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Introduction

Every technology has to face exaltation and disparagement at
various levels. Strengths of a technology are readily translated into
functional outcomes while the shortcomings pave way for further
research and breakthroughs. Nanotechnology is not an exception
from this clause. With the growing prominence this technology is
facing major setbacks. One such setback is associated toxicity. In
this paper, we confine ourselves to present potential toxic effects
of nanoparticles. The bird’s eye view of this problem may help de-
velop strategies for using these materials in various applications.

Nanomaterials have changed our approach towards research
and development expanding the horizons of frontiers in science
and technology (Figure 1). Many argue on the threat that nanopar-
ticles could possibly confer on humans and ecosystems [1]. Though
this argument has some experimental evidence, it is possible that

such arguments are often farfetched assumptions. As enquiry and
evidence form basis for empirical science, a thorough investigation
on the probable negative implications of nanomaterials on humans
and ecosystems may provide guidance for technology develop-
ment using these materials. Tiny size of nanoparticles (NPs) may
facilitate their easy entry into the human, animal and plant bodies.
It has been reported that the size of the NPs are proportional to
the toxicity they cause [2,3]. The aluminium oxide NPs are widely
used in several clinical applications [4]. Recent studies report DNA
toxicity of aluminium oxide NPs without any mutagenic effects [3].
Copper NPs cause liver, spleen and kidney impairment [3]. Under
controlled experimental conditions Copper oxide NPs also caused
gill lesions to common carp (Cyprinus carpio L.) leading to reduced
survival rates [5]. Similarly, phytotoxicity of Copper oxide NPs has
been observed in Phaseolus radiatus and Triticum aestivum [1].

Environmental
remediation
Drug delivery
systems

Semiconductor
technology

Biomedical

Water purification

Battery research

Photocatalytic
applications

Aerospace engineering

Functionalized
wood materials

Tissue engineering

Textiles

Biotechnolog

Agriculture
Food packaging

Biomedical implants

Figure 1: Application of nanomaterials in the research and development.
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However, the toxic properties associated with copper NPs are
used in developing antimicrobial agents [6]. Silver NPs elicit cyto-
toxicity leading to reduced cell viability, increased generation of re-
active oxygen species and lactase dehydrogenase [3]. Additionally,
Silver NPs oxidize intermediary metabolites and damage cell mem-
brane, disrupt ATP production and DNA replication [7]. Toxic effect
of mannitol- modified silver NPs at the concentration of 50mgL!
has been reported in Drosophila melangoster [7]. Silver NPs pose
a significant hazard on marine life too [8]. Irrespective of the toxic
effects of Silver NPs, researchers use them in devising sensors with
increased precision and working [9]. Similarly, zinc oxide NPs cause
cell membrane damage and increase oxidative stress [3]. Zinc ox-
ide NPs are equally toxic; both in bulk and nano formulations [10].
ZNO NPs are considered toxic followed by CuO NPs and TiO, NPs as
per reports [10,11]. With the increase in the concentration of ZnO
NPs, the survival capacity of Daphania magna has been reported
to decrease [1]. However, ZnO NPs are extensively used in textile
industry and U.V. shielding [12].

Despite the advanced applications in chemotherapy and MRI
[13,14], Iron Oxide NPs show prominent accumulation in the vital
organs of the human body [3]. Titanium oxide NPs used in electrode
of desensitized solar cells [15] cause DNA damage and lung inflam-
mation in animals [3]. Al 0,, SiO, and ZnO nanoparticles have bac-
tericidal effects [11]. Renal toxicity has been observed with NPs of
Cadmium sulphide in rats [16]. Polystyrene NPs get accumulated
in the yolk sac as early as 24hrs and then migrate to vital organs
resulting in reduced heart rate and general functioning [17]. Even
though carbon based multi-walled nanotubes are extensively used
in various technologies, they cause carcinogenic effect in animals
[3]. Silica NPs used in biosensors show mitochondrial damage
leading to oxidative stress [3]. Negative impacts of Nanoparticles
have been observed on the Environment as well. Toxic effects of
NPs have been observed on microalgae [1,18]. NPs have interfered
with the removal of COD, nitrogen and phosphorus by CuO, ZnO
and Ti0,, and thereby with the efficiency in remediation [18]. The
higher concentrations of TiO, cause decrease in the density of al-
gae [19]. Graphene oxide NPs cause lethality, free radical formation,
reduction on feeding rates and accumulation on alimentary gut of
Ceriodaphania dubia [20]. The kinetics and extent of TiO, NP ad-
sorption on algae depends highly on pH [10]. The toxicity of TiO,
has been reported in Artemia and Algal cells [2]. The impairment
in the physiological intestinal functioning of Zebra fish has been
reported on exposure to TiO, NPs and biphenol A [21]. Alumini-
um oxide NPs have been reported to exhibit negative influence on
root length, biomass and leaf count of the seedlings in Nicotiana ta-
bacum [22]. Toxicity of nanoparticles has been reported in Rapha-
nus sativus, Brassica napus, Lolium multiflorum, Lactuca sativa, Zea
mays and Cucumis sativis [23]. On exposure to zinc oxide NPs, rye
grass showed decrease in biomass, increased vacuolated epidermis
and cortical cells of roots [24]. There has been a decreased surviv-
al rates with the increased exposure to copper NPs in Phaseolus
radiates and Triticum aestivum [23]. Silver NPs pose a significant
hazard on marine life [8]. Ag NPs are proved to be more toxic as

compared to soluble silver in case of bacteria [25]. Titanium oxide
NPs have been reported to elicit greater toxicity in bacteria Bacillus
subtilis, Escherichia coli and Pseudomonas fluorescens [11].

Conclusion

In conclusion, there is no technology without some degree of
adverse effects. Hence, a methodical scheme has to be developed to
check the potential implications of nanomaterials on humans and
ecosystems. So far, the pastreports are scattered and lack uniformity
in the experimental setup and rational enquiry. Guidelines for
carrying out research on toxicity assessment of nanomaterials
on various organisms have to be scrupulously followed in the
assessment of nano-toxicity. The negative connotation attached
with nanomaterials may need to be relooked and proper awareness
has to be created among laymen and researchers. Follow up
mechanisms based on empirical toxicological evidence may need
to be taken up to further the development of technologies based on
nanomaterials.
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