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A B S T R A C T

Molybdate, an oxidized form of molybdenum, facilitates molybdenum to be taken into cell, and 
thus to be included as a cofactor in the structure of enzymes necessary to ensure homeostasis. 
Although this compound provides the catalysis and electron transport of many biochemical re
actions, it causes serious health problems in animals at high concentrations. For this reason, its 
recovery of water resources is one of the main subjects of scientific studies called bioremediaiton. 
One of the advantages of the remediation is that the biomass obtained from algae increases the 
amount of lipids, which are the raw material source for the biofuel production. For this purpose, 
the bioremediation abilities of Desmodesmus pannonicus and Scenedesmus aldavei algae were 
spectrophotometrically evaluated by using growth rate, chlorophyll-a, chlorophyll-b and total 
carotenoids for fourteen days. The bioremediation properties were also determined using 
Inductively coupled plasma - optical emission spectrometry (ICP-OES) analysis. D. pannonicus and 
S. aldavei algae have bioremediation capabilities up to 1 mg mL− 1 Na2MoO4 concentration. The 
lipid content increased at all concentrations in S. aldavei and at 200 μg mL− 1 in D. pannonicus. 
However, the Mo (VI) contents in dry mass changed depending on the increase of concentrations. 
Fourier Transform InfraRed Spectrometer analysis (FT-IR) was utilized to identify the alterations 
of specific functional groups such as carboxyl, amine, hydroxyl, and carbonyl in the samples. As a 
result, D. pannonicus and S. aldavei have great potential for Mo(VI) bioremediation. D. pannonicus 
and S. aldavei can tolerate Na2MoO4 up to 1 mg mL− 1 concentrations and the lipid content used in 
biofuel production was increased during this process.

1. Introduction

Molybdenum, being a nutrient included in the structure of enzymes necessary to perform many vital functions, exists in various 
oxidized forms, such as molybdate, depending on the pH [1]. Molybdate is taken into cells with two different carrier molecules and 
plays a vital role in ensuring homeostasis by binding to the molybdenum cofactor in algal and plant mechanisms [2–4]. In addition to 
being a part of the nitrogenase enzyme responsible for nitrogen fixation in Cyanobacteria, it also serves as an electron carrier in redox 
reactions in various bacterial metabolisms [5,6]. The metal has a value in various agricultural and industrial areas, such as use in 
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ceramics, glass, metallurgy, food, pigments, fertilizers, catalysts, electronics, steel, and cosmetics [2,7–9]. Molybdenum can cause 
harmful health effects in animals because of its toxic effects on spermatogenesis and embryos. Chronic molybdenum poisoning in farm 
animals can lead to symptoms such as anemia, gastrointestinal disturbances, and bone disorders [10]. Molybdenum can lead to serious 
health problems above >10 ppm in the human body [11]. The contaminated metals should be remove from the drinking water 
resources.

In recent years, although electro-physicochemical methods have been researched to remove various heavy and toxic metals such as 
molybdate from water, these methods require a lot of cost and energy [12]. Also improved techniques produce waste products that are 
more harmful to the environment [13,14]. Phycoremediation is an enviro-friendly approach to enable a sustainable life instead of 
these methods. Algae, which constitute the primary material of phycoremediation, not only remove harmful compounds from the 
environment but also ensure the use of by-products in the industrial field and reduce the carbon footprint with their superior carbon 
dioxide capture performance [15,16]. By means of these creatures’ superior adaptation properties, it is possible that the high-value 
biomass can be processed in biofuel production [17]. In addition, during heavy metal sorption from wastewater, algae remove not 
only the target metal but also N and P macronutrients being necessary for their primary metabolism due to including in the structure of 
compounds such as proteins, nucleic acids, and phospholipids [18].

Trenfield et al. [19] tested the toxicity of molybdenum in the microalgae Isochrysis galbana at three different temperatures: 24 ◦C, 
28 ◦C, and 31 ◦C, but they found that Mo did not show toxicity to this species [20] found that the marine microalg Petalonia fascia had a 
high adsorption capacity (1376 ± 2 mg g− 1) of the compound Mo(VI), at 20 ◦C and pH 1.0. They also found that hydroxyl and 
carboxylate functional groups were influential in the adsorption of molybdate anions. Tambat et al. [21] observed the molybdenum 
exposure on Chlorella sorokiniana TU5 and Picochlorum oklahomensis species for 14 days. The biomass of Chlorella sorokiniana TU5 and 
Picochlorum oklahomensis were 2.35 g L− 1 and 115.30 mg L− 1 and lipid yields were 579.3 mg L− 1 and 65 mg L− 1, respectively. They 
concluded that microalgal treatment can be used for molybdenum and other inorganic contaminants bioremediation at an industrial 
scale. Papapolymerou et al. [22] studied the effect of molybdenum metal on lipid distribution in the alga Microchloropsis gaditana. 
Tejada-Jimenez et al. (2024) investigated molybdenum metabolism in the alga Chlamydomonas reinhardtii. In the literature, the 
removal of the molybdate molecule from the environment has not been adequately explored and existent studies were not focused 
model organisms with high bioremediation properties in the research.

Desmodesmus pannonicus and Scenedesmus aldavei algae have been used in various biotechnological studies such as reducing carbon 
emissions, various bioremediation studies, and using the lipids they contain as biofuel [23,24,25]. However, the studies are so limited 
that the lipid content increase of these microalgae by some metals has not been surveyed. Also, the Mo uptake of these algae, which 
may be essential biosorbents for phycoremediation, and their effects on this metal have not been evaluated. This study hypothesizes 
that i) the algae Desmodesmus pannonicus and Scenedesmus aldavei, which contain important anionic compounds such as carboxyl, 
carbonyl, hydroxyl, and sulfhydryl in their cell walls, have a high ability to absorb the cationic Molybdenum metal ii) the amount of 
lipids in the cell rise according to Mo (VI) level.

The scarcity of studies has led to the necessity of studying new algae species and the existing lipid amounts of these algae species in 
order to prevent molybdenum pollution. In addition, the low toxicities of molybdenum on algae display that the bioremediation 
method may be suitable for the recovery of this metal. This study aims to determine the effects of molybdenum exposure on growth 
parameters and lipid contents of Desmodesmus pannonicus and Scenedesmus aldavei algae, as well as to reveal the cellular changes 
caused by the exposure and to evaluate the molybdenum absorption abilities of living organisms.

2. Material and methods

2.1. Culture conditions

The microalgae strain Desmodesmus pannonicus SAU001 and Scenedesmus aldavei SAU002 was cultured in Sakarya University 
Science Faculty Algal Physiology Laboratory to evaluate the uptake capability of Molybdenum (MoVI). Both the microalgae strains 
were incubated under autotrophic conditions in BG11 medium (pH:7.5; [26]) under the conditions of available radiation in 5000 lux 
12:12 h light/dark cycle at 27 ◦C until reaching 500 mL culture. Cultures were reinoculate at 0.9–1 McFarland turbidity and Na2MoO4 
(0, 200, 400, 600, 800 and 1000 μg mL− 1) were added to the culture medium as final concentration. The application concentrations 
were selected over the environmental concentrations according to Darham et al. [27] to evaluate bioremediaiton capacity.

2.2. Cell Growth and Pigment Analysis

The optical density (OD750), chlorophyll-a, chlorophyll-b, and total carotenoid levels were daily (every 24 h) measured with the 
help of multiplate reader spectrophotometer to determine growth rate until 14th day [26]. This time was reflected to the all growth 
stages in culture media, and at the final day, these microalgae showed the most growth in an exponential phase. Chlorophyll-a, 
chlorophyll-b and total carotenoid content were calculated according to Riitche, (2008). Cellular growth was measured to determine 
the correlation of Mo(VI) removal with microalgae cell biomass every 24 h during the entire growth phase. All experiments included in 
Cell Growth and Pigment Analysis were performed with four replicates, and data were expressed as mean ± SE. EC50 values were 
calculated on the fifth day by Origin 8.5 program.
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2.3. Analytical analysis

Analytical analyses were performed according to the modified method from Tambat et al. [21]. Adsorption of Molybdenum metal 
compounds and other metal ions were directly related to microalgae biomass. By reaching the logarithmic growth phase, maximum 
microbial biomass was obtained on the 14th day. At the end of the 14th day, 30 mL of the broth cultures were collected and centrifuged 
for 10 min at 5000 rpm using a centrifuge. The supernatant and microalgae biomass pellets were carefully separated in pre-measured 
tubes. After drying, biomass in pellets were processed with 5 mL aqua regia. Both supernatants and obtained from pellets were filtered 
using filter paper with a pore size of 0.22 μm. Sample analyses were done using an inductively coupled plasma optical emission 
spectrometer (ICP-OES, Thermo Scientific) and before analysis, the sensitivity and stability of the machine were optimized up to 
analytical range 8 ppm; the samples obtained from pellets were diluted up to 25-fold from the initial concentration for the analysis of 
metal ion concentration and the supernatants were measured directly. All experiments in analytical analysis were performed with six 
replicates and data were expressed as mean ± SE.

2.4. FTIR (Fourier Transform InfraRed Spectrometer analysis) spectroscopy

FTIR spectroscopic analyses were conducted according to the modified method from Tambat et al. [21] with Shimadzu 
IRAffinity-1S FT-IR to identify specific functional groups in the samples, such as carboxyl, amine, hydroxyl, and carbonyl.The pellets 
were prepared with a small amount of Mo-adsorbed cultures of Desmodesmus pannonicus SAU001 and Scenedesmus aldavei SAU002. At 
the end of the 14th day, 30 mL of the broth cultures were collected and centrifuged for 10 min at 5000 rpm using a centrifuge. The 
dried biomass was carefully crushed by mortars and pestles to mix with KBr at a ratio of 1:20. The analyses were carried out in the 
frequency range of 400–4000 cm− 1 for transmission spectra.

2.5. Lipid estimation

Lipid estimation analyses were performed from the dried biomass obtained from the algal cultures at the 14th day, according to 
Tambat et al. [21]. At the final day, these microalgae showed the most growth in an exponential phase and the assessment is most 
appropriate to lipid estimation due to being the end of logistic growth. After measuring the algal biomass, the samples were extracted 
in 3.9 ml of a 1:2 v/v ratio of chloroform and methanol at 60 ◦C for 1 h. After incubation, 1.3 mL of chloroform and 2.0 mL of ddH2O 
(>18.3 MΩ) were mixed with samples to separate phase effectively and centrifuged at 4500 rpm and lower phases were collected in a 
pre-weighed glass tube and dried overnight in the hot air oven at 60 ◦C. The lipid contents were calculated according to Sim et al. [28]. 
All experiments included in lipid estimation were performed with six replicate and data were expressed as mean ± SE.

2.6. Statistical analysis

The experimental design was conducted to decrease mistakes and probability in assays with replicates given each procedure. The 
significances of a difference between mean values were determined by one-way ANOVA using the Tukey postdoc test in the SPSS 20.0 

Fig. 1. The (a) OD750 absorbance, (b) total caretoniod contents of Desmodesmus pannonicus algae under Na2MoO4 toxicity for 14 days.
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statistical program for Windows based a 95 % confidence level. Also, the Na+ effect on lipid content and Molybdenum bioremediation 
were analysed by Spearman and Pearson correlation. In the graphical presentations, the standart errors were given, and the alterations 
were marked with asterisks.

3. Results and discussion

3.1. Effects of molybdenum toxicity on growth parameters

The OD750 absorbance, chlorophyll-a, chlorophyll-b and total carotenoid pigments have been measured to determine the growth 
curves of Desmodesmus pannonicus and Scenedesmus aldavei algae under Na2MoO4 toxicity for 14 days, and the alterations being 
differed from the control group were given in Figs. 1–4.

OD750 absorbance values displayed that Desmodesmus pannonicus alga decreased in all concentrations between the fourth day and 
the twelfth day, but the values increased significantly compared to the control at the 200, 400, 600, and 800 μg mL− 1 concentrations 
after the 12th day. Na2MoO4 restricted the growth of Desmodesmus pannonicus at 1000 μg mL− 1 concentration on 13th and 14th days 
(Fig. 1a). EC50 value is 438.99 ± 52.68 μg mL− 1 for Desmodesmus pannonicus and 348.69 ± 71.78 μg mL− 1 for Scenedesmus aldavei. 
Trenfield et al. [19] reported that EC50 value of Molybdenum was 6000 μg mL− 1 on Isochrysis galbana. Mandal et al. [29] reported that 
Mo supplementation showed a positive effect on biomass yield of Chlorella sp. NC-MKM. The biomass yield of Chlorella sp. NC-MKM 
rise of 65 % is recorded at 0.09-μM Mo and 37 % 0.06 μM Mo supplemented condition compared to the control. These studies support 
the result in which the biomass increase can be achived with Mo addition and molybdenum was a low effect on the microalgae.

While Chlorophyll-a showed a significant change in all concentrations, the amount of Chlorophyll-b increased at the concentration 
of 200 μg mL− 1 (Fig. 2a and b). The total carotenoids decreased at all concentrations (Fig. 1b). In the Na2MoO4 application on Sce
nedesmus aldavei, the growth decreased in all concentrations (Fig. 3a). The Chlorophyll-a content increased at 200 and 400 μg mL− 1 

concentrations on the 14th day but decreased at other concentrations (Fig. 4a). Chlorophyll-b values generally decreased with 
application (Fig. 4b). While the total carotenoid content increased at a concentration of 200 μg mL− 1 between the 3rd and 9th days, a 
significant decrease was observed with the application on the other days (Fig. 4b). Papapolymerou et al. [22] found that molybdenum 
metal had a toxic effect on the growth of the alga Microchloropsis gaditana by affecting chlorophyll-a and other pigments. This may be 
due to the effect of the metal on the enzymes in chlorophyll and pigment synthesis or because this metal directly disrupts the structure 
of the pigments. The decrease in these vital pigments directly affects carbohydrate synthesis and inhibits growth.

There is an inverse relationship between pigments, especially caretonid and chlorophyll pigments, due to their ability to transform 
into each other. In the life process, the nutrient uptake depletion and other physiological conditions caused the decrease of chlorophyll 
content but carotenoid production may continue. For this reason, instantaneous measurements may not detect chlorophyll pigment in 
culture. In Fig. 4, therefore, starting from the ninth day, carotenoids increased instead of chlorophyll pigments decreased [30,31].

The ratio of carotenoid to chlorophyll molecules is noteworthy as molecular probes in evaluating of plant growth and performance. 
Carotenoides use light energy at different wavelengths from the chlorophyll pigment spectrum and transfer it to this pigment. It also 
plays a role in extinguishing the chlorophyll pigment before ROS formation. For this reason, the amount and activity of the pigment are 
highly affected by the environmental conditions [32]. Additionally, the excess of chl-a/chl-b, which is one of the indicators of stress 
against developmental stages, fertilizers, chemicals, moisture, and other environments, is positively correlated with the ratio of PSII 

Fig. 2. The (a)chlorophyll-a and (b) chlorophyll-b pigments of Desmodesmus pannonicus algae under Na2MoO4 toxicity for 14 days.
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molecule to the light-harvesting chlorophyll-protein complex [33]. In this study, the chl-a/chl-b ratio algae increased in Scenedesmus 
aldavei with the application. Due to a linear relationship between the formation of light-harvesting complex II (LHCII) aggregates and 
non-photochemical quenching, the chl:car ratio can be used to assess increase in LHCII (34,24,34–37). The values of some datasets 
published online are 2.99 in the LOPEX dataset and 3.45 in the HAWAII dataset [38]. These indicators imply that the dataset used in 
this study includes measurements under high-stress environments (Figs. 5 and 6).

3.2. Molybdenum bioremediation and FTIR analysis

The data of the analyses performed on the 14th day in both supernatants and samples obtained from biomass to investigate the 
ability of Desmodesmus pannonicus and Scenedesmus aldavei algae to biosorb Mo (VI) were given in Figs. 7 and 8, respectively. While 
Desmodesmus pannonicus removed the Mo(VI) 60.49 % at 800 μg mL− 1 and Scenedesmus aldavei has a great potential at all concen
trations between 98 and 99 % and Na+cations might affect the molybdenum bioremediation (Supp Material). Furthermore, the 

Fig. 3. The (a) OD750 absorbance, (b) total caretoniod contents of Scenedesmus aldavei algae under Na2MoO4 toxicity for 14 days.

Fig. 4. The (a)chlorophyll-a and (b) chlorophyll-b pigments of Scenedesmus aldavei algae under Na2MoO4 toxicity for 14 days.
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increase of OH− due to Molybdate can be a problem, but it may be buffered in the culture resolution.
Kafshgari et al. [39] investigated that Molybdenum (VI) biosorption process in marine algae Cystoseria indica. They observed that 

the maximum Mo (VI) biosorption capacity was 18.32 mg g− 1. When the initial concentration of Mo (VI) solution was increased from 
30 to 95 mL min− 1, the adsorption capacity changed from 18.32 (61 %) to 30.19 (38 %) mg g− 1. Lou et al. [40] performed the 
Comparative semi-automated analysis (CAG gel) to describe the Mo(VI) adsorption equilibrium in Laminaria japonica and the 
maximum adsorption capacity for Mo(VI) was calculated as 65.90 mg g− 1. Johansson et al. [41] found that algal-based biosorbents 
from Gracilaria and Oedogonium had adsorbtion capacities of Mo as 67.4–78.5 mg g− 1, respectively. Tambat et al. [21] found that 
Chlorella sorokiniana TU5 and Picochlorum oklahomensis had bioremediation ability for molybdenum and the max removal efficiency of 
dry algae biomass was calculated as 57.8 % with 115.65 mg L− 1 initial Mo(VI) concentration. These studies supports the our result that 
Scenedesmus aldavei and Desmodesmus pannonicus algae had a great potential removal of Mo(VI).

Molybdenum uptake should have been important for surviving. It is considered that this metal was important to adjust the osmotic 
regulation, cell membrane nature, and enzymatical progress.

Fig. 5. The pigment ratios (a) chla/chlb ratio of Desmodesmus pannonicus (b) chla/car ratio of Desmodesmus pannonicus (c) chl/car ratio of Des
modesmus pannonicus.
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Microorganisms such as bacteria, fungi, or algae can absorb heavy metals at very low concentrations due to the functional groups 
they contain, such as amides, amines, carbonyls, and carboxyls. These functional groups make them effective in biosorption appli
cations. The biosorption process is influenced by factors such as the characteristic enzymatic profiles of microorganisms, steric and 
conformational factors, as well as the number and presence of reactive sites. Some microorganisms can convert heavy metals into less 
toxic compounds and utilize them for their growth [42].

FTIR analysis was used to identify specific functional groups in the samples, such as carboxyl, amine, hydroxyl, and carbonyl. When 
examining the spectra, the peak intensity between 2985 and 3690 cm − 1 corresponds to the stretching vibrations of O-H and N-H 
bonds, respectively [43]. The 2810-2980 cm− 1 peaks represent -CH3 asymmetric and -CH3 symmetric stretching vibrations [44,45]. 
Bands in the 1715–1770 cm − 1 range are related to C=O stretching vibrations, peaks between 1575 and 1710 cm− 1 indicate the 
presence of the amide I protein band, and 1480- 1575 cm− 1 bands indicate the presence of the amide II protein band, while peaks 
between 1265 and 1484 cm− 1 belong to the amide III protein band [46]. The 1136–1191 cm − 1 range confirms the presence of -COH 
groups of polysaccharides and P=O stretching vibrations of nucleic acids. The peaks at 951-1136 cm− 1 again show the presence of 
C-O-C and C-OH groups of polysaccharides. The peak intensity between 400 and 950 cm− 1 corresponds to the peaks of the C-H group 
outside the vibrational plane [47–49]. The fingerprint region of distinctive spectra of Scenedesmus aldavei and Desmodesmus pannonicus 

Fig. 6. The pigment ratios (a) chla/chlb of Scenedesmus aldavei (b) chla/car of Scenedesmus aldavei (c)chl/car of Scenedesmus aldavei.
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were presented in Fig. 9 and Table 1.

3.3. Lipid estimation

Algae have great potential for biofuel use due to their high lipid content. When the control groups were compared, it was observed 
that the lipid content of Scenedesmus aldavei (8.13 mg g− 1) algae was more than Desmodesmus pannonicus (6.14 mg g− 1). While the 
highest lipid content (22.07 mg g− 1) was at 200 μg mL− 1 concentration for Desmodesmus pannonicus, the highest lipid content (87.15 
mg g− 1) was at 600 μg mL− 1 concentration for Scenedesmus aldavei (Fig. 10). Na+ cations effected the Molibdenum bioremediation at 
0.01 confidence level (Sup Material)

Rathore et al. [50] observed that molybdenum deficiency caused a 1.4-fold increase in total lipid of Anabaena doliolum. Molyb
denum deficiency caused an increase in the cell content of digalactosyl diacylglycerol and phosphatidylglycerol, and a decrease in the 

Fig. 7. The bioremediation of Mo(VI) metals in (a) sample of Desmodesmus pannonicus dried biomass (b) sample from Desmodesmus pannonicus 
supernatant.

Fig. 8. The bioremediation of Mo(VI) metals in (a) sample of Scenedesmus aldavei dried biomass (b)sample from Scenedesmus aldavei supernatant 
under Na2MoO4 toxicity.
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lipids of monogalactosyl diacylglycerol and sulfocinovosyl diacylglycerol. They have reported that the unsaturated C18 fatty acids 
concentration was lower in Mo-deficient cells. Mandal et al. [29] found that Chlorella sp. NC-MKM algae had an increase in lipid yield 
(70.3 % increase) and neutral lipid amount (24.32 % increase) with Mo application compared to the control. Tambat et al. (2021) 
studied that molybdenum effected the lipid yield of Chlorella sorokiniana TU5 and Picochlorum oklahomensis as 232.5 (23.25 %) and 
246.5 (24.65 %) mg g− 1, respectively. However, they reported that high molybdenum concentrations had no effect on the accumu
lation of lipid content in microalgae cells due to the stress conditions experienced by molybdenum. Papapolymerou et al. [22] found 
that Molybdenum metal caused an increase in lipid contents on the alga Microchloropsis gaditana at 19.9 mg g− 1 concentration 
compared to the control. These studies support the results that molybdenum caused an alteration in the lipid amount of Scenedesmus 
aldavei and Desmodesmus pannonicus algae. The molybdenum metal should have intrupted the lipid synthesis process and enzymes.

The study methodology provides sufficient data to understand the bioremediation capabilities of algae. While the growth pa
rameters are fully elucidated to determine the effects of the material on algae, FT-IR analysis reveals the current changes caused by 
molybdenum metal in algal biomass. ICP-OES is sufficient to understand the presence of metal in existing biomass. The study 
methodology adapted and developed for algae can be used in further studies.

Additionally, Song et al. [51] reported that phytohormones and cold devices were effective in microalgal lipid production and the 
removal of HMs, and thus the effects of various heavy metals are reduced in microalgae. Also Song et al. [52] found chemicals such as 
glycine betaine increased both biomass content and lipid by balancing the antioxidant content. Considering the result of these studies, 
future studies need to be planned considering both phytohormones and different environmental conditions. Future studies need to be 
planned considering both phytohormones and different environmental conditions.

4. Conclusion

The growth curves such as OD750 absorbance, total carotenoid, chlorophyll-a, and chlorophyll-b pigments of Desmodesmus 

Fig. 9. FT-IR spectra of a) Desmodesmus pannonicus control b) Scenedesmus aldavei control c) Desmodesmus pannonicus Na2MoO4 under teratment d) 
Scenedesmus aldavei under Na2MoO4 teratment.

Table 1 
Assignments of absorbance bands in FT-IR spectra.

Wavelengths 
(cm− 1)

Functional group Desmodesmus 
pannonicus (control)

Scenedesmus 
aldavei (control)

Desmodesmus pannonicus 
(Na2MoO4 application)

Scenedesmus aldavei 
(Na2MoO4 

application)

2985–3690 Water stretching (-OH); Protein 
stretching (-NH)

3280 3280 3280 3280

2810–2980 -CH3 asymmetric and -CH3 symmetric 2922–2851 2922–2851 2922–2851 2922–2851
1715–1770 Stretching (C=O) 1743 1743 1743 1743
1575–1710 Amid I protein band 1638 1638 1638 1638
1480–1575 Amid II protein band 1536 1536 1536 1536
1265–1484 Amid III protein band 1363 1391 1378 1394
1136–1191 Polysaccharides carbohydrate (-COH); 

Nucleic acid with stretching of 
phosphodiester (P=O).

1144 1150 1147 1150

951–1136 Polysaccharides carbohydrates (C-O-C 
and C-OH)

1026 1026 1026 1023

400–950 Outside the vibrational plane (CH) 826–560 826–572 826–560 826–572
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pannonicus and Scenedesmus aldavei algae under Na2MoO4 toxicity differed from the control group for 14 days. Desmodesmus pannonicus 
and Scenedesmus aldavei algae have bioremediation capability up to 1 mg mL− 1 Na2MoO4 concentration and the absorption of Mo(VI) 
ion content increased with the applications. Lipid contents were increased with the application in Scenedesmus aldavei at all con
centrations and Desmodesmus pannonicus at 200 μg mL− 1 concentrations. These concentration range presents these microorganisms 
have more bioremediation potential than literature. FTIR analysis showed that the specific functional groups such as carboxyl, amine, 
hydroxyl, and carbonyl in the samples were changed with the applications. As a result, high concentrations of molybdate affected both 
the growth rates and micro and macronutrient uptake capacities of the two algae.
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