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 1 

 2 

INTRODUCTION 3 

 4 

Nanomaterials and nanoproducts are being increasingly manufactured and applied in many aspects of 5 

human life, such as medical applications, cosmetic sectors, microelectronic industries, and agricultural 6 

sectors.  Nanomaterials are generally considered as substances which are very small in size, with at least 7 

one dimension of 100 nm or less.  Nanotechnology is a wide range of technologies with great potentials 8 

and uncertainties.  While some nanoproducts are commercially available already, some ―nanoproducts‖ 9 

are still imagined products at this point of time, and some products are conventional products but claimed 10 

to be ―nanoproducts‖.  Research results related to nanomaterials are not always consistent.  It was found 11 

that some research was conducted following the methodologies which were designed for conventional 12 

materials but are improper for nanomaterials.  Presented below is an evaluation of some of the factors 13 

related to the application of nanotechnology in organic production, processing and packaging. 14 

 15 

NANOTECHNOLOGY  16 

 17 

Nanotechnology, as defined  in ―Approaches to Safe Nanotechnology - Managing the Health and Safety 18 

Concerns Associated with Engineered Nanomaterials‖ by the National Institute for Occupational Safety 19 

and Health (NIOSH), U.S. Department of Health and Human Services (DHHS), is ―the manipulation of 20 

matter on a near-atomic scale to produce new structures, materials, and devices‖ (NIOSH, 2009).  NIOSH 21 

(2009) specifies that:  22 

 23 

The U.S. National Nanotechnology Initiative1 defines a technology as nanotechnology only 24 

if it involves all of the following:  25 

Research and technology development involving structures with at least one dimension in 26 

the range of 1–100 nanometers (nm), frequently with atomic/molecular precision 27 

Creating and using structures, devices, and systems that have unique properties and 28 

functions because of their nanoscale dimensions 29 

The ability to control or manipulate on the atomic scale. 30 

 31 

NANOMATERIALS 32 

 33 

Size Approach 34 

 35 

Nanomaterials, nanoparticles, and other terms are used to describe nano-scale substances.  ―The 36 

International Organization for Standardization Technical Committee 229 (Nanotechnologies) is developing 37 

globally recognized nomenclature and terminology for nanomaterials‖ (NIOSH, 2009).  The following is 38 

quoted from NIOSH (2009) with slight editorial change: 39 

 40 

According to ISO/TS 27687:2008, a nano-object is defined as material with one, two, or three 41 

external dimensions in the size range from approximately 1–100 nm.  42 

 43 

Sub-categories of nano-objects are  44 

(1) nanoplate, a nano-object with one external dimension at the nanoscale;  45 

(2) nanofiber, a nano-object with two external dimensions at the nano-scale with a 46 

nanotube defined as a hollow nanofiber and a nanorod as a solid nanofiber; and  47 

(3) nanoparticle, a nano-object with all three external dimensions at the nanoscale.  48 

 49 

                                                           
1
 All internet materials cited in this document were accessed as on May 19, 2010. 

http://nano.gov/html/facts/whatIsNano.html
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Nano-objects are commonly incorporated in a larger matrix or substrate referred to as a 50 

nanomaterial.  51 

 52 

Nano-objects may be suspended in a gas (as a nanoaerosol), suspended in a liquid (as a 53 

colloid or nanohydrosol), or embedded in a matrix (as a nanocomposite). 54 

 55 

This size requirement seems decisive, universal, and simple, but actually it is complicated and open to 56 

further debate.  The first question is how nanoparticles are measured.  ―The precise definition of particle 57 

diameter depends on particle shape as well as how the diameter is measured.  Particle morphologies may 58 

vary widely at the nanoscale‖ (NIOSH, 2009).  Nanoparticles could be spherical, rod-shaped, or plate-59 

shaped.  Furthermore, nanoparticles may not necessarily exist as discrete particles.  ―The particles may be 60 

present as discrete nano-objects, or as aggregates or agglomerates of nano-objects.  These agglomerates 61 

may have diameters larger than 100 nm.  In the case of an aerosol consisting of micrometer-diameter 62 

particles formed as agglomerates of nano-objects, the definition of nanoaerosol is open to interpretation‖ 63 

(NIOSH, 2009).   64 

 65 

The most important property of nanoparticles is the ratio of surface area to mass, as given below.  66 

Nanoparticles can be different in shapes and in sizes, but the activities, especially chemical activities, of 67 

these nanoparticles could be about the same, when the ratios of surface area to mass are close to each other.  68 

 69 

The size selection of 1-100 nm may also be arbitrary.  Particles with sizes less than 10-30 nm might be 70 

environmentally relevant, since properties of these particles change dramatically (Madden et al., 2006).  71 

Auffan et al. (2009) suggested that ―particles larger than about 30 nm do not in general show properties 72 

that would require regulatory scrutiny beyond that required for their bulk counterparts.‖  Sizes of several 73 

commercially available nanoparticles are less than 30 nm. 74 

 75 

Property Approach 76 

 77 

Alternatively, nanoparticles are defined as whether target substances possess properties which are 78 

different from the properties when the same substance exists as ―bulk material.‖  An EU definition 79 

described a nanomaterial as a ―material with one or more external dimensions, or an internal structure, 80 

which could exhibit novel characteristics compared to the same material without nanoscale features‖ 81 

(Heselhaus, 2010).  It seems that ―novel characteristics‖ override physical dimensions.  Lead (2010) 82 

elaborated that ―how do we treat nanostructured surfaces or aggregates of nanoparticles whose total size is 83 

not in the nano range?  Although size is a useful guide, a better conceptual definition of ‗nano‘ is that size 84 

at which novel properties and processes manifest themselves.  This definition is difficult to use by 85 

regulators and standards organizations, but is scientifically extremely useful in allowing a greater freedom 86 

to pursue relevant and interesting questions.‖   87 

 88 

In fact, discussions about aggregates and agglomerates of nano-objects, NIOSH (2009) stated that: 89 

 90 

It is generally accepted that if the nanostructure associated with the nano-object is 91 

accessible (through physical, chemical, or biological interactions), then the aerosol may be 92 

considered a nanoaerosol.  However, if the nanostructure within individual micrometer-93 

diameter particles does not directly influence particle behavior (for instance, if the 94 

nanoparticles were inaccessibly embedded in a solid matrix), the aerosol would not be 95 

described as a nanoaerosol. 96 

 97 

―Here we argue that evidence for novel size-dependent properties alone, rather than particle size, should 98 

be the primary criterion in any definition of nanoparticles when making decisions about their regulation 99 

for environmental, health and safety reasons‖ (Auffan et al., 2009). 100 

 101 

 102 

 103 
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Source Approach 104 

 105 

Nanomaterials are primarily generated from three sources: nanoparticles generated in natural processes, 106 

unintentionally produced nanoparticles by human activities (or frequently termed as anthropogenic 107 

activities), and intentionally manufactured (or engineered) nanoparticles (Oberdörster et al., 2005; Nowack 108 

and Bucheli, 2007; Farre et al., 2009). 109 

 110 

Natural nanoparticles:  Nanotechnology might be a new technology in the human mind, but nature is 111 

working in this way already (Oberdörster et al., 2005; Farre et al., 2009).  Nanoparticles are produced in 112 

natural activities: volcanic eruptions, dust storms, wild fire disasters, waterfalls, ocean-wave breakout, 113 

rock/soil weathering, freshwater and seawater mixing, etc.  For example, carbon nanotubes and fullerenes 114 

were found in 10,000-year-old ice cores from Greenland (Murr et al., 2004).   115 

 116 

Incidental nanoparticles:  Anthropogenic activities generate nanomaterials which are not produced on 117 

purpose.  Particles of welding fumes, exhausts of auto engines and airplanes, dust produced in grain 118 

milling, industrial emission (such as coal burning), mining operations, metal smelting, road dust, smoking, 119 

etc, are good examples of these traditionally and unintentionally produced nanoparticles.  Kittelson (1998) 120 

reviewed about engines and nanoparticles.  Most of the particles released by engines were in the 121 

nanoparticle range (diameter < 50 nm).  From the point of view of occupational safety regulations, NIOSH 122 

(2009) discussed the sources and differences between ―ultrafine particles‖ and ―nanoparticles.‖  Combining 123 

NIOSH (2009) and the discussions in Lead (2010), ―ultrafine particles‖ are incidental nanoparticles which 124 

are airborne particles smaller than 100 nm in diameter, not intentionally produced, but are incidental 125 

products of processes involving combustion, welding, diesel engines, and/or transportation.  In terms of 126 

property, incidental nanoparticles are generated in a relatively uncontrolled manner, and usually are 127 

physically and chemically heterogeneous.   128 

 129 

Engineered nanoparticles: Engineered nanoparticles, or manufactured nanoparticles, are frequently 130 

referred simply as ―nanoparticles‖ (NPs) that are manufactured (or engineered, or synthesized) 131 

nanoparticles (MNPs) which are deliberately designed and produced by human activity with very specific 132 

properties or compositions (e.g., shape, size, surface properties, and chemistry) for specific purposes 133 

(Klaine et al., 2008; Lead, 2010).   134 

 135 

―At present, the amounts of NPs originating from dedicated industrial production are marginal relative to 136 

those produced and released unintentionally, through combustion, for instance‖ (Farre et al., 2009). 137 

 138 

Application Approach 139 

 140 

Some commercial nanoproducts are simply nanoparticles preserved as discrete particles with specially 141 

formulated surfactants.  Some commercial nanoproducts are manufactured from nanoparticles, and might 142 

keep the properties of nanoparticles (e.g. TiO2 nanoparticles in paint).  Some commercial nanoproducts are 143 

manufactured from nanoparticles but are converted to ―bulk‖ materials.  TiO2 nanoparticles in paint could 144 

be an example of this kind of ―bulk‖ material, depending on how the human health consequences and 145 

environmental effects are assessed.    146 

 147 

Based on property approach as given above, products made from nanomaterials may be termed as 148 

―nanoproducts‖ if the nanomaterials‘ properties are the product‘s main features.  However, if 149 

nanomaterials are converted to bulk products and lose the nanomaterial‘s unique properties, the products 150 

and the nanomaterials might not be considered as nanoproducts or nanomaterials anymore, in terms of 151 

human health and environmental impacts, since these products do not possess high surface area to mass 152 

ratios, are too big to pass certain physical barriers, and behave like conventional ―bulk‖ materials.   153 

154 
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 155 

PRODUCTION OF NANOMATERIALS 156 

 157 

Nanofibers by Electrospinning 158 

 159 

Biodegradable fibers such as cotton scrap or waste (cellulose) were dissolved in a solvent (ethylene 160 

diamine).  The solution was pushed out through a tiny pinhole while a high voltage was applied to the 161 

pinhole.  Nanofibers with less than 100 nm in diameter were produced (Frey, 2003).  By using 162 

electrospinning (Yarin and Zussman, 2004), nanofibers are made out from polymers, composites, ceramic, 163 

and metal (Teo and Ramakrishna, 2006).  164 

 165 

Top-down Nanoparticles 166 

 167 

Nanoparticles are mainly produced in two ways: top-down (i.e. breaking small particles to nanosizes) and 168 

bottom-up (i.e. making nanomaterials from solutions and gases, or from ions, atoms, and molecules to 169 

nanoparticles).  Dust storms, road dust, milling dust, etc, are good top-down examples.  Dust storms are 170 

natural.  Road dust and milling dust are anthropogenic but are not produced on purpose.  Some 171 

nanoparticles are manufactured on purpose, by reducing big chunks of materials into smaller particles of 172 

desired shapes and sizes, such as by cutting, breaking, grinding, milling, ion implantation, laser ablation, 173 

etc (Oberdörster et al., 2005).  In laser ablation, a high energy laser beam is shot onto a target and 174 

nanoparticles are generated.   175 

 176 

The production of silver nanoparticles was reviewed by Tolaymat et al. (2010).  Silver metal in its bulk form 177 

was made to nanoscale by using specialized methodologies such as lithography and laser ablation, but 178 

these top-down methods accounted for less than 4% of all methods presented in about 200 papers 179 

(Tolaymat et al., 2010).  Commercially available ZnO powders (~500 nm) were sealed in a steel cylinder 180 

(volume 8 cm3) with one steel ball (diameter 12 mm), and were milled to nanoparticles with grain size less 181 

than 20 nm (Damonte et al., 2004). 182 

 183 

These manufacturing methods are primarily physical processes in nature.  The chemical compositions and 184 

properties of nanoparticles are mostly the same as the bulk starting material.  Mass production of 185 

nanoparticles via top-down approaches might be fairly limited, relative to the mass production of 186 

nanoparticles via bottom-up approaches, as it is given below.   187 

 188 

Bottom-up Nanoparticles 189 

 190 

Flocculation, taking place naturally in the mixing zone of freshwater and seawater, is a good bottom-up 191 

example.  Volcanic eruptions and wild fire disasters are other good examples of bottom-up processes. 192 

 193 

Carbon nanotubes and nanofibers:  Carbon nanomaterials were manufactured by using arc discharge, laser 194 

ablation and chemical vapor deposition.  In chemical vapor deposition, methane, ethylene, acetylene, 195 

hexane, alcohol and carbon monoxide were used as carbon feeding gases (Khodakovskaya et al., 2009).  196 

Mass production of carbon nanotubes and carbon nanofibers with relatively high length and aspect ratio 197 

was claimed by Toubestani et al. (2010).  In that chemical vapor deposition method (Toubestani et al., 198 

2010), methane was the feeding gas. 199 

 200 

Silver nanomaterials (Ag):  Based on the review of 200 papers (Tolaymat, et al., 2010), silver nanoparticles 201 

(silver metal) were found mainly synthesized via reduction of AgNO3 (83% of all types of silver salts) by 202 

NaBH4 (23% of reducing reagents) or citrate (10% of reducing reagents) in water (80% of all types of 203 

inorganic and organic solvents).  The reducing reagents also worked as capping and stabilizing agents for 204 

the control of particle size to ensure a relatively stable suspension.  Silver particles were mostly spherical 205 

with less than 20 nm diameter.   206 

 207 
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Titanium dioxide (TiO2): Nano TiO2 particles were manufactured by using different methods (Chai et al., 208 

2007).  TiCl4, Ti(SO4)2, TiOSO4 and Ti{OCH(CH3)2}4 (titanium isopropoxide) were used for making nano 209 

titanium particles via the bottom-up approach.  Surfactants were used to keep nanoparticles from 210 

agglomeration (Chai et al., 2007; Senthilnathan and Philip, 2009).   211 

 212 

Copper nanoparticles (Cu):  Copper nanoparticles could be manufactured by vapor deposition, 213 

electrochemical reduction, radiolytic reduction, thermal decomposition, and chemical reduction.  From 214 

CuCl2, copper ions (Cu2+) were reduced in water/acetone aqueous system, and copper nanoparticles 215 

(copper metal, 20 nm) were produced and capped with oleic acid (Wang et al., 2005; Khanna et al., 2008).   216 

 217 

Bottom-up processes are frequently chemical changes in nature.  The chemical compositions and properties 218 

of nanomaterials are different from those of starting materials (e.g. C vs. CH4, Ag vs. AgNO3, TiO2 vs. 219 

TiCl4, and Cu vs. CuCl2).  The end nanoparticles are mixed with other chemicals which could be the 220 

starting materials (e.g. AgNO3 in Ag nanoparticles) and other chemicals used during the manufacturing 221 

processes (e.g. reducing reagents and capping reagents).   222 

 223 

―Particles in the nanometer size range do occur both in nature and as a result of existing industrial 224 

processes.  Nevertheless, new engineered nanomaterials and nanostructures are different because they are 225 

being fabricated from the ‗bottom up‘.  Nanomaterial properties differ compared with those of the parent 226 

compounds because about 40–50% of the atoms in nanoparticles (NPs) are on the surface, resulting in 227 

greater reactivity than bulk materials.  Therefore, it is expected that NPs will have different biological 228 

effects than parent compounds‖ (Farre et al., 2009). 229 

 230 

Different from the top-down approach where sophisticated equipments are used, the bottom-up approach 231 

does not need special or sophisticated equipments.  In fact, nanomaterials can be ―manufactured‖ in a 232 

beaker by adding several widely available chemicals together.  Mass production is also significantly easy.    233 

 234 

Capping Reagents 235 

 236 

Nanoparticles may agglomerate and aggregate to bigger particles, due to the nanoparticle‘s high surface 237 

area and thermodynamic instability.  Capping reagents are used to control the size of nanoparticles and to 238 

stabilize nanoparticles.  Capping reagents may also play roles in protecting nanoparticles from being 239 

oxidized.  Therefore, capping reagents are important factors in making nanoparticles in bottom-up 240 

processes.  It is interesting to note that nanoparticles are manufactured on purpose because nanoparticles 241 

possess unique surface properties, then the surface is protected with capping reagents on purpose to make 242 

the surface less active.   243 

 244 

From the point of view of human health, environmental effects and agricultural applications, nanoparticles 245 

are not pure substances but rather a mixture of several substances, including capping reagents.  It might be 246 

the capping reagents and not the nanoparticles which actually cause toxicological effects (Farre et al., 2009). 247 

 248 

PROPERTY OF NANOMATERIALS 249 

 250 

Nanoparticles are not mysterious substances but are just small, or smaller than small, particles.  A one-nm 251 

sphere to a basketball is one golf ball to the earth.  Nanomaterials possess properties which are absent 252 

when the same material exits as bulk form.  These properties may include altered color, other optical 253 

properties, magnetism, strength, flexibility, electrical conductivity, reactivity, etc.   254 

 255 

The ratio of surface area to mass of one gram silver ball is 1 cm2 g-1.  After that silver ball is made into 1015 256 

spheres with 60-nm diameter, the ratio is 100,000 cm2 g-1 (10 m2 g-1).  In heterogeneous phase reactions (gas-257 

liquid, gas-solid, liquid-solid, or solid-solid), it is the surface where actual reactions take place and the 258 

magnitude of surface area decides how fast a reaction can be.  In this silver ball case, the reaction speed of 259 

1-g silver as 60-nm nanoparticles is 100,000 times faster than that of 1-g silver as silver ball, other conditions 260 

excluded.   261 
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 262 

A sphere is the geometric shape which keeps the minimum surface area at a given mass.  Surface areas of 263 

any other shapes are greater than the surface area of spheres at an equal mass.  This is why shapes of 264 

nanoparticles are also an important property of nanoparticles, one-dimension size alone is an insufficient 265 

definition of nanoparticles, and the ratio of surface area to mass would be a better definition.  In bottom-up 266 

approach where nanoparticles grow up from ions, atoms, and molecules, nanoparticles will rarely be 267 

spheres, as demonstrated by relevant crystallography. 268 

 269 

The extraordinary surface area to mass ratio is probably the most significant feature of nanoparticles, at 270 

least in terms of human health, environmental effects, and agriculture applications.  Other features are also 271 

important.  For example, nanoparticles can pass physical barriers (such as blood-brain barriers) freely 272 

where conventional bulk materials are simply blocked out and rejected from any chances of potential 273 

reactions (Oberdörster et al., 2005).   274 

 275 

ENVIRONMENTAL EFFECTS 276 

 277 

Environmental Fate of Nanomaterials 278 

 279 

At present, the amounts of manufactured nanomaterials in environment are marginal relative to those 280 

produced by natural processes and by unintentional human activities (Farre et al., 2009).  Environmental 281 

effects of nanomaterials could be important issues in localized areas where nanomaterials are 282 

manufactured, transported, and applied.  These occupational safety issues relevant to nanomaterials are 283 

well discussed in NIOSH (2009). 284 

 285 

Manufactured nanomaterials are preserved with special stabilizers so that these materials are stable (e.g. 286 

NanoBioSilver).  Due to nanoparticle‘s high ratio of surface area to mass, nanoparticles tend to form 287 

aggregates that can be trapped or eliminated through sedimentation.  The environmental fate and effect of 288 

nanoparticles are substantially reviewed (Colvin, 2003; Oberdorster et al., 2005; Nowack and Bucheli, 2007; 289 

Klaine et al., 2008; Farre et al., 2009).  However, direct evidences and results are still scarce.  ―As yet, no 290 

peer-reviewed literature is available on concentrations (or speciation) of NPs in natural waters or 291 

sediments‖ (Klaine et al., 2008). 292 

 293 

―It can be concluded that analytical approaches to NPs in the aquatic environment are still in an initial 294 

phase of development.  Their optimisation is a key point in order to allow field experiments and 295 

monitoring programmes, the latter forming the basis of a realistic risk assessment‖ (Farre et al., 2009). 296 

 297 

Physicochemical Characterization 298 

 299 

NanoImpactNet is European network on the health and environmental impact of nanomaterials.  Based on 300 

its workshop in September, 2008, the physicochemical characterization information was identified.  The 301 

following is quoted from Stone et al. (2010): 302 

 303 

The physicochemical characterisation information identified as important for 304 

environmental studies included measures of aggregation/agglomeration/dispersability, 305 

size, dissolution (solubility), surface area, surface charge, surface chemistry/composition, 306 

with the assumption that chemical composition would already be known.  307 

 308 

There is a need to have test materials for ecotoxicology, and several substances are 309 

potentially useful, including TiO2 nanoparticles, polystyrene beads labelled with 310 

fluorescent dyes, and silver nanoparticles. Some of these test materials could then be 311 

developed into certified reference materials over time. No clear consensus was reached 312 

regarding the classification of nanomaterials into categories to aid environmental studies, 313 

except that a chemistry-based classification system was a reasonable starting point, with 314 

some modifications. It was suggested, that additional work may be required to derive 315 

http://www.nano-bio-silver.com/
http://www.nanoimpactnet.eu/
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criteria that can be used to generate such categories that would also include aspects of the 316 

material structure and physical behaviour. 317 

  318 

TOXICITY 319 

 320 

Bacteria-nanoparticle Interactions 321 

 322 

Engineered nanomaterials would sooner or later be released to the environment.  Aruguete and Hochella 323 

(2010), based on 82 papers, reviewed the bacteria-nanoparticle interactions and their environmental 324 

implications.  The topic is complicated.  As discussed by Aruguete and Hochella (2010), nanomaterials 325 

themselves could be different by compositions (elemental: Ag or C; oxide: ZnO or TiO2), sizes, shapes 326 

(spherical, rod, or triangular plane), coatings, and agglomeration states; bacterial species were different, at 327 

least by gram-positive and gram-negative species; and finally, not only nanoparticles would exert effects 328 

on bacteria, but bacteria would also affect nanoparticles.  A case by case analysis was necessary.   329 

 330 

In addition to those variations, experimental results obtained in laboratories need to be carefully 331 

extrapolated to environmental conditions.  An example cited by Aruguete and Hochella (2010) was that 332 

Eschericia coli cells were treated with 50 ppm (µg mL-1) of silver nanoparticles in liquid Luria broth medium 333 

for one hour.  This high level of silver nanoparticles might not be found in the environment in general.  A 334 

general conclusion was that ―the field of bacteria– nanomaterial interactions is in its infancy and is wide 335 

open for further investigation‖ (Hochella, 2010). 336 

 337 

Li et al. (2008), based on 136 papers, reviewed about antimicrobial nanomaterials for water disinfection and 338 

microbial control.  Different antibacterial nanoparticles discussed in the paper fell into three general 339 

categories: naturally occurring antibacterial substances, metals and metal oxides, and novel engineered 340 

nanomaterials.  These materials included peptides and chitosan, nano silver particles, nano titanium 341 

dioxide, nano zinc oxide, fullerenes, and carbon nanotubes.  ―These nanoparticles interact with microbial 342 

cells through a variety of mechanisms.  he nanoparticles can either directly interact with the microbial cells, 343 

e.g. interrupting transmembrane electron transfer, disrupting/penetrating the cell envelope, or oxidizing 344 

cell components, or produce secondary products (e.g. reactive oxygen species (ROS) or dissolved heavy 345 

metal ions) that cause damage‖ Li et al. (2008).  346 

 347 

Silver Metal (Ag) 348 

 349 

―It is estimated that of all the nanomaterials in medical and healthcare sector, nanosilver application has 350 

the highest degree of commercialization‖ (Chen and Schluesener 2008).  ―Silver nanoparticles are widely 351 

used in medical devices and supplies such as wound dressings, scaffold, skin donation, recipient sites, 352 

sterilized materials in hospitals, medical catheters, contraceptive devices, surgical instruments, bone 353 

prostheses, artificial teeth, and bone coating.  One can also observe their wide use in consumer products 354 

such as cosmetics, lotions, creams, toothpastes, laundry detergents, soaps, surface cleaners, room sprays, 355 

toys, antimicrobial paints, home appliances (e.g., washing machines, air and water filters), automotive 356 

upholstery, shoe insoles, brooms, food storage containers, and textiles‖ (Tolaymat, et al., 2010).  A search of 357 

―silver‖ in ―Project on emerging nanotechnologies‖ yielded 300 items of nanomaterials and/or 358 

nanoproducts.   359 

 360 

Silver nanoparticles (average particle size 10 nm) were claimed to be used for treating large volumes of 361 

liquid.  As it was instructed (Nano Silver Technology), ―Need to treat large volumes of liquid (swimming 362 

pools, spas, water purification stations)?  No problem!  Just 1.0 L of our 3% dispersion added to 10,000L of 363 

liquid results in a concentration of silver of ~3ppm, which still provides good antimicrobial activity.‖  The 364 

maximum concentration of (dissolved) silver is 0.1 mg L-1 (0.1 ppm) in drinking water, as set by U.S. EPA 365 

(40 CFR 143), and is 0.1 mg L-1 in beverages including bottled water, as set by U.S. FDA (21 CFR 165).  That 366 

amount of silver (3 ppm) in swimming pool is not regulated either by EPA or FDA since that silver is 367 

elemental form but not dissolved.  It is understood that water in a swimming pool is for swimming but not 368 

for drinking.  However, even if people were able to keep their mouths tightly shut while swimming, the 369 

http://www.nanotechproject.org/
http://www.nano-bio-silver.com/
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absorption of water through skin would be unavoidable.  Then there is the question of whether 370 

nanoparticles will pass through the skin barrier. 371 

 372 

The toxic impact of silver nanoparticles on Japanese medaka fish (Oryzias latipes) was evaluated by Chae et 373 

al. (2009), based on the measurement of six ―stress-related‖ genes which were claimed to be reliable and 374 

representative fish biomarkers.  Equivalent amounts of silver nanoparticles and dissolved silver were used 375 

at two concentration levels (silver nanoparticles, particle size 50 nm: 1 µg L-1 and 25µg L-1, and silver 376 

nitrate: 1.58 µg L-1 and 39.46µg L-1, respectively) (Note: 1.58 µg of AgNO3  L-1 is equivalent to 1 µg Ag L-1).  377 

―The results suggest that these two silver forms have distinguishable toxic fingerprints between them.  378 

While the Ag-NPs led to cellular and DNA damage, as well as carcinogenic and oxidative stresses, genes 379 

related with metal detoxification/metabolism regulation and radical scavenging action were also induced.  380 

In contrast, the ionic silver led to an induction of inflammatory response and metallic detoxification 381 

processes in the liver of the exposed fish, but resulted in a lower overall stress response when compared 382 

with the Ag-NPs‖ (Chae et al., 2009).  383 

 384 

The effects of silver and gold nanoparticles on rainbow trout (Oncorhynchus mykiss) hepatocytes were 385 

investigated by Farkas et al. (2010).  Silver nanoparticles and gold nanoparticles were made in-house by 386 

reducing AgNO3 and HAuCl4 respectively with citrate and sodium borohydride in Milli-Q water.  The 387 

sizes of these nanoparticles were less than 10 nm in the respective stock solutions.  These nanoparticles 388 

agglomerated to bigger sizes (up to 80 nm) in contact with cell growth media or dissolved organic carbon 389 

(DOC).  Liver cells (hepatocytes) were collected from the trout fish, isolated, and treated with silver 390 

nanoparticles, silver ions, and mixture of silver nanoparticles and DOC, respectively.  The concentrations 391 

were from 1.9 mg L-1 to 19 mg L-1 with the control containing about 0.06 mg L-1 of silver.  Similarly, the 392 

liver cells were treated with gold nanoparticles, gold ions, and mixture of gold nanoparticles and DOC.  393 

The concentrations were from 1.7 mg L-1 to 17 mg L-1 with the control containing about 0.06 mg L-1 of gold.  394 

It was found that silver nanoparticles and silver ions caused a significant reduction in membrane integrity 395 

and cellular metabolic activity.  Silver nanoparticles could also be slightly more toxic than silver ions in a 396 

concentration-dependent manner.  The presence of DOC did not significantly change the toxicity of silver 397 

nanoparticles.  Gold nanoparticles induced different toxic effects but were less toxic than silver 398 

nanoparticles in membrane integrity and cellular metabolic activity. 399 

 400 

 401 

When bovine serum albumin (BSA, µmol L-1 concentration range) was treated with 40-50 nm silver 402 

nanoparticles (mg L-1 concentration range) which were made in-house from the reduction of AgNO3 with 403 

citrate, ―nanoAg had obvious toxic effects on BSA: nanoAg could increase the amount of helix and decrease 404 

the beta sheet structure, leading to a loosening of the protein skeleton.  In the loose structure, internal 405 

hydrophobic amino acids are exposed and the characteristic fluorescence of BSA is obviously quenched‖ 406 

(Liu et al., 2009). 407 

 408 

About 133 papers were reviewed about ―Nanosilver: A nanoproduct in medical application‖ by Chen and 409 

Schluesener (2008).  The traditional belief was that bulk silver products were relatively non-toxic to 410 

mammalian cells, except for argyria (a condition caused by improper exposure to elemental silver or silver 411 

compounds.  The most dramatic symptom of argyria is that the skin becomes blue or bluish-grey colored) 412 

and some minor problems.  ―When it comes back to silver nanoparticles, in sharp contrast to the attention 413 

paid to their applications, only a few studies have provided very limited insights into such aspects as their 414 

entry portals into human body, biodistribution, organ accumulation as well as their potential interactions 415 

with tissues, cells and molecules and their relevant toxicological implications: Taking into account their 416 

unique physicochemical properties, it is unlikely that nanoparticles do not possess unique toxicity 417 

mechanisms.  It remains to be determined whether silver nanoparticles as well as other nanomaterials will 418 

introduce new mechanisms of injury from which new pathologies may result‖ (Chen and Schluesener, 419 

2008). 420 

 421 

Depending on how they were produced, nano silver products were not only just silver nanoparticles but 422 

also mixed with other chemicals as reducing agents and stabilizing agents (Tolaymat et al., 2010).  These 423 
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different factors need to be included in evaluating environmental impacts of manufactured silver 424 

nanoparticles. 425 

 426 

Cerium Oxide (CeO2) 427 

 428 

Nano cerium oxide is used as an additive to diesel fuels where it improves the combustion efficiency of 429 

engine carbon deposits.  Cerium oxide nanopowder (10-20 nm and surface area of 80 m2 g-1) and micron 430 

size powder (< 5 µm) are available commercially (e.g. from Sigma-Aldrich).  The toxicity of cerium oxide to 431 

freshwater alga Pseudokirchneriella subcapitata was investigated (Rogers et al., 2010).  The inhibitory 432 

concentration values, giving 50% reduction in algal growth rate after 72 h (IC50), were 10.3±1.7 and 66±22 433 

mg L-1 for the nanoparticles and bulk materials respectively.  These IC50 values were in the mg L-1 434 

concentration range, and were several orders of magnitude above CeO2 concentrations currently predicted 435 

in the environment from its use as a diesel additive.  To the question of whether nanoparticles would be 436 

more toxic than micron size powders, the research result was not very conclusive, although the two IC50 437 

values were different.  438 

 439 

Titanium Dioxide (TiO2) 440 

 441 

Different formulations of titanium dioxide were used commercially as white pigments in plastics, interior 442 

and exterior house paints, and automobile paints.  These particles were about 300 nm in size with 6-28 m2  443 

g-1 of surface areas and were refereed as ―fine particles‖ (Warheit et al., 2005).  Titanium dioxide particles 444 

were also used in sunscreens to block UV light and in toothpaste as white pigments. 445 

 446 

By using nano-TiO2 particles (average particle size 21 nm) as representative of nanomaterials and lysozyme 447 

as representative of enzymes, the effect of ―nanomaterials‖ on ―enzymes‖ was investigated by Xu et al. 448 

(2010).  It was found that lysozyme was adsorbed to TiO2 particles following Langmuir isothermal 449 

adsorption.  Adsorbed lysozyme bridged TiO2 particles together to aggregates.  Meanwhile, lysozyme was 450 

warped and deformed, resulting from the adsorption, from β-helix spatial structure into β-sheet.  The β-451 

sheet can induce the formation of amyloid fibrils, a process which plays a major role in pathology.  452 

Deformed lysozyme lost some of its bacteriolysis capability.  Xu et al. (2010) concluded that nano-TiO2 453 

might have some toxic impacts on biomolecules. 454 

 455 

Fine TiO2 particles (average size 300 nm with 6-28 m2 g-1 of surface areas), either base TiO2 or coated TiO2 456 

(with alumina, amorphous silica, or triethanolamine), were used in pulmonary toxicity inhalation and 457 

instillation studies on rats (Warheit et al., 2005).  It was found that lung exposure in rats to exceedingly 458 

high concentrations of titanium dioxide particles produced low pulmonary toxicity.  Titanium particles 459 

with the largest surface area (28 m2 g-1) produced adverse lung effects compared to other particles with 6-12 460 

m2 g-1 of surface area, but even these impacts were viewed as minor when compared to other dust.  Similar 461 

experiments were conducted with ―nanoscale rods‖ (92-233 nm long and 20-35 nm wide, 26.5 m2 g-1) and 462 

―nanoscale dots‖ (5.8-6.1 nm spherical, 169.4 m2 g-1) of titanium dioxide by the same Warheit research 463 

group (Warheit et al., 2006).  The basic conclusion was that nanosize particles were not more cytotoxic or 464 

inflammogenic to the lung compared to larger sized particles of similar composition, i.e. those fine particles 465 

as given above.  Warheit et al. (2006) pointed out that ―these findings run counter to the postulation that 466 

surface area is a major factor associated with the pulmonary toxicity of nanoscale particle types.‖  467 

However, this might be a good example whether substantially different properties should be expected 468 

from these ―fine‖ particles and ―nano‖ particles.  In other words, this might be a good example whether 469 

nanoparticles should be clearly defined as particles with dimensions of less than 100 nm.  The surface areas 470 

of these two groups of materials are different but are not substantially different.  If these surface areas are 471 

contrasted with the surface areas of ―bulk‖ particles (e.g. particle size at micrometer or sub-millimeter 472 

range), the surface areas of ―fine‖ and ―nano‖ particles could well be considered as ―similar.‖ 473 

 474 

The toxicity of nano copper oxide, zinc oxide and titanium oxide to freshwater alga Pseudokirchneriella 475 

subcapitata was investigated by Aruoja et al. (2009).  The 72 h EC50 (half maximal effective concentration) 476 
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values were 5.83 mg L-1 for nano TiO2, and 35.9 mg L-1 for bulk TiO2, respectively.  Therefore, nanoparticles 477 

of TiO2 were more toxic than their bulk materials. 478 

 479 

Copper Oxide (CuO) 480 

 481 

Copper oxide may be used to replace noble metal catalysts for carbon monoxide oxidation.  The toxicity of 482 

nano copper oxide, zinc oxide and titanium oxide to freshwater alga Pseudokirchneriella subcapitata was 483 

investigated by Aruoja et al. (2009).  The 72 h EC50 values were 0.71mg L-1 for nano CuO, and 11.6 mg L-1 484 

for bulk CuO, respectively.  ―At 72 h EC50 values of nano CuO and CuO, 25% of copper from nano CuO 485 

was bioavailable and only 0.18% of copper from bulk CuO.  Thus, according to recombinant bacterial and 486 

yeast Cu-sensors, copper from nano CuO was 141-fold more bioavailable than from bulk CuO.  Also, toxic 487 

effects of Cu oxides to algae were due to bioavailable copper ions‖ (Aruoja et al., 2009). 488 

 489 

Zinc Oxide (ZnO) 490 

 491 

Nano zinc oxide is used in personal care products (e.g. sunscreens), coatings and paints.  The toxicity of 492 

nano zinc oxide, as well as the toxicity of bulk zinc oxide and zinc ions, to freshwater alga 493 

Pseudokirchneriella subcapitata was investigated (Franklin et al., 2007).  One of the major purposes was to 494 

investigate whether nano zinc oxide would be more toxic than bulk zinc oxide or zinc ions.  Contrary to a 495 

general assumption that nanoparticles might be more toxic than bulk materials since nanoparticles might 496 

be more available to organisms, the toxicity of nano zinc oxide (ca. 30 nm), bulk zinc oxide (size not 497 

specified) and zinc ions (as ZnCl2) was about the same, with a 72 h IC50 value near 60 µg Zn L-1, attributable 498 

solely to dissolved zinc.  One reason was that particle aggregation was significant, resulting in flocs 499 

ranging from several hundred nanometers to several microns.  The major reason was the rapid dissolution 500 

of nano zinc oxide in a freshwater medium, with a saturation solubility in the milligram per liter range, 501 

similar to that of bulk zinc oxide.   502 

 503 

The toxicity of nano copper oxide, zinc oxide and titanium oxide to freshwater alga Pseudokirchneriella 504 

subcapitata was investigated by Aruoja et al. (2009).  ―ZnO nanoparticles were most toxic followed by nano 505 

CuO and TiO2.  The toxicities of bulk and nano ZnO particles were both similar to that of ZnSO4 (72 h EC50 506 

~ 0.04 mg Zn L-1)‖ (Aruoja et al., 2009).  507 

 508 

Toxicity 509 

 510 

These limited examples given above are not meant to cover the complex topic of toxicity, but some 511 

observations might be made.  With respect to dissolved metal ions, nanoparticles not only provided 512 

sources of dissolved metal ions, but also worked as physical factors such as causing deformation of 513 

proteins (e.g. TiO2 nanoparticles).  In other words, nanoparticles might exert more toxic effects on 514 

organisms than sole dissolved forms of the same material. 515 

 516 

The chemical and toxic properties of bulk materials extended to nanomaterials.  The toxicity of silver 517 

nanoparticles was higher than that of gold nanoparticles, and the toxicity of ZnO was still significantly 518 

higher than those of CuO, TiO2, or CeO2.  The solubility of ZnO nanoparticles was significantly higher than 519 

those of CuO, TiO2, or CeO2 nanoparticles.  When the solubility of nanoparticles was sufficiently high (e.g. 520 

ZnO), the toxicities of nanoparticles and the dissolved forms of the same metal (e.g. Zn) were about the 521 

same.   522 

 523 

There might be substantial (physical, chemical, and toxicological) changes associated with the change of 524 

particle size from ―bulk‖ to ―fine.‖  These changes might not be substantial when particles change from 525 

―fine‖ to ―nano.‖  In other words, ―fine‖ particles and ―nano‖ particles might not be totally different, and 526 

the nature would not go as what human call it.  ―Fine‖ particles and ―nano‖ particles are generated in 527 

natural processes and anthropogenic activities.  Nanoparticles were referred as ultrafine particles in air, 528 

and colloids in soil and water, with slightly different size ranges.  The toxicities of ―nano‖ materials 529 

increased from those of ―fine‖ materials, but the changes were not substantially different, or at least not 530 
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catastrophically different, as demonstrated in the examples of fine and nano TiO2 particles.  Nanoparticles 531 

might be ―new‖ and the knowledge of toxic effects of nanoparticles might be limited, but the toxic effects 532 

of fine particles and colloidal materials, natural origin or industrial origin, were relatively well investigated 533 

(Oberdörster et al., 2005; Nel 2005; Klaine et al., 2008; Stern and McNeil, 2008; Farre et al., 2009; 534 

Manchikanti and Bandopadhyay, 2010).  The toxicities of nanomaterials might not be dramatically and 535 

mysteriously different from the toxicities of those relevant ―fine‖ materials. 536 

 537 

Carbon nanotubes were found to penetrate the coat of plant seeds which were cultured in medium 538 

containing 10-40 µg mL-1 of carbon nanotubes (Khodakovskaya et al., 2009).  Toxicities of nanoparticles 539 

were confirmed, as given in the above examples and other works (Colvin, 2003; Oberdörster et al., 2005; 540 

Elder et al., 2007; NIOSH, 2009).  However, toxic effects of a substance depend on the in situ dose, duration 541 

and dimension (shape, size-distribution, surface reactivity, surface area, etc).  Nanoparticles, while being 542 

well preserved and stable in manufactured forms (i.e. remaining as discrete nanoparticles), could quickly 543 

aggregate or be coated by other materials in natural environment and loose the unique ―nano‖ properties 544 

(Warheit et al., 2007; Murdock et al., 2008).  In fact, effective techniques were urgently needed to keep 545 

nanoparticles ―active‖ when nanoparticles were used in water treatment applications (Li et al., 2008).  The 546 

existence and magnitude of purposely engineered nanoparticles in natural environment, relative to the 547 

existence and magnitude of natural nanoparticles and incidental nanoparticles, are important but probably 548 

still scarcely known (Murr et al., 2004; Farre et al., 2009).  Further, nanomaterials need to be well 549 

characterized in evaluating the toxicities of nanomaterials, and traditional approaches used in evaluating 550 

the toxicities of bulk materials may not apply well in ―nano‖ situations (Boverhof and David, 2010).  551 

Conclusions about toxicities of nanoparticles induced from laboratory simulations might need substantially 552 

extra work to be extrapolated to natural environments. 553 

 554 

APPLICATION EXAMPLES 555 

 556 

Nanomaterials possess novel characteristics.  ―Research on the potential applications of nanotechnology 557 

continues to expand rapidly worldwide.  New nanotechnology consumer products emerge at a rate of 558 

three to four per week.  Over the course of the next decade, nanotechnology could have a $1 trillion impact 559 

on the global economy and employ two million workers—half of them residing in the U.S.‖ (NIOSH, 2009).   560 

 561 

Industry makes great efforts in designing, developing, manufacturing, and promoting nanomaterials and 562 

related products.  In order to expand to potential markets, some products are claimed to be 563 

―nanomaterials‖ or ―nanoproducts,‖ or ―produced by using nanotechnologies,‖ but actually may just be 564 

conventional products in miniature scale.  Realized applications, anticipated applications and imaginary 565 

products in agriculture and food industry were discussed by National Science Foundation Workshop (NSF, 566 

2001), Shannon et al. (2008), USDA Workshop Scott and Chen, 2003, Kuzma and VerHage (2006), Joseph 567 

and Morrison (2006), Taylor (2008), AZ nanotechnology, AZ Materials, Nano Werk, Project on emerging 568 

nanotechnologies, and Warad and Dutta.  The Nanomaterial Database Search provided a quick link to 569 

various nanomaterials. 570 

 571 

Milk Homogenization 572 

―Milk is an oil-in-water emulsion, with the fat globules dispersed in a continuous skim milk phase.  If raw 573 

milk were left to stand, however, the fat would rise and form a cream layer.  Homogenization is a 574 

mechanical treatment of the fat globules in milk brought about by passing milk under high pressure 575 

through a tiny orifice, which results in a decrease in the average diameter and an increase in number and 576 

surface area, of the fat globules.  The net result, from a practical view, is a much reduced tendency for 577 

creaming of fat globules.  Three factors contribute to this enhanced stability of homogenized milk: a 578 

decrease in the mean diameter of the fat globules (a factor in Stokes Law), a decrease in the size 579 

distribution of the fat globules (causing the speed of rise to be similar for the majority of globules such that 580 

they don't tend to cluster during creaming), and an increase in density of the globules (bringing them 581 

closer to the continuous phase) owing to the adsorption of a protein membrane‖ (University of Guelph).  582 

―As Kathryn explained, when milk is left on its own, fat globules collect together and rise to the surface of 583 

the liquid to form that delicious layer of cream.  Homogenization prevents the fat globules from clumping 584 

http://www.azonano.com/details.asp?ArticleID=181
http://www.azom.com/details.asp?ArticleID=921#_Gas_Barriers
http://www.nanowerk.com/
http://www.nanotechproject.org/
http://www.nanotechproject.org/
http://www.nano.ait.ac.th/Download/AIT%20Papers/2005/Nanotechnology%20For%20Agriculture%20And%20Food%20Systems%20_%20A%20View.pdf
http://www.nanowerk.com/phpscripts/n_dbsearch.php
http://www.foodsci.uoguelph.ca/dairyedu/homogenization.html
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and keeps the fat dispersed in a kind of emulsion throughout the milk.  To do this, hot milk is pumped 585 

through small screens at very high pressure.  This breaks the fat into smaller and smaller globules and also 586 

strips away their protective membrane.  Casein, an emulsifying agent naturally present in milk, adheres to 587 

the bare surface of the fat.  The case in both weighs the fat down (preventing it from rising to the surface) 588 

and keeps the fat molecules from collecting together.  Homogenization makes for creamier milk since the 589 

smaller and more numerous fat globules coat the tongue more evenly.  On the downside, homogenized 590 

milk usually tastes bland when compared to non-homogenized milk because the process also disrupts 591 

flavor molecules in the milk.  While homogenization and pasteurization usually go hand-in-hand, this isn't 592 

strictly necessary and likely has more to do with consumer demand‖ (Kathryn). 593 

Homogenized milk, on one hand, might be considered as a product of nanotechnology via the top-down 594 

approach: big fat globules are reduced in size on purpose so that the increased surface keeps fat in 595 

emulsion.  On the other hand, the practice of milk homogenization started in 1899 (University of Guelph), 596 

much earlier than the passage of the Organic Foods Production Act of 1990.  After homogenization, the 597 

average sizes of fat globules are 0.4 µm (400 nm), significantly greater than the conventional nanosizes of 1 598 

to 100 nm.  The process is virtually physical in nature.  The chemical compositions and the nutrient values 599 

of homogenized milk are not changed from raw milk.  The taste and flavor are changed but are more or 600 

less personal preferences.  Emulsion is a very common practice in food industry. 601 

Grain Milling 602 

Wheat, corn, etc, are broken to powders in grain milling.  Like road dust, it is very likely that nanoparticles 603 

are produced during grain milling and it is a good top-down example.  From the point of view of 604 

occupational safety, people should be protected from these nanoparticles during grain milling (NIOSH, 605 

2009).  On the other hand, these nanoparticles are not ―engineered on purpose.‖  The process is virtually 606 

physical in nature, the chemical compositions of these nanoparticles are not expected to be changed from 607 

the bulk starting materials, and the nutrient values would remain the same as the bulk materials.  The 608 

practice of grain milling apparently started much earlier than the passage of the Organic Foods Production 609 

Act of 1990.   610 

Smoking 611 

Probably no manufacture claimed to use nanotechnology to produce nanoparticles during smoking.  Like 612 

wild fire disaster and coal burning, nanoparticles could be generated during smoking.  Smoking might be 613 

the biggest effect of nanoparticles on human health up to date.  614 

Silver Ion Generating Wash Machines 615 

 616 

A type of washing machine with a device to generate silver ions were claimed to be using nanotechnology 617 

to inhibit bacteria in clothing.  U.S. EPA issued a ―Federal Register Notice‖ on September 21, 2007 to 618 

regulate these wash machines as pesticides.  In ―Pesticide Registration: Clarification for Ion Generating 619 

Equipment,‖ U.S. EPA indicated that ―the Agency has now determined that these machines will be 620 

regulated as pesticides if the machines contain silver or other substances, and if they generate ions of those 621 

substances for express pesticidal purposes‖ and ―while recent press articles have referred to the silver ion 622 

generating washing machine as a product of nanotechnology, EPA has not yet received any information 623 

that suggests that this product uses nanotechnology‖ 624 

(http://www.epa.gov/oppad001/ion_gen_equip.htm).  625 

 626 

Silver Nanotextiles 627 

 628 

Silver nanoparticles were incorporated into and onto fibers for expected antiviral properties.  Geranio et al. 629 

(2009) investigated the release of silver (silver ion and silver particle) from nine silver nanotextiles during 630 

washing.  Depending on how nano silver particles were incorporated to fibers, the amount and form (ion 631 

or particle) of silver greatly varied between different silver nanotextiles.  ―The percentage of the total silver 632 

emitted during one washing of the textiles varied considerably among products (from less than 1 to 45%).  633 

In the washing machine the majority of the Ag (at least 50% but mostly >75%) was released in the size 634 

fraction >450 nm, indicating the dominant role of mechanical stress.  A conventional silver textile did not 635 

http://www.google.com/imgres?imgurl=http://www.apartmenttherapy.com/uimages/kitchen/2008_09_30-HomogenizedMilk.jpg&imgrefurl=http://www.thekitchn.com/thekitchn/food-science/food-science-what-is-homogenization-064560&usg=__sYWZytLS-a4aAVjy4ueKvJYh3gM=&h=433&w=540&sz=54&hl=en&start=9&sig2=pXdz7lo0pCvK32D4sPakbg&um=1&itbs=1&tbnid=Zi4JJNEWSer29M:&tbnh=106&tbnw=132&prev=/images%3Fq%3DHomogenization%2Bof%2BMilk%26um%3D1%26hl%3Den%26sa%3DX%26tbs%3Disch:1&ei=m0zsS93WHIH58Abs2b2wBA
http://www.foodsci.uoguelph.ca/dairyedu/homogenization.html
http://www.epa.gov/fedrgstr/EPA-PEST/2007/September/Day-21/p18591.htm
http://www.epa.gov/oppad001/ion_gen_equip.htm
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show any significant difference in the size distribution of the released silver compared to many of the 636 

textiles containing nano-Ag‖ (Geranio et al., 2009).  637 

 638 

Packing Materials 639 

 640 

Bayer Polymers claimed to incorporate nanoparticles (miniature silicate platelets) into plastic films and 641 

make the films better material for food packing (Bayer Polymers).  However, not much technical detail was 642 

available.  Similarly, one research group (Li et al., 2009; Yang et al., 2010) incorporated particles (300-500 643 

nm, Ag, kaolin, anatase TiO2, rutile TiO2, etc) into low-density polyethylene (LDPE) and made to 40 µm 644 

(40,000 nm) thick plastic films.  The films were made into packing bags.  Compared to the packing bags 645 

made from 40 µm thick-LDPE only film, the bags enforced with particles provided ―better‖ preserving 646 

effect for two tested fruits (strawberries and Chinese jujube).  The ―better‖ preserving effect was judged 647 

from less water loss (and correspondingly low sugar concentrations) in the fruits preserved with enforced 648 

LDPE bags, compared to the fruits preserved with LDPE only bags. 649 

 650 

The densities are 0.91-0.94 g cm-3 for LDPE, 10.5 g cm-3 for silver, 4.23 g cm-3 for titanium dioxide, and 2.2-651 

2.6 g cm-3 for kaolin, respectively.  Analog to cement-only cement and sand-pebble-enforced cement, 652 

enforced LDPE bags would reasonably be expected to provide better ―preserving‖ capacity, in terms of 653 

physical strength, water and air permeability, and light blocking.  Whether the particles were nano-size or 654 

not might be relatively irrelevant, as long as the film thickness (40,000 nm) was substantially greater than 655 

the particle sizes (300-500 nm) so that particles could be well made into films.  Of course, the particle sizes 656 

and the ratios of particles to LDPE should be in correct ranges to make usable bags, just like in a case of 657 

making usable sand-pebble-cement mixture.   658 

 659 

Adding pigments and other materials to plastic is a common practice.  Bayer Polymers hypothesized that 660 

the oxygen penetrating route from one side of plastic film to the other side was increased due the presence 661 

of nano-particles embedded in the plastic film, but no technical details were provided.  An important and 662 

unique feature of nanoparticles is the extraordinary high ratio of surface area to mass.  After particles were 663 

made into plastics, the surfaces were covered and not ―active‖ anymore.  In this sense, it is fairly debatable 664 

whether the product (the bags) could still be claimed to possess ―nano-features,‖ although the particles 665 

themselves might be nano-products (Strictly speaking, those particles used in the research, 300-500 nm in 666 

sizes, are not commonly considered as nanoparticles).  It might just be a choice of name selection whether a 667 

product was indeed a nano-product.  According to NIOSH (2009), as given above in ―Property Approach‖ 668 

of section NANOMATERIALS, ―if the nanostructure within individual micrometer-diameter particles does 669 

not directly influence particle behavior (for instance, if the nanoparticles were inaccessibly embedded in a 670 

solid matrix), the aerosol would not be described as a nanoaerosol.‖ 671 

 672 

Those ―nano-packing‖ materials might not be so miracle, as claimed by producers, but might not be a fact 673 

for panic either for consumers.  These particles might not likely be transferred to fruits during food-storage 674 

since the particles were made into plastics (and not nanoparticles anyway).  Particles at the very surface of 675 

plastic film could be scratched and transferred to fruits.  Apparently this is very likely and should be 676 

investigated and confirmed.  Are the particles transferred as discrete particles, or as chunks of materials 677 

consisting of plastics and particles?  The second question, like in many other cases, is the amount of 678 

transfer.  Not just to these so called ―nano‖ products, pigments and other materials were also added to 679 

other plastic products, and the transfer might be in human life already.  Nanoparticles are ―nano‖ sizes and 680 

invisible to unassisted eyes.  Visible marks on silverware are indications that materials have been 681 

transferred from point A to point B.  A scratch of stainless steel spoon on a ceramic plate might transfer 682 

more materials, sizes probably from ―nano‖ to ―giant,‖ than those ―nano‖ particles to our human body, 683 

whether a scratch mark is visible or not.  It does not mean that new ―nano‖ products should be accepted 684 

without scrutiny.  The point to make is that things should be analyzed based on what they are supported 685 

by in terms of valid research and testing, rather than what they are claimed to be. 686 

 687 

http://www.research.bayer.com/edition_15/15_polyamides.pdfx
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From the point of view of general human health and environmental effects, these ―nano‖ packing products 688 

could be a problem since particles would eventually be returned back to the environment, potential heavy 689 

metal sources with respect to pure LDPE only bags.  LDPE is category 4 recyclable plastic. 690 

 691 

Nanoproducts 692 

 693 

An intuitive impression of ―nano‖ is its size.  In the applications where size counts (computers, airplanes, 694 

rockets, etc), products with or without nanotechnology might be fairly claimed to be nanoproducts, as long 695 

as the ―size-saving‖ feature, as well as other features, are realized.   696 

 697 

In terms of human health, environmental effects, and agriculture applications, the indirect impression of 698 

―nano‖ is its high ratio of surface area to mass, the corresponding high surface activity, and the potential to 699 

pass physical barriers (such as blood-brain barriers) freely.  Because of these physical and chemical changes 700 

from bulk materials to nanomaterials, the toxicity effects are substantially different.  Whether products are 701 

nanoproducts or not could be greatly evaluated based on whether the products possess the nano features-702 

high surface activity and consequences. 703 

 704 

SUMMARY 705 

 706 

The definitions of nanoparticles and nanomaterials could be approached from comprehensive 707 

considerations of size, property, source and application.  Nanomaterials made from bottom-up approaches 708 

may require more research and investigation than materials made from top-down approaches, at least in 709 

terms of human health and environment effects.  The bottom-up materials not only provide the target 710 

materials but also frequently provide other materials such as capping reagents and stabilizing reagents 711 

which could be more toxic than the target materials. 712 

 713 

The most important and unique property of nanoparticles is the extraordinary high ratio of surface to 714 

mass.  Being small, nanoparticles could also directly pass physical barriers.  Nanoparticles, in terms of 715 

toxicity and human health, not only provide ion sources (such as heavy metal sources), but also cause 716 

physical effects (such as causing deformation of enzymes).  Nanoparticles could cause more toxic effects 717 

than the dissolved forms of equivalent materials.  718 

 719 

The toxicity of nanoparticles and nanomaterials still requires substantial research and investigation, but is 720 

confirmed in various experiments.  This should not be unexpected, considering the substantial research on 721 

the toxicities of heavy metals in the past.  However, substantial work might be needed to extrapolate the 722 

conclusions obtained in laboratory settings to the natural environment. 723 

 724 

Nanoparticles and nanotechnology are new but are not totally strange.  Past knowledge and research still 725 

provide good reference, gold nanoparticles are still gold but not zinc, and things are not totally unexpected.  726 

It is important to delineate the scope of potential problems when facing multi-dimensional challenges.  A 727 

case by case analysis is greatly needed in the situation mingled with inadequate scientific knowledge and 728 

commercial profits.   729 

 730 
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