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1.   NANOMATERIAL TOXICITY: CURRENT STATUS 

Nanoscience and its emerging technologies are expected to bring a fundamental change in manufacturing 
in the next few years and will have an enormous impact on Life Sciences, including drug delivery, 
diagnostics, nutraceuticals and production of biomaterials. 

 
1.1.  Unintentionally produced Nanoparticles 
 
Epidemiological studies consistently show that increases in atmospheric particulate concentrations lead to 
short-term increases in morbidity and mortality.  Inhalation is the most significant exposure route for those 
particles, unintentionally generated.  Regulation is aimed mainly at particulate matter <10µm in diameter 
(PM10) in the atmosphere, but there is evidence that the adverse health effects are greater for fine particles, 
defined as having diameter <2.5µm (PM2.5).   Improvements in measurement techniques have focused 
attention more recently on ultrafine particles (UFPs), with diameters < 0.1µm (PM0.1).   UFPs dominate the 
number concentration of atmospheric particulate pollutants, but represent only a small fraction of the total 
mass concentration.  The large number concentration of existing UFPs in the atmosphere generates a 
background against which emissions of manufactured nanoparticles and nanofibres will have to be 
measured and monitored. Particles in the atmosphere (see also Table 1) are defined as either primary or 
secondary particles: 
   

•  Primary particles are emitted directly from sources or processes, which might be natural (fires, 
volcanoes, sea spray, erosion) or anthropogenic (traffic, industry). 

•  Secondary particles are formed in the atmosphere by gas-to-particle conversions.  Immediately 
following nucleation the secondary particles are usually very small (~1-10nm), and can then grow 
by condensation of involatile materials.  The nucleation can occur in hot combustion gases and in 
metallurgical processes, including welding. 

 
1.2 Intentional production of Nanoparticles. 
 
On the other hand, for decades industry has been intentionally producing different kinds of manufactured 
nanoparticles, for use in existing applications such a pigments, resins and cosmetics. In addition, 
nanotechnology will increasingly generate new materials and products that are based on nanoparticles, 
devices and tools. It is the sum of existing and newly-developed, intentionally produced (= manufactured) 
nanoparticles that form the primary target of concern.  
 
It is expected that the emission of manufactured nanoparticles and nanofibres will add to the load of 
primary UFPs in the atmosphere.   Of course, the application of new manufactured nanoparticles and 
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nanofibres in products that are used directly by consumers means that other routes of uptake for 
manufactured nanomaterials must be considered in addition to inhalation, e.g. ingestion and dermal 
absorption.  
 
For most manufactured NP no toxicity data are available. Most of the experimental, toxicological work on 
NP has been generated with a small set of bulk nanoparticles, such as carbon black (CB), titanium dioxide 
(TiO2) , iron oxides and amorphous silica. These NP have been manufactured by the chemicals industry for 
some decades and are produced in many tons per year. These NP were considered to be so-called nuisance 
dusts until it was observed that upon prolonged exposure in rats inflammation and lung tumours can occur. 
Now the discussion on the risks of manufactured NP is mainly driven by epidemiological studies that 
estimated that per 10 µg/m3 increase in the concentration of environmental particles (PM2.5), overall 
mortality increases by 0.9 %, while deaths from specific respiratory diseases can increase by as much as 
2.7 %. These findings set the stage for the current discussion on risks of Nanoparticles illustrated as the 
scheme in Figure 1.  

 

Fig 1. Illustration of the different sources and applications of Nanoparticles (NP). Epidemiology and toxicology have 
demonstrated acute effects of anthropogenic NP in humans, as well chronic effects of existing, manufactured NP in 
animals. It remains an open issue whether the hazards and risks found with those types of NP can be extrapolated to 
newly developed engineered NP, which is illustrated by the question marks. 

 

                    

 
 
 
 
 
 
 

 

 

 

2. NANOMATERIALS: WHAT DO WE NEED TO KNOW? 

 

For hazard characterization, risk assessment and future regulation of these new materials several crucial 
issues need to be considered: 

1. Effects may not be specific for nanomaterials, but also present for the same or other materials of 
large size or aggregates. In this case effects of NP are quantitatively different. In this case 
regulation may be adapted by changing values and or metrics of respective standards.  

For example: Nanoparticle TiO2 and carbon black can induce lung tumors in rats at considerably lower 
gravimetric lung burdens than their larger sized analogues and actually the retained particle surface metric 
has been used to describe the lung tumor rate in chronic animal studies. The overall pattern is one of 
chronic inflammation that occurs upon saturation of lung clearance by overloading of macrophages at 
which point particle accumulation starts and inflammatory cell influx increases sharply. The inflammatory 
cell influx is held responsible for the lung tumors after chronic particle exposure to low toxicity particles due 
to its pro-mutagenic effects and actions on cell proliferation.  Still this surface dose concept is probably an 
oversimplification, and careful evaluation is needed 

Unintentionally produced 
NP: 
-  Anthropogenic (diesel) 
-  Natural (fires, nucleation) 

Manufactured NP: 
-  Existing NP (cf CB, TiO2) 
                  
 
- Newly developed, engineered    
NP     
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2. Effects may be qualitatively different based on size, surface chemistry or another specific 
interaction. In this case normal standard setting could be used, since the critical effect is simply 
different from the fine analogues. This however implies that the same material, based on size 
differences may have different standards, also based on different effects.  

Example: Recently, carbonaceous NP and gold were shown to translocate from the nasal cavity through the 
olfactory epithelium (2 cm2) along the olfactory nerves to the central nervous system (CNS), based on their 
presence in the olfactory bulb of rats after inhalation (Oberdorster et al, 2004). Such a mechanism was first 
reported for polio virus (30 nm) and colloidal gold particles (50 nm) moving into the olfactory bulb of 
various primates. This is a mechanism specific for NP and observed for different materials (carbon, gold, 
MnO2). Similarly,  uptake through the gastro-intestinal tract (40 m2) has also been described for particles of 
different sizes and is actually now being employed by food industry to increase bioavailability of compounds 
that normally have a low bioavailability (vitamins, proteins). To do so, pure chemical substances are 
synthesized into nanoparticles with crystalline structure and in this was may be taken up through the 
immune system in the gut.  

3. Current regulation of chemicals is driven by area of application. We deal with a growing set of 
materials of which some properties are largely unknown and current testing procedures and 
legislation may be produce many false negatives and/or false positives. The second issue already 
illustrated that the same material dependent on size may exert different (qualitative) effects. The 
central question here is whether current testing and classification protocols are appropriate and 
sufficient. Nanotechnology also promotes convergence of technologies, and similar materials may 
be applied in automotive and life sciences sector. To stimulate production and marketing of safe 
nanomaterials exchange of data between sectors is recommended. 

4. Extrapolation of available data and concepts. The epidemiological evidence on ultrafine particles 
has revealed several effects, mechanisms of action and susceptible groups upon inhalation of UFP. 
It is crucial to explore whether these concepts can be used for nanoparticles released from 
manufactured nanomaterials. 

5. Environmental distribution, accumulation and effects. Anticipated volumes of production of 
engineered nanomaterials makes it very likely that these materials will enter the environment 
through production, manufacture, use, or disposal of products. There is an almost complete lack of 
data on bioaccumulation, bio-toxicity and biodegradation of NP in environmentally relevant 
species.  There is also limited study of the weathering potential of both coatings and covalent 
surface modifications. No blanket statements about toxicity of nano-sized materials can be made at 
this time. 

 

3. NANOMATERIAL TESTING: HOW TO FILL THE GAPS? 

 

Although there is a considerable amount of data on the toxicity of NP, this data is mainly based on a small 
panel of NP (combustion derived NP, TiO2, CB) and the assumption that a lot of effects by PM are driven 
by the ultrafine particles in it (Donaldson et al, 2002). Due to this background of the data and the 
specificity of most preparations of engineered nanoparticles, a lot of work needs to be done with regard to 
characterization and biological testing of engineered NP. With this regard it is recommended to perform 
testing driven by the anticipated application and classification by risk and not by hazard. From the above it 
is clear that a range of endpoints should be considered for the testing of NP for potential hazards. Some 
engineered NP which get airborne will pose inhalation hazards, while cosmetics with NP provide dermal 
exposures. Each should be tested in the requisite ways focusing on their portal of entry.  Other engineered 
NP are being used as devices to target drugs to specific tissues, to increase their biological half time, or for 
imaging purposes. In developing testing procedures and protocols a number of basic questions needs to be 
answered: 
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1. Which components should be tested? 
The following should all be considered: -Natïve particle, native particle with surface modification, stability 
of the surface coating, effects of the NP + surface coating, materials used for synthesis of NP (ILSI-HESI 
meeting) 
 
2. What type of tests should be used? 
A range of in vitro and in vivo tests should provide information that can contribute to hazard assessment. 
Both classical tests and newer models reflecting current insights into the mechanisms of NP should be 
employed. The key questions for these tests, is whether they are suitable to detect the qualitative and 
quantitative differences that are posed by nanomaterials in comparison to their fine equivalents. Currently 
the International Life Sciences Institute (ILSI), ECETOC, Dechema/VDI and the HSE are starting up 
explorations and procedures to cope with the emerging industrial need in this matter. 
 
3. Surface modifications included in testing? 
Whatever test will be used, it needs to be realized that nanoparticles are usually surface modified to prevent 
aggregation. In fact, about 90 % of TiO2 is coated by organic or mineral (SiO2) and it needs to be 
considered that most suppliers apply post synthetic strategies to modify engineered and bulk NP to prevent 
aggregation to retain its anticipated properties. Particle coating with polyethylene glycol is a common 
treatment in drug delivery to prevent recognition by the reticulo-endothelial system and increase the half-
life of the particle-conjugated drugs. For fullerenes such surface modifications have been shown to 
determine toxicological parameters (Sayes et al, 2004). Apart from modifying the surface the compounds 
used in post synthetic routes such as 4-dimethylaminopyridine, various thiols, fluoroalkanes, alkoxysilanes 
and phosphorous may be released and need to be included in testing protocols. 
 
4. Particle dissolution: good or bad? 
Analogous to the conceptual understanding of fibre induced malignant effects, during initial discussion 
particle dissolution has been mentioned as a potential screening property to prevent chronic effects. 
Current EU legislation for new fibers has incorporated in vitro dissolution of fibers based on the body of 
evidence connecting high in vivo durability (low dissolution) to lung tumors. Although the converging into 
testing of nanomaterials forwards further exploration, one should be aware of two major problems. First, 
some nanoparticles (quantum dots) contain highly reactive or toxic components that may cause effects 
when dissolved. The second problem is provided by definitions how to assess Nanoparticle dissolution. 

 

 

4. IN CONCLUSION 

Communication and bridging between disciplines and different sectors of Nanoscience and 
Nanotechnology is needed to delete the uncertainty and gap between intentional and unintentional 
produced NP ( Fig.1). Nanotechnology itself is enabling, only through integration from concepts in 
physics, biology and chemistry. Industry and academia are now facing the challenge to develop a 
conceptual understanding of biological responses to nanomaterials, and use this know-how to develop safe 
nanomaterials. Only combining know-how on material properties, size and quantum effects of anticipated 
products, to expertise on biological reactions to materials will lead to safe, sustainable applications of 
nanomaterials. Both academia and industry may therefore reconsider their current tiered testing approaches 
(industry) and academic, mechanism-driven use of nanoparticles into a network with exchange of know-
how and information on hazardous materials. 
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Table 1. 

Nomenclature of particles in relation to their standards, sources and applications  

 

 

Particle type Description 

 

Nanoparticles Primary particles of intentionally produced material smaller 
than 100 nm. Can be bulk particles such as carbon blacks, or 
engineered particles such as quantum dots, or carrier systems in 
drug delivery. 

Nanotubes Thin (< 10 nm) single or multi-wall carbon sheets that can vary 
in length and surface properties. Applications in tires, flexible 
displays and to enhance material strength. 

 

PM10, PM 2.5 Particle mass fraction in ambient air with a mean diameter of 
10 or 2.5 µm respectively. Basis of current standards for 
ambient particles in Europe and USA 

Coarse particles The mass fraction of PM10, which is bigger than 2.5 µm 

Ultrafine particles 

( PM 0.1) 

The fraction of PM10 with a size cut-off at 0.1 µm. Contains 
primary particles and agglomerates smaller than 100 nm. 

PSP Poorly soluble particles with low specific toxicity. Terminology 
used in relation to bulk synthetic nanoparticles 

Liposomes Particles, not strictly NP, consisting of fatty acids and 
derivatives used for biomedical applications 

Carriers-Conjugates Polymer-protein or polymer-drug conjugates with a size below 
100 nm used in drug delivery 

 
 


