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APPLICATIONS

NANOTECHNOLOGY

Materials science

Drug delivery

Waste water  treatment

Pigments & dyes

Coatings & adhesives

Cleaner 

energy

Fabrics treatment

Detection aids

Dietary supplements

Filtration systems



Daily and domestic reach
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Nanotech Environmental Impacts Research Group

SOME FUNDAMENTAL COMPLEXITIES

– Interaction with biological matter?

– Uptake routes: Do NM parameters influence uptake, how?

– Basis for biological response? Molecular definition

– Inducive level of dosage: environmentally relevant?

– Biomarkers of exposure: nano vs bulk

OLD SCIENCE SOLUTIONS FOR NEW TECHNOLOGY PROBLEMS



OVERALL APPROACH

THE OXIDATIVE STRESS HYPOTHESIS
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LABORATORY MAINTANANCE and TESTING

• Exposure period: 
4 days-static and 14 days- static 
renewal
• Hoagland’s Medium
• 5 replicates- 30 plants/replicate

Holding conditions: 
• 22oC±2
• cool-white fluorescent
• light:dark/8:16hrs 
• weekly water renewal.

Enzymatic scavengers

• Catalase
• Superoxide dismutase
• Total antioxidant capacity

Free floating higher aquatic 
plant, 
• easy laboratory 

maintenance, 
• higher protein content, 
• rapid growth.

Free radical activity

• ROS/RNS
- H2O2, ROO., NO, ONOO-

- DCFH-DiOxyQ probe

Size
• TEM
• DLS

Morphology
• TEM
• XRD

Surface area
• BET



Ag nanoparticles
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Morphology
- Spherical nanoparticles.

Surface area
- Small relative to size.

XRD pattern
- Few crystal particles also detected.
- Pure phase: no impurities peaks detected.

Sample SABET

(m2/g)

Pore Volume 

(cm3/g)

Particle size 

(nm)

Z-potential

(mV)

nAg 3.399 0.01509 40-60 -16.3



ZnO nanoparticles

20 40 60 80 100

(2
03

)

(1
04

)
(2

02
)

(0
04

)
(2

01
)(1

12
)

(2
00

)(1
03

)

(1
10

)

(1
02

)

(1
01

)

(0
02

)(1
00

)

 

 

In
te

ns
ity

 (
a.

u.
)

2 Theta (degree)

Morphology
- regular  (20-50 nm) and irregular spheres (80-120 nm), rods (15-45 nm), 

cubes (10-130 nm) and hexagonal platelets  (60-80 nm).

Surface area
- Higher than nAg although bigger sized.

XRD pattern
- High crystallisation: hexagonal crystal system.
- Pure phase: no impurities peaks detected.

Sample SABET

(m2/g)

Pore Volume 

(cm3/g)

Particle size 

(nm)

Z-potential

(mV)

nZnO 11.44 0.03020 10-130 22.7

nAg 3.399 0.01509 40-60 -16.3



Hydrodynamic size and surface charge potential



Dissolved ionic species

Overall 

• Size change- particle growth by agglomeration.

• Reduction of particle surface charge, time influence.

• Generation of detectable ionic species, more so for nZnO



River constituents that can alter ENP stability



naked

Particle size Particle shape Particle coating

PARTICLE CHARACTERISTICS

- Agglomeration

- Dissolution

- Surface modification
e.g. proteins, NOM, bacteria, etc

Na2+ Cl-

SO4
2-

CO3
2-

Mg2+

PO4
3-K+

- Inter-particle repulsion reduction
- Agglomeration promotion
- Sedimentation
- Stabilisation

ENVIRONMENTAL FATE & BEHAVIOUR



FREE RADICALS: ROS/RNS and H 2O2

Dissolution effect?



Total antioxidant capacity & Superoxide dismutase a ctivity



CONCLUSIONS and THE FUTURE

• As received and in-test characterisation a basic necessity.

• Toxicity of metallic  ENPs can be as a result of both particulates and ions-
environmental conditions play a major role.

• “umbrella” assumptions are flawed for ENPs hazard evaluation.

• Prolonged persistence poses future effects- ENPs move in and out of solution.

• Successful in providing oxidative stress induction on a tiered approach.

FUTURE
• Detailed investigation of dissolution and agglomeration dynamics- size, shape 

and environmental conditions- mainly ionic strength. Masters study
• How the above translate into uptake and toxicity towards higher aquatic plants.
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