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Abstract: The aim of this study was to assess the impact of
zirconium oxide nanoparticles on the growth of Pseudomonas
putida. To compare the harmfulness of different forms of zirco-
nium oxide, the ecotoxicity of macro forms was also evaluated
in the study. Research and literature data showed that pres-
ence of the nanoparticles can negatively influence the microor-
ganisms. The EC50-16h determined in this study was 27.2 mg/l,
and NOEC was 0.39 mg/l. Nano-ZrO2 proved to be more toxic
than zirconium oxide to P. putida. This indicates that the nano
form of a given substance displays different properties and may
constitute a far greater danger to the environment than the same
substance in its large form. Death of bacteria caused by nanopar-
ticles may affect the normal biological, chemical and nutrient cy-
cle in the ecosystem, and nanoparticles can also have detrimental
impact on other organisms.

1. Introduction

Nanotechnology includes manufacturing of nanomaterials which, due to their specific
properties, can be widely used in all sectors of economy and medicine. Nanoparticles
are particles smaller than 100 nm. The size of colloidal particles is often smaller
than bacterial cells or eukaryotic cells. These structures can be artificially synthe-
sized (engineered), formed naturally (sea salt derived from evaporation of sea wa-
ter, fine sand in the form of dust, volcanic dust) and they can originate from an
anthropogenic source as accidental by-products (soot, welding fumes, sulfates and
nitrates (Christian et al., 2008). Engineered nanoparticles can be divided into metal
nanoparticles, nanooxides, polymers, fullerenes and carbon nanotubes (Łebkowska
and Załęska-Radziwiłl, 2011). Special advantages of nanoparticles result from their
unique physicochemical properties. They are characterized by high surface to volume
ratio, high chemical reactivity, the ability to form aggregates, diffusivity, and mechan-
ical strength. Nanoparticles have become an attractive material not only for technical
but also commercial applications. Metal nanoparticles are used in the production of
antibacterial agents, paints, food packaging, and medicine (Ag), in microelectron-
ics (Cu), in water purification (Fe), as catalysts (Pt), and as dietary supplements
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(Se, Mg). Metal oxides are added to cosmetics, paints (TiO2, SiO2, ZnO), to fuel
as catalysts (CeO2) and to coatings (TiO2, Al2O3, ZnO). Carbon nanotubes are
used in a variety of composite materials in aerospace engineering, automotive indus-
try and electronics. Fullerenes are mainly used for medical and cosmetic purposes.
Many nanomaterials are used in membrane filters to remove pollution from the water
(Bystrzejewska-Piotrowska et al., 2009). Nowadays biosynthesis of nanoparticles has
been intensively studied in investigations into biological systems like bacteria, fungi,
yeast, algae and plants with much success, but the impact of nanomaterials on organ-
isms and the ecosystem is not yet sufficiently known (Thamilselvi and Radha, 2013).
Literature data indicate that nanoparticles (Ag NPs) are widely used as antibacterial
agents. This antibacterial property carries with it a potential environmental risk once
these NPs are discharged into the environment. Fabrega et al. (2009) demonstrated
that Ag nanoparticles inhibit bacterial growth at 2000 mg/l. However, a study pub-
lished by Krishnaraj et al. (2010) showed that antibacterial activity of synthesized sil-
ver nanoparticles showed effective inhibitory activity against water borne pathogens.
The minimal inhibitory concentration (MIC) of silver nanoparticles against E. coli
and V. cholerae was 10 µg/ml.

This study presents research on the impact of zirconium oxide nanoparticles pres-
ence (nano-ZrO2, < 100 nm) on the growth of Pseudomonas putida bacterial strain.

Recently, such issues as preconcentration and separation of trace elements and
organic compounds in sample solutions by means of ZrO2 nanoparticles have been
discussed in various literary sources. These nanoparticles have unique properties, so
they are promising solid-phase extractants and have contaminant scavenging mech-
anisms. What is more, the influence of nanoparticular forms of zirconium oxide
nanoparticles on microorganisms has been compared with the effect of their ’macro’
forms.

2. Materials and methods

Chemicals. Zirconium oxide nanoparticles (nano-ZrO2), nanopowder < 100 nm
with a specific surface area of ≥ 25 m2/g was obtained from Sigma-Aldrich. Stock
solutions of nano-oxides and oxides (Sigma-Aldrich) with a concentration of 200 mg/l
were prepared in deionized water. Because nanoparticles are able to form aggregates,
the stock dispersion was sonicated (0.4 kW, 20 kHz) for 30 min to break aggregates
and then it was diluted to the exposure concentrations. Stock solutions were diluted
(using the medium with respect to the procedures of tests) in descending order with
a quotient q = 2 to obtain the final concentration of 200 – 0.39 mg/l.
Growth test with Pseudomonas putida. Growth test with P. putida was

performed in accordance with ISO 107122 1994 for Pseudomonas putida (ISO, 1994).
Growth inhibition was assessed on the basis of optical density values obtained for the
samples with λ = 610 nm at the beginning and at the end of the 16-h test. Growth
inhibition (I) was calculated according to Eq. 1.

I =
Bc −Bn

Bc −B0
∗ 100 (1)

where:
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I − Growth inhibition,

Bc − Optical density of suspension in control sample after time [t],

Bn − Optical density of suspension in the sample examined after time [t],

B0 − Optical density of suspension in control sample in time [0].
Effect concentrations (EC50) were calculated using probit analysis with 95 % con-

fidence intervals (Weber, 1972). No observed effect concentrations (NOEC) were
determined using ANOVA and Tukey’s test (Berthouex and Brown, 1994).

3. Results and discussion

The results of growth test with P. putida are presented in Tab. 1 and Tab. 2. The
assessment of ecotoxicity of nanoparticles in accordance with the European Union
Directive (93/67/EEC) (of the European Communities, 1996) and the U.S. Environ-
mental Protection Agency (U.S. EPA) criteria (Agency, 1991) is presented in Tab. 3.
The obtained values of EC50-16h and NOEC-16h showed that Pseudomonas putida
was sensitive to the tested nanoparticles (Tab. 1).

Tab. 1. Effect of nano-ZrO2 on P. putida.

Sample
type

Concentration
[mg/l]

Pseudomonas putida

Growth
inhibition [%]

EC50−16h[mg/l] NOEC[mg/l]

N
an

o-
Z

rO
2

200 62.29

27.2 ≤ 0.39

100 59.26

50 56.23

25 55.89

12.5 46.13

6.25 41.41

3.13 34.01

1.56 33.67

0.78 22.56

0.39 8.73

K 0.00

Growth inhibition of P. putida was observed in the acute growth test. Zirconium
oxide nanoparticles inhibited the process in 62.29 % in the highest tested concen-
tration. EC50-16h was 27.2 mg/l (Tab. 1). Previous studies performed by authors
(Chrzanowska and Załęska-Radziwiłł, 2014) also suggest toxicity of the nanoparticles
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Tab. 2. Effect of ZrO2 on P. putida.

Sample
type

Concentration
[mg/l]

Pseudomonas putida

Growth
inhibition [%]

EC50−16h[mg/l] NOEC [mg/l]

Z
rO

2

200 23.76

> 200 0.78

100 22.12

50 22.67

25 18.94

12.5 17.00

6.25 14.59

3.13 7.24

1.56 4.07

0.78 0.00

0.39 0.00

K 0.00

Tab. 3. Toxicity profile for nano-ZrO2 − study results.

Tested
organism

Nano-ZrO2
Ecotoxicity
assessment

ZrO2
Ecotoxicity
assessment

EC50

[mg/l]
NOEC
[mg/l] UE US

EPA

EC50

[mg/l]
NOEC
[mg/L] UE US

EPA

P
.

pu
ti

da

27.2 ≤ 0.39

ha
rm

fu
l

m
od

er
at

el
y

to
xi

c

> 200 0.78

no
nt

ox
ic

sl
ig

ht
ly

to
xi

c

on bacteria. It has been found that nano-Al2O3 and nano-ZrO2 were harmful to the
planktonic form of P .putida and A. hydrophila – EC50 of aluminum nano-Al2O3 for
P. putida after 72 h was 3.34 mg/l and for A. hydrophila it was: 16.33 mg/l. A
slightly lower susceptibility towards these bacteria was demonstrated by nano-ZrO2.
The effective concentration value which was obtained in the study was 14.53 mg/l for
P. putida and 172.06 mg/l for A. hydrophila. Data from the literature sources also
indicate that bacteria can be sensitive to toxicants such as nanoparticles. Fabrega
et al. (2009) in a growth test with P. fluorescens obtained reduced bacterial growth
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at 2000 mg/l after 24 h. However, experiments with silver nanoparticles conducted by
Matzke et al. (2014) showed that Pseudomonas putida reacted very sensitively when
exposed to silver. The EC50 value was between 0.13 and 3.41 µg/l for different Ag
nanoparticles.

Ecotoxicity assessment on the basis of EC50 showed that nano-ZrO2 damages
bacteria. According to EU criteria, nano-ZrO2 was harmful to the Pseudomonas
putida. However, according to US EPA criteria ZrO2 nanoparticles were moderately
toxic (Tab. 3).

The results obtained in the study showed that the impact of nano-ZrO2 on P.
putida was different than the one observed for their bulk counterparts (Tab. 2). Liter-
ature data also indicate that nanoparticles are more toxic than the same compounds in
their ’macro’ forms. An experiment conducted by Jiang (2011) showed that nanopar-
ticles: Al2O3, SiO2, TiO2 and ZnO demonstrated higher toxicity than their bulk
counterparts. It might be a result of many different properties of nanoparticles such
as: high surface to volume ratio, high chemical reactivity, the ability to form aggre-
gates, diffusivity, and mechanical strength. Therefore, nanocompounds can show a
different mechanism of action and can pose greater danger to the environment than
the same substance in its ’macro’ form (Chrzanowska and Załęska-Radziwiłł, 2014).

4. Conclusions

This research confirmed the data found in literature sources and proved that the
presence of nanoparticles can negatively influence microorganisms. It was also found
that the nano form of the tested compound poses a greater risk to the environment
than the same compound in its ’macro’ form. It indicates that the currently available
ecotoxicity data about compounds in their ’macro’ forms cannot be used to assess
the harmfulness of their nano form counterparts. In order to ensure safety of the
microorganisms in the environment, much broader studies should be conducted us-
ing individual strains of microorganisms. In addition, not only conventional, but
also chronic and molecular tests should be conducted to provide explanation of the
mechanisms behind the impact of nanoparticles on microorganisms.
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