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Abstract: Microalgae are highly attractive to various industrial sectors and can serve as indicators 
of aquatic environmental health. An essential step for cultivating microalgae is assessing the cell 
density, which is traditionally performed through viable cell counting by optical microscopy (OM). 
However, this method has some limitations, such as the time involved in the process of counting, 
and the need for specialized training of laboratory personnel. Spectrophotometry is an affordable 
alternative, especially when applied to culture growth and toxicological tests. We chose the 
wavelength of 680 nm to detect the optical density (OD) of the green freshwater microalga 
Desmodesmus subspicatus and green the marine microalga Tetraselmis sp. The correlation between the 
number of cells and OD was suitable for both microalgae and accuracy was comparable to 
traditional OM counting. In toxicological tests, the OD technique allowed the monitoring of 
microalgal growth in the presence of the chemicals potassium dichromate, potassium chloride and 
sodium dodecyl sulfate (SDS), with results very close to those reported in the scientific literature. 
This study sheds light on this well-known technique, which is an important contribution since few 
articles have explored its potentialities and fragilities, showing the successful application to 
monitoring green microalgal cultures and toxicological assays. 

Keywords: spectrophotometry; Desmodesmus subspicatus; Tetraselmis sp.; microalgal culture; optical 
density; optical microscope counting; toxicity test 

 

1. Introduction 

Microalgae are a heterogeneous group of cosmopolitan eukaryotic and prokaryotic cellular 
organisms, ranging from 2 to 200 µm [1]. In general, they are organisms of great ecological 
importance since they are responsible for primary production, nutrient cycling, and energy flow [2–
4]. Besides their important role in nature, over the years microalgal cultivation has been increasingly 
explored due to its attractive characteristics. Microalgae have relatively fast growth, including in 
culture media composed of low-cost nutrients, without the need for dry and arable land with 
sufficient water and space in comparison with plants, resulting in high biomass production when the 
cultures are in favorable conditions [5]. 

Biomass composition varies according to the species of the cultivated microalga, a feature that 
is of strong economic interest in the biotechnology field [6]. This interest is due to the possibility of 
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controlling microalgal cultures for commercial applications such as production of fertilizers, fuels, 
high-value chemicals, livestock feed, aquaculture inputs, bioactive compounds for human dietary 
supplementation (nutraceuticals), antioxidants, and dyes [3,6–8].  

Since microalgae are fast-growing organisms that are highly sensitive to biotic and abiotic 
changes, and the presence of contaminants, they are increasingly applied as test organisms in toxicity 
assays [9,10]. Moreover, because they are abundantly present in a wide range of ecosystems and their 
ecological importance, microalgae are promising organisms to indicate the health of ecosystems, in 
particular aquatic and marine ones [4]. Ecotoxicological assays have gained more importance and 
attention in recent years given the need to understand the impacts caused on the environment by 
human activities [11]. Marine ecosystems are among the most affected since they are the final 
destination of several contaminants, especially those discharged by industrial and residential 
effluents [12,13]. 

When applying microalgae as test organisms in toxicological tests, it is possible to investigate 
the acute, subacute or chronic effects of the tested chemical substances, with acute and chronic 
toxicity assays being used the most [14]. The tests are performed by exposing a microalgal culture to 
a contaminant at different concentrations and comparing the decrease in cell density during an 
exposure time, which can vary between 6 and 96 hours for algae [15], allowing plotting a dose-
response curve. Usually, due to the several concentrations tested, and the requisite replicates, 
toxicological tests are performed with many samples, which need to be analyzed during the 
respective exposure time. 

Assessing the cell density and culture growth is an essential step, both for microalgal cultivation 
for biotechnological proposes and for the assessment of toxic effects in ecotoxicity assays. Among the 
best-established methods to quantify cell density, dry biomass measurement and viable cell counting 
stand out [16]. In general, the most used method is viable cell counting. It is relatively inexpensive 
since it only requires an optical microscope and a counting chamber, such as a hemocytometer [17,18]. 
However, this method often is inefficient because it can be influenced by several factors, such as the 
need for manipulation, the long time spent and low reproducibility, besides the need for trained 
professionals. 

Some techniques can be used to automate the cell counting process, such as flow cytometry and 
the Coulter counter system [19–22]. However, these techniques are expensive and not accessible to 
most laboratories [20]. For this reason, further studies need to be conducted to investigate more 
accessible methods with high efficiency and speed, with the ability to quantify the cell density of 
microalgae. 

Among the techniques already used in the laboratory, a possible alternative is the use of optical 
devices like fluorimeters and ultraviolet-visible (UV-Vis) spectrophotometers [23]. In particular, the 
UV-Vis technique allows quantification through the detection of optical density (OD). The results are 
generally cost-effective, accurate, reproducible and obtained quickly, making the method popular 
[24–27]. This specific technique thus is an attractive alternative to correlate indirectly the cell density 
of microalgae with the absorption at specific wavelengths in a reliable way [11,28]. 

Therefore, this study was developed to assess the effectiveness of using OD detected by UV-Vis 
spectrophotometry to correlate the cell density of microalgae cultivation, using two species of green 
microalgae of the phylum Chlorophyta: Desmodesmus subspicatus and Tetraselmis sp., which are 
abundant in freshwater and marine ecosystems, respectively [29]. For this, a regression model was 
standardized to estimate the cell density of both microalgae cultivated in the laboratory, by 
measuring the spectrophotometric absorbance of culture suspensions, compared to traditional cell 
counting by optical microscopy (OM). To ensure this method's applicability, we also used it to 
measure the cell density in ecotoxicological assays using referenced chemicals (K2Cr2O7, KCl, and 
SDS), recommended by standard guides as highly toxic in microalgal assays. 
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2. Materials and Methods 

2.1. Microalgae Strains, Culture Conditions, and Growth 

The freshwater microalga D. subspicatus was kindly provided by the University of the Joinville 
Region (UNIVILLE), Brazil, and Federal University of Santa Catarina (UFSC), Brazil. Microalgal 
culture and maintenance were performed in CHU medium [30] according to ABNT (Brazilian 
Association of Technical Standards) protocol NBR 12648 [31]. The marine microalga Tetraselmis sp., 
strain CCMP908 (Bigelow Laboratory for Ocean Sciences) was kindly provided by the Engineering 
and Malacoculture Laboratory (LEMAQUI) of Federal University of Paraná (UFPR), located in Pontal 
do Paraná, Paraná, Brazil. Microalgal culture and maintenance were performed in Conway medium 
[32] according to ABNT protocol NBR 16181 [33]. Both microalgal cultures were kept at controlled 
temperature (20 ± 2 °C), illumination (500 lux), and aeration. The cultures were renewed weekly with 
the addition of 80% sterile medium. To assess D. subspicatus and Tetraselmis sp. growth, 300 mL of the 
culture of both microalgae was maintained under the described conditions, and growth parameters 
(cell density and pH) were recorded daily until cultures reached the stationary phase. 

2.2. Cellular Density Determination 

The cell density of D. subspicatus and Tetraselmis sp. was determined by indirectly estimating the 
number of cells by the optical density (OD) of the microalgal cultures, through spectrophotometry 
(IL-593-S, Kasuaki, China). To ensure the appropriate wavelengths for the analysis, a wavelength 
scan was carried out ranging from 300 to 800 nm with both microalgae in the exponential growth 
phase. For the indirect quantification, different dilutions of the microalgae culture samples in the 
exponential phase were performed, from which we measured the number of cells via OM cell 
counting using a Neubauer chamber, and determined OD by spectrophotometry. Both cell numbers 
and OD were correlated in a calibration curve to obtain equations by the linear regression model 
(Equation 1), necessary to infer the cell number of culture samples using only spectrophotometry. 

Cell density (cells/mL) = a + b * ODXXX. (1) 

2.3. Toxicity Tests 

Chronic toxicity tests were performed with both microalgae using the reference substances 
K2Cr2O7, KCl, and SDS, which are already known as reference chemicals due to their toxicity. Tests 
were developed according to the guidelines of ABNT [31,33]. The chemicals K2Cr2O7 and SDS were 
dissolved in stock solutions of 10 mg/L in DIN medium (the medium recommended by ABNT for 
toxicity tests) for D. subspicatus tests and Conway medium for Tetraselmis sp. tests. The exposures 
were performed at the concentrations of 0.1, 1, 10, 100, and 1,000 mg/L for K2Cr2O7 and SDS. For the 
KCl tests, we prepared a stock solution of 100 mg/L in DIN medium for D. subspicatus, and performed 
at concentrations of 1, 10, 100, 1,000, and 10,000 mg/L. For the test with Tetraselmis sp., KCl was 
dissolved in ultrapure water at the concentration of 300 mg/L, and the exposure concentrations were 
10, 100, 1,000, 10,000, and 100,000 mg/L. Negative controls were also used for each independent assay, 
to assess proper microalgal growth. 

Tests were performed in triplicates at the initial cell concentration of 2.5x105 cells/mL, in the final 
volume of 20 mL, and kept in a shaker incubator (LT 600/2, LimaTec, Brazil) in the controlled 
conditions of 20±2 °C, 150 rpm, and 500±50 lux for 96 h. Cell density was measured every 24 hours 
by OD. Test acceptability criteria for OD measurement were the average OD680nm reading ranging 
>0.10 and <1.8 for the controls and treatment. The cell suspensions were diluted in culture media 
when extrapolating the absorbance of 1.8, and R2 of more than 0.8, and the best fit (highest R2 value 
among the exposure times) in linear regression for EC50 (half maximal effective concentration) 
calculation. Results were submitted to analysis of variance (ANOVA) with the RStudio software to 
evaluate significant differences between the cell density of the control and reference substances, 
allowing the definition of the values of NOEC (no observed effect concentration) and LOEC (lowest 
observed effect concentration). The EC50 values were calculated by the software GraphPad Prism 8.  
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3. Results and Discussion 

3.1. Relationship between Numbers of Cells per mL and Optical Density 

The absorption spectra of both microalgal cultures in the range of 300 to 800 nm are presented 
in Figure 1, showing several absorbance peaks, mainly from 400 to 525 nm and between 625 and 715 
nm. Absorption peaks were observed for both D. subspicatus and Tetraselmis sp. in these specific 
ranges (Figure 1a), which are two wavelength regions related to light absorption patterns of the 
chlorophyll (Chl) present in both microalgae. Analysis of the absorption spectra of microalgae show 
absorbance peaks according to the composition of cell pigments [34].  

It is well known that photosynthetic organisms have accessory pigments, which are present in 
the chloroplast and are essential for the photosynthesis process since they are responsible for light 
capture [35]. Among the accessory pigments, the most important are Chl, carotenoid, and phycobilin 
[35]. Besides capturing light, these pigments also impart specific colors to the organisms. Chl has 
different chemical structures, but all organisms that carry out oxygenic photosynthesis present Chl a 
[36]. 

 
Figure 1. (A) Scanning visible spectra of both microalgal cultures (ranging from 300 to 800 nm), used 
to identify and choose the maximum wavelength of 680 nm for D. subspicatus and Tetraselmis sp. 
Highlighted ranges (in gray) related to absorption wavelengths of Chl a (435 and 660 nm) and b (453 
and 642 nm), according to the literature. Image of (B) D. subspicatus (length: 6 µm, width: 4 µm) and 
(C) Tetraselmis sp. (length: 14 µm, width: 9 µm) cell cultures. Images magnification: 20x. 

Each Chl structure absorbs light and is detected at different wavelengths. The form and/or 
concentration of each Chl and other accessory pigment varies according to the genera and species, 
among plants and algae. In the case of green microalgae, Chl a and b are the main pigments present 
[37]. Chl a absorbs red and blue light at approximately 660 and 435 nm, respectively, and Chl b 
absorbs orange and blue light at 642 and 453 nm, respectively [35,36].  

In this study, we chose the wavelength of 680 nm to detect the microalgal density, since it 
presented a clear peak, without interference from other peaks related to several cell compounds. The 
linear regression model was used to determine the relationship between OD680nm and density of cells 
per mL of both microalgae, which denoted significant (p < 0.001) and positive correlations for D. 
subspicatus (R2 = 0.992) and for Tetraselmis sp. (R2 = 0.987) (Table 1). Equation 2 and Equation 3, 
obtained with data from the two grouped microalgal cultures, are efficient for estimating the 
relationship between the two measurements for D. subspicatus and Tetraselmis sp., respectively. 
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Table 1. Linear regression model parameters for isolated and grouped cultures of D. subspicatus and 
Tetraselmis sp. Significant codes: p < 0.0001 ‘***’, p < 0.001 ‘**’, p < 0.01 ‘*’. 

Specie Culture a b R2 F 

D. subspicatus 
1 1.573 x 10-01 1.252 x 10-07 0.996 766.7*** 
2 3.640 x 10-03 1.362 x 10-07 0.999 3280*** 

Pooled 7.354 x 10-02 1.313 x 10-07 0.980 399.1*** 

Tetraselmis sp. 
3 3.592 x 10-02 2.918 x 10-07 0.997 1113*** 
4 -3.144 x 10-04 3.359 x 10-07 0.998 1345*** 

Pooled 1.771 x 10-02 3.151 x 10-07 0.992 1038*** 

 

OD680nm = 7.354 x 10-02 + 1.313 x 10-07 x Cell Density (cells/mL) (2)

OD680nm = 1.771 x 10-02 + 3.151 x 10-07 x Cell Density (cells/mL) (3)

In Figure 2, it is possible to visualize the growth curves from the data obtained from cell density 
by cell counting by OM and by OD measurements from spectrophotometry for D. subspicatus (Figure 
2a) and Tetraselmis sp. (Figure 2b). Overall, both microalgae presented regular growth, showing 
typical phases of microalgal growth [38]. D. subspicatus (freshwater) and Tetraselmis sp. (marine) 
presented a two-day lag phase, and marked exponential phases (log phases) of three days for D. 
subspicatus and two days for Tetraselmis sp., corroborated by a pH increase. The pH level changes 
during the microalgal growth phases. The pH values in culture media remained stable for both 
microalgae during the lag phases, and increased during the log phase, explained by CO2 production 
from algal biomass. 

 
Figure 2. Growth curves of (A) D. subspicatus and (B) Tetraselmis sp., along with the pH analysis during 
their growth, where the cell density of the culture was determined by OM cell counting and OD 
measurement at 680 nm. 

Although the growth curves were similar when using the two different techniques to measure 
cell density, it was possible to notice some slight differences, as indicated by the error bars. These 
minor differences may have been caused by methodological inaccuracies in the OM counting 
technique, since it is done manually and can result in different values for each observer, depending 
on their handling of the samples. Also, despite the regular growth of both microalgae, it is important 
to mention the difference between cell density in growth cultures of Tetraselmis sp. and D. subspicatus 
(10 times more abundant) in the entire experiment. This behavior is explained by the size of these 
microorganisms: while the size of Tetraselmis sp. ranges from 10–25 µm long and 7-20 µm wide [39], 
D. subspicatus has roughly half that size, ranging from 5-13 μm long and 3–7 µm wide [40]. This cell 
size difference can be visualized in Figures 1b and 1c.  

Additionally, we estimated the specific growth rate for the microalgal cultures, indicating the 
relative increase in culture density over a short time. These values are listed in Table 2. In the 
exponential growth phase, the growth rate is described quantitatively by a simple kinetic differential 
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equation and is therefore constant [41]. Using the initial and final cell density of the culture, as B0 
and Bf respectively, for the initial and final time of this growth phase (T0 and Tf, respectively), allows 
obtaining the exponential growth correlation. The slope of the linear regression corresponding to the 
specific microalgal culture growth rate, μ (d-1), estimated in this study for both tested techniques from 
Equation 4, is described below:  

µ= 
ln Bf

Bo
Tf-T0

 (4)

Table 2. Specific growth rates (μ d-1) for the microalgal cultures estimated by both cell density 
measurement techniques. 

Microalgae Cell density technique μ (d-1) Doubling time (h) 

D. subspicatus 
OM 1.00 16.56 
OD 0.71 23.52 

Tetraselmis sp. 
OM 3.13 5.28 
OD 2.35 6.96 

The specific growth rates found were very close between counting techniques for the same 
microalga. Specific growth rate values higher than 1 indicate intense and fast growth of the culture, 
with more divisions per day and a faster rate of population doubling. Overall, both tested techniques 
for measuring the cell density of microalgae presented corroborating high values of specific growth 
and fast doubling time, indicating ideal cultivation conditions. In particular, the OD technique 
showed slightly lower values in comparison with the OM counting technique. High specific growth 
rates indicate a well-established culture in terms of nutrient availability and light intensity [42]; 
marine microalgae are also affected by salinity [43].  

During the process of microalgal growth, the culture reaches dynamic equilibrium, so the culture 
density, concentration of cells and cell components, and their proportions are stabilized. This is 
known as the stationary phase. Both growth curves reached the stationary phase between the 7th and 
8th day of monitoring, indicating stabilization of microalgal growth. For the marine microalga 
Tetraselmis sp., a decrease of pH was observed in the stationary phase (Figure 2b), while for 
freshwater microalga D. subspicatus, the pH stabilized at the beginning of the stationary phase (Figure 
2a).  

Both tested techniques (microscope counting and spectrophotometry) presented comparable 
data from monitoring the cell density of microalgal growth, demonstrating it is possible to track 
microalgal culture growth through OD measurement (Figure 2), with similar accuracy to the OM 
counting technique. Our result also indicates that the cell density of microalgae measured by OD did 
not have discrepancies in comparison with the OM technique during the different growth phases. 

In the literature, other authors have reported similar wavelengths (677, 682, 684, and 688 nm) to 
measure cell density of different microalgal species, also showing good linear correlation fit [28,44]. 
In the case of applying this technique for toxicity tests, it is important to ensure that the contaminant 
does not interfere with the signals at 680 nm. Some contaminants are colorful or absorb at 
wavelengths close to those of Chl. In this case, we recommend scanning the contaminant of interest 
in a spectrophotometer in the range of 300-800 nm to verify there is no interference of the curves. If 
the contaminant has a peak close to 680 nm, then we recommend using other wavelengths related to 
Chl pigments (as observed in the scanning of microalgae in Figure 1) that have no interference with 
other chemical absorbances. 

From this optical method of cell density measurement, we also performed toxicity tests with 
referenced chemicals to validate the method, comparing the toxicity results to the values reported in 
the literature. In the next phase, we used the cell density estimated by spectrophotometry to calculate 
important toxicological parameters, such as NOEC, LOEC, and EC50 [45]. 
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3.2. Toxicity of K2Cr2O7 in Green Microalgae 

From the data obtained in the toxicity assays performed with K2Cr2O7, it was possible to observe 
its toxic effects for both microalgae (Figure 3a and 3c), with good fits of dose-response curves (Figures 
3b and 3d). For D. subspicatus, the toxic effect was significant at 24 and 48 h of exposure to the chemical 
(Figure 3a), where all tested concentrations were associated with a decrease in cell density when 
compared to the respective control. At exposure for 72 h, a significant decrease in cell density was 
observed above 10 mg/L. Therefore, for the D. subspicatus assay, the NOEC and LOEC were defined 
as 1 and 10 mg/L K2Cr2O7, respectively. At 72 h of exposure, the best fit of the dose-response curve 
was verified, resulting in EC50 of 8.1 mg/L (R2 = 0.9120) (Figure 3b, Table 3). 

 
Figure 3. Cell density of (A) D. subspicatus and (C) Tetraselmis sp. in response to K2Cr2O7 exposure, at 
times of 24, 48, 72, and 96 h. Dose-response curves for K2Cr2O7 according to the different exposure 
times for (B) D. subspicatus and (D) Tetraselmis sp. Error bars were calculated from triplicates, and the 
asterisks represent significant differences between the treatment and control (p < 0.05). 

In Tetraselmis sp. exposure, the most toxic effects of K2Cr2O7 were significant after 48 hours of 
exposure, which remained throughout the assay (Figure 3c) in comparison with the control test. At 
the highest concentrations of K2Cr2O7, a visible decrease in microalgal growth was noted, while at 
lower concentrations (0.1 and 1 mg/L), there was growth stimulation at all exposure times, where the 
cell density achieved higher levels than the control. Due to practical issues, we did not consider this 
growth stimulation effect to determine NOEC and LOEC values, since we were considering only the 
toxic effects of decreasing cell density. For Tetraselmis sp., the EC50 was considered as 44.5 mg/L at 
48 hours (best fit; R2 = 0.8967). NOEC and LOEC values were 10 and 100 mg/L, respectively, in 48 
hours (Figure 3c, Table 3). 
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Table 3. EC50, NOEC, and LOEC values, obtained in the toxicity tests performed with the microalgae 
D. subspicatus and Tetraselmis sp. and the chemicals K2Cr2O7, KCl, and SDS on the best fit on exposure 
times. 

Toxicity  
Data 

D. subspicatus Tetraselmis sp. 

K2Cr2O7 KCl SDS K2Cr2O7 KCl SDS 

Exposure time 72 h 48 h 72 h 48 h 72 h 72 h 

EC50 (mg/L) 8.1 19.57 - 44.5 30,908 41.6 

R2 0.9120 0.2277 - 0.8967 0.9774 0.9564 

NOEC (mg/L) 1 <1 100 0.1 1,000 10 

LOEC (mg/L) 10 1 1,000 1 10,000 100 

K2Cr2O7 is known as a toxic chemical, due to hexavalent chromium in its composition. This is 
cause for concern when it is present in water bodies, since it is highly toxic and carcinogenic to 
humans and aquatic organisms [46,47]. However, Cr is a widely used substance in different industrial 
processes [48]. Therefore, this chemical is constantly being dispersed in the various environmental 
compartments. Toxicity of K2Cr2O7 to Tetraselmis suecica was reported in the literature with EC50 of 
8.89 mg/L at 72 h of exposition [49], a value below the toxicity results found in our experiments. 
Toxicity of K2Cr2O7 to D. subspicatus has been reported in the literature as EC50 of 0.357 mg/L [50], 
very close to the value obtained in our assay after exposure for 24 hours (EC50 of 0.422 mg/L; R2 = 
0.8058), demonstrating the accuracy of the OD technique and its reliable results in toxicity assays. 
Other authors have also reported EC50 of K2Cr2O7 to D. subspicatus at 72 h using OM and OD 
techniques, obtaining values of 0.71 mg/L and 1.10 mg/L, respectively [51].  

The results obtained in the toxicological assays performed with K2Cr2O7 indicated this chemical 
was toxic to both tested green microalgae, even in short exposures (24 and 48 h). In long exposure, 
low concentrations of K2Cr2O7 induced greater microalgal growth, probably due to a cell response to 
the stress induced by the substance. This trend was clearly noted at all exposure times of Tetraselmis 
sp., and slightly visible in the D. subspicatus assay (72 and 96 h), which was not confirmed by statistical 
difference when compared to the control test (p < 0.05). At higher concentrations, K2Cr2O7 drastically 
reduced the microalgal growth of both species. Comparing both microalgae, it can be observed that 
Tetraselmis sp. is more resistant to K2Cr2O7 than D. subspicatus. Both marine organisms presented 
high resistance when exposed to the same chemical in comparisons with freshwater organisms. This 
fact is easily ascertained by the difference in EC50 values, which were much higher for Tetraselmis sp. 
(44.5 mg/L) than for D. subspicatus (1.08 mg/L).  

3.3. Toxicity of KCl to Green Microalgae 

The toxicity tests using KCl and the OD technique to measure cell density showed evident toxic 
effects, mainly for D. subspicatus. The results of D. subspicatus exposed to KCl indicated toxic effects 
at all tested concentrations from 24-hour exposure, except for the 100 mg/L concentration (Figures 4a 
and 4b), which showed inconsistent toxic effects and was excluded to calculate the EC50. No 
adjustments were observed in the exposure data of D. subspicatus in the dose-response curves. The 
chronic results at 48 hours indicated a significant decrease in cell density, enabling defining the LOEC 
as 1 mg/L when compared to the control test, while the calculated EC50 was 19.57 mg/L (R2 = 0.2277) 
(Table 3, Figure 4b). The large standard deviation observed in the exposures inhibited the calculation 
of an EC50 with adequate R2 value. Further studies need to be conducted, testing lower 
concentrations than 1 mg/L. 
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Figure 4. Cell density of (A) D. subspicatus and (C) Tetraselmis sp. in response to KCl exposure, at times 
of 24, 48, 72, and 96 h. Dose-response curves for KCl according to the different exposure times for (B) 
D. subspicatus and (D) Tetraselmis sp. Error bars were calculated from triplicates, and the asterisks 
represent significant differences (p < 0.05) between the treatment and control tests. 

Tetraselmis sp. exposed to KCl also resulted in toxic effects at all tested concentrations from the 
24-hour exposure period (Figures 4c and 4d). In this test, the greatest toxic effects based on decrease 
in cell density were observed at a KCl concentration of 100 mg/L when compared to the control test. 
Good fit of dose-response curves was verified at 48 and 72 hours. Based on the best fit at 72 hours, 
the NOEC and LOEC values were 1,000 and 10,000 mg/L, respectively, and the calculated EC50 was 
30,908 mg/L (R2 = 0.9774) (Table 3, Figure 4). 

Potassium is an essential macronutrient for microalgal growth since it is important for osmotic 
and ionic regulation in cells, nutrient transport, and enzyme activation [52]. However, prolonged 
exposure to excessive concentrations of potassium can lead to ionic and osmotic imbalance, which 
can negatively affect the cellular structure of microalgae, also preventing their replication. The 
chlorine present in KCl can also be toxic to microalgae, but its concentration is relatively low. In our 
study, high concentrations of KCl were toxic to both D. subspicatus and Tetraselmis sp. (Figure 4). In 
another study, the authors observed that excess potassium was able to reduce the growth of the 
cyanobacterium Microcystis aeruginosa by 50% [53].  

3.4. Toxicity of SDS to Green Microalgae 

Examination of the exposure of D. subspicatus to SDS using the OD technique to measure cell 
density revealed a chemical reaction between microalgae in suspension and SDS, inducing formation 
of turbidity in the exposure flasks. This prevented measuring cell density in this experiment, since 
turbidity does not allow performing OD measurement of the cell suspension to estimate toxicity 
parameters like EC50, NOEC, and LOEC. 

From the data obtained from the toxicity tests of Tetraselmis sp. exposed to SDS using the OD 
technique, it was possible to observe toxic effects at 24 hours at the concentration of 10 mg/L (Figure 
5). With time, the decrease of cell density of Tetraselmis sp. was observed for the highest 
concentrations (100 and 1,000 mg/L), with a significant difference when compared to the control test. 
From this, the estimated NOEC was 10 mg/L, and LOEC was 100 mg/L. The EC50 value calculated at 
72 hours was 41.6 mg/L (R2 = 0.9564) (Table 3, Figure 5). 
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Figure 5. (A) Cell density of Tetraselmis sp. in response to SDS exposure. (B) Dose-response for SDS 
curves according to the different exposure times for Tetraselmis sp. Error bars were calculated from 
triplicates and the asterisks represent significant differences between the control and exposure tests 
(p < 0.05). 

SDS is a chemical that readily interacts with cell membranes and contents. In microalgae, the cell 
membranes are mainly composed of phospholipids, and contact with SDS can break these structures, 
negatively impacting cell survival [54]. This explains why this chemical was toxic to Tetraselmis sp. 
(Figure 5). Other studies also suggest a toxic effect of SDS on other marine microalgal species, such 
as Dunaliella salina and Chroomonas salina [55,56]. The destruction of cell membrane can also allow 
the release of intracellular compounds into the external environment. 

In the case of D. subspicatus, which is well known for its lipid production, the disruption of the 
cell membrane may have released the intracellular lipids, which in contact with the external SDS may 
have caused the turbidity observed in the flasks. In some cases, SDS in low concentrations has been 
reported to stimulate the growth of different species of microalgae, since it can be used as a carbon 
source [55,56]. Therefore, this may also have contributed to the turbidity formation when this 
microalga was exposed to SDS. This result reinforces that the use of the OD technique in toxicity tests 
is not recommended for all chemicals, since some chemicals can cause interference when absorbing 
at the same wavelength used to measure cell density. In this specific situation, the OM technique is 
more appropriate. Additionally, this situation indicates that further investigations need to be carried 
out to improve the use of optical determination of D. subspicatus density in toxicity tests, especially 
when the investigated chemical substance has some kind of interaction with the microalgae or the 
culture medium, as was observed in our study with SDS. This recommendation is also valid for other 
substances that contain pigments that can influence the use of spectrophotometers. 

4. Conclusions 

The use of spectrophotometry proved to be an accurate and fast alternative to determine the 
density of microalgal cells, especially when compared to viable cell counting method, which requires 
a lot of time and training, as well as having low replicability. As observed, the number of cells per 
mL of both D. subspicatus and Tetraselmis sp. corresponded to the absorbance at OD680nm during all 
growth phases, which indicates that the Chl during all microbial growth phases was stable and well 
detected by spectrophotometry. 

The optical determination of cell density of microalgae by the OD technique was suitable for 
monitoring cell density of green microalgae in cultures and toxicity tests. It was possible to quickly 
monitor the exposures every 24 h, and using the equations, to obtain the number of cells of each assay, 
and with this determine the cell viability of microalgae at each concentration of contaminants. 
Furthermore, the cell density results were not affected at different times of exposure to the 
investigated chemicals.  

The practical application of this method was successful in the toxicological assays with both 
species of green microalgae, using K2Cr2O7, KCl, and SDS, reference substances known for their 
deleterious effects on microalgae. According to the results presented here, the method is efficient in 
detecting the influence of toxic substances on microalgal growth, as well as allowing the calculation 
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of important parameters in microalgal cultures such as specific growth rates and doubling time with 
accuracy.  

The particularities observed in the test with D. subspicatus and SDS, however, demonstrate that 
this technique may not be suitable for all chemicals, since optical interferences like turbidity and color 
of culture media need to be considered as limitations. This fact also illustrates the need to evaluate 
other conditions and characteristics of the studied substances, since these can influence the 
absorbance measurements, resulting in misinterpretation of toxicity tests. 
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