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Properties of Nanoparticles (NP)

• Generic
A. High surface 

area/volume 
ratio

B. Differential 
properties as a 
matter of scale

C. High surface          
reactivity

• Material-dependent
Changes in properties

Bulk-scale Nano-scale

Si Insulator Conductive

Cu Malleable 
and ductile

Stiff

TiO2 White color Colorless

Au Chemically 
inert

Chemically 
active



Nanotechnology-
based products



However…
- The benefits of nanotechnology 
are accompanied by potential risks, 
the extent of which we do not yet 
fully appreciate. 

- Numerous concerns have been 
raised that the same attributes of 
NPs that make them attractive, may 
lead to new and unusual risks to the 
human health and the environment. 

- Little is known about NP biological 
and environmental fate. 

- If differential toxicity is observed, 
should nanoparticle Ag should be 
regulated differently than bulk Ag?



NPs possess toxic potential
Nanotoxicology: the field of science which looks at     
the potential for nanotechnology to cause adverse  
effects

Preliminary studies: A range of species have been  
investigated: 

Bacteria (Jiang et al., 2009; Johansen et al., 2008)
Algae (Wang et al., 2008)
Invertebrates such as nematodes and crustaceans  

(Wang et al., 2009; Heinlaan et al., 2008) 
Vertebrates such as fish and rats (Griffitt et al., 

2008; Elgrabli et al., 2008)

However, most look only at NPs (no bulk material 
comparison)



NP-induced phytotoxicity
• Data on NP toxicity to plants 

is almost non-existent.
• There are a handful of 

studies assessing the effects 
of specific NPs on  
germination and root 
elongation 

(Lin and Xing, 2008; Yang and   
Watts, 2005; Canas et al. 2008; 
Zhu et al. 2008).

• This literature is plagued by 
shortcomings (failure to 
compare bulk- and 
nanoparticle-induced toxicity 
for each tested material).



Experimental Design
• Determine the impact of engineered 

nanomaterials on zucchini:
• Seed germination
• Emerging seed root elongation
• Biomass under hydroponic conditions

• Used 5 commonly employed 
nanomaterials and evaluated them against 
corresponding bulk materials 

• Ag, Cu, Si, ZnO, MWCNTs



Seeds
• Initially soaked in 10% 

sodium hypochlorite for 
10 min.

• Rinsed with reverse 
osmosis (R.O.) water

• Air-dried and stored in 
plastic bags at room 
temperature

Particle 
suspensions

• 2 methods of achieving 
dispersion
• Surfactant [SDS at 0.2%]
• Ultrasonic vibration

• Suspensions were made 
with R.O. water or Hoagland 
solution, depending on the 
phytotoxicity assay.

• All suspensions (NP or bulk) 
were at 1000 mg/L.

• Suspensions in amber jars
• Agitated before application



Characteristics of NPs 
used in the study

Particle Size Purity

MWCNTs

Outer mean diameter : 
13-16 nm

Outer diameter 
distribution : 5-20 nm
Inner mean diameter : 

4 nm
Inner diameter 

distribution : 2-6 nm
Length : 1-10 μm 

>99%

ZnO Diameter : 5 nm/10 nm 99.99%
Si Diameter < 100 nm 

(average ~ 50 nm)
≥98%

Cu Diameter : < 50 nm 99.8%

Ag Diameter < 100 nm 99.5%

Single-walled 
carbon nanotubes 
(SWCNT)

Multi-walled carbon nanotubes 
(MWCNT)



Trial One 
(SDS)

RO watera RO 
water+ 

SDS
AC

MW-
CNT

ZnO 
powd.

ZnO
5 nm

ZnO
10 nm

Si
powd.

Si
100 
nm

Cu 
powd.

Cu
50 
nm

Ag 
powd.

Ag
100 
nm

90 60
A

60 
A

40
A

67 
A

86 
A

67
A

40
AB

0 
B

40 
A

53
A

67
A

33 
A

Trial Two
(no SDS)

RO water RO 
water+ 

SDS
AC

MW-
CNT

ZnO 
powd

ZnO
5 nm

ZnO
10 nm

Si
powd.

Si
100 
nm

Cu 
powd.

Cu
50 
nm

Ag 
powd.

Ag
100 
nm

87 
A NA

67
A

87 
A

80
A

67
A

87
A

93 
A

80
A

73
A

80
A

93
A

87
A

Percent germination- zucchini seeds exposed to NPs and 
corresponding bulk materials (1000mg/L). Trial one included the 

surfactant SDS (0.2%) to facilitate particle dispersion; trial 2 had no 
SDS. Values represent % germination after 4 days.

Within a row, values followed by different capital letters are significantly different by one-way ANOVA followed by a Dunns 
multiple comparison test involving three treatments (Trial 1- RO water +SDS, a nanomaterial and the corresponding bulk 
material; Trial 2- RO water, a nanomaterial and the corresponding bulk material ).



Day 1 Day 2 Day 3 Day 4
DIW water + 

SDS 2.9 3.1 A 3.3 A 3.4 A
Ag Bulk 3.4 3.9 A 4.2 B 4.3 A
Ag Nano 6.0 6.3 A 6.4 C 6.5 A

DIW + SDS 2.9 3.1 A 3.3 A 3.4 A
Si Bulk 5.5 6.0 A 6.2 A 6.4 A
Si Nano 4.5 4.8 A 4.9 A 5.2 A

DIW + SDS 2.9 3.1 A 3.3 A 3.4 A
Cu Bulk 4.2 4.6 A 4.8 A 4.9 A

Cu Nano < 
50 nm 6.0 6.8 A 6.9 A 7.1 A

Cu Nano 10 
nm 5.9 6.5 A 6.5 A 6.8 A

DIW + SDS 2.9 3.1 A 3.3 A 3.4 A
ZnO Bulk 5.8 6.6 A 6.7 A 6.8 A
ZnO 10nm 5.6 5.8 A 6.1 A 6.3 A
ZnO 5nm 5.8 6.2 A 6.6 A 7.1 A

DIW + SDS 2.9 3.1 A 3.3 A 3.4 A

Act. Carbon 5.5 5.9 A 6.0 A 6.3 A
MWCNT 5 1 5 6 A 5 6 A 5 7 A

Root elongation- Effects of 1000 mg/L suspensions of NPs and their corresponding
bulk materials on root elongation (mm). Numerical values represent the average root 

lengths of 15 seeds. SDS (0.2%) was used for particle dispersion.



Day 1 Day 2 Day 3 Day 4 Day 5 Day 6
DIW 

water 0.5 3.9 A 9.7 A 20.7 A 22.8 A 24.3 A

Ag Bulk 0.5 5.4 A 14.5 A 34.4 A 40.6 A 42.9 A

Ag Nano 0.5 4.9 A 12.3 A 27.1 A 33.1 A 36.2 A

DIW 0.5 3.9 A 9.7 A 20.7 A 22.8 A 24.3 A

Si Bulk 0.5 5 B 12.6 A 26.8 A 28.4 A 31.7 A

Si Nano 0.5 4.2 A/B 11.8 A 28.1 A 40.1 A 45.1 A

DIW 0.5 3.9 A/B 9.7 A 20.7 A 22.8 A 24.3 A

Cu Bulk 0.5 4.9 A 8.5 A 12.8 A 14 A 15.9 A

Cu Nano 0.5 2.9 B 3.8 B 4.3 B 4.7 B 5.7 B

DIW 0.5 3.9 A 9.7 A 20.7 A 22.8 A 24.3 A

ZnO Bulk 0.5 4 A 8.2 A/B 8.6 A/B 10 B 13 A
ZnO 

10nm 0.5 3.9 A 7.5 A/B 8.5 A/B 9.5 B 12.1 A

ZnO 5nm 0.5 3.3 A 5.3 B 5.8 B 6.9 B 8.5 A

DIW 0.5 3.9 A 9.7 A 20.7 A 22.8 A 24.3 A
Act. 

Carbon 0.5 4.2 A 10.2 A 12.5 A 14.4 A 20.2 A

MWCNTs 0.5 3.7 A 7.3 A 8.7 A 11.2 A 13.9 A

Root elongation- Effects of 1000 mg/L suspensions of NPs and their corresponding
bulk materials on root elongation (mm). Numerical values represent the average root 

lengths of 15 seeds. No SDS was used.



Effect of Si or Si
nanoparticles (top) 
or ZnO powder or 
ZnO nanoparticles 

(bottom) on zucchini 
biomass under 

hydroponic 
conditions.
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Effect of activated 
carbon or MWCNTs
(top) or Ag powder 

or nanoparticles 
(bottom) on 

zucchini biomass 
under hydroponic 

conditions.
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Effect of Cu powder or nanoparticles on 
zucchini biomass under hydroponic 

conditions.



Effect of Ag powder or nanoparticles on zucchini biomass under 
hydroponic conditions. Dissolved ion controls were included, as 

were controls consisting of the supernatant of centrifuged 
nanoparticle solutions.
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Effect of Cu powder or nanoparticles on zucchini biomass under 
hydroponic conditions. Dissolved ion controls were included, as 

were controls consisting of the supernatant of centrifuged 
nanoparticle solutions.
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Microscopy
The presence of long, thin and cylindrical-like features 
found within the plant tissues (not directly exposed to 
MWCNTs) indicate the potential uptake and 
translocation of MWCNTs via the xylem or phloem. 

AFM image of a zucchini tissue 
that had never been exposed to 
MWCNTs AFM image of a zucchini tissue 

indirectly exposed to MWCNTs

The area 
scanned is 
a square 
with a 10 
μm side.



Dose-uptake study 
(1-1000 mg/L) 

assessing 
nanoparticle or bulk 

Ag on zucchini 
biomass
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Dose-uptake study 
(1-1000 mg/L) 

assessing 
nanoparticle or bulk 

Ag on zucchini 
transpiration 

volume
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Ag content of zucchini shoots 
grown in Ag nanoparticle or 
bulk solutions (1-1000mg/L)
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Conclusions
- Two common EPA phytotoxicity tests fail to detect any 

toxicological differences between commonly 
encountered nanoparticles and the corresponding bulk 
materials

- More involved hydroponic assays reveal significantly 
greater toxicity from Ag, Cu, and MWCNTs as compared 
to the bulk materials

- Increased dissolution of ions from Ag nanoparticles only 
partially explains the phytotoxicity; there is something 
inherently toxic about the elemental Ag NP

- Uptake of MWCNTs by plants is suggested
- In a dose-uptake study, the accumulation of Ag from 

nanoparticle treatments was 4-fold greater than from 
bulk solutions
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