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Abstract 

Nowadays, nanoscale zerovalent iron (nZVI) is a 

nanomaterial commonly used in remediation practice. 

Although worldwide applications of nZVI have shown its 

effectiveness in degradation and immobilization of a wide 

range of organic and inorganic pollutants, potential negative 

effects of nZVI on exposed organisms have not been 

sufficiently explored. To avoid possible environmental risks, 

understanding of the mechanism of nZVI toxicity and its 

overall effects on microbial populations indigenous to 

remediation sites is needed. The presented thesis summarizes 

current knowledge of nZVI toxicity, and, moreover, deals with 

the development and application of a new test for in vitro 

evaluation of acute toxicity caused by commonly used as well as 

newly developed nZVI-based materials. Additionally, in this 

thesis, the risk associated with changes in the toxicity of the 

aforementioned materials during the aging process was 

examined. In the last part, the effect of several nZVI-based 

materials on microbial communities of a real contaminated soil 

was monitored and evaluated using artificial microcosms. In 

addition, in this part, the potential of nZVI and its derived 

materials in combination with a biostimulation step during 

nanobioremediation is outlined.  
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1. Introduction 
In recent years, an increase in the application of reactive 

nanomaterials based on nanoscale zerovalent iron (nZVI) has 

been observed in remediation practice (Jang et al., 2014). 

Results of pilot and full-scale applications document high 

efficiency of nZVI-based decontamination technologies 

(Mueller et al., 2012; Zou et al., 2016). However, injections of 

reactive nanomaterials in high doses during the applications 

associate these materials with potential environmental risks. 

For this reason, it is necessary to study this subject and extend 

existing knowledge concerning potential negative effects of 

these materials on exposed organisms. 

Given the nature of the application, mainly resident microbes 

from contaminated localities will be exposed (Ševců et al., 

2011). Although nZVI-based nanomaterials are currently 

widely introduced into the environment, the mechanism of the 

toxic effect of nZVI has not yet been described adequately and 

appropriate attention to the study of the effect on microbial 

populations has not been paid, especially to those from real 

contaminated sites (Lefevre et al., 2016). Moreover, many new 

modifications of nZVI are currently being developed in order 

to achieve higher reactivity and mobility in the geosphere. 

These novel modifications of nZVI also represent new risks 

and the evaluation of their potential negative effect on the 

environment is needed. 

The first part of this thesis summarizes current knowledge 

about in vitro and in situ effects of nZVI on microorganisms. 

Furthermore, in this section, the potential of nZVI-based 
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materials for use in nanobioremediation is evaluated in detail. 

In the second part of the presented thesis, newly developed and 

optimized tests are presented and used for toxicity 

determination of nZVI-based nanomaterials to study the 

mechanisms of the toxic effects. Using one of the developed 

tests, changes in toxicity during aging of new sulfidic 

modifications of nZVI was also studied. In the last part of this 

thesis, the effect of other modifications of nZVI on microbial 

populations in artificially created microcosms containing real 

contaminated soil was investigated together with material 

changes during aging. 
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2. Aims of the study 

The main objectives of the presented thesis are summarized 

below: 

1. A systematic review of literature on nZVI toxicity 

2. The development and optimization of a new protocol 

for testing nanomaterials based on nZVI using bacterial 

species 

3. The development of a test for the evaluation of 

oxidative damage of biomolecules in various 

microorganisms after exposure to a nanomaterial 

(nZVI) 

4. The study of changes in toxicity and structure of 

sulfidic modifications of nZVI during their 2-month 

aging   

5. The evaluation of the use of the combination of 

nanoremediation and biostimulation in remediation 

applications 

6. The study of the effect of nZVI on soil microorganisms 

in artificially created microcosms  
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3. Materials and methods 
The experimental methods are described in detail in the 

correspondent publications. This is only a brief overview: 

 The acute toxicity test developed in this work was 

based on the cultivation of bacteria, their subsequent 

exposure to nZVI, extraction and derivatization of 

malondialdehyde and quantification by HPLC-FLD. 

 The second test presented in this work was based on the 

quantification of carbonyls as markers of oxidative 

damage to biomolecules via derivatization and 

subsequent analysis by HS-SPME-GC-MS. 

 Next generation sequencing was used to evaluate 

microbial communities in experiments with engineered 

microcosms. 

 The course of the toxicity of nZVI sulfide modifications 

over time was measured using the acute toxicity test 

developed in this work, as well as the activated sludge 

respiration inhibition test and other microbiological 

methods based on cultivation. 

 In order to monitor the structural changes of 

nZVI-based materials during aging, X-ray diffraction, 

transmission electron microscopy and disk 

centrifugation were used.  



10 
 

4. Results and discussion 

4.1. Ecotoxicity and environmental safety related to 

nano-scale zerovalent iron remediation applications 

(publication 1) 

This publication provides an overview of the existing 

knowledge about the negative effects of nZVI-based 

nanomaterials on microorganisms. In addition to the toxic 

effect, studies observing a positive, biostimulating effect of 

these nanoparticles, often overlooked by current literature, are 

highlighted. 

4.2. Novel assay for the toxicity evaluation of nanoscale 

zero-valent iron and derived nanomaterials based on lipid 

peroxidation in bacterial species (publication 2) 

This publication presents a newly developed and optimized 

acute toxicity test for nZVI-based materials using cultivable 

bacteria. Furthermore, the influence of passivating (oxide layer 

modification) on the toxicity of nZVI was observed in this 

publication. This trend of decreasing toxicity with increasing 

thickness of the oxide shell was observed in three Gram 

positive and three Gram negative bacteria. 

4.3. Oxidative stress in microbes after exposition to iron 

nanoparticles: the analysis of aldehydes as oxidative 

damage products of lipids and proteins (publication 3) 

A test for the detection of carbonyl compounds as markers of 

oxidative damage to biomolecules has been developed using 

advanced methods of analytical chemistry HS-SPME-GC-MS. 

Degradation of cellular proteins or lipids was subsequently 

observed in representatives of algae, fungi and bacteria after 
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exposure to various concentrations of nZVI. The 

dose-dependent increase in carbonyl fractions confirmed the 

oxidative damage caused by this nanomaterial. 

 

4.4. Environmental fate of sulfidated nZVI particles: 

interplay of nanoparticle corrosion and toxicity during the 

aging (publication 4) 

The subject of this publication was to study the aging of nZVI 

and its sulfide modifications in terms of material and toxicity 

development over several months. In this experiment, a 

decreasing trend of acute toxicity was observed for newly 

prepared materials, depending on the weight ratio of added 

sulfur. After two months of aging, all tested materials showed 

lesser toxicity than at the start of the experiment. 

 

4.5. Nano zero-valent iron aging interacts with soil 

microbial community: a microcosm study (publication 5) 

The influence of nZVI and its derived modifications on 

microbial population structure in artificially created 

microcosms was discovered in this work. Using γ-radiation, 

microcosms with different microflora were artificially created. 

In this study, disruption of microbial communities by 

nanomaterials has been observed and potential involvement of 

microorganisms (iron reducing/oxidizing bacteria and some 

fungi) in the oxidization (aging) of nZVI-based materials has 

been reported. 
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4.6. Nano-bioremediation: nZVI for inorganic and 

organic contamination (publication 6) 

This book chapter documents and evaluates the potential of 

nZVI-based nanomaterials for use in nanobioremediation 

applications in the Czech Republic. In both studied localities, a 

site with inorganic contamination by Cr(VI) and a site with 

combined contamination of Cr(VI) and chlorinated solvents, a 

positive effect of nZVI on the development of the subsequent 

biostimulation phase was demonstrated. The application of 

nZVI reduced the level of contamination and created suitable 

conditions for the growth of natural microorganisms, which, 

after subsequent addition of substrate, managed to continue 

decontaminating the site. 
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5. Conclusions 
This work summarizes existing knowledge of positive and 

negative aspects associated with nZVI and its application. In 

this work, new protocols for the evaluation of nZVI-based 

nanomaterial toxicity with potential use in remedial practice 

were developed. These tests were used to study the 

development of toxicity of individual materials during their 

aging, representing their natural fate in the environment. 

Furthermore, damage to biomolecules caused by oxidative 

stress, one of the major toxic effects of nZVI, was discovered. 

In microbial cultures of yeast, fungi and bacteria, markers of 

protein or lipid oxidation after exposure to various 

concentrations of this nanomaterial were detected, and thus 

confirmed damage to these biomolecules. Moreover, the 

influence on microbial populations in artificially created soil 

microcosms after exposure to various materials approximated 

the effect of nZVI in real conditions. 

Despite the toxicity of nZVI to microorganisms which has been 

demonstrated in this work, the ability of complete nZVI 

oxidation and its low mobility in soil reduce its environmental 

risk. What’s more, the high efficiency of this decontamination 

technology, suitably complemented by a biostimulation step, 

can significantly reduce the environmental risk on 

contaminated sites with certain types of pollutants.  
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