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Effects of Nanoparticles on Soil Microorganisms
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Abstract

Nanoparticles, one of the most important benefits of nanotechnology, are solid particles with sizes between 1-100 nm. The usage areas of 
nanoparticles including cosmetics, paints and coatings, plastic additives, communications, electronics, sensors, packaging, biomedical diagnostics, 
textiles, antibacterial agents are quite wide. For this reason, the release of nanoparticles to the soil directly or indirectly through air and water is 
gradually increasing. Therefore, the soil is contaminated with nanoparticles in the long term and soil microorganisms can adversely be affected by 
these accumulated nanoparticles. Soil microorganisms play vital roles in soil carbon cycling, nitrogen fixation, and nutrient acquisition for plants. 
Nanoparticles can show different toxic effects on soil microorganisms according to their physical and chemical structures. Also, the humic acid, 
organic matter, pH, and ionic in the soil strengths affect the toxicity of nanoparticles. Nanoparticles may show toxic effects on soil microorganisms 
directly or indirectly, such as changes in the bioavailability of toxins or nutrients, toxicity due to their interaction with natural organic compounds 
or toxic organic compounds. Also, nanoparticles can have a lethal effect on soil microorganisms by causing the production of reactive oxygen species 
by damaging the membrane permeability, cell signaling processes, and the stability of enzymes and protein structures. The effect of nanoparticles 
such as C60 fullerenes, Fe2O3, Ag, ZnO, CeO2, TiO2 on soil microorganisms and the mechanisms of their toxicity are comprehensively reviewed and 
discussed in this mini-review. 
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Introduction
Nanoparticles, the most important products of nanotechnology, 

have an increasing use in almost every sector due to their unique 
properties. Nanoparticles exhibit features such as high catalytic 
activity, high absorption, high reactivity, high conductivity 
compared to bulk materials due to their low particle size and large 
surface area/volume ratio. Due to these properties, nanoparticles 
are increasingly used in areas such as cosmetics, medicine, 
communication, paint, agriculture, packaging, consumer products, 
food additives, construction, animal feed, remediation, textile, 
composite material, energy [1-4]. Environmental contamination 
of nanoparticles is also increasing in parallel with the increasing 
usage amounts. Nanoparticles can contaminate the soil directly or  
indirectly via air and water. Therefore, soil microorganisms also 
interact with these nanoparticles.

 
Soil microorganisms, which are vital for organic matter dynamics 
and nutrient cycle, biogeochemical cycling, biodegradation of 
pollutants, crop production, are very important for the ecosystem 
[5]. Nanoparticles can interact with bacterial cells in different ways 
including electrostatic attraction, Van der Waals forces, receptor-
ligand, and hydrophobic interactions to exhibit antimicrobial 
activity [6-8]. Nanoparticles, which follow a path from the outside 
to the inside, cross the bacterial membrane, affect the function 
and shape of the bacterial membrane, and then come into contact 
with cell components such as DNA, lysozyme, ribozyme enzyme. 
Mechanisms that may result in cell death, such as oxidative 
stress, heterogeneous changes, cell membrane permeability 
changes, electrolyte balance disorders, enzyme inhibition, protein 
inactivation, gene expression changes, may occur with the contact 
of nanoparticles with bacterial cell components [9,10].
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In a study examining the effects of C60 fullerenes on soil 
microorganisms for 14 days, it was reported that respiratory and 
microbial biomass were not significantly affected in 0, 5, 25, and 50 
mg C60 fullerenes (50 nm≤ size) / kg dry soil applications and the 
number of rapidly growing bacteria decreased 3-4 fold [11]. Use 
of Fe2O3 (10.2 nm) nanoparticles stimulated urease and invertase 
activities, whereas Fe3O4 nanoparticles (10.5 nm) did not induce 
any modification of enzymatic activities at high concentrations 
(420, 840, and 1260 mg kg-1 soil) [12].

Significant adverse effects of 0.01 mg Ag nanoparticles per 1 
kg of fertile soil on soil microbial biomass and bacterial ammonia 
oxidizers, the leucine aminopeptidase activity and abundance of 
nitrogen fixing microorganism were reported at the end of the 1 year 
study period [13]. In another study, It has been reported that there 
is a decrease in Acidobacteria (p=0.007) (14.5%), Bacteroidetes 
(p=0.005) (10.1%) and beta-Proteobacteria (p=0.000) (13.9%) at 
the end of a 1-year study period with administration of 0.01 mg 
AgNP/kg loamy soil [14].

In a study conducted to examine the effect of ZnO nanoparticles 
on soil microorganisms, it has been reported that 1 mg of ZnO 
nanoparticles (10-80 nm) significantly prevented ammonification 
(37.8%) in neutrol soil during a 3-month study, and 1 mg, 5 mg and 
10 mg ZnO nanoparticles applications in acidic, neutral and basic 
soil inhibited dehydrogenase activity and fluorescent diacetate 
hydrolase activity during the one-month study period. In the same 
study, it was also reported that the toxicity was higher in acidic soil 
than in neutral soil [15].

It has reported that 1 mg ZnO (15 nm) and CeO2 (10 nm) 
nanoparticles/1 g agricultural soil application hinder thermogenic 
metabolism, reduce numbers of soil Azotobacter, P-solubilizing 
and K-solubilizing bacteria and inhibit enzymatic activities and 1 
mg TiO2 (10 nm) nanoparticles /1g agriculture soil application 
reduced the abundance of functional bacteria and enzymatic 
activity (urease, catalase) at end of 30 days [16].

Concluding Remarks
Current studies on the effects of the most widely used 

nanoparticles on soil microorganisms reveal that toxicity can 
vary according to soil, nanoparticle and application properties 
(especially time). In addition, according to the studies, it is seen 
that metal and metal oxide nanoparticles have more negative 
effects on soil microorganisms compared to organic nanoparticles. 
However, the present data are not sufficient to clearly demonstrate 
the effects of nanoparticles on soil microorganisms and for the 
acceptable nanoparticle amount parameter in the soil. Therefore, 
more research is needed in this area.

Acknowledgement
None.

Conflict of Interest
No conflict of interest.

References
1.	 Semenzin E, Lanzellotto E, Hristozov D, Critto A, Zabeo A et al. (2015) 

Species sensitivity weighted distribution for ecological risk assessment 
of engineered nanomaterials: the n-TiO2 case study. Environ Toxicol 
Chem 34: 2644-2659.

2.	 Bundschuh M, Filser J, Lüderwald S, Mckee MS, Metreveli G et al. (2018) 
Nanoparticles in the environment: where do we come from, where do 
we go to?. Environ Sci Eur 30(1): 6-22. 

3.	 Hansen SF, Heggelund LR, Besora PR, Mackevica A, Boldrin A et al.  
(2016) Nanoproducts what is actually available to European consumers? 
Environ Sci Nano 3(1): 169-180.

4.	 Liu J, Williams PC, Goodson BM, Geisler-Lee J, Fakharifar et al. (2019) 
TiO2 nanoparticles in irrigation water mitigate impacts of aged Ag 
nanoparticles on soil microorganisms, Arabidopsis thaliana plants, and 
Eisenia fetida earthworm.. Environmental Research 172:202-215.

5.	 Rahman MM, Lee JK, Jeong J, Seo YR (2013) Usage of nanoparticles with 
their potential toxicity assessment  and  regulatory  guide-lines. Toxicol 
Environ Health Sci 5: 49-54.

6.	 Armentano I, Arciola CR, Fortunati E, Ferrari D, Mattioli S et al. (2014) 
The interaction of bacteria with engineered nanostructured polymeric 
materials: a review. Scientific World J: 410423.

7.	 Gao W, Thamphiwatana S, Angsantikul P, Zhang L (2014) Nanoparticle 
approaches against bacterial infections. Wiley Interdiscip Rev Nanomed 
Nanobiotechnol. Nov-Dec; 6(6): 532-547.

8.	 Li H, Chen Q, Zhao J, Urmila K (2015) Enhancing the antimicrobial activity 
of natural extraction using the synthetic ultrasmall metal nanoparticles. 
Sci Rep 5: 11033.

9.	 Xu Y, Wei MT, Ou-Yang HD, Walker SG, Wang HZ, et al. (2016) Exposure 
to TiO2 nanoparticles increases Staphylococcus aureus infection of HeLa 
cells. J Nanobiotechnology 14: 34-49.

10.	Wang L, Hu C, Shao L (2017) The antimicrobial activity of nanoparticles: 
present situation and prospects for the future. Int J Nanomedicine 12: 
1227-1249.

11.	Johansen A, Pedersen AL, Jensen KA, Karlson U, Hansen BM et al. (2008) 
Effects of C60 fullerene nanoparticles on soil bacteria and protozoans. 
Environmental Toxicology and Chemistry 27(9): 1895-1903.

12.	He S, Feng Y, Ren H, Zhang Y, Gu N et al. (2011) The impact of iron 
oxide magnetic nanoparticles on the soil bacterial community. J Soils 
Sediments 11: 1408-1417. 

13.	Grün AL, Straskraba S, Schulz S, Schloter M, Emmerling C (2018) 
Long-term effects of environmentally relevant concentrations of silver 
nanoparticles on microbial biomass, enzyme activity, and functional 
genes involved in the nitrogen cycle of loamy soil. J Environ Sci 69: 12-
22.

14.	Grün AL, Emmerling C (2018) Long-term effects of environmentally 
relevant concentrations of silver nanoparticles on major soil bacterial 
phyla of a loamy soil. Environ Sci Eur 30(1): 31-43.

15.	Shen Z, Chen Z, Hou Z, Li T, Lu X (2015). Ecotoxicological effect of zinc 
oxide nanoparticles on soil microorganisms. Front Environ Sci Eng 9(5): 
912-918. 

16.	Chai H, Yao J, Sun J, Zhang C, Liu W et al. (2015) The Effect of Metal 
Oxide Nanoparticles on Functional Bacteriaand Metabolic Profiles in 
Agricultural Soil. Bull Environ Contam Toxicol 94: 490-495.

http://dx.doi.org/10.33552/WJASS.2021.06.000649
https://setac.onlinelibrary.wiley.com/doi/10.1002/etc.3103
https://setac.onlinelibrary.wiley.com/doi/10.1002/etc.3103
https://setac.onlinelibrary.wiley.com/doi/10.1002/etc.3103
https://setac.onlinelibrary.wiley.com/doi/10.1002/etc.3103
https://www.sciencedirect.com/science/article/pii/S016041201933925X
https://www.sciencedirect.com/science/article/pii/S016041201933925X
https://www.sciencedirect.com/science/article/pii/S016041201933925X
https://europepmc.org/article/pmc/6661143
https://europepmc.org/article/pmc/6661143
https://europepmc.org/article/pmc/6661143
https://europepmc.org/article/pmc/6661143
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7177798/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7177798/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7177798/
https://pubmed.ncbi.nlm.nih.gov/25025086/
https://pubmed.ncbi.nlm.nih.gov/25025086/
https://pubmed.ncbi.nlm.nih.gov/25025086/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4197093/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4197093/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4197093/
https://www.nature.com/articles/srep11033
https://www.nature.com/articles/srep11033
https://www.nature.com/articles/srep11033
https://jnanobiotechnology.biomedcentral.com/articles/10.1186/s12951-016-0184-y
https://jnanobiotechnology.biomedcentral.com/articles/10.1186/s12951-016-0184-y
https://jnanobiotechnology.biomedcentral.com/articles/10.1186/s12951-016-0184-y
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5317269/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5317269/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5317269/
https://setac.onlinelibrary.wiley.com/doi/abs/10.1897/07-375.1
https://setac.onlinelibrary.wiley.com/doi/abs/10.1897/07-375.1
https://setac.onlinelibrary.wiley.com/doi/abs/10.1897/07-375.1
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3862805/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3862805/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3862805/
https://enveurope.springeropen.com/articles/10.1186/s12302-018-0160-2
https://enveurope.springeropen.com/articles/10.1186/s12302-018-0160-2
https://enveurope.springeropen.com/articles/10.1186/s12302-018-0160-2
https://enveurope.springeropen.com/articles/10.1186/s12302-018-0160-2
https://enveurope.springeropen.com/articles/10.1186/s12302-018-0160-2
https://enveurope.springeropen.com/articles/10.1186/s12302-018-0160-2
https://enveurope.springeropen.com/articles/10.1186/s12302-018-0160-2
https://enveurope.springeropen.com/articles/10.1186/s12302-018-0160-2
https://link.springer.com/article/10.1007/s11783-015-0789-7
https://link.springer.com/article/10.1007/s11783-015-0789-7
https://link.springer.com/article/10.1007/s11783-015-0789-7
https://pubmed.ncbi.nlm.nih.gov/25636440/
https://pubmed.ncbi.nlm.nih.gov/25636440/
https://pubmed.ncbi.nlm.nih.gov/25636440/

	_GoBack

