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The nano-revolution1 has created a mar-
ket for nano-based products and is  
expected to change industrial production 
and economics over the decades to 
come2. As this new field is breaking the 
barriers between fundamental disciplines 
such as chemistry, physics and biology, 
the application field is also getting broad 
such as health (medical products such as 
heart valves, drug-delivery systems and 
imaging techniques), sports (sports 
equipment), food production (pesticide 
delivery, nutrient delivery, etc.), envi-
ronmental remediation (remediation of 
pesticides), cosmetics, etc.2–7. However, 
majority of the nanoparticles are being 
introduced into the market on the basis 
of claimed benefits2 and the eco-
toxicological profile of many of these 
products is unknown to the scientific 
community. The rising number of works 
on the toxic (geno-toxicological) effects 
of nanoparticles clearly warrants that 
apart from the benefits, nanotechnologies 
also produce uncertainties and risks2.   
Although nanoparticles are widely used 
for analytical and in imaging field, many 
researchers consider it as an emerging 
contaminant and have started developing 
sensitive analytical methods for their de-
tection from environmental samples8.  
Therefore, the present article discusses 
the potential environmental risks and un-
certainties associated with the use of 
nanoparticles and highlights few factual 
cases from the literature to ascribe the 
toxic and bioaccumulative potential of 
such particles. While our deliberations 
are not intended to overlook the past and 
ongoing remarkable contributions of vari-
ous researchers in this booming field, we 
urge the scientific community to have a 
detailed geno-toxicological and eco-
toxicological approach to ensure the 
safety and risks before the field utiliza-
tion of such particles, products or any 
formulations. 
 Recently, studies demonstrated that 
silica (70 nm) and titanium dioxide 
(35 nm) nanoparticles can cross the pla-
centa barrier in pregnant mice and cause 
neurotoxicity in their offspring9,  and co-
balt–chromium nanoparticles (29.5  
6.3 nm in diameter) can damage human 
fibroblast cells10. Similarly, it has been 

proposed that inhaled multiwalled carbon 
nanotube can reach the subpleural tissues 
in mice and may cause pleural fibrosis 
and/or mesothelioma11. Hu and Gao12  
studied the neurotoxicity of nanoparticles 
and proposed their possibility of crossing 
blood brain barrier (BBB). Similarly, en-
gineered nanoparticles are being consid-
ered as an emerging class of pollutants 
with eco-toxicological impacts on marine 
ecosystems because the particles can end 
up in waterways and reach the sea13. Kim 
et al.14 assessed the influence of citrate-
capping silver nanoparticles (cAgNPs) 
on Caenorhabditis elegans and found 
that it could induce dermal effects that 
cause burst scars on the epidermis and 
make it vulnerable to secondary infec-
tions by bacteria. The impacts of metallic 
nanoparticles on agricultural crops are 
well documented. Lee et al.15 reported 
that AgNPs significantly reduce the seed-
ling growth of Phaseolus radiatus and 
Sorghum bicolor. Additionally, the 
brown tips and necrosis detected in the 
exposed roots of both plants were  
an indication of the phytotoxicity of 
nanoparticles15. Similarly, Lin and Xing16 
reported that ZnO nanoparticles were 
able to concentrate in the rhizosphere of 
Lolium perenne, enter the root cells and 
inhibit the seedling growth of ryegrass. 
In another case, the inhibitory effect of 
water-soluble fullerenes on Arabidopsis 
thaliana at the cellular level was ob-
served and it was found that fullerene  
retarded roots with shortened length and 
resulted in the loss of root gravitro-
pism17. 
 Contrary to the above findings, some 
workers reported that CeO2 and ZnO 
nanoparticles have increased the root and 
shoot growth in edible plants such as 
soybean, wheat, corn and alfalfa18–20.  
Moreover, it has been reported that nano 
TiO2 improved the germination, seedling 
growth and photosynthetic rate in wheat 
and spinach in comparison to the untreated 
control plants21. However, it is widely 
accepted that the uptake, bioaccumula-
tion, biotransformation and risks of 
nanoparticles for food crops are still not 
well understood and few nanoparticles 
and plant species have been studied so 
far and very few references are available 

on the biotransformation of nanoparticles 
within the food plants22. Furthermore, 
the detailed biomagnification of nanopar-
ticles in food chain is also not known22 
(Figure 1). However, previous studies 
have reported that nanoparticles can ac-
cumulate in living organisms and can be 
transferred from prey to predator (trophic 
transfer)23–27 and even these materials 
can be biomagnified. Ferry et al.28 proved 
that gold nanorods can readily pass from 
the water column to the marine food web 
in three laboratory constructed estuarine 
mesocosms containing sea water, sedi-
ment, sea grass, microbes, biofilms, snails,  
clams, shrimp and fish. Similarly, in an 
experimental microbial food chain, Wer-
lin et al.29 demonstrated that CdSe quan-
tum dots were accumulated in bacteria 
Pseudomonas aeruginosa and were 
transferred and biomagnified in a proto-
zoa Tetrahymena thermophila that 
preyed on the bacteria. Interestingly, the 
quantum dots concentration in the proto-
zoa predator was approximately five 
times higher than the bacterial prey29. 
 Although there is an increasing con-
cern regarding the unknown toxicity of 
nanoparticles, lack of proper experimen-
tal methods for the validation of toxico-
logical assays is a major impediment in 
nanotoxicology itself. A recent editorial 
in Nature Nanotechnology clearly pointed 
out the various challenges faced by this 
relatively new field. It raised an impor-
tant question to the scientific world  
regarding the growing uncertainty and 
toxicity of nanoparticles as ‘twenty years 
of research has confirmed that nanoscale 
materials can display unexpected and 
unusual toxicity, but just how much have 
we learnt about the interactions between 
engineered nanomaterials and humans, 
animals and the environment?’30. Most 
importantly, the editorial mentioned some 
worrying aspects of nanotoxicology such 
as: (i) materials that are not harmful in 
bulk form may well be toxic on the 
nanoscale30; (ii) nanoparticles are also 
more likely to react with cells and  
various biological components such as 
proteins, and to travel through organ-
isms30,31; (iii) traditional toxicological 
assays to find out the dose–response rela-
tionship are not workable in the case of 
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nanoparticles because unlike the soluble 
chemicals tested for dose–response  
studies, nanoparticles have shapes and 
surface areas, and they can diffuse,  
aggregate/agglomerate and sediment  
according to their size, density, and 
physical and chemical properties in solu-
tion30; (iv) many toxicity studies of 
nanoparticles have been done at much 
higher doses than is realistic, so that the 
resultant toxicity profile is not sufficient 
to interpret or extrapolate the realistic 
toxicity of these materials30. The edito-
rial also concluded with a pragmatic 
comment that ‘the big challenges in the 
coming years are to understand how 

physical and chemical properties of 
nanomaterials govern their interactions 
and responses, and to inform the public 
on the benefits and risks associated with 
the use of nanomaterials’30. 
 The above assertions clearly indicate 
that the field of nanotoxicology is still in 
its infancy and much of the assayed  
toxicity of nanoparticles may be less or 
higher than the actual toxicity. So we 
have to design new ways and means to 
calculate the real toxicity of nanoparti-
cles. Even the standard phytotoxicity 
tests such as germination and root elon-
gation may not be sensitive enough or 
appropriate when evaluating nanoparticle 

toxicity to plant species32. Therefore, as 
mentioned by Saez et al.1, the successful 
integration of various disciplines under-
pinning the fundamentals of nanoparti-
cles such as physics, chemistry, biology, 
materials science and engineering and 
the applied disciplines such as molecular, 
toxicological and eco-toxicological  
approaches together with societal and 
regulatory contexts are essential for out-
lining the broad implications of nano-
particles on human health and the 
environment. Furthermore, detailed life-
cycle assessment of every nanoparti-
cle/material either in bulk form or in 
nano form is essential for ensuring the 
safety of the material. Without this exer-
cises, we cannot promote the use of 
nanoparticles or nano-based products. 
 
 

1. Saez, G. et al., Nanotoday, 2010, 5, 251–
253. 

2. Borm, P. J. A. and Berube, D., Nano-
today, 2008, 3, 56–59. 

3. Ghormade, V., Deshpande, M. V. and 
Paknikar, K. M., Biotechnol. Adv., 2011, 
29, 792–803. 

4. Guo, L., Bourre, D. M., Soden, G. C., 
O’Sullivan, C. and O’Driscoll, C., Bio-
technol. Adv., 2011, 29, 402–417. 

5. Srivastava, M., Abhilash, P. C. and 
Singh, N., J. Biomed. Nanotechnol., 
2011, 7, 172–174. 

6. Ansari, S. A. and Husain, Q., Biotechnol. 
Adv., 2012, 30, 512–523. 

7. Ingham, C. J., ter Maat, J. and de Vos, 
W. M., Biotechnol. Adv., 2012, 5, 1089–
1099. 

8. Richardson, S. D. and Ternes, T. A., 
Anal. Chem., 2011, 83, 4614–4648. 

9. Yamashta, K. et al., Nature Nanotech-
nol., 2011, 6, 321–328. 

10. Bhabra, G. et al., Nature Nanotechnol., 
2009, 4, 876–883. 

11. Ryman-Rasmussen, J. P. et al., Nature 
Nanotechnol., 2009, 4, 747–751. 

12. Hu, Yu-Lan and Gao, Jian-Qing, Int. J. 
Pharm., 2011, 394, 115–121. 

13. Matranga, V. and Corsi, I., Mar. Envi-
ron. Res., 2012, 76, 32–40. 

14. Kim, S. W., Nam, S. H. and An,  
Y. J., Ecol. Environ. Safety, 2012, 77, 
64–70. 

15. Lee, W. M., Kwak, J. I. and An, Y. J., 
Chemosphere, 2012, 86, 491–499. 

16. Lin, D. and Xing, B., Environ. Sci. Tech-
nol., 2008, 42, 5580–5585. 

17. Liu, Q. et al., ACS Nano., 2010, 4, 5743–
5748. 

18. López-Moreno, M. L., De la Rosa, G., 
Hernández-Viezcas, J. A., Castillo-
Michel, H., Botez, C. E., Peralta-Videa, 
J. R. and Gardea-Torresdey, J. L., Envi-
ron. Sci. Technol., 2010, 44, 7315–7320. 

 
 

Figure 1. The possible interaction of nanoparticles in soil system. The unseen impacts 
of nanoparticles may be less or worse than known. However, proper evaluation based 
on realistic experimental and real-time models is essential to ensure the safety and effi-
cacy of nanoparticles on humans, plants, non-targeted organisms and the ecosystem as 
a whole. 
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