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Abstract. Nanoparticles are widely used in many applications. The recent increase in nanomaterials usage has led to raising 

concerns about its health risks and environmental impact. In this study, we examined the toxicity effects of nanoparticles TiO2 

and bulk Ti on marine diatom chatetoceros muelleri. We treated microalgae with equal amounts of nano and bulk TiO2 in 

different concentrations include 0, 10, 50, 100, 200 and 300 ppm, then was investigated their growth in 96 h. Observations 

demonstrated growth inhibition in 50 mg/L from first exposure day for nano and bulk TiO2. Furthermore, the chlorophyll a 

content strongly decreased in nano and bulk in TiO2 in different days rather than control, respectively. As well as, results 

showed that, antioxidant values in nano-treated samples were higher than bulk in comparison control. In addition, we found 

that nano was more toxic than bulk. We aimed, indicating critical impacts of nTiO2 on the ecosystem.    
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1. INTRODUCTION 

 

Nanomaterials are particles which their sizes are between 1 and 100 nanometers (Klaine et al., 2008). 

Nanomaterials are being increasingly used for commercial purposes such as fillers, catalysts, semiconductors, 

cosmetics, microelectronics, pharmaceuticals, and etc. (Farré et al., 2009). Nanomaterials properties are different 

compared with their parent compounds because of the atoms which are on the nanoparticles (NPs) surface, 

resulting in higher reactivity than bulk materials and provide areas which may bind and transport toxic chemical 

pollutants, as well as there is their being the toxic possibility by generating reactive radicals. Therefore, it is 

expected that NPs will have different biological effects than parent compounds (Oberdörster et al., 2005; Elder et 

al., 2007). Since oxide nanoparticles are among the most used nanomaterials due to their potential ecological 

effects, much attention was focused on the effects of nanomaterials on organisms in the aquatic system such as 

nano-TiO2 (Klaine et al., 2008; Hewakuruppu et al., 2013). As the results showed the indirect effects of NPs, they 

are caused mainly by the physical restraints or the release of toxic ions (e.g., metal NPs) or ROS production, and 

the aggregation of NPs on the photosynthetic organism’s surface may inhibit photosynthetic activity because of 

shading effects (i.e., reduced light availability) (Chen and Elimelech, 2007). Different studies also were illustrated 

Nano TiO2 has an algal growth inhibition (Navarro et al., 2008a). As the algae are the primary producers in the 

aquatic environments and are widely spread in coastal ecosystems (Behrenfeld et al., 2006) also, their growth 

inhibition can be influenced by the effects of pollutants thus, in the aquatic risk assessment, algal growth inhibition 

assay is widely employed (Blinova, 2004;  Navarro et al., 2008b). The algae play a considerable role in the aquatic 

ecosystems, not only producing biomass and organizing the basic nutrition for food chains but also contributing to 

the self-purification of polluted water. Therefore, the alga is one of the commonly used model organism for the 

toxicity test of toxins and nanoparticles as well (Ji et al., 2011). 
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2. MATERIALS AND METHODS 

 

2.1. Materials preparation 

Powdered TiO2 nanoparticle (99.9% purity) with particle size 22 nm was purchased from Company pioneers of 

Iranian nanomaterials (nano-second). Bulk Ti was purchased from Razi Metallurgical Research Center. The 

preparing stock suspensions of nano and bulk TiO2 were carried out by adding distilled water to nano and bulk 

TiO2 powders and then, were dispersed by ultrasonicated for 30 mins then homogenized by vortex for 5 minutes. 

Finally, test suspensions were added to the f/2 medium (nano and bulk TiO2: 0, 10, 50, 100, 200 and 300 mg/L). 

 

2.2. Algae culture preparation 

C. muelleri was purchased from the Persian Gulf and Oman Sea Ecology Research Institute, Iran. C. muelleri was 

cultured in f/2 medium in 500-mL Erlenemyer flasks which all jars have been autoclaved before each examination. 

These flasks contained 100-mL algal stock. All of the flasks were placed on a transparent table that were shaken 

from below and constantly illuminated (12 h light:12 h dark) with cool white fluorescent light at 20-25 °C (Yap et 

al., 2004; López-Ruiz et al., 1995; Aruoja et al., 2009; Cardinale et al., 2012).   

 

2.3. Toxicity tests 

To determine the toxicity effects, the algae was 105 cells/ml with initial concentration, were treated with TiO2 nano 

and bulk at selected concentrations (0, 10, 50, 100, 200 and 300 mg/L) in jars 250 ml which contain 100 ml algae. 

All of the culture mediums were placed on the same transparent table as mentioned above. Algal growth due to 

determining of IC50 was measured daily to 96 h by hemocytometer under a microscope. All of the experiments 

were carried out in triplicate. In next phase (after determination of IC50), again we exposed algae with suspensions 

in marked concentration (50 mg/L) for 15 days and monitored growth inhibition daily (Wang et al., 2016; Aruoja et 

al., 2009). 

 

2.4. Chlorophyll a content measurement 

Briefly, the algae were exposed to marked concentration of substances and their extractions which was added 

acetone 99% after centrifugation (15 minutes and 6000 rpm). Due to measuring chlorophylls content at third, sixth 

and ninth days, the absorption was measured at 630 and 664 nm using by UV–Vis spectrophotometer for 

chlorophyll a and c, respectively (as mentioned above). Then it was calculated according to the standard method 

and the equation was mentioned above (Wang et al., 2016; Aruoja et al., 2009; Cardinale et al., 2012). 

 

2.5. Oxidative stress 

The samples (treated and controls) prepared for antioxidant measurement after centrifugation (15 minutes and 6000 

rpm) in 3rd, 6th and 9th day of exposure time. Then, added solutions to samples and incubated (20 min, 50 °C). 

Finally, after vortex for 2 minutes, the absorption samples measured by spectrophotometer in wavelength 700 nm 

(ascorbic acid was considered as standard) (Oyaizu, 1986; Saranya et al., 2014). 

 

2.6. Statistical analysis 

One-way analysis of variance (ANOVA) was used to determine the statistical significance of the differences 

between values with 95% confidence intervals and the level of significance was accepted at P≤0.05. In the charts, 

values are shown as mean ± standard deviation of three independent experiments and in the table. To calculate 

standard deviations and draw tables and charts were used for Microsoft Excel 2016. 

 

3. RESULTS AND DISCUSSION 

 

3.1. Shading effect 

Algal cell counts of control sample were calculated as presented in the Figs 1 and 2. The suspensions of nano and 

bulk TiO2 may inhibit algal growth by avoiding of reaching light to cells for photosynthesis. As shown in Figs 3 

and 4, cell counts descended in dose 50 ml/L in the first step and then, also decreased from fifth day in second step.  

 

3.2. Effect of nano and bulk TiO2 on algal growth 

Growth parameters were negatively affected by concentrations (50 ppm) of nano TiO2 and bulk Ti during 2 steps of 

experiments. At first step, the mortality rate increased to 50% for bulk Ti (Fig 6) and more for nTiO2 (Fig 5) after 

24 h of in microalgae in order to determine IC50 during 96 h. 
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Figure 1. Imaging of cells of control samples                   Figure 2. Imaging of cells of control samples 

of optical microscope (ˣ10)                                       of   optical microscope (ˣ250) 

 

 
Figure 3. Cell counts of exposure of nano TiO2 with control in 96 h in different concentrations 

 

 
Figure 4. Cell counts of exposure of bulk Ti with control in 96 h in different concentrations 

 

The growth inhibition rate was 0.42 and 0.85 in 50 mg/L for nano and bulk, respectively. While growth rate in 

control samples was 1.52 at the first day. However, reduction of growth was found negligible in concentrations of 

10, 100 and 200 mg/L but in 300 ppm we observed an increasing trend during the 96 h that was out of our 

expectation whereas most of the previous researches demonstrated a relatively high level of toxicity with EC50 

values about at high concentrations (Figs 5 and 6). This may be related to the formation of larger aggregates in the 

algal culture medium which may not penetrate to algal cells inside that resulted to create a lower opportunity for 

the collision between nano and bulk TiO2 with algae cells. In addition to the above 4-day experiments, a 15-day-

long observation term (second step) was also performed for 50 mg/L groups for nano and bulk TiO2 in comparison 

with the control group. The growth inhibition rate of nano and bulk TiO2 was measured each day, (as presented in 

Fig 7). 

These findings were similar to other studies (Cardinale et al., 2012; Wang et al., 2016; Movafeghi et al., 2018; 

Manzo et al., 2015; Chen et al., 2015, 2012). Toxicity mechanism was performed by covered cell surfaces by the 

aggregates can induce a certain inhibition of the photosynthetic activity due to the reduction of the light availability 

(Navarro et al., 2008a). On the other hand, the alteration of the cell membrane due to the cell entrapment may affect 

cellular uptake of nutrients and energy transduction mechanisms (related to ATP synthesis) (Yeung et al., 2009; 

Hartmann et al., 2010). 
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Figure 5. Growth in first step of exposure to nTiO2 with control in 96h in different concentrations 

 

 
Figure 6. Growth in first step of exposure to bulk Ti with control in 96h in different concentrations 

 

 
Figure 7. Growth in second step of exposure to nano and bulk TiO2 with control in 15 days 

 

3.3. Effects on chlorophyll a content 

Actually, the content of photosynthetic pigments such as chlorophyll a is one of the most sensitive and efficient 

indicators of toxicity and grow status algae (Li et al., 2015). As shown in Fig. 8, chlorophyll a content. Chlorophyll 

a content, after 9 days treatment of nano and bulk TiO2, at the concentration of 50 mg/L in comparison with control 

groups were measured. Measured chlorophyll a content from the 3rd day of exposure to 9th day in two materials 

had reduction trend. The reduction of chlorophyll a content was to 14%, 75% and 86% in third, sixth and ninth of 

exposure for nano TiO2, respectively, as well as for bulk Ti, was observed no changing in chlorophyll a content 

after 3day of exposure but in 6 and 9 days reduced to 55% and 65% , respectively. The results determined, 

chlorophyll a content in samples exposed to nanoTiO2 was significant statistically (P<0.05) while, in the samples 

were exposed to bulk TiO2 showed lower toxicity (P<0.05).  

Indirect physical effects, such as shading effects, were not investigated directly in this research. However, a 

reduction of chlorophyll a due to the presence of nano and bulk TiO2 exposure was found, which might partly 

indicate the occurrence of shading effects (Wang et al., 2016; Aruoja et al., 2009). Many researchers believe that 

wrapped cells by NPs or the adsorption of NPs led to prevent of reaching to algal cells, consequently leading to 

growth inhibition (Aruoja et al., 2009; Chen et al., 2012; Xia et al., 2015). 
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Figure 8. Chlorophyll a content in 9 days of exposure of nano and bulk TiO2 with control 

 

3.4. ROS production and oxidative stress 

As the results showed, nano and bulk TiO2 aroused more active of the antioxidant defence mechanism and 

ultimately produce more antioxidants by cells to protect and defend cells and prevent oxidative stress by exposing 

algae cells to nano and bulk TiO2 in different days and concentrations (Figures 9 to 11). Although, the amount of 

antioxidants production in the algae exposed to nano TiO2 were more than bulk (P<0.05). These results are also 

observed in other research which was conducted by Ghorbanpour et al. (2015). The close interaction between 

aggregates and cell membranes induced an oxidative stress as ROS production (Hartmann et al., 2010) that actually 

provoked damages of the algal cell exposed to 50 mg L-1 of nano and bulk TiO2. Furthermore, TiO2 anatase 

reactivity resulting in an evident cytotoxicological effects (Hartmann et al., 2010; Manzo et al., 2015, 2013; Wang 

et al., 2016).  

 

 
Figure 9. Amount of produced antioxidants of samples of samples in different concentrations in 3rd exposure time 

 

 
Figure 10. Amount of produced antioxidants samples indifferent concentrations in 6th exposure time 
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The mechanism of TiO2 toxicity seems mainly in association with ROS production, in response to the particles 

interaction with algal cells and in some cases to their internalization and aggregation in the chloroplast as well as 

due to the TiO2 crystalline structure (Xia et al., 2015, Li et al., 2015; Iswarya et al., 2015).  

Briefly, this is one of the first systematic studies on the effects of metal oxide nanoparticles and its bulk structure 

on algal growth in 2 steps and this is first study of nanotoxicology on Chaetoceros sp. As the food chain is an 

important way for NPs transmission to a high level of the food chain which organisms are absorbing and 

accumulating nanomaterials so we must be focused on NPS effects on the aquatic organisms. 

 

 
Figure 11. Amount of produced antioxidants of samples in different concentrations in 9thexposure time 

1. NMs= Nanomaterials, 2.  NPs= Nanoparticles, 3. ROS= Reaction/Reactive Oxygen Species, 4. OD= Optical Density, 5. IC50= 50% 

Inhibition Concentration, 6. EC50= 50% Effect Concentration, 

 

4. CONCLUSION 

 

To our knowledge, this is one of the first systematic studies on effects of metal oxide nanoparticles and its bulk 

structure on algal growth in 2 steps and this is first study of nanotoxicology on Chaetoceros sp. In conclusion, 

released nTiO2 into the marine environment will definitely accumulate and tend to settle to the bottom, but there is 

still a significant fraction of NPs which may stay in the water column and lead to risk to the health of the organisms 

living in the water column. In our investigation, the growth of the marine phytoplankton C. mulleri was determined 

to be inhibited growth and reduced chlorophyll a content by nano and bulk TiO2. In addition to the nTiO2 

concentration, the exposure time maybe another prominent factor that impacts its effects. It was interesting to 

figure out that effects of nano and bulk TiO2 were “high” on the first day in first step and 7th days in second step of 

exposure and then, with passing the time of exposure, it decreased gradually to a relatively “low” level, showing 

“high-low” two-step effects. The results suggested that although low toxicity in other concentrations was defined, 

the severe effects that occur on the first day of exposure should not be disregarded. Observed toxicity might be 

linked to the formation of large aggregates that trap algae cells and/or the adsorption of nTiO2 on the surface of 

algae cells. Although direct physical effects such as cell wall damage was not studied directly, which was 

positively correlated to the growth inhibition resulted in algae entrapment. This conclusion did not exclude the 

actions of indirect physical effects such as shading effects. The other mechanisms such as the ratio of nTiO2 to alga 

cells should be more attention.  

In case of TiO2, entrapped algal cells by aggregates of nano TiO2 and bulk Ti may play a major role in toxicity. 

Lastly, other studies again demonstrate that solubility is a key factor in the toxicity of metal containing (nano) 

particles, at least for organisms. Thus, the solubility properties reported as N/A (not available or not applicable) in 

MSDS (Material Safety Data Sheet). 
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