.914 mg/L after 72 and 48 hours, resp ectively, and at 0.858 mg/L and 0.696 mg/L 

after 72 and 48 hours, respectively at 31±2 °C. With exposure to CuSO 4  EC5 0  is 

reached at 0.224 mg/L, 0.170 mg/L, 0.299 mg/L, 0.221 mg/L of C. sorokiniana  

after 72 and 48 hours at 23±2 °C as well  as 72 and 48 hours at 31±2 °C, 

respect ively.   

COMPARISON WITH STANDARD SPECIES R. SUBCAPITATA 

To determine if  the aim of this study to improve the standard algal toxic ity  tests 

can be met, i t  is to examine how the suggested species respond to toxicants in 

terms of sensit ivity compared to the standard species. Therefore, algal growth 

inhibit ion tests were performed with mult iple substances for both species  as seen 

in Figure 17 toFigure 19. 
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Figure 17: Nonlinear Fit of Growth inhibition of Chlorella sorokiniana (n=4) after 48 hours and R. subcapitata (n=2) 
after 72 hours of exposure to quaternary ammonium compounds. 

EC5 0  value of the algal toxicity test with BAC for C. sorokiniana  was 0.449 mg/L 

whereas for R. subcapitata  i t  was 0.330 mg/L. Furthermore, were EC 50  values of  

0.226 mg/L for C. sorokiniana  and 0.2768 mg/L for R. subcapitata  i f  exposed to 

DTAC. At an effect ive concentrat ion of 0.768 mg/L DDAC was the growth of R. 

subcapitata  after 72 hours inhibited of  50  %, whereas for C. sorokiniana  i t  

appeared to be 0.411 mg/L DDAC.  
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Figure 18: Growth inhibition of Chlorella sorokiniana after 48 hours (CS 48 hr) and R. subcapitata after 72 hours (RS 
72 hr) of exposure to reference substances K2Cr2O7, 3,5-DCP, ZnSO4 and CuSO4. Error bars represent SEM, n=2 

C. sorokiniana  is more sensit ive to K 2Cr2O7  with a EC5 0  of 0.242 mg/L than the 

standard test species R. subcapitata  with an EC5 0  of 0.970 mg/L. In terms of 3,5-

DCP responded Raphidocel is  with a higher sensit iv ity (EC 5 0=3.640 mg/L) 

compared to Chlorel la  (EC50= 4.468 mg/L) . An EC5 0  of 1.914 mg/L ZnSO4  for C. 

sorokiniana  and 0.391 mg/L ZnSO4  for  R. subcapitata was calculated. The 

inhibit ion of the growth of C. sorokiniana  did not reach 100 %. The growth 

inhibit ion curve of C. sorokiniana  and R. subcapitata  on CuSO4  appears similar .  

Values of EC50  are 0.170 mg/L and 0.155 mg/L for C. sorokiniana  and R. 

subcapitata ,  respect ively.  

Furthermore, algal toxic ity tests were run with Glyphosate as act ive compound in 

Round Up© and the herbicide AlgeFri with the act ive compound pelargonic acid 

and i l lustrated in Figure 19.  
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Figure 19: Growth inhibition of Chlorella sorokiniana after 48 hours (CS 48 hr) and R. subcapitata after 72 hours (RS 72 
hr) of exposure to Glyphosate (left), data represents mean with number of replicates: 3 and the weedkiller AlgeFri with 
the active compound pelargonic acid (right) after 24, 48 and 72 hours of exposure, data represents mean with number 

of replicates: 2 

Chlorella sorokiniana  showed an adverse effect by exposure to glyphosate with 

an EC5 0  of 0.173 mg/L as wel l as R. subcapitata  with EC5 0= 0.248 mg/L. The toxic 

effect of the compound pelargonic acid in AlgeFri can be seen in the growth 

inhibit ion curve of C. sorokiniana  and  R. subcapitata  in Figure 19. The herbicide 

showed dif ferent inhibitory effects throughout the exposure t ime. The longer the 

test period the less sensit ive became the species C. sorokiniana  (EC5 0 ,  t ime 

increasing: 0.100, 0.133, 0771 mg/L). This effect  of increasing resistance can be 

seen with the standard species R. subcapitata  as wel l.  However, Chlorel la (EC5 0=  

0.133 mg/L) is more sensit ive after 48 hours than Raphidocel is with a measured 

EC5 0  of 0.822 mg/L after 72 hours.  
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DISCUSSION 

GROWTH OF MICROALGAE SPECIES 

Prior studies stated that Chlorel la sorokiniana  has a higher growth rate compared 

to other algae species. For example,  compared Asadi, et al .  (2019) Chlorella 

sorokiniana  to Chlorel la vulgar is  and found higher specif ic growth rate, biomass 

product iv ity, and cel l double t ime. The isolator of C. sorokiniana,  Constant ine 

Sorokin, determined a maximum cell doubl ing t ime of C. sorokiniana  about 11.3 

hours at 25 degrees Celsius (Sorokin, 1967) . Whereas Lizzul et al  (2018) found 

a doubl ing t ime between 4-6 hours at opt imal growth condit ions (35 -40 °C).  

In this study, C. sorokiniana  revealed a maximum growth rate of 2.20 d - 1  ( t=1-2) 

with a doubl ing t ime of 7.55 hours.  Therefore,  C. sorokiniana  had a higher growth 

rate than R. subcapitata  with 1.86 d - 1 .  Also, Yamagishi (2017) found a specif ic 

growth rate of 1.95 per day for R. subcapitata .  Calculated from data of cel l  

numbers per mL counted by  Mult isizer Coulter Counter maximum cell doubl ing 

t ime of R. subcapitata is 10.89 hr. In similar  results came Machado & Soares 

(2022) found a duplicat ion t ime of around 10.4 hours.  In terms of Dunaliella  sp.  

the doubling t ime was 13.48 hours. In conclusion, the species can be ranked as 

the fastest-growing Chlorella sorokiniana  > Raphidocel is Subcapitata  > Dunaliel la 

sp . .  

I t  is to ment ion that Dunaliella  was not grown under its theoret ical optimum 

condit ions. The species can tolerate temperatures between 0 °C and 45 °C with 

its optimum around 32 °C (Khatoon, et al. ,  2020) . Anyways, Khatoon, et al.  (2020)  

found the highest specif ic growth rate at 0.53 day -1  and a maximum cel l number 

of 6.95 × 106  cel ls/mL, which was exceeded in the present study with a maximum 

cel l number of 1.17×107  cel ls/mL and a maximum growth rate of 0.83 d -1 .  

Moreover, C. sorokiniana  entered the exponent ial  phase of growth one day after  

inoculat ion as wel l  as R. Subcapitata.  Dunaliel la  sp. started detectable 

exponent ial growth on day three.  That led to the assumpt ion that the standard 

and the new species C. sorokiniana  can be used for  the algal growth test 24 hours 

after inoculat ion. Addit ional ly , it  is to note that  Chlorella sorokiniana  reached a 

higher maximum cel l number per mL compared to the other two species. That 



New freshwater microalgae for  tox ic i ty  tes t ing 

 

35 

 

supports the growing interest in the species  in the f ield of biofuel and biomass 

product ion due to its high growth rate  and cel l product ion (Gim, et al. ,  2013)  

Figure 7  

The mean cell size of R. subcapitata  on day two, where the maximum cel l numbers  

occurred, was 4.184 μm. That is supported by the study of Yamagishi (2017), 

where this species grew to an average cell diameter of 5 μm. Cells of R.  

subcapitata  grow to a bigger mother cel l  to div ide by mult iple f ission into four 

daughter cel ls (sometimes two or eight daughter cells)  (Yamagishi,  et al. ,  2017) . 

Normally cel l div is ion is fol lowed by a sl ight decrease in mean cel l diameter ,  

which did not appear  in the present experiment and instead followed by 

stabi l izat ion in size.  

To assess the optimal growth condit ions exper iments with media enr iched by 

dif ferent carbon sources were exhibited. Therefore,  three freshwater media were 

prepared with either 10 g/L Glucose, 2 g/L sodium acetate , or 0.15 M glycerol.  As 

other papers pr ior ly stated C. sorokiniana  grows better in media enr iched with 

glucose, sodium acetate, or glycerol (Lizzul,  et al. ,  2018) . In this paper , a 

preference for glycerol is seen fol lowed by glucose and sodium acetate ( Figure 

8). Gim, et al.  (2013) found the highest increase in biomass for Chlorel la sp .  to 

be with glucose -enr iched media with the most effect ive concentrat ion of 0.2 % 

(Gim, et al. ,  2013) . In Gims research glucose is ranked as the best carbon source 

for growth, but the researchers did not investigate the effect of sodium acetate or 

glycerol.  

In I l lustrat ionFigure 8 of this study, the early exponent ial phase was visible and 

changed to exponential growth on day two for al l three carbon sources. Further 

research determined the effect of glucose and NaAc among others on the growth 

of C. Sorokiniana .  Here it  was found that with glucose fol lowed by sodium acetate  

as a carbon source, the species grew more rapidly than with other carbon sources,  

which supports the data of this study. As glucose has sodium acetate a simple 

structure that makes it  easy to be assimilated in the microalga. Therefore, they 

are able to give energy to the alga more easily  (Hongj in & Guangce, 2009) .  

Chlorella sorokiniana  displayed the highest absorbance and therefore biomass in 

growth media with added glucose with 0.118 (sodium acetate: 0.097, glycerol:  

0.07) whereas R. subcapitata  grew best in  media with added glycerol (absorbance 
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0.08) (Appendix 2) . The exper iment with  the heterotrophic growth of C. 

sorokiniana ,  i l lustrated in Appendix 3, showed the highest absorbance of 0.10 

sodium acetate. Also, (Abiusi,  et al. ,  2020)  published results that indicate sodium 

acetate was a better carbon source than glucose  in terms of biomass product ion . 

Chlorella can grow mixotrophic where l ight is the main source of energy, but 

organic and inorganic carbon is assimilated at the same t ime (Gim, et al. ,  2013) . 

Abiusi,  et al.  (2020)  concluded in their study that  mixotrophic algal growth had 

better results in biomass productiv ity due to two energy sources avai lable  than 

under heterotrophic condit ions . This statement  is supported by evaluated data of  

the present study, where higher growth rates of C. sorokiniana  were seen with 

added glucose than grown under heterotrophic condit ions .  Furthermore, the 

Chlorella  grew faster than R. subcapitata  with every added carbon source.   

I t  emphasizes that-,  i f  glucose or glycerol is added to an algal medium the r isk of  

bacterial contaminat ion is given.  

Addit ional ly, i t  is worth noting that the values of the absorbance appear lower 

than expected. A possibi l i ty is there were not enough generations achieved before 

start ing the exper iment. The alga arr ived on an ESP -agar and was transferred 

into a freshwater algal medium. The alga has to adapt to the new environment 

and condit ions f irst.  

Nutr ients are one l imit ing factor of algal growth , hence why an experiment was 

conceptualized to examine the effect of  higher concentrat ions of nutr ients in a 

standard growth medium. Thus, two growth media prepared, based on the ISO 

standard medium, but with double- and ten-t imes increased Macronutr ients,  

FeEDTA, NaHCO 3 ,  and trace metals prepared (see page 11). St imulated growth 

of C. sorokiniana  was seen in media with double the concentrat ion . The alga in a 

ten t imes stronger medium showed similar growth dur ing the f i rst day as the other 

exper imental setups but stayed at constant biomass afterward. The concentrat ion 

of some elements was probably too high and switched from being essent ial  to 

being toxic for the alga. 

To answer the quest ion with the medium of the above the algae is more sensit ive 

to further toxicity tests. To both chemicals, BAC and DTAC,  Chlorel la  was more 

sensit ive in medium with standard concentrat ion, than in medium with double 

strength. Therefore, the alga is more sensit ive at its non-optimum condit ions.   
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Abiot ic factors, including pH, l ight, temperature, and nutr ients can show an effect  

on the response to toxicants by microorganisms. For instance, can high 

concentrat ions of Ca and Mg lower the toxic ity of metals,  or the iron concentrat ion 

affect Copper toxici ty. Also, can the nutr ient status have an effect  on algal  

sensit iv ity to toxic substances. Their phosphor, nitrogen, and carbon metabol ism 

play an important role.  Nalewajko & Olaveson (1998) names the example of 

Anabaena variabil is  which is able to grow under higher Cu concentrat ion when  

loaded with phosphorus but not under l imited phosphate condit ions. A 

combination of stressors can be addit ive, synergist ic or antagonist ic and is unique 

for every species. 

EXPOSURE 72 AND 48 HOURS 

As the results showed above exponent ial phase of Chlorel la sorokiniana  was 

init iated after 24 hours,  therefore the question was raised if  the results of algal 

toxic ity tests can be measured after 48 hours  and are those rel iable.  

To al l  testes quaternary ammonium compounds (BAC, DTAC, DDAC) C. 

sorokiniana was more sensit ive after 48 than 72 hours (Figure 11). Addit ional ly ,  

resulted in the growth inhibit ion tests with reference compounds in higher 

sensit iv ity after 48 hours compared to 72 hours  except for 3,5-DCP, where the 

EC5 0  appeared sl ight ly higher after 48 hours.  For the act ive compounds in 

herbicides,  glyphosate, and pelargonic acid, a similar case as with the major ity 

of compounds, higher sensit iv ity after 48 hours, occurred.  

I t  was not iced that the response of algae species varied after every measurement 

of one exper iment. The act ive compound pelargonic acid is described to act 

rapidly. I t  damaged plants with in 15-60 minutes and but re-growing cannot be 

prevented (Savage & Zorner, 1996) . This may explain the lower toxic effect  after  

longer exposure. The compound is highly act ive in the f irst hours but then loses 

its inhibitory effect and cells can grow unhindered.  

 

Decrease with length of alkyl chain (Zhang, et al. ,  2015) . BAC very long chain..  
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However, treatment with QACs, reference substances, Glyphosate , and 

pelargonic acid resulted in lower or similar EC5 0  values for C. sorokiniana  at 48 

hours compared to 72 hours.  Also, Liu, et al .  (2022) found apparent results after  

48 hours by analyzing the toxic effects of  f lame retardances on C. sorokiniana .   

Therefore, can the use of results after 48 hours exposure to toxicants instead of  

72 hours by applying test species C. sorokiniana  be recommended.  

TEMPERATURE CONDITION 

Due to the circumstance that temperature plays an important role in the growth 

of microalgae, it  should always be considered but can also be used as a tool to 

optimize microalgae growth (Khatoon, et al. ,  2020) . The optimum temperature 

range for C. sorokiniana  is 38 to 39 °C (Sorokin, 1967) . In this study, it  was 

investigated if  the optimum temperature has an impact on the sensit ivity of the 

species to toxicants. First  growth curves without toxicants were determined to 

assess the growth under opt imum condit ions.  Hence, a maximum growth rate of  

1.897 d - 1  was calculated for C. sorokiniana  under 31±2 °C, which is lower than 

under 23±2 °C (2.20 d - 1).  Nonetheless, the high-temperature version of Chlorella  

appeared with an earlier exponential growth  phase under standard temperature.  

Further, algal inhibit ion growth tests were performed with the three QACS and 

four reference substances at two temperature condit ions of 23±2 °C and 31±2 °C  

(Figure 15). Somet imes growing algae under opt imum condit ions can result  in 

lower sensit iv ity to toxicants because there are no t mult iple stressors present that 

interact and weaken alga. The lack of these may fol low in higher resistance 

compared to the condit ion that is in mult iple parameters not optimal . This is 

indicated by present data of toxic ity tests with dif ferent substances at 23 ±2 °C 

and 31±2 °C. C. sorokiniana  has grown under less favoured condit ions of 23±2 

°C shows higher sensit ivity to Quaternary Ammonium compound BAC and similar  

curves were obtained with DTAC and DDAC. Test runs with the reference 

toxicants K2Cr2O7 ,  3,5-DCP, and CuSO4  gave lower EC 50  values for condit ions 

under lower temperatures, whereas for ZnSO 4  the algae showed higher 

resistance. In general,  the new test species Chlorella  indicated a higher 

sensit iv ity grown under unfavourable condit ions of 23 degrees Celsius.  
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Consider ing that Chlorel la  species are used as indicator species for z inc  (Vander 

Wiel,  et al. ,  2017) , the toxicity test for z inc in this study with C. sorokiniana  at 

23±2 °C seems unreal ist ic.  The toxic act ion of a metal is inf luenced by  dif ferent 

water parameters. Organic matter concentrat ion, hardness of water , and pH, 

among others, have an impact on metal bioavai labi l i ty. Bioavai labi l i ty is used to 

descr ibe the rate and extent at which a toxicant (metal) accesses the site of act ion  

(Adams, et al. ,  2019) . Researchers found with increasing pH value a lower 

concentrat ion of toxicant is needed to reach EC 50  which means the alga becomes 

more sensit ive (Frankl in, et al. ,  1998) . The water used for dilut ion, and algal 

media growth used for the test could have changed the water parameters and 

therefore the way ZnSO 4  affected the algal cel ls. Nonetheless, the test procedure 

does not give the impression this reason is accurate,  because al l three 

exper iments (CS 23C, CS 31C, RS 23C) were executed on the same day using 

the same material with a month dif ference between the repl icates.  

Even though mult iple studies suggest an optimum temperature over 30  °C for C. 

sorokiniana and characterized it  as a high-temperature strain,  the study by Asadi, 

et al.  (2019) disagreed. They compared the growth of algae species under 

dif ferent temperatures (25, 28 , and 32 °C) and found that at  28 °C the maximum 

specif ic growth rate and biomass productiv ity can be reached for C. Sorokiniana .  

That indicates the optimum temperature for growth of C. Sorokiniana  is 28 °C. 

The decl ine of growth rate after 28 °C in the study of Asadi, et al. ,  (2019) may 

indicate why the growth rate in the present study is lower under high temperatures 

than standard temperature.  

COMPARISON WITH STANDARD SPECIES R. SUBCAPITATA 

Microalgae cells show a wide range of sizes and shapes. In l i terature, it  is often 

stated that smaller cel ls should have higher sensit iv ity due to the higher cell  

surface. Levy, et al.  (2007)  found no clear evidence in their study to approve that  

statement. In their study, it  appeared that there is no signif icant relat ionship 

between sensit iv ity to copper and cel l surface area of dif ferent algae species. 

Furthermore, contrary to expectat ion the cel l wall  type does not inf luence 

sensit iv ity to copper.  Coccol ith-producing strains and species with cel l wal ls were 

found to be less tolerant than coccol ith -absent and naked species. Levy, et al.  
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(2007) suggests the uptake rates for algal species inf luence metal -sensit iv ity  

(Levy, et al. ,  2007) . On the other side, some literature suggested that morphology 

correlates with sensit ivity. The most sensit ive are those with smaller diameters 

and microalgae with bigger cel l sizes show higher tolerance. The correlat ion 

between cel l s ize and the adverse effects of metals is seen in the study of 

Chiell in i,  et al.  (2020) which examined the response of Chlorel la  species. In the 

present study, R. subcapitata  is recognized with larger cel ls compared to. C. 

sorokiniana.  The f indings of Chiel l in i,  et al.  (2020) of a correlat ion of cell size 

and sensit iv ity was supported by examined data of this study. C. sorokiniana  with 

smaller cel ls appeared overall as more sensit ive than the bigger R. Subcapitata  

(Table 4).  

In the paper of  Zhang, et al.  (2015) the toxic effect of QACs on C. vulgaris was 

examined. The EC5 0  values of BAC ranged from 0.11-0.203 mg/L which do not 

coincide with the EC 5 0  values of  C. sorokiniana  and R. subcapitata .  This can be 

explained because in the paper BACs with long alkyl chains were investigated 

and with an increase in length the EC5 0  values decrease  (Zhang, et al. ,  2015)  e.  

The present study, therefore, was due to the use of BAC with short  alkyl chains,  

EC50 values higher than in compared paper.  The trend of increasing sensit iv ity 

( lower EC50) with longer alkyl chains of  the QACs specie was demonstrated, in 

order:   BAC (C8-18)> DDAC (C10) > DTAC(C12). Furthermore, the EC5 0  values 

calculated by this paper were 0.188 mg/L DTAC for C. vulgaris  which are 

comparable with 0.266 mg/L on C. sorokiniana when consider ing that Zhang, et  

al.  (2015) worked with 96-hour tests.  

For visual isat ion EC5 0  and EC2 0  values were, for better visual isat ion, plotted in 

Figure 20 with values of  the alga species  C. sorokiniana  against R. subcapitata .   
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Figure 20: Values of EC50 of each tested substance on Chlorella sorokiniana after 48 hours (CS 48 hr) against R. 
subcapitata after 72 hours (RS 72), dashed line represents the zoomed in area to the right 

The EC5 0  of K2Cr2O7  est imated by Kusk,  et al.  (2018) based on the species  R.  

subcapitata was 0.60 mg/L, whereas it  was 1.19 mg/L in  the ISO standard of  1997 

what Kusk explains with their use of lower pH values. The evaluated EC50  value 

with 0.970 mg/L in the present study supports more the ISO standard which was 

worked with.  Furthermore, Prince (2023) found the EC50  of Zinc on Chlorel la  sp.  

to be 112 microg Zn/L. Based on this the EC5 0  of ZnSO4×7 H2O, assessed in this 

study, is 0.493 mg/L. This value f i ts around the determined value of 0.391 mg/L 

of R. subcapitata .  The inhibitory effect of  Glyphosate in l i terature was found to 

be 7.8 mg/L with a lower 95 % CI border  of 3.0 mg/L (Blaise & Vasseur, 2005) .  

Both species C. sorokiniana  and R. subcapitata  in this study appeared with higher 

sensit iv ity than in the paper of Blaise & Vasseur  (2005).  

The species Dunaliel la  is more resistant to al l test  toxicants compared to  C. 

sorokiniana  and R. Subcapitata .  

 

Table 4: determined EC50 and EC20 values of Raphidocelis subcapitata after 72 hours (RS 72 hr) and Chlorella 

sorokiniana after 48 hours (CS 48 hr) of microplate algal toxicity tests  

 EC5 0  [mg/L] EC2 0  [mg/L] 

Substance RS 72 hr CS 48 hr 
RS 72 

hr 

CS 48 

hr 

BAC 0.330 0.449 0.199 0.286 

DTAC 0.277 0.226 0.161 0.208 
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DDAC 0.768 0.411 0.559 0.377 

K2Cr2O7  0.970 0.242 0.636 0.083 

3,5-DCP 3.640 4.468 3.434 3.873 

ZnSO 4  0.391 1.914 0.213 0.562 

CuSO 4  0.155 0.170 0.108 0.118 

Glyphosate 0.248 0.173 0.170 0.121 

pelargonic acid  0.822 0.133 0.740 0.077 

 

Overal l,  responded C. Sorokiniana  with higher sensit iv ity than the species R. 

subcapitata  used in ISO standard toxicity test.  The sensit ivity to examined 

toxicants in order of  decl ining toxic ity: Pelargonic acid> CuSO4> Glyphosate> 

DTAC> K2CR2O7> DDAC> BAC> ZnSO4> 3,5-DTAC This and the fact that the 

execut ion t ime of the toxicity test can be reduced to 48 hours instead of 72 hours 

al lows C. sorokiniana  to be recommended as a new species for algal inhibit ion 

growth tests.  

 

CONCLUSION 

Anthropogenic act iv i ty  is pollut ing ecosystems and especially freshwater should 

be under higher protect ion due to its important use as dr inking water  and the r isk 

of disrupting the ecosystem`s balance. Toxicants discharged in freshwater can 

cause harm to aquatic microorganisms. Those microorganisms, in part icular , 

microalgae bui ld the base of the food chain as being the dominant primary 

producers but also secure water pur if icat ion and the funct ion of the freshwater 

ecosystem (Liu, et al. ,  2022) . With the use of algal toxicity tests chemicals can 

be classif ied regarding their hazardous potential  and elaborate water quality 

cr iter ia. Further, they f ind its appl icat ion in biomonitor ing  and assessing eff luents 

in order to regulatory statutes  to detect possible hazardous substances and lead 

to possible steps to intervene. This study focused on improving the standard 

microplate algal toxicity test  based on new freshwater microalg a. Therefore, the 

species Chlorel la sorokiniana  was investigated. Due to its  abi l i ty to be fast-

growing C. sorokiniana  resulted in lower or  s imilar EC5 0  values after  48 hours 

compared to 72 hours.  Furthermore, the study revealed a higher sensit iv ity of the 
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Chlorella  species to the majority of  testes compounds than the microalga R. 

subcapitata ,  species used for ISO standard toxicity test.  I t  can be concluded that 

Chlorella sorokiniana  can be recommended as new test species for microplate 

algal toxic ity tests.  
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APPENDIX 

Appendix 1: Absorbance of Chlorella sorokiniana (CS), Raphidocelis subcapitata (RS) and Dunaliella sp. (D) measured 
daily in a period of ten days with the inoculation at t=0.  
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Appendix 2: Absorbance of R. subcapitata inoculated in media with different carbon sources Glucose (●), Sodium 
acetate (■) and Glycerol (▲), measured in a period of six days, number of replicates: 3, error bars represent SEM 

0 2 4

0.00

0.02

0.04

0.06

0.08

0.10

RS carbon source

time in [days]

a
b

s
o

rp
ti

o
n

Glucose

Sodium Acetate

Glycerol

 



New freshwater microalgae for  tox ic i ty  tes t ing 

 

48 

 

Appendix 3: Absorbance of C. sorokiniana under heterotrophic conditions inoculated in media with different carbon 
sources Glucose (●), Sodium acetate (■) and Glycerol (▲), measured in a period of six days, number of replicates: 3, 
error bars represent SEM 
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