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Chapter  1 

 

Introduction 
 
 
 

HIS report deals with the application of nanotechnolog ical innovations in the construction 
industry. It describes in detail the workings and p otentials of nanotechnology in 

construction engineering, its current state of development and, on the flip side, its possible 
hazards for environmental and human health. 

The report is written in the context of a larger fr amework called NanoCap. NanoCap is a 
European project set up to deepen the understanding of the environmental and occupational 
health and safety risks and the ethical aspects of nanotechnology in general. NanoCap is an 
acronym for “Nanotechnology Capacity Building NGOs” . Its main goal is to organise a 
structured discussion between environmental non-gov ernmental organisations (NGOs), 
trade unions, academic researchers and other stakeholders. It will enable a debate in which 
environmental NGOs and trade unions can participate  at a European level on 
nanotechnology; to improve their understanding of t he field, to formulate a science 
supported position in regard to future policy and t o inform their members and the general 
public. Figure 1.1 shows a diagram of the organization of the NanoCap project, showing the 
position of each participant (see also table 1.1). The NanoCap project is coordinated by 
IVAM, an independent research and consultancy organisation of the University of 
Amsterdam Holding in the Netherlands. 
 

 
Fig. 1.1 Structure diagram of the organisation of the NanoCap project. The execution is by a consortium of five 
environmental NGOs, five trade unions, five universities and a coordinator (IVAM). 

 
 
 

T 
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Table 1.1 The NanoCap project is executed by a consortium of five environmental NGOs (green), five trade unions 
(violet), five universities (light grey) and a coordinator (pink). 

Abb. Participant organization name Country  
IVAM IVAM (f.k.a. Interfacultaire Vakgroep Milieukunde) NL 
SNM Stichting Natuur en Milieu NL 
LA Legambiente IT 
BEF Baltic Environmental Forum LT 
EEB European Environmental Bureau EU 
MIO Mediterranean Information Office for Environment, c ulture and Sustainable 

Development  
GR 

FNV Federatie Nederlandse Vakbeweging  NL 
AMIC AMICUS the Union IE 
ETUI European Trade Union Institute for Research, Education and Health and Safety EU 
KOOP Kooperationsstelle Hamburg DE 
PPM ppm Forschung + Beratung Arbeit Gesuntheit Umwelt AT 
UAAR  University of Aarhus interdisciplinary Nanoscience centre   DK 
TUD Technische Universität Darmstadt, Institut für Phil osophie   DE 
KUL Katholieke Universiteit Leuven, Department of Publi c health BE 
UES University of Essex, Biological Sciences  UK 
ECDO University of Amsterdam, Expertisecentrum Duurzame Ontwikkeling  NL 

 
The application of nanotechnological innovations de als with a highly multidisciplinary field 
of engineering. Nanotechnology is expected to bring vast changes in robotics, chemical, 
mechanical, biological as well as electrical engineering. This report deals especially with 
nanotechnology in construction. 
Construction engineering has been a technology beneficiary ever since it evolved. Important 

feats were the invention of concrete in ancient Rome, the mass-production of steel from the 
mid-19th century and the mass-production of glass panes that changed from luxury to every 
man’s property. The application of nanotechnology t o construction engineering will most 
likely have similarly large changes. The report foc uses on questions like: What is 
nanotechnology? What can nanotechnology mean for the construction industry? Are there 
presently any commercialized products in constructi on that make use of nanotechnology? 
Does nanotechnology pose any specific risks to environmental and human health? How is 
dealt with these issues? The information presented in this report is gathered through 
literature study and telephonic interviews. The par t on nanomaterials is categorized into four 
main subjects: Cement, steel, paints/coatings and glass. A special chapter is dedicated to the 
environmental and human health risks of nanotechnol ogy. 
The internet houses a lot of information on nanotechnology in construction (see page 33). 

The majority of available information however deals  with future potentials and research 
activities. Information on commercialized ‘nano-pro ducts’ and companies working with 
nano-technology is scarcer. The companies that make use of nanotechnology (and that are 
involved in construction), do so through their prod uction processes (i.e. in the case of 
cement) or in the articles they purchase (i.e. in the case of paints, coatings, insulating 
material). Companies stating to be familiar with th e concept but not having ‘nano-products’ 
in their scope or production processes, explain their position using financial and competition 
driven motives. The overall findings show that at l east a majority is aware of the concept and 
that they state to closely monitor the developments of nanotechnology in their field. 
Interviews with company personnel give direct insig ht into workers’ experiences with ‘nano- 
products’. Take for instance the addition of nano-silica particles to cement. Nano-silica 
particles, better known as silica fume, improve the  overall particle packing in the concrete 



Chapter 1. Introduction 

 

3 

matrix resulting in very high compressive strengths  (>15,000 psi1). Now, this is a doubling of 
strength compared to ‘normal’ concrete and it is hailed as a great structural benefit. But it can 
also be seen as a machining drawback when one considers the drilling of holes or the 
insertion of staples and nails. The material is said to be so dense that in-house hardness 
measurements cannot be performed with standard equipment. 
A more serious side effect of silica fume is reported to be its dustiness, leading to 

unpleasant working situations during handling opera tions. Silica fume is an extremely fine 
powder. The small size and hardness of the particles are said to damage and obstruct 
bearings and other delicate machine parts during conveyor transport to the mixing 
apparatus. With the extremely fine dust penetrating  everything from clothing to lungs silica 
fume is not a much favoured product to work with. I t is mostly used on customer request 
only. Silica fume is generally considered a nuisance dust of low toxicity. Particles have an 
amorphous, non-crystalline structure. When precauti onary measures are based on the 
material safety data sheet (MSDS) silica fume should not present a health risk. Regarding 
exposure control and personal protection, the MSDSs for silica fume and Portland cement are 
the same. Both may contain trace amounts (<0.5%) of crystalline silica which can cause 
silicosis in larger quantities, and has been identified as a possible human carcinogen. These 
numbers may also be interpreted as a bottom line in regard to international permits, for 
companies like Degussa (on 27-02-2008) and Akzo (on 25-03-2008) explicitly state to produce 
silica fume that is free of crystalline silica. The production processes they use are pyrolysis 
and the wet chemical sol-gel technique. 
Further information on experience comes from people  working with nanomaterials in 

coatings. Most coating materials examined for this report (i.e. with silver, titanium dioxide or 
silicon dioxide nanoparticles), do not contain subs tances that are detrimental to health 
according to EU guidelines. This information is tak en directly from MSDSs and is applicable 
to “normal” use. If this is also something to belie ve depends on good will. The little 
knowledge of possible hazards of nanoparticles in the long run doesn’t allow for an all 
covering inventory of risks.  
 

                                                 
1 Pounds per square inch. 



 

Chapter  2 

 

What is nanotechnology? 
 
 
 
2.1 Nanotechnology 

ANOTECHNOLOGY  represents a field of engineering that is currently very much in the 
spotlights. A 2004 report from the Royal Society defined nanotechnology as follows. 

 
Nanotechnology is the design, characterisation, production and application of structures, devices 
and systems by controlling shape and size at nanometre scale. 

 
The prefix ‘nano’ is derived from the Greek word ‘n anos’ (����� ), which literary means 
dwarf. One nanometre (nm) is equal to one-billionth  of a metre or 10–9m. A human hair is 
approximately 80,000nm wide, and a red blood cell approximately 7000nm wide. Individual 
atoms are below a nanometre in size, whereas many molecules, including some proteins, 
range from a nanometre upwards. 

Materials whose dimensions range from 100nm down to  approx. 0.1nm (the size of a single 
atom) exhibit special mechanical, optical, electrical, and magnetic properties which can differ 
substantially from the properties of the same mater ials at larger dimensions. The two main 
reasons for this change in behaviour are an increased relative surface area, and the 
dominance of quantum effects. An increase in surface area (per unit mass) will result in a 
corresponding increase in chemical reactivity, maki ng some nanomaterials useful as catalysts 
to improve the efficiency of fuel cells and batteri es. As the size of matter is reduced to tens of 
nanometres or less, quantum effects can begin to play a role, and these can significantly 
change a material’s properties. In recent years, researchers have become increasingly more 
adept at manipulating the shape and size of materials at the nanometre scale, thus giving 
them the opportunity to study and exploit these spe cial properties. 

The conceptual underpinnings of nanotechnologies were first laid out in 1959 by the 
physicist Richard Feynman, in his lecture ‘There’s plenty of room at the bottom’ (Feynman 
1960). Feynman explored the possibility of manipula ting material at the scale of individual 
atoms and molecules, imagining the whole of the Encyclopaedia Britannica written on the 
head of a pin and foreseeing the increasing ability to examine and control matter at the 
nanoscale. The term ‘nanotechnology’ was not used until 1974, when Norio Taniguchi, a 
researcher at the University of Tokyo, Japan used it to refer to the ability to engineer 
materials precisely at the nanometre level (Taniguchi, 1974). The primary driving force for 
miniaturisation at that time came from the electron ics industry, which aimed to develop tools 
to create smaller (and therefore faster and more complex) electronic devices on silicon chips. 
Indeed, at IBM in the USA a technique called electron beam lithography was used to create 
nanostructures and devices as small as 40–70nm in the early 1970s. 

N 
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Fig. 2.1 Individual xenon atoms on a nickel surface (Credit: D. M. Eigler, E. K. Schweizer, (1990), Nature 344, 524) 

 
It is only in recent years that sophisticated tools have been developed to investigate and 
manipulate matter at the nanoscale, which have greatly affected our understanding of the 
nanoscale world. A major step in this direction was  the invention of the scanning tunnelling 
microscope (STM) in 1982, and the atomic force microscope (AFM) in 1986. These tools use 
nanoscale probes to image a surface with atomic resolution, and are also capable of picking 
up, sliding or dragging atoms or molecules around o n surfaces to build rudimentary 
nanostructures. In a now famous experiment in 1990, Don Eigler and Erhard Schweizer at 
IBM moved xenon atoms around on a nickel surface to write the company logo, a laborious 
process which took a whole day under well-controlle d conditions (figure 2.1). It offered the 
vision of eventually being able to create structures by bringing individual atoms together, 
one at a time; a process which has been dubbed the ‘bottom-up’ approach. For the time 
being, however, the assembly of larger structures from individual atoms and molecules 
remains too laborious for industrial applications. 

Instead, researchers are focusing on self-assembly in which individual building blocks with 
specific properties find their own way to their cor rect positions in complex structures. Nature 
contains a huge variety of nanostructures created by ‘bottom-up’ processes. They are both a 
source of knowledge of the forces and design principles which come into play by self-
organization and a source of inspiration for the de velopment of entirely new nanostructures 
with novel functionalities. In addition, lithograph ic techniques are being used to create ever 
finer structures on or in the silicon wafers that a re used in chip production. This process has 
been dubbed the ‘top-down’ approach. 

At the level of molecules and atoms, the borders between the traditional scientific 
disciplines are rather indistinct. Accordingly, nan oscience and nanotechnologies represent a 
multidisciplinary research field ‘par excellence’, characterised by increasing collaboration 
between physicists, chemists, biologists and engineers (figure 2.2). Nanotechnologies are 
‘enabling technologies’: they facilitate progress in other areas of technology. 
 

2.2 Nanomaterials  
Nanotechnology is a science in its infancy. In general, all of today’s practical nano-
technologies are those using nano-sized particles in so-called nanomaterials and nanometer-
size features on integrated circuits. Nanomaterials either refer to materials with nanoscale 
dimensions or bulk materials containing nanosized p articles. These materials often 
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Fig. 2.2 Nanotechnology as a multidisciplinary field of research. 

 
demonstrate characteristics such as extraordinary strength or unsuspected electrical, physical 
or chemical properties that are completely differen t from those demonstrated by the same 
products with larger dimensions. A reason for this can be found in the increased relative 
surface area of minute particles. Chemical reactions involving solids happen mainly at their 
surfaces (where chemical bonds are also often incomplete). Due to the enormous increase in 
surface area per unit volume in the case of nanoparticles (figure 2.3), very strong reactive 
properties can occur. Nanosized silver particles i.e. exhibit very strong bactericidal 
characteristics and they are used in reusable water purification filters. Whether such changes 
in material properties are gradual or whether they arise at a certain threshold level, depends 
on what property is taken into account: Quantum eff ects may alter a material’s transparency, 
colour of fluorescence, electrical conductivity and  its magnetic permeability as soon as they 
dominate thermal effects. For many materials this happens around 100 nm (at normal 
temperature and pressure). For electronic properties, quantum-size effects are inversely 
proportional to particle size. And sometimes also a  distinct property can arise at a particular 
size: Gold nanoparticles i.e. have greatly increased catalytic capabilities at around 3 nm. 
Characterizing the relationships between material p roperties and dimensionality forms an 
important area of basic research. 

The broad range of nanomaterials currently under de velopment includes films that are just 
one atom (or a few atoms) thick, ‘nanotubes’ of carbon (CNT´s) or inorganic compounds, and 
inorganic nanowires. Other nanomaterials are organi c nanofibres, biopolymers, 
nanoparticles of metals and metal oxides, carbon black (synthetic soot), fullerenes (spherical 
C60 molecules), dendrimers (spherical, highly branched organic polymers), and quantum 
dots (nanocrystals of semiconductor material). Nume rous applications are being developed 
for each of these materials in a wide range of fields. Some materials are already being used 
on a commercial scale. The fields with current commercial uses and producing the greatest 
revenue are mechanic-chemical polishing, magnetic recording tapes, sunscreens, automotive 
catalyst supports, bio-labelling, electro conductiv e coatings and optical fibres. The 
biomedical and pharmaceutical fields, electronics, metallurgy, agriculture, textiles, coatings, 
cosmetics, energy and catalysts are other sectors with growing applications. The research 
effort in areas classified as nanotechnologies has become widely diverse. However, the 
majority of nanomaterials are not yet in routine us e. Throughout the world, billions of euros 
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Fig. 2.3 The surface area of a cubic centimetre of solid material is 6 cm2. The total surface area of a cubic centimetre of 1 
nm sized cubes is 6,000 m2.  
 

are being spent on nanoscience and nanotechnologies, primarily in research and 
development. Applications of engineered nanomateria ls are expected to enable huge 
economic and technological possibilities. 
 

2.3 Human health  
Revolutionary new technologies raise questions about occupational, consumer, and 
environmental safety and health. If engineered nanomaterials have physical properties 
different from their bulk counterparts they might a lso pose new risks to human health in 
their manufacture, use, and disposal. Nanosized particles of various kinds are a natural and 
ubiquitous feature of the human environment. Exposu res to airborne nanosized particles 
have been experienced by humans throughout their evolutionary stages: through forest fires, 
volcanoes, by gas to particle conversion, etc. It is with the advent of the industrial revolution 
that such exposures have increased dramatically through internal combustion engines, 
power plants, welding fumes, etc. The rapidly devel oping field of nanotechnology is likely to 
become another source for human exposures to (engineered) nanosized particles 
(Oberdörster, 2005a). 

It has been known for quite some time that fine dus t particles in the air can be harmful to 
human health. This applies not only to concentratio ns in the workplace, but also to the 
general concentrations in the air in our urban envi ronments. In The Netherlands several 
thousands of people die prematurely (weeks or month s) each year because of exposure to 
fine dust particles in their every day environment (RIVM, 2005). The effects of exposure in 
the workplace are much higher. Toxicological research has generated a great deal of 
knowledge concerning the relationship between the p articles’ physical and chemical 
properties and the mechanisms of action that underpin their deleterious effects on health. 
However, our understanding of these interactions is  still far from complete. 

With the rise of nanotechnologies, particle toxicol ogists have been increasingly focusing on 
the finest of dust particles. One question facing scientists is the extent to which current 
knowledge concerning ‘traditional’ micro- and nanop articles is usable when assessing the 
risks of newer types of synthetic nanoparticles. Research on ‘traditional’ particles has made it 
clear that fine particles of dust can easily penetrate deep into the lungs. Due to their minute 
size, nanoparticles are able to bypass or damage the lungs’ clearing mechanisms. Any such 
particles that do not readily dissolve or break dow n tend to accumulate. Unlike larger 
particles, nanoparticles are capable of entering cells and disrupting cellular metabolism. 
From the lungs, they can enter the circulatory system, which will carry them to other organs. 
Nanoparticles may also be able to enter the brain via the nasal mucous membrane and the 
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olfactory nerves. There is less clarity regarding the extent to which they are capable of 
entering the body through the skin (whether damaged  or intact) and the digestive tract. 
Within the body, nanoparticles may promote the form ation of harmful substances, such as 
reactive oxygen compounds. In addition, the particl es evoke inflammatory reactions which, 
if they are of a chronic nature, can lead to elevated and harmful levels of reactive substances 
derived from the immune system in the blood. These mechanisms presumably form the basis 
for the observed relationship between the presence of fine dust in the air and disorders of the 
respiratory and circulatory systems in humans. 

Initial toxicological studies into new synthetic na noparticles indicate that these 
mechanisms play a part here as well. At present, however, there is only a slight risk that the 
general population will be exposed to such syntheti c nanoparticles. For the time being, the 
individuals at the greatest risk are likely those w ho work with these particles in various 
research centres. However, this situation may change when more products containing such 
particles start to appear on the market. For this reason, it is appropriate to focus on the 
toxicological risks associated with nanomaterials. 
 



 

Chapter  3 

 

Nanomaterials 
 
 
 
3.1 Nanoparticles 

ESPITE the many prophesized future applications of nanotec hnology, the current 
situation (as of 2008) holds mainly for the use of nanomaterials. Nano can refer here 

either to the size of additives in bulk material to  change or improve the overall material’s 
properties or to the dimensions of the bulk itself (as in thin layers or coatings). As mentioned 
in the previous chapter, nano-sized additives (furt her nanoparticles) come in a variety of 
shapes and forms. Nanoparticles are defined as particles of less than 100nm in diameter. 
Such particles often exhibit new or enhanced size-dependent properties compared with 
larger particles of the same material. Nanoparticles exist widely in the natural world: for 
example as the products of photochemical and volcanic activity. They have also been created 
for thousands of years as products of combustion and food cooking, and more recently from 
vehicle exhausts. Deliberately manufactured nanoparticles, such as metal oxides, are hereby 
a minority. 

Nanoparticles are of special interest because of the new properties (such as chemical 
reactivity and strange optical behaviour) they can exhibit. For example, titanium dioxide 
particles and zinc oxide particles become transparent at the nanoscale but are also able to 
absorb and reflect UV light. This has found them an application in sunscreen. Nanoparticles 
have a wide range of potential applications: in the  short-term in new cosmetics, textiles and 
paints and in the longer term in the methods of dru g delivery where they could be to used to 
deliver drugs to specific target sites in the body.  Nanoparticles can also be arranged into 
layers on surfaces providing a large area of material with enhanced active capabilities. This 
holds a range of potential applications such as catalysts. Manufactured nanoparticles are 
typically not products in their own right, but gene rally serve as raw materials, ingredients or 
additives in existing products. Although their prod uction is currently low compared with 
other nanomaterials this report gives them a considerable amount of attention. This is 
because they are currently in a small number of consumer products such as cosmetics and 
their enhanced or novel properties may have implica tions for their toxicity. The evidence 
submitted during the course of several studies indi cates that for most applications, 
nanoparticles will be fixed (for example, attached to a surface or within in a composite) 
although in other applications they will be free or  suspended in fluid. Whether they are fixed 
or free will have a significant effect on their pot ential health, safety and environmental 
impact. 
 
 
 

D 
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Fig. 3.1 Buckminsterfullerene (C60), the archetypal member of the fullerenes. It is a hollow, pure carbon molecule in which 
the atoms lie at the vertices of a polyhedron with 12 pentagonal faces and any number (other than one) of hexagonal faces. 
Fullerenes are sometimes considered, after graphite and diamond, to be the third well-defined allotrope of carbon. 

 
3.1.1 Fullerenes 

Fullerenes are one of the most well-known nanoparti cles. They are hollow constructs of 
pentagon and hexagon units of carbon atoms. The first to be described was 
buckminsterfullerene C-60, named after the architect Buckminster Fuller (Figure 3.1). Since 
its discovery in 1985, larger spherical fullerenes have been produced, such as C-70, C-76, C-
78 and C-84, and closed tubes based on the fullerene structure. Examples of use: catalysis, 
pyrolysis, fillers in e.g. tires and building mater ials, lubricants, solar cells, electrolytic 
membranes and proton exchange membranes in fuel cells, oxygen and methane storage 
materials, drug delivery. It also turns out that va porizing C 60 leads to a smoother diamond 
film than vaporizing graphite. Maybe this will help  grow tough protective coatings with 
better properties than what we have now. Fullerenes are chemically reactive and can be 
added to polymer structures to create new copolymer s with specific physical and mechanical 
properties. They can also be added to make composites. Much work has been done on the 
use of fullerenes as polymer additives to modify ph ysical properties and performance 
characteristics. 

 
3.1.2 Ceramic nanoparticles 

Nano ZrO 2 (zirconia) particles have a very low thermal condu ctivity. They are used in 
thermal barrier coatings in jet turbines and diesel  engines to allow operation at higher 
temperatures. Yttria (Y2O3) stabilized zirconia crystals exhibits superior me chanical 
properties such as high strength and flexibility. H eat insulating properties and oxygen-ion 
conductivity indicate that zirconia has potential f or use in a wide variety of applications. The 
acute and chronic toxicity of nano-zirconia particl es is not fully known (MSDS). The metal 
dust can ignite in air and should be regarded as a fire and explosion hazard. Compounds 
containing yttrium should be considered toxic.   

Another example of a nanoparticle used as an additive is titanium dioxide or TiO 2 (figure 
3.3(a)). TiO2 is widely used as white pigment because of its brightness. Nano TiO2 particles 
are typically sized less than 100 nm, while normal TiO2 used as a paint pigment has a 
median particle size of approx. 300 nm. As the size of the particles reduces to the nanometre 
scale, new photochemical characteristics occur in the particles. For example, (rutile) nano 
TiO2 particles can block UV-light while visible light c an pass through. On the other hand, 
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a)           b) 
Fig. 3.2 a) Electron micrograph of (anatase) titanium dioxide (TiO2) nanoparticles; b) Colloidal quantum dots irradiated 
with a UV light. Different sized quantum dots emit different color light due to quantum confinement (see 3.1.3). 

 
(anatase) nano TiO2 may have a strong photocatalytic effect. Supplied with energy by UV-
light, electron-cavities can emerge on the surface of the particle, which can oxidize big 
organic molecules attached to the particle. Therefore, nano TiO2 is applicable in such fields as 
UV-block sunscreen, UV-block paint, environmental t reatment, and in liquids for treatment 
of transparent wood surfaces. It is also used for self-cleaning material, as an anti-microbial 
agent, and thus being used in a broad range of traditional industries. It is added to paints, 
cements, windows, tiles, or other products for ster ilizing, deodorizing and anti-fouling 
properties. Additionally, as TiO 2 is exposed to ultraviolet light, it becomes increasingly 
hydrophilic (attractive to water), thus it can be u sed for anti-fogging coatings and self-
cleaning windows. 

Nano ZnO particles are used as a pigment in paints. They are less opaque then TiO2. ZnO 
absorbs both UVA and UVB rays of UV-light. It is th e broadest spectrum UVA and UVB 
absorber that is approved for use as a sunscreen by FDA, and is completely photo stable. 
Additionally, since zinc oxide has antimicrobial an d antifungal activities. 
 

3.1.3 Metallic nanoparticles (quantum dots) 
A quantum dot is a semiconductor nanostructure that  confines the motion of (certain) 
electrons in all three spatial directions. Quantum dots appear as very small metallic 
nanoparticles, inorganic nanocrystals with specific  fluorescing, magnetic or electrical 
properties (figure 3.2(b)). There are two types on the market, the so-called core dots and the 
core-shell dots. Core dots consist e.g. of CdSe and PbSe. Core-shell dots consist e.g. of 
CdSe/ZnS, CdTe/CdS, HgSe/Fe, and InAs/GaAs. The sla sh distinguishes the composition 
of core and shell. Quantum dots can be made from most semiconductors and pure metals 
(e.g. Au, Ag, Ni, Co). Potential uses lay in more efficient energy conversion in solar cells and 
light emitting diodes for displays and other light sources. 
 
3.2 Carbon nanotubes 
One of the most interesting and well-studied nanopa rticle is the carbon nanotube or CNT 
(figure 3.3). Carbon nanotubes are of a form of carbon first discovered in 1952 in Russia (and 
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Fig. 3.3 Artist depiction of single-walled and multi-walled carbon nanotubes. 

 
mostly ignored) and then re-discovered in the 1990’s in Japan. They are cylindrical in shape 
and get their name from their nanometre diameter. T hey can be several millimetres in length. 
CNTs are either single walled or multi walled. The remarkable properties of CNTs are cause 
for intense research around the world on their possible applications. They have for example, 
and theoretically, 100 times the strength of steel whilst being only 1/6th its density. Multi-
walled CNT’s can slide telescopically without frict ion. CNTs can either be electrically 
superconducting (conducting without generating heat ) or semi-conducting, depending on 
their exact structure. Thermal conduction is very h igh along the tube axis, but very low 
perpendicular to it. CNTs are available commerciall y in limited quantities but production 
techniques evolve and production costs are falling. However, the selective and uniform 
production of CNTs with specific dimensions and phy sical properties is yet to be achieved. 
Contradictory data on their toxic effects highlight  the need for alternative ways to study their 
uptake and cytotoxic effects in cells (Porter et al., 2007). Examples of use: electron field 
emitters, hydrogen storage in fuel cells, chemical sensors, biosensors, electromagnetic 
shielding, super capacitors, lighting technology, p olymer composites, tennis rackets, super 
strong cables, textiles, lightweight parts for cars, planes and space vehicles. 
 
3.3 Thin films and coatings 
A third example of nanomaterial can be found in the  dimensions of the thin film or coating. 
Thin films or coatings are thin material layers ran ging from fractions of a nanometre to 
several micrometers in thickness (figure 3.4a). They are applied to a surface to decorate, 
preserve, protect, seal, or smooth the substrate; usually applied by brushing, spraying, 
mopping, troweling, or dipping. A lot of investigat ion in nanotechnology is being done on 
coatings. Electronic semiconductor devices and optical coatings are the main applications 
benefiting from thin film construction. Some work i s being done with ferromagnetic thin 
films as well for use as computer memory. Ceramic thin films are also in wide use. The 
relatively high hardness and inertness of ceramic materials make this type of thin coating of 
interest for protection of substrate materials against corrosion, oxidation and wear. In 
particular, the use of such coatings on cutting tools may extend the life of these items by 
several orders of magnitude (figure 3.4b). 

Thin-film technologies are also being developed as a means of substantially reducing the 
cost of photovoltaic (PV) systems for solar roof panels. The rationale for this is that thin-film 
modules are expected to be cheaper to manufacture owing to their reduced material costs, 
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Fig. 3.4a) Silicon-coated Kapton sunshield for successor of NASA’s Hubble Space Telescope; b) Coated cutting tools. 

 
energy costs, handling costs and capital costs. However, thin films have had to be developed 
using new semiconductor materials, including amorph ous silicon, copper indium diselenide, 
cadmium telluride and film crystalline silicon. In all cases, these technologies face major 
technical and financial hurdles. Table 3.1 gives an overview of some commercially available 
nanoparticles used as additives in coatings and their various properties. 
 

Table 3.1 Properties of some nanoparticles used as additives in coatings. 

 Mechanical 
properties 

UV/light 
stability 

Anti-
microbial  

Anti-
static 

IR-
absorption 

Magne-
tism 

Example 

Al 2O3 X      
Abrasion 
resistance  

Ag   X    Wall paint 
ZnO  X X    Solar panels 
In2O3:SnO2 
Sb2O3:SnO2 

   X X  
Fuel cells 

TiO2  X X    Wall paint 
SiO2 X      

Hydrophobic 
layers 

CeO2 X      Fuel cells 
Fe2O3  X    X 

Fuel cells, 
Solar energy 

 

3.4 Paint 
Paint is a liquid mixture used as a decorative or protective coating. Paint is composed of 
pigments, solvents, binders, and various additives.  The pigments give colour to the paint; 
solvents make the paint easier to apply; binders form the actual coating; and additives serve 
as everything from fillers to fungicidal agents. Hu ndreds of different pigments, both natural 
and synthetic, exist. The basic white pigment is titanium dioxide (TiO 2), selected for its 
excellent concealing properties, and black pigment is commonly made from carbon black. 

Paint is a very versatile product of which the larg er part of its long history of development 
falls beyond the scope of this report. The implementation of nanotechnology to paint is just a 
latest innovation. It generally means replacing regular additives with their nano-sized 



Nanotechnology and human health in the construction industry 

 

14 

counterparts. Such additives in paints could lead t o better energy ratings for buildings, better 
indoor air quality and fewer allergy-related illnes ses. 
 

3.4.1 Nanoclays 
Organically modified layered-silicates or nanoclays  have become an attractive class of 
organic–inorganic hybrid materials because of their  potential use in wide range of 
applications such as in polymer nanocomposites, rheological modifier in paints, inks, greases 
and cosmetics, adsorbent for toxic gases, effluent treatment and drug delivery carrier. The 
generic term, layered silicates, refers to natural clays as well as synthesized layered silicates. 
The most commonly used clay in the synthesis of polymer nanocomposites is 
montmorillonite (MMT). It is well known that filler  anisotropy, i.e. large length to diameter 
ratio (aspect ratio), is especially favorable in matrix reinforcement. Due to unique structure of 
montmorillonite, the mineral platelet thickness is only one nanometer, although its 
dimensions in length and width can be measured in h undreds of nanometers, with a 
majority of platelets in 200–400 nm range after purification. Due to very small size and 
thickness of the platelets, a single gram of clay contains over a million individual platelets. 
They have been used for some time as fillers in polymers, as flame-retardants, and as 
mechanical reinforcement. They are also used to decrease gas diffusion through foils for 
packaging and for tennis balls. If used in material  for car tires they may be used in large 
quantities. Clays containing naturally occurring na noparticles have long been important as 
construction materials and are undergoing continuou s improvement. 
 



 

Chapter  4 

 

Nanotechnology in construction 
 
 
 

4.1 Introduction 
INCE prehistory mankind has been constructing buildings  and other structures and the 
technology and economy of construction work has changed throughout time. The first 

buildings were simple huts, tents and wind shelters , built by their inhabitants. As cities 
formed, division of labour and professional crafts like masonry, metalworking and 
woodworking emerged. Governments began to regulate construction in efforts of urban 
planning. Simple machines like levers and pulleys came into use, as well as nails. Arches, 
vaults and domes were used to create spans. The industrial revolution was manifested in 
new kinds of transportation installations, such as railway, canals and macadam roads which 
required large amounts of investment. New construct ion devices included steam engines, 
machine tools, explosives and optical surveying. Plumbing appeared, and gave common 
access to drinking water and sewage collection. With the second industrial revolution in the 
early 20th century, elevators and cranes made high rise buildings and skyscrapers possible, 
while engineering vehicles and power tools decreased the workforce needed. Around this 
time the first trade unions were formed to protect construction workers' interests. Personal 
protective equipment such as hard hats, earmuffs and breathing protection came into use. In 
the end of the 20th century, ecology, energy conservation and sustainable development have 
become more important issues of construction. Other new technologies were prefabrication 
and computer aided design. 

The field of construction engineering has thus been a beneficiary of innovations in 
technology ever since it evolved. Important feats w ere the invention of concrete in ancient 
Rome, the mass-production of steel from the mid-19th century and the mass-production of 
glass panes that changed from luxury to every man’s property. In the current era it is the 
application of nanotechnology that will most likely  lead to similarly large changes in 
construction engineering. Examples of this can already be found in concrete production, in 
different types of paint and coatings and in materi als for insulation and fire protection. 
 

4.2 Cement, concrete and wet mortar 
In the most general sense of the word, cement is a binder, a substance which sets and 
hardens independently, and can bind other materials  together. Like in wet mortar the 
mechanism behind this hardening is a chemical process known as hydration: Constituents of 
the cement react with water turning the volume orig inally contained by the water into a 
solid. The cement grains bind together and create a stone-like material called concrete. 
Despite cementitious materials being the most widel y used building material in the world, its 
 

S 
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a)        b) 
Fig. 4.1 a) Block co-polymers in cement to increase flow capacity for excellent boarding adaptation; b) Paraffin containing 
polymer nanocapsules in concrete for temperature regulation properties. 

 
chemical and physical complexity make that the fund amental mechanisms underlying its 
behaviour are still poorly understood. Development of new techniques to characterise 
materials at the nanoscale has also provided a unique opportunity for studying cement. 
Nanotechnologies offer interesting possibilities fo r the optimalization of cement based 
materials. As the strength of concrete is based on its nanometre size crystal structure, the 
usage of nanoparticles as additives combined with new insights into crystal structure 
mechanics has provided many new ideas for the impro vement of cement based materials. 
Silica (SiO2) is present in conventional concrete as part of the normal mix. One of the 
advancements made by the study of concrete at the nanolevel is the discovery that addition 
of nano-silica particles (also known as silica fume) can improve the particle packing of the 
concrete matrix resulting in improved mechanical pr operties. Until a few years ago, 6,000 psi 
concrete was considered to be high strength. Today, using silica fume as an additive, 
concrete with compressive strengths in excess of 15,000 psi can be readily produced. This can 
be seen as a drawback however for the drilling of holes or insertion of staples and nails. 

Silica fume addition to cement can also control the degradation of the fundamental C-S-H 
(calcium-silicate-hydrate) reaction of concrete caused by calcium leaching in water as well as 
block the penetration of water and therefore lead t o improvements in durability. It also 
reduces the permeability of concrete to chloride ions, which protects concrete's reinforcing 
steel from corrosion, especially in chloride-rich environments such as those of northern 
roadways and runways (because of the use of de-icing salts) and saltwater bridges. 

Addition of ceramic hematite (Fe 2O3) nanoparticles has shown to increase strength as well 
as offering the benefit of monitoring stress levels through the measurement of section 
electrical resistance. Addition of titanium dioxide  (TiO2) nanoparticles has shown to result in 
sterilizing properties since TiO 2 breaks down organic pollutants, volatile organic 
compounds, and bacterial membranes through powerful  catalytic reactions. When applied to 
outdoor surfaces airborne pollutants can be reduced. Since titanium dioxide is hydrophilic it 
can therefore give self cleaning properties to surfaces to which it is applied. The process by 
which this occurs is that rain water is attracted t o the surface and forms sheets which collect 
the pollutants and dirt particles previously broken  down and washes them off. The resulting 
concrete has a white colour that retains its whiteness very effectively unlike the stained 
buildings of the material’s pioneering past. 
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Fig. 4.2 “The EMACO® Nanocrete range, the next generation of concrete repair mortars with exceptional properties”. 

 
A further type of nanoparticle that is added to cem ent is the carbon nanotube (CNT). The 
addition of small amounts (1% weigth ) of CNT’s may drastically improve mechanical 
properties. Oxidized multi-walled nanotubes (MWNT’s ) show the best improvements both 
in compressive strength (25N/mm 2) and flexural strength (8N/mm 2) compared to reference 
samples without this reinforcement. It is theorized  that the high defect concentration on the 
surface of the oxidized MWNT’s could lead to a bett er linkage between the nanostructures 
and the binder thus improving the mechanical proper ties of the composite rather like the 
deformations on reinforcing bars. 

During a telephonic inquiry with an employee of the  Edense Beton Centrale (EBC) in Ede 
he talks about serious problems with the handling o f silica fume. The powdery substance 
therefore is used in their cementitious products on  special costumer request only. This 
because of the possibility of obstructions of machine parts during conveyor transport of the 
silica fume to the mixing apparatus. The nano sized silica grains can wreak havoc with 
delicate bearings. The fine dust penetrates everything from clothing to lungs. The silica fume 
comes in dry form but is usually mixed with water t o create a slurry. This slurry is then 
combined with the other constituents of the cement mixture. 

Other producers of cement, i.e. Mebin in Den Bosch are familiar with the concept of 
nanotechnology but don’t see any direct reason for large scale investment since a lot of 
innovative ideas are still in the laboratory phase.  Other arguments for not (yet) using existing 
nanotechnological innovations in cement are the pri ce driven competitive nature of the 
industry making large scale investments in i.e. sil ica fume containing cement relatively 
expensive. 

BASF is the producer of the brand EMACO® Nanocrete (figure 4.2) which they advertise as 
a concrete repair mortar with exceptional propertie s: Improved bond strength and tensile 
strength, improved density and impermeability and r educed cracking tendency, just to name 
a few. The material safety data sheet (MSDS) speaks of a modified sand – cement mixture. 
The term “modified sand” reflects beyond doubt the finer structure of silica nano particles. 
The MSDS warns against the risk of serious eye damage upon contact and the grave irritation 
that may follow upon exposure to skin and respirato ry system. More information on health 
issues in chapter 5. 
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4.3 Steel 
With an annual production of 185 million tons in th e EU alone, steel makes for a perpetual 
field of interest for industrial and academic resea rch groups. Just as is the case with concrete, 
technological advancements in the properties of steel can lead to enormous cost benefits. 

Fatigue is the structural failure of steel subject to cyclic loading. Research has shown that 
the addition of copper nanoparticles (clusters of copper atoms) can reduce fatigue by dealing 
with the surface unevenness associated with this phenomenon. Research on vanadium and 
molybdenum nanoparticles has shown that they improv e the delayed fracture problems 
associated with high strength bolts. Delayed fractu re is the embrittlement of grain 
boundaries in steel by even a very small amount of hydrogen. Nanoparticles can reduce this 
effect while improving the steel micro-structure. T oughness of welds can be achieved by the 
addition of magnesium and calcium nanoparticles mak ing for finer grains in the heat 
affected zone. The trade off between steel strength and ductility is a significant issue for steel; 
the forces in modern construction require high stre ngth, whereas safety and stress 
redistribution require high ductility. The presence  of very hard nanometer-sized particles in 
the steel matrix can lead to a combination of these properties, effectively matching high 
strength with exceptional formability. 

There are several marketed steel products that use the expression nano in their naming but 
so far this mainly refers to a refinement of their material phases, i.e. reduction of the crystal 
size into the nano-regime. This has for instance lead to high strength steel cables. Other 
“nano-products” that can be brought into connection  with steel include conversion coatings 
and paints. 
 
4.4 Coatings, paints and isolation materials 
Thin films or coatings are thin material layers ran ging from fractions of a nanometer to 
several micrometers in thickness. They are usually applied to a surface to decorate, preserve, 
protect, seal, or smooth the underlying substrate or to alter the properties of the larger 
construct of which they are part. A lot of investig ation in nanotechnology is being done on 
thin films and coatings and a myriad of application s is conceivable. 

Thermal isolation of building facades is an importa nt issue in construction engineering. 
Although costs of investment (or disposal as in the case of asbestos) can be high, the savings 
in energy can be equally so. Besides financial benefits, motives concerning the environmental 
footprint following an investment may be clear as w ell. Nanoporous materials like aerogels 
and certain polymer foams provide excellent capabil ities in this area (figure 4.3 (a, b)).  

The surfaces of building facades are under the constant corrosive influence of weathering, 
fumes or micro-organisms. Nanotechnology offers int eresting ways to counteract these 
unwanted effects with the use of special coating constituents. More benefits can result from 
the application of nanotechnological innovations to  surfaces as is found in the application of 
TiO2 nanoparticles in coating material to coat entire roadways. The TiO2 coating captures and 
breaks down organic and inorganic air pollutants vi a a photo catalytic process. In one test the 
asphalt surface of a thousand foot stretch of road outside Milan, Italy with an average traffic 
flow of a thousand vehicles an hour showed a reduct ion of about 60 percent in nitrogen 
oxides at street level (Italcementi, 2002). 

Fire resistance of steel structures is often provided by a coating produced by a spray-on 
cementitious process. Current cement based coatings are not popular because they need to be 
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a)       b) 
Fig 4.3 a) Improved isolation through aero gel based materials; b) Aerogel: evacuated nanopores in SiO2 matrix. 

 
thick, tend to be brittle and polymer additions are  needed to improve adhesion. However, 
research into nano-cement (made of nano-sized particles) has the potential to create a new 
paradigm in this area of application because the resulting material can be used as a tough, 
durable, high temperature coating. This is achieved by the mixing of carbon nanotubes 
(CNT’s) with the cementitious material to fabricate  fibre composites that can inherit some of 
the outstanding properties of the nanotubes such as strength. Nano-sized polypropylene 
fibres also are being considered as a method of increasing fire resistance and this may be a 
cheaper option than conventional insulation. 

Due to its natural origins, wood is leading the way  in cross-disciplinary research and 
modelling techniques which have already borne fruit  in at least two areas. Firstly, BASF have 
developed a highly water repellent coating based on the actions of the lotus leaf as a result of 
the incorporation of silica and alumina nanoparticl es and hydrophobic polymers. And, 
secondly, mechanical studies of bones have been adapted to model wood, for instance in the 
drying process. In the broader sense, nanotechnology represents a major opportunity for the 
wood industry to develop new products, substantiall y reduce processing costs, and open 
new markets for bio based materials. 
 

  
Fig 4.4 Antimicrobial wall coating containing nano sized silver particles for use in clinics and hospitals. 

 
An example of a nano product currently on the marke t is an anti corrosion layer for metals 
by the name of Bonderite NT-1. Henkel GmbH is its German mother company and it is put 
on the Dutch market by Mavom Chemical Solutions. It  is a conversion coating that uses a 
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Fig 4.5 Flexible nanoporous insulation blankets: Very low thermal conductivity, high temperature resistance. Silica 
aerogel particles with nano sized pores in combination with reinforcing fibres. 

 
leading edge nanoceramic, iron-, zinc- and manganese phosphate layer to increase the 
adhesion of paint and to improve the corrosion resi stance of the underlying metal surface. It 
can be used on steel, zinc and aluminium surfaces. Peitsman Fournituren B.V. with 
headquarters in Rotterdam is a wholesale in home furnishing trimmings.  Their range 
consists among many other products of ceramic tiles with typical, “nano-enhanced” surface 
properties. A tough surface glaze incorporates nylon particles and nano-composite 
aluminium oxide particles for superior durability a nd a virtually stain-proof floor. It also 
provides for a metallic look. 

Another commercially available example is from the German company Bioni CS GmbH. 
Bioni Hygienic (figure 4.4) is a fungi- and bacteri cidal interior wall paint developed in close 
cooperation with leading scientific institutes. Due  to its special formulation based upon nano 
silver particles, this coating can permanently destroy even the most resistant of hospital 
germs and bacteria without contaminating the air in side the building. 

An example of nano paint can be found in the German product Arctic Snow Professional 
Interior Paint by Arctic paint LTD. Arctic Snow is a non-toxic, water based, interior wall 
paint containing nano sized titanium dioxide partic les (TiO2) with anti fouling properties. It 
captures and breaks down organic and inorganic air pollutants via a photo catalytic process. 

Paints and coatings are besides on aesthetics arguments and protection also used for 
insulating properties. But application of thin laye rs is not the only way of influencing a 
substrate’s thermal properties. Another way is to u se thermal blankets. An example of these 
can be found in the Insulair® NP nanoporous gel ins ulation blankets from Insulcon B.V. 
(figure 4.5). These are flexible nanoporous insulation blankets designed for high temperature 
applications. They possess very low thermal conductivity, high temperature resistance and 
are rather flexibility. They make use of a combinat ion of silica aerogel particles and 
reinforcing fibres. These particles themselves are above the nano regime in size. It is the size 
of the pores or bubbles inside the particles that account for the name “nano”. Aerogel is a 
low-density solid-state material derived from gel i n which the liquid component of the gel 
has been replaced with gas. This results in an extremely low density solid with pore sizes on 
the order of 20-40 nanometres. Insulair® NP nanoporous gel insulation blankets are available 
in several product forms for temperature ranges fro m cryogenic up to high temperature 
levels. 
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4.5 Nanotechnology and glass 
A lot of research is being carried out on the application of nanotechnology to glass. Titanium 
dioxide (TiO 2) is used in nanoparticle form to coat glazing. It has sterilizing and anti-fouling 
properties. The particles catalyze powerful reactions which breakdown organic pollutants, 
volatile organic compounds and bacterial membranes. In addition, TiO 2 is hydrophilic and 
this attraction to water forms sheets out of rain d rops which then wash off the dirt particles 
broken down in the previous process. Glass incorporating this self cleaning technology is 
available on the market today. Fire-protective glass is another application of nanotechnology. 
This is achieved by using a clear intumescent2 layer sandwiched between glass panels (an 
interlayer) formed of fumed silica (SiO 2) nanoparticles which turns into a rigid and opaque  
fire shield when heated (see also figure 4.3(a)). 
 

 
Fig 4.6 Glass facades for buildings form a large scope for nanotechnological innovations in the construction industry. 

 
Most of glass in construction is on the exterior of buildings (figure 4.6). The control of light 
and heat entering through building glazing is a maj or sustainability issue. Research into 
nanotechnological solutions to this centres around four different strategies to block light and 
heat coming in through windows. Firstly, thin film coatings are being developed which are 
spectrally sensitive surface applications for windo w glass. These have the potential to filter 
out unwanted infrared frequencies of light (which h eat up a room) and reduce the heat gain 
in buildings; however, these are effectively a passive solution. 

As an active solution, thermo chromic technologies are being studied which react to 
temperature and provide thermal insulation to give protection from heating whilst 
maintaining adequate lighting. A third strategy, th at produces a similar outcome by a 
different process, involves photo chromic technolog ies which are being studied to react to 
changes in light intensity by increasing absorption . And finally, electro chromic coatings are 
being developed that react to changes in applied voltage by using a tungsten oxide layer; 
thereby becoming more opaque at the touch of a button (figure 4.8).  

Pilkington Active self cleaning glass from the Brit ish Pilkington company is an example of 
a product currently on the market. It are glass sheets with an active layer of nano crystalline 
titanium dioxide (TiO 2). The active layer has erroneously been considered to be based on 
TiO2 particles. In fact a TiO2 layer is deposited by a high-temperature gas-phase process 
 

                                                 
2 An intumescent is a substance which swells as a result of heat exposure, thus increasing in 

volume, and decreasing in density. Intumescents are typically used in passive fire protection. 
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Fig 4.7 Lotus effect: Self-cleaning effect based on extremely water-repellent behaviour known as super hydrophobia. 

 
which gives a nanoscale structure. It is this structure that gives rise to interesting properties. 
When the ultraviolet (UV) component of sunlight int eracts with the titanium dioxide the 
energy of the UV light is adsorbed; if moisture is present from the atmosphere, strongly 
oxidizing free radicals are formed, which clean the  glass surface. Glass cleaned in this way 
becomes super hydrophilic forming water to spread across the surface, rather than beading, 
thereby washing away debris from the surface. It can be used for anti-fogging coatings and 
self-cleaning windows. It might be ideal for use on  car windows for no drops are form 
during rain retaining a good visibility. 

Another example of “nano-enhanced” glass comes with  the use of the so-called lotus effect 
(figure 4.7). This effect is named after the observed self-cleaning property of the leaves of the 
lotus plant. Their microscopic structure and surfac e chemistry mean that the leaves never get 
wet. Rather, water droplets roll off a leaf's surfa ce, taking mud, tiny insects, and 
contaminants with them. Artificially this can usual ly be achieved by treatment of the surface 
with SiO 2 or silver nanoparticles held in colloidal solution s typically of water or alcohol. The 
particles adhere to the substrates molecules and self-organise into a thin layer. After 
evaporation of the carrying solution, a very long l asting hydrophobic surface is created. 
Contaminants are simply washed off by rain or when rinsed with water. Available products 
come usually in the form of a spray-on liquid and b ear names like Nanoprotect®, NewPro® 
and x-view®. 

Econtrol®-Glas GmbH & Co in Germany produce glass sheets with a laminated polymer 
film containing solar heat adsorbing nanoparticles.  Electro chromic glazing can be reversibly 
changed from clear tungsten oxide (WO3) to dark blue (H xWO3) by hydrogen ion insertion. 
In the clear state more solar heat can enter the room in cold weather, while in warm weather 
the electro chromic window can be switched to the coloured state leading to significantly 
decreased solar gain, reducing the need for cooling (figure 4.8). 

ZERODUR®, Advanced Optics by US company Schott Glass Technologies is glass 
containing rutile titanium nano particles for extre mely low thermal expansion. Mainly used 
in specialized products in astronomy and optics it would function as a good heat resistant 
glass product in construction. 

XeroCoat® is an antireflective glass using a single layer of nanoporous SiO2. XeroCoat uses 
simple sol-gel chemistry in combination with conven tional spin, dip or spray coating 
techniques, to produce highly uniform, optically tr ansparent, mechanically robust thin silica 
films with a controlled refractive index. The refra ctive index of the porous coating is between 
that of the glass substrate and air. This reduces the reflectivity and increases the transmission 
of light at the glass surface. 

It has to be said that nano-coatings work best on surfaces that don’t experience mechanical 
loads, like windows, roof tiling or facades. In the  case of floor coatings, as mentioned above, 
the nano ingredients are merely part of a larger matrix in which they are embedded. 



Chapter 4. Nanotechnology in construction 

 

23 

 
Fig 4.8 Reversible transformation of a chemical between two forms by the absorption of electromagnetic radiation, where 
the two forms have different absorption spectra. WO3 (tungsten oxide) nanoparticles can reversibly change their optical 
properties with the application of an external voltage 

 



 

Chapter  5 

 

Health risks 
 
 
 

5.1 Introduction 
EALTH  risks associated with the manufacturing and use of nanomaterials are not always 
clearly understood. The rapid growth of nanotechnol ogy is leading to the development 

of new materials, devices and processes of which the environmental and human impact still 
lie beyond current understanding. Exposure to mater ials during manufacturing and use may 
occur through three mechanisms: Inhalation, dermal contact and ingestion. Minimal 
information is currently available on dominant expo sure routes, potential exposure levels 
and/or material toxicity. 

Studies have indicated that low solubility nanopart icles are more toxic than larger particles 
of the same material. There are strong indications that particle surface area and surface 
chemistry are primarily responsible for observed re sponses in cell cultures and animals. 
There are also indications that nanoparticles can penetrate through the skin, or translocate 
from the respiratory system to other organs. Research is continuing to understand how these 
unique modes of biological interaction may lead to specific health effects. 

Workers within nanotechnology-related industries ha ve the potential to be exposed to 
uniquely engineered materials with novel sizes, shapes and physical and chemical 
properties, at levels far exceeding ambient concentrations. To understand the impact of such 
exposures on health, and how best to devise appropriate exposure monitoring and control 
strategies, much research is still needed. Until a clearer picture emerges, the limited evidence 
available would suggest caution when potential expo sures to nanoparticles may occur. 
 

5.2 Absorption by inhalation 
Inhaled particle deposits vary considerably along t he pulmonary tree depending on the 
particle size and its behaviour in air. Alveolar de posits are inversely proportional to particle 
size, reaching a maximum value of around 20% for 3-micrometre particles. This percentage 
gradually diminishes afterwards. This situation has  led industrial hygienists and 
occupational health physicians to develop the reflex that the smaller the particle, the more 
deeply it is deposited in the lungs. For nanopartic les this turned out to be completely 
different. Figure 5.1 illustrates the deposition ra te in the different pulmonary regions 
according to particle size. The figure clearly illu strates that no particle with a diameter of 1 
nm, or 0.001 micrometer, reaches the alveoli, while 80% are deposited in the nose and 
pharynx. The other 20% are deposited in the tracheobronchial region. At this size, retention 
of inhaled nanoparticles is nearly 100%. By increasing the particle size to 5 nm, about 90% of 
all inhaled particles is retained in the lung and t hen deposited relatively uniformly in the 
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Fig 5.1 Modeled total particle deposition probability in the respiratory tract, and deposition probability in the alveolar 
region (ICRP, 1994). Deposition has been modeled assuming an adult breathing through their nose at 25 l/min (light 
exercise), and exposed to spherical particles with a density of 1000 kg/m3. 

 
three regions. The total absorption of 20 nm particles decreases to no more than 80% but 
more than 50% of the 20 nm particles are deposited in the alveoli. This means that 20% of the 
inhaled particles penetrate the lung but leave it u pon exhaling. The particle size thus has a 
major impact on the pulmonary deposition site (Wits chger and Fabriès 2005; Oberdörster 
2005b). Given the major surface differences of each of the three pulmonary regions, even if 
the mass of 20 nm ultrafine particles deposited in the alveolar region represents more than 
50% of the total, the dust concentration deposited per surface unit in the lung will be more 
than 100 times greater in the nasal region and more than 10 times greater in the 
tracheobronchial region (Oberdörster 2005b). These differences in dust distribution in the 
lungs may have major consequences on the health effects of inhaled nanoparticles and on the 
elimination mechanisms involved (Kim and Jaques, 2000; Schiller et al., 1988; Jacques and 
Kim, 2000; Daigle et al., 2003; Oberdörster, 2005a, 2005b; Zhang et al., 2005b). 

The normal way for the respiratory system to get ri d of low solubility or insoluble particles 
deposited in the pulmonary tree is via translocatio n. Particles normally deposited in the 
upper sections of the lungs, primarily at the trach eobronchial level, are eliminated by the so-
called mucociliary elevator, where the tracheobronchial mucous membranes are covered 
with ciliated cells that form an elevator pushing t he mucus containing particles towards the 
digestive system. Normally this is an efficient mec hanism that eliminates particles, even 
ultrafine particles, in less than 24 hours (Kreylin g et al., 2002). At the alveolar level, 
macrophages or “killer cells” will take charge of i nsoluble particles with a phagocytosis 
mechanism. They surround the particles, digest them if they can and direct them to the 
mucociliary elevator for elimination. This process is relatively slow and can take up to 100 
days per 50% removal (HSE 2004a, 2004b; Oberdörster, 2005b). The efficiency of phagocytosis 
largely depends on the particle’s form and size. Macrophages are very efficient in the one to 
three micrometer range (Tabata and Ikada, 1988, Green et al., 1998) but, as other studies have 
shown, unagglomerated ultrafine particles deposited  in the alveoli are not phagocyted 



Nanotechnology and human health in the construction industry 

 

26 

efficiently. The inefficient takeover of ultrafine dusts by macrophages can lead to a 
substantial accumulation of particles if exposure continues and to a greater interaction of 
these particles with the alveolar epithelial cells.  In sufficient quantity, they can activate or 
destroy the macrophages or the epithelium and produ ce an inflammatory mechanism that is 
pathogenic to pulmonary function. In the event of h igh and repeated pulmonary exposure, 
the natural defense mechanisms may no longer be enough. Overloads of low solubility 
nanoparticles can generate oxidizing free radicals, lead to an antioxidant deficit, create 
oxidative stress and produce inflammation (Faux et al., 2003). A whole series of reactions 
likely to lead to the development of occupational l ung diseases are then triggered. 

Studies have shown that some nanoparticles (iridium , carbon black) can pass through the 
epithelium and reach the interstitial tissues (Ober dörster et al., 1992, 2000; Kreyling and 
Scheuch, 2000). Thus nanoparticles can penetrate the extrapulmonary organs via the 
bloodstream. Moreover, certain particles can be transported along the axons of the sensitive 
nerves to the central nervous system. These two mechanisms could play a major role in the 
development of certain cardiac or central nervous system diseases. Furthermore, 
physicochemical properties, surface properties, and catalytic properties with high potential 
for generating free radicals (Donaldson et al., 1996; Zang et al., 1998) are factors that can 
contribute to a higher toxicity of nanoparticles co mpared to particles in the micrometer range 
and larger. 
 
5.3 Absorption through skin 
The skin is composed of three distinct superimposed layers: the outer layer or epidermis, the 
dermis and the inner subcutaneous layer. The outer wall of the epidermis, the stratum 
corneum, is composed of dead skin cells piled on top of each other and bound together by 
keratin. This offers a barrier that is normally eff ective against penetration by fine dust, while 
the absorption speed of liquids varies according to their physicochemical properties. Most 
studies that have focused on particles of micrometric dimensions have not found major 
problems resulting from cutaneous contact, except under conditions of local irritation, 
abrasion or sensitization to certain metals followi ng solubilization on the skin surface. 

Although cutaneous penetration by ultrafine berylli um particles and the formation of 
cutaneous nodules have been observed (Muller-Quernheim, 2003) studies conducted to date 
diverge and allow no conclusion on the cutaneous absorptive potential of nanoparticles. 
Despite this lack of knowledge, some products containing nanoparticles are commercially 
available, such as certain lipsticks containing iron oxides and sun creams containing TiO2. 
TiO2 nanoparticles do not penetrate beyond the stratum corneum except in the hair, where 
the concentration is very low (Lademann et al., 1999). 

In a 2004 review on health risks, the British Health and Safety Executive (HSE) concluded 
that systemic toxicity resulting from cutaneous abs orption of insoluble nanoparticles should 
not cause significant problems. There are no significant differences between nanometric 
particles and microparticles in terms of systemic effects following cutaneous exposure. The 
risk of solubilization of certain components of the se particles and the toxic effects that may be 
associated with them are the same as for coarser particles. 
 
5.4 Absorption by ingestion 
It is known that ingested particles smaller than 20 micrometers can pass through the 
intestinal barrier and enter the bloodstream (Gatti  and Rivasi, 2002). Biopharmacological 
research studies for instance show that latex, polystyrene and prophylactic polyglycolic acid 



Chapter 5. Health risks 

 

27 

particles ranging from 50 nm to 20 � m are absorbed in the small intestine (but without 
significant translocation to non-lymphoid intestina l tissues) (Hillyer and Albrecht, 2001). 
Intestinal absorption would probably be related to particle size, with the smallest being more 
readily absorbed. Polarity is also a significant factor, since hydrophobic particles are 
captured in preference to hydrophilic particles. Tr anslocation can be increased if inert 
particles are coupled with proteins. 
 
5.5 Risk assessment 
An assessment of the risks posed by nanoparticles is not easily established, since the dose-
response relationships are insufficiently known. Fo r most of the particles that can become 
airborne and inhaled, the primary concern is the po tential damage to the respiratory system, 
which represents the most likely absorption route i n the work environment. The solubility of 
the particles directly affects their toxicity and t he way they must be assessed or analyzed. 
With soluble particles, the entire mass deposited in the pulmonary air passages will quickly 
become available by dissolution in the biological f luids. This mechanism is well known for 
particles of larger dimensions and it is the same for nanoparticles. For soluble particles, the 
assessment of the total mass concentration (kg/m3) of these particles thus will become a good 
indicator of their toxicity. 

However, insoluble or low solubility particles will  retain their form and expose their 
surface to the host organism. When these particles agglomerate (with a speed depending on 
their numerical concentration and mobility) the res ulting agglomerations can be considered 
as (larger) particles in themselves. Agglomeration of very small particles will quickly lead to 
the formation of larger particles in lower concentr ation, which will persist longer because 
their mobility is reduced. It is very important to have knowledge on the specific toxicity of 
these insoluble or low solubility nanoparticles. In  the absence of adequate knowledge, 
attention should also be paid to the cutaneous system and the possibility of ingestion of 
nanoparticles. 

To assess the potential human health effects of nanoparticles, it is essential to know how 
nanoparticles are absorbed into the human body by several routes (pulmonary, cutaneous, 
gastrointestinal), how they are distributed in the body (blood, lymphatic system), in which 
organs they tend to accumulate and how they are metabolized and then eliminated 
(Durrenberger, 2004).  

The anticipated risks of current applications can only be based in certainty using presently 
available knowledge. What is known about such risks  is generally presented on MSDS 
sheets. Since it is not unreasonable however to expect future research revealing completely 
unanticipated hazards, also regarding current appli cations, care is advised in all situations. 

 
 
 
 



 

Chapter  6 

 

Concluding discussion 
 
 
 

ANOTECHNOLOGY  and the use of nanoparticles in construction material represent a 
promising and fast-growing field of engineering. Th is is principally because a 

nanodimensional substance can have physical and chemical properties different from those 
of the same substance with larger dimensions. Current technological developments attempt 
to take advantage of these unique properties. At the same time this raises major challenges 
for occupational health and safety: Given the lack of information, how does one assess the 
risks associated with these products and prevent occupational disease and new, safety-
related problems? 

The colossal R&D investments in nanotechnology made in industrialized countries will in 
the not to distant future inevitably lead to innova tions that will also affect the construction 
industry on a large scale. There are at present already many such products available on the 
market (i.e. cement, paints, coatings, isolation materials, waterproofing, etc.). To give some 
examples of the benifits: Using nanotechnology concrete can be made stronger, more durable 
and more easily placed, steel can be made tougher and glass can be made to be self-cleaning. 
This report doesn’t representably quantify the curr ent level of acceptance of nanotechnology 
in the fields it describes. This would have require d a different approach to the subject. What 
it shows, are the serious efforts manufacturers make in order to stay at the leading edge of 
innovative technology. This is not a new phenomenon  in free market economies. Regarding 
the multitude of products currently on the market m aking use of nanotechnology, it can be 
stated that the level of acceptance is on the incline. 

What this will mean for occupational health and saf ety issues is not yet fully known. It is 
likely that the number and diversity of exposed wor kers will increase in the coming years. It 
is therefore advisable to introduce prevention and control measures at the very beginning of 
the conception and implementation stages of such new technologies. Here still lies a major 
challenge for researchers since the current knowledge of health risks is very fragmentary. 

Some applications of nanotechnology will entail few  new occupational health and safety 
risks. Free nanoparticles in the air are cause for concern due to their potentially negative 
impact on occupational health and safety, their accumulation in the environment and their 
enrichment via the food chain. These could have long-term risks for the health of entire 
populations. Although current knowledge on the toxi city of nanoparticles and the potential 
level of worker exposure is very limited, prelimina ry results in most of the important studies 
reveal significant biological activity and adverse effects. In the short term, it will be almost 
impossible to acquire adequate knowledge of the risk associated with every type of 
nanoparticle. This is due not only to the prolifera tion of new nanoparticles but also to the 

N 
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modifications made to their surfaces; for these modifications greatly affect the surface 
properties of nanoparticles and possibly their biol ogical reactivity and toxicity as well. 

Since it is currently impossible to carry out preci se, quantitative risk assessment for every 
type of particle (due to a lack of sufficient infor mation), it is important to develop a 
precautionary approach. Strategies based on prevention, sound practices and risk control are 
able to eliminate potentially negative influences. To deal in a responsible way with unknown 
risks of nanotechnology in construction, all knowle dge deficits should be defined as clearly 
as possible. This information then must find its wa y, through careful planning and public 
relation, to whomever involved. 
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