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Carbon based nanomaterials

Nanomaterials





The  same properties that make nanomaterials 
interesting can also make them harmful

• Enhanced reactivity
• Increased surface to mass 

ration
• Enhanced permeation
• Relevant quantum effects
• Previously unknown forms of 

materials
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Toxicity of nanomaterials 



Toxicity tests may be performed employing live (in vivo) organisms, such as 
microcrustaceans, fishes, rodents, and other animals and/or cell cultures (in vitro). 

Several standardized toxicological tests are available to measure the biological 
response of an organism to a chemical. However, there is no standardization for the 
evaluation of the toxicity of nanomaterials, which hampers the comparison of 
results and the consensus about their toxicity. Most of the studies performed so far 
are adaptations of the standard procedures used for other substances



Toxicological assessment of nanoparticles
The toxicity of nanoparticles depends on their sizes, material concentration, charge, material composition and their 
stability. The in vitro and in vivo toxicological assessment are carried out with emphasis on the histological changes, 
biodistribution, pharmacokinetic influence, biochemistry metabolism, and clearance. 

Periwinkles were exposed for 10 days at different 
concentrations of ZnO NPs and at the termination of the 
experiment, no mortality was recorded

Nanotoxicity tests of ZnO synthesized using hibiscus leaf extract

Healthy periwinkles before and after exposure











As regards silver nanoparticles, at first, they stimulated the 
growth of garden cress. Next, the growth was hindered, and 
later it was stimulated once again. The solution of silver 
nanoparticles stimulated fax growth at all tested concentrations. 
Those results demonstrate that silver nanoparticles synthesized 
biologically using V. officinalis extract are nontoxic. They also 
suggest that fax germination is somehow resistant to the 
negative impact of silver nanoparticles. Flax germination was 
shown to undergo no signifcant changes due to any type of 
treatment, regardless of concentrations (El-Temsah and Joner, 
2012).

Phytotoxicity evaluation of green synthesized nanoparticles on flax 
seeds 

R. Dobrucka  · M. Szymanski  · R. Przekop International Journal 
of Environmental Science and Technology (2019) 16:8517–8526 



Toxicity  Assessment of Cellulose-Ag-ZnO 
Nanocomposites Using Onions Bulb Plant

Elias E. Elemike, Damian C. Onwudiwe, Doris F. Ogeleka & 
Esther C. Obasi  doi.org/10.1007/s10876-020-01826-3



Cytotoxicity of Ag, Au and Ag-Au bimetallic 
nanoparticles prepared using golden rod (Solidago 
canadensis) plant extract
Behaviour of NPs in biological media or determination of their toxic potency depend on material constitution or arrangement. 
Shapes of nanoparticles are important in determining toxicity. For instance, triangular-shaped silver nanomaterials exhibit greater 
toxic potency relative to spherical NP. Surface area, large ratio of surface atoms to bulk atoms results in greater reactivity and 
toxic potencies

Growth curves of HuTu-80 cells exposed to three concentrations of 
Au-NPs for 100h (Blue: Control; Purple: 5 µg/mL; Pink: 25µg/mL; 
Red: 50 µg/mL). Te line indicates addition of the nanomaterials as 
well as normalization time point

Comparison of pre normalized CI values between H4IIE-
luc cells (cyan) and HuTu-80 cells (blue) control cells and 
blank wells containing only NPs indicating no particle 
interference.



Growth curves of HuTu-80 cells exposed to Ag-Au-BMPs for 
100h (Blue: Control; Orange: 5 µg/mL; Dark green: 25 µg/mL; 
Green: 50 µg/mL). 

Growth curves of HuTu-80 cells exposed to Ag-NPs for 100h 
(Blue: Control; Purple: 5 µg/mL; Yellow: 25µg/mL; Black: 
50µg/mL). 

. Growth curves of H4IIE-luc cells exposed to three 
concentrations of Ag-NPs for 100h (Cyan: Control; Purple: 
5 µg/mL; Yellow: 25 µg/mL; Black: 50µg/mL). 

Growth of H4IIE-luc cells s in the presence of three 
concentrations of Au-NPs for 100h (Cyan: Control; Purple: 5 
µg/mL; Pink: 25µg/mL; Red: 50µg/mL).

The two least concentrations of 
Ag-Au-BMPs did not significantly 
affect viability



Growth curves of H4IIE-luc cells exposed to three 
concentrations of Ag-Au-BMPs for 100h (Cyan: Control; Orange: 
5 µg/mL; Dark green: 25 µg/mL; Green: 50 µg/mL).

H4IIE-luc cells exhibited statistically significant diferences in cells exposed to the two greatest concentrations (25 and 
50µg/mL) of all three types of NPs. Au-NPs significantly stimulated growth of cells while both Ag-NPs and Ag-Au-
BMPs caused signifcant decreases in viability of cells. The least concentration (5 µg/mL) of Ag-NPs  and Au-NPs 
caused non-signifcant stimulation of growth of cells, while Ag-Au-BMPs caused a signifcant decrease in cell viability of 
H4IIE-luc cells

BNPs exhibited the greatest toxic potency to these 
two types of cells 



Conclusion 
Contact with materials in the nanoscale may result in penetration of various kinds of cells, which is a very important potential 
consequence. Nanoparticles exercise a direct impact on algae, plants and fungi by entering into redox reactions with organic 
particles, which disturbs the processes of photosynthesis and respiration. Cellulose cell walls of algae and higher plants, as well 
as chitin walls of fungi, have small pores with the diameter of 5–20 nm, and nanoparticles may induce creation of larger pores. 
After penetrating cell wall, nanoparticles encounter the cytoplasmic membrane. The membrane becomes convex, encloses 
nanoparticles in bubbles and pulls them in the cell. The majority of the reported phytotoxicity studies used nanoparticles 
synthesized by means of chemical methods.

Not all biologically synthesized nanomaterials are necessarily safe. 

Example: AuNPs synthesized from golden rod extract exhibited lesser toxic potency than NPs synthesized without plant 
leaf extracts. 

take home 
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