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ABSTRACT 
 
The production of manufactured nanomaterials has risen exponentially in recent years. Despite this growth, 
information regarding the fate and behavior of nanoparticles (NPs) in freshwater and marine environment is still 
limited. CeO2 NPs are used for polishing and decolorizing glass, opacifier in vitreous enamels and photochromic 
glasses, heat-resistant alloy coatings; as a cracking catalyst, as a catalyst for automobile emission control, in 
ceramic coatings, in phosphors, in cathodes, in capacitors, in semiconductors, in refractory oxides, gemstone 
polishing. 
 
The aim of the current study was to assess the toxicity of CeO2 in two species of microalgae from freshwater to 
marine microalgae  Three aspects were studied under laboratory conditions, I) CeO2 NPs and Bulk behavior in 
different culture media used for bioassays, II) toxicity of different type of CeO2 NPs and bulk and III) 
quantification of intracellular and extracellular NPs and Bulk CeO2. The experiment was performed for two 
microalgae. Phaeodactylum tricornutum, and Chlamydomonas reinhardtii, seawater and freshwater species 
respectively. Both studies were carried out under white light illumination. 
 
CeO2  aggregation rate was increased by ionic strength. Moreover, the presence of algal cells affects the stability 
of CeO2 suspensions, where heteroagglomeration process were present as the first mechanism of NP-cell 
interaction. Both, nano and bulk CeO2 formed aggregates during incubation, but CeO2 NPs formed large 
aggregates trapped almost completely between algae more than bulk CeO2 did, because NPs are more bioavailable 
over bioassays.  
 
 
INTRODUCTION 
 
The growing use of manufactured nanomaterials in 
consumer products have as result that engineered 
nanoparticles (ENPs) are inevitably released into aquatic 
systems, including oceans; coastal waters are the ultimate 
sink form (ENPs) (1-3). 
ENPs is raising questions as to whether nanosized 
materials should be regulated differently to macroscopic 
forms of the same compounds in terms of the risks they 
pose both to human and ecosystem health (4-6). 
The choice of CeO2 was reinforced by its wide potential 
usage, particularly as an additive to diesel fuels where it 
improves the combustion efficiency of engine carbon 
deposits, reducing particulate emissions and improving fuel 
efficiency (7). It has also been shown to be an effective 
photocatalyst for water decomposition (8). 

In microalgae, the cytotoxicity seems to be due to 
membrane damage, impairment of the effective quantum 
yield of PS II and cell cycle (9, 10). 
The extent and type of damage depend on physicochemical 
characteristics  of  CeO2 NPs (e.g., size, charge, crystalline 
forms and coating) and environmental factors (e.g., ionic 
strength (IS), pH and dissolved organic materials which  
governs  their  bioavailability  and reactivity)(11-13). 
In this work, toxicity of different types of CeO2 NPs (NPs 
in suspension water and powder) and bulk CeO2 on two 
phytoplanktonic species  (Paeodactylum tricornutm, from 
marine, and Chlamydomonas reinhardtii, from freshwater 
environment) were assessed. The joint effect of UV-A 
radiation has been taken in account in order to improve the 
knowledge of the mechanism involved in the CeO2 NPs 
and bulk toxicity in environmental conditions. 
 
MATERIAL AND METHODS 
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Characterization of CeO2 NPs and bulk CeO2. 

Textural characterization of samples was carried out by 
measuring the absorption/desorption of N2 at 196 °C, 
employing a Micromeritics ASAP 2010 automatic device. 
Before measurements, samples were submitted to a surface 
cleaning pre-treatment under high vacuum at 200 °C during 
2 hours. The obtained isotherms were used to calculate the 
specific surface area (SBET) as well as the micro- and meso-
porosity features of studied samples. 
Initial particle size of CeO2 NPs, as well as zeta potential 
of CeO2 in both forms (NPs and bulk) were studied in 
ultrapure water, freshwater and artificial marine water 
through Dynamic Light Scattering (Zetasizernano 
ZS90,Malvern,  and its software version 7.10) at 1 mg·L-1. 
CeO2 NPs dispersion was prepared in ultrapure water, 
following the Standard protocol CEINT/NIST 1200-3 and 
1200-4 (14, 15). 
Particle size, shape and structure were confirmed by 
Transmission Electron microscopy (TEM).  
Agglomeration of CeO2 NPs was evaluated over time (0, 
0.5, 1, 3, 6, 24 and 48 h) in different media (ultrapure 
water, synthetic freshwater and synthetic marine water)(16, 
17). Initial concentration in studied samples was 250 mg·L-

1 in freshwater and marine water, but for ultrapure water 
concentrations of 250 mg·L-1 and 500 mg·L-1were 
evaluated. Changes in agglomeration states were measured 
by a Master Sizer 2000, Malvern with the software version 
5.61. 
 
Test organisms. 

Two microalgal species were selected, one of them from 
freshwater environment (Chlamydomonas reinhardtii P.A. 
Dangeard (1888), CHLOROPHYCEAE) and another from 
marine environment (Phaeodactylum tricornutum Bohlin 
(1897), BACILLARIOPHYCEAE) both obtained from the 
ICMAN Marine Microalgae Culture Collection (IMMCC). 
Cells were grown in filtered (0.2 µm) freshwater culture 
medium and F/2 marine medium lacking EDTA for two 
weeks prior to the experiment (16, 18). Synthetic marine 
water used was the Substitute Ocean Water D1141-75 from 
ASTM (17). 
 
Toxicity bioassays 

Bioassays were carried out using CeO2 NPs or bulk CeO2. 
Two light treatments were also applied: continuous visible 
light (300 µE-2s-1) and the same light regime plus 6 h of 
UV-A (0.20 mWcm-2, Multiple Ray Lamp) per day. The 
intensity of UV-A was measured with a digital UVX 
radiometer (UVP, Analytic Jena Company). 
A series of screening assays were developed to determine 
the potential for the CeO2 particles to EC 50% of growth 
inhibition respect to the controls following OECD (1994) 
Guidelines(19), effective quantum yield of photosynthetic 
energy conversion in PSII in dark was measured by 
fluorometry using a Phyto-PAM (Heinz Walz GmbH) (20), 
reactive oxygen species (ROS) production were measured 
by FACSCalibur Flow Cytometer (Becton-Dickinson®) 

(21, 22) and membrane integrity was also quantified, 
following the Propidium Iodide (PI) method (23) by the 
flow cytometer. 
 
 
 
RESULTS AND DISCUSSION. 
 
Characterisation of the CeO2 particles (NPs and bulk) was 
performed using a combination of techniques in order to 
provide information on the particles, chemistry, surface 
area, morphological shape, porosity and size distribution. 
TEM analysis showed the significant difference in particle 
size of the material studied. Despite all suspensions 
showing considerable aggregation in different culture 
media (freshwater and artificial marine water), the primary 
particle size and aggregates size measured by DLS were 
smaller for the nanoparticles into water suspension (105.8 
and 196.4 nm) than power nanoparticles and bulk (731 and 
4567 nm). Zeta potential of NPs were negative charged 
between -18 and -56 mV. 
 
The flow cytometric data indicate that nano CeO2 increases 
ROS production and membrane permeability more than 
bulk where growth of culture and effective quantum yield 
were lower when culture were exposed to NPs. 
Experiments under UV-A regime showed higher toxicity 
because its photocatalytic properties, so this condition due 
to be considered in bioassays which photorreactive 
substances are used.  
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