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What is Nanotechnology? 
• Nanotechnology is a rapidly developing field of study 

involving the manipulation of materials on the atomic or 
molecular scale 

• Typically nanotechnology deals with structures, devices, or 
systems in the size range between 1 and 100 nanometers (nm)  
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What is a Nanometer? 
• A nanometer (nm) is a unit of length in the metric system, 

equal to one-billionth of a meter 
• Nanometers are used to measure extremely small objects such 

as atoms or molecules 
• A strand of DNA is about 2 nanometers wide 
• A typical human hair is about 100,000 nanometers wide 
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What is a Nanoparticle? 
• Nanoparticles can be defined as measuring less than 100 

nanometers in at least two dimensions (length, width,  height), 
nanomaterials have at least one dimension measuring less than 
100 nanometers 

• Nanoparticles can be produced by natural processes including 
volcanic activity, erosion, wave action and fire  
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What is a Nanoparticle? 

• Nanoparticles can also be produced by human activities 
• Anthropogenic sources of nanoparticles include the 

incineration of waste and coal combustion 
• Also, the weathering of rubber car tires and paints 
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Unique Properties 
• The extremely small size of nanoparticles often results in 

unique chemical and physical properties that differ from the 
corresponding bulk or “non-nano”  scale material 

• Due to their greatly enhanced surface area, many nanoparticles 
are highly reactive 

• This can lead to enhanced solubility or catalytic activities 
 

 
Material Bulk Scale Nano Scale 

Copper Malleable, ductile Hard, stiff 

Gold Chemically inert Chemically active 

Silicon Insulator Conductor 

Titanium Dioxide White in color Colorless 
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Engineered Nanoparticles 
• As the field of nanotechnology has grown, our ability to 

design or engineer nanoparticles has also grown 
• Engineered nanoparticles are often homogeneous with regular 

conformation, and designed with specific chemical and 
physical properties in mind 

• The majority of nanotechnology products utilize engineered 
nanomaterials 
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Nanotechnology Products 

• In 2005 global investment in nanotechnology exceeded $4 
billion; by 2015, the annual value of nanotechnology-related 
products is projected to be in excess of $1 trillion 

• As of November 2010 over 1000 nanotechnology products 
were on the market in a variety of categories 

• Nanotechnology based materials can be found in a number of 
consumer products including agricultural, automotive, 
cosmetics, electronics, fitness, food packaging, medical 
devices, pharmaceuticals, textiles, and water-treatment 
technologies  
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Nanotechnology Products 
(http://www.nanomedicinecenter.com) 
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Nanotechnology Products- “The Good” 

• Nanoparticle based products are being used for efficient drug 
delivery and to fight cancer 

• Clinical trials are underway using nanoparticles that recognize 
and attach to cancerous cells for targeted cell destruction while 
leaving healthy cells unharmed 
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Nanotechnology Products- “The Questionable” 
• Nanoparticles are being used in cosmetics, food packaging, 

textiles and even children’s toys 
• We and others feel that the risks associated with these types of 

uses are poorly understood 
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Nanotechnology Products- “The Questionable” 

• Currently regulatory guidelines assume that nanoparticle 
toxicity is equivalent to that of the corresponding bulk material 

• This may not be a valid assumption; if a nanoparticle behaves 
differently chemically and physically from the “non-nano” 
material, it may behave differently biologically (toxicity)   
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 Nanoparticle Toxicology 
 • Some of the unique properties that make nanoparticles 

attractive may lead to new and unforeseen risks to humans and 
the environment 

• There is limited knowledge of the biological and 
environmental fate of materials containing nanoparticles  

• Nanotoxicology is an emerging field of science studying the 
potential for nanoparticle-based materials to cause adverse 
effects   
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 Nanoparticle Toxicology 
 

• The effects and toxicity of nanomaterials on living organisms 
has only recently been explored   

• Preliminary toxicological studies have focused on a number of  
species including bacteria and algae, invertebrates such as 
nematodes and crustaceans, and vertebrates such fish and rats 
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 Nanoparticles and Agriculture  
 • Nanoparticles are being used in pesticides and fertilizers 

• Little is known about the effects, toxicity, or fate of 
nanoparticles on agricultural crops and the associated 
environment  

• Also, nanoparticle contamination of agricultural crops and the 
environment may be an uncharacterized pathway of human 
exposure 
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 Nanoparticle Research  at CAES  
 • As we have already learned, many engineered nanoparticles 

behave differently from their corresponding non-nano scale or 
bulk form 

• We have begun to focus on the impacts of nanoparticles on 
agricultural crops 

• Most studies investigating the impact of                               
specific nanoparticles on plants have failed to                       
compare the effects of exposure to nanoparticles                            
alongside exposure to the same material in                               
bulk form 

• CAES was one of the first to directly compare                            
the effects of exposure to both nanoparticles                                         
and the corresponding bulk materials    
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 Nanoparticle Research  at CAES  
 

• Five engineered nanoparticles were 
chosen for study: 
– Silver 
– Gold 
– Silicon 
– Copper 
– Carbon 
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 Nanoparticle Research  at CAES  
 • Many studies investigating the impact nanoparticles on plants 

have used traditional EPA phytotoxicity assays; seed 
germination and seedling root elongation 

• Using these traditional assays we have seen negligible                      
differences between exposure to nanoparticles                               
and the corresponding bulk material 

• However, we have shown significant                                    
reductions in growth, as measured by                                               
biomass and transpiration, of zucchini plants                                             
grown hydroponically and  exposed to                               
nanoparticle carbon, silver, and copper when                                    
compared to corresponding bulk materials 
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CAES Hydroponic Assay-Methods 
 • Zucchini (Cucurbita pepo  ssp pepo)  and Squash (Cucurbita 

pepo ssp ovifera)  were germinated from seeds 
• Seedlings were grown hydroponically in Hoagland’s Modified 

Basal Salt Solution for 1-2 weeks prior to exposure to 
nanoparticle or bulk material (Hoagland’s is a widely used plant 
nutrient solution necessary for hydroponic growing)  
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Methods-Exposure  
 • Hydroponic assays consisted of exposure to solutions amended 

with nanoparticle or bulk material of only one element at 
varied concentrations for 14-16 days. Incubation was under 
controlled conditions of light and temperature 

• Biomass and transpiration were monitored 
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Methods-Exposure  
 • Also, parallel hydroponic assays (specific material and 

concentration) were prepared and amended with humic acid 
• Humic acid is a natural substance found in soils and has been 

shown to reduce nanoparticle aggregation (increase exposure)?  
• Treatment with humic acid makes these hydroponic assays 

more relevant to real world environmental applications of 
nanoparticle materials 
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Methods-Exposure  
 • After hydroponic exposure for 14-16 days, aerial plant tissues 

not in direct contact with contaminated solution were 
harvested for examination of nanoparticle or bulk material 
uptake into plants   
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Results  
 • Effect of activated 

carbon, MWCNTs 
or Fullerenes on 
zucchini biomass 
under hydroponic 
conditions; all 
present at 1000 
mg/L 
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Results  
 

Zucchini 
dose-uptake 
study   
(0-1000 
mg/L) 
assessing 
effect of 
nanoparticle 
or bulk Silver 
(Ag) on 
biomass and 
transpiration 
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Results  
 • Silver (Ag) content of zucchini shoots grown in silver 

nanoparticle or bulk solutions (1-1000mg/L)  
• Elemental content of plant tissue was determined using 

Inductively Coupled Plasma Mass Spectroscopy (ICP-MS) 
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Results  
 

• Squash biomass and transpiration upon  exposure to 500 
mg/L bulk or nanoparticle silver (Ag) in the presence or 
absence of 50 mg/L humic acid 
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Results  
 

• Squash biomass and transpiration upon  exposure to 500 
mg/L bulk or nanoparticle copper (Cu) in the presence or 
absence of 50 mg/L humic acid 
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Results  
 

• Squash biomass and transpiration upon  exposure to 100 
mg/L bulk or nanoparticle copper (Cu) in the presence or 
absence of 50 mg/L humic acid 
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 Conclusions 
 • The use of nanomaterials in consumer products is increasing at a very 

rapid pace 

• Some of the unique properties that make nanoparticles attractive may 
lead to new and unforeseen risks to humans and the environment 

• There is limited knowledge of the biological and environmental fate of 
materials containing nanoparticles  

• Exposure of plants to certain nanoparticle based materials can be more 
toxic when compared to corresponding bulk materials 

• It is not currently known whether nanomaterials in pesticides and 
fertilizers pose a risk to humans 

• More research on the interaction of nanoparticle material with 
important food crops and their fate in the environment is needed 
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• In February of 2011, Dr. Jason C. White was awarded a 5-
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• The project is entitled “Nanoparticle contamination of 
Agricultural Crops” and was funded through the 
“Addressing Critical and Emerging Food Safety Issues” 
program 
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Professors at the University of Massachusetts, State 
University of New York College of Environmental Science 
& Forestry, and Southern Illinois University-Carbondale 
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