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 Nanotechnology plays a key role in the technological revolution of this century. 

Singapore outranks the world as an investment destination and advancements in the 

field of nanotechnology is becoming a significant contributor to its growth. Currently 
there are a handful of companies and research organizations that are involved in the 

development, manufacturing and commercialization of nanomaterial products and 

applications in Singapore. However, very little research focuses on the toxicological 
aspects and occupational exposure of the nanomaterials that are being used. Moreover, 

the toxicological aspects that are studied mainly include in vitro testing, animal studies 

and cellular toxicities. It is important to note that in vitro studies may not take into 
account the translocation, toxico-kinetics and coordinated tissue responses towards the 

nanoparticles that are most likely to happen in vivo. Human exposure to nanomaterials 

and their effects are yet to be looked at and with the alarming differences in toxicity of 
nanomaterials compared to their non-nano counterparts, this angle of research comes as 

a necessity in the current scenario. This paper provides a summary of the toxicities of 

the nanomaterials that are being used in Singapore, namely, nano-titanium dioxide, 
nano-silver, nano-carbon, nano-cerium oxide, nano-calcium carbonate, nano-zinc oxide 

and nano-silicon carbide followed by a theoretical framework to determine the 

occupational exposure risks to nanomaterials in Singapore and possible management 
practices that could be employed to overcome this adverse situation. 
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INTRODUCTION 

 

 The US-based research institute Business 

Environment Research Institute (BERI), in its BERI 

Report 2014-I (April 2014) has ranked Singapore 

first for cities with the best investment potential 

(―RANKINGS‖). Singapore, with a land area of 700 

sq.km (―Land area (sq. km) in Singapore‖) and a 

population of 5.47 million in June 2014 (―Welcome 

to Statistics Singapore‖) has been showing a constant 

growth in its GDP and has proved to be a prosperous 

market-based economy. Several multinational 

companies use Singapore as a springboard into Asia 

to seek potential partners and gain quick access to the 

global market. Singapore relies heavily on its 

intellectual property and also has a conducive 

environment for enterprises to start up and thrive.  

 More than a quarter of Singapore’s economy is 

contributed by its manufacturing sector and its 

clusters are always on the lookout for new sources of 

innovation and technology to enhance their 

competitive edge. Given its extensiveness across all 

industries, nanotechnology will be a critical area for 

development to enhance the performance of existing 

products as well as to create new products and 

processes. In recent years, worldwide investment in 

nanotechnology research and development has seen a 

drastic rise and Singapore has also recognized the 

importance of nanotechnology. It is actively 

promoting the development of nanotechnology and is 

aspiring to become one of the leading players in this 

ground. Singapore has several organizations and 

networks that are committed to promote and explore 

nanotechnology. It efficiently links the intellectual 

capital, research expertise and the market space in 

order to enable the new products and applications to 

be created, market tested and commercially 

exploited. 

 

Nanotechnology r&d and commercial 

organizations: 

 The Nanoscience and Nanotechnology Cluster 

of Singapore is a network of research centers in 

Singapore that are involved in nanofabrication, 

nanocharacterization and exploitation of 

nanotechnology applications. The Institute of 
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Bioengineering and Nanotechnology promotes 

interdisciplinary research and works on 

nanofabricated devices. The Institute of Materials 

Research and Engineering concentrates on 

nanoimprinting. The National University of 

Singapore has set up a Nanoscience and 

Nanotechnology Initiative to promote 

nanotechnology research and also has several labs 

that work on nanotechnology: Nano Biomechanics 

Lab, Nanocore and Silicon Nano Device Laboratory. 

The outstanding developments in the field of 

nanotechnology by these R&D organizations range 

from multi-axis nanopositioning systems for high 

end machines, silica coated stirrer bars made up of 

iron oxide nanoparticles, thin film nano-silicon solar 

cells to new improved anti-reflective plastics.  

 Moving over to commercial organizations in 

Singapore, it is imperative to realize that 

nanotechnology is such a diverse field that it spans 

over several industries linking up many different 

applications and products. Nanomaterials 

Technology Pte Ltd (NMT) specializes in 

development, manufacturing, commercialization and 

licensing of nanomaterial products for various 

markets such as oil and gas, coatings, plastics, glass, 

electronic materials, pharmaceutical and specialty 

chemicals (―NanoMaterials Technology‖). This 

company uses the High Gravity Controlled 

Precipitation (HGCP) technology to synthesize 

nanoparticles. nanoYo manufactures and distributes a 

nano-sized titanium dioxide (TiO2) semiconductor 

photocatalyst. Huper Optik develops and 

manufactures nano-ceramic coatings, whereas 

Omniyo manufactures nanocoatings and Nanofilm 

Technologies International has shown remarakable 

advancement in thin film deposition through its 

Filtered Cathodic Vacuum Arc (FCVA) coating 

technology (―Nanofilm Technologies International 

Pte Ltd‖). V-Kool manufactures nanoscale coatings 

for glass surfaces and Qtech Nanosystems has 

expertise in nanodynamics technology.  

 Quantum Precision Instruments develops atomic 

precision sub-nanometer and sub-nanoradian 

positioning metrological devices and Nano Electro-

Mechanical Systems (NEMS) (―Quantum Precision 

Instruments – Products‖). There are also 

semiconductor industries like Chartered 

Semiconductor Manufacturing and WinTech Nano-

Technology Services that work with nanomaterials. 

Curiox Biosystems has enabled miniaturization of 

heterogeneous bioassay for researchers through 

nanotechnology and Inspiraz Technology has come 

up with antiviral, antimicrobial and hydrophobic 

coatings based on silver, carbon and photocatalyst 

nanoparticles (―Inspiraz‖). Helios Applied Systems 

works on 3D nanofabrication enabling the 

manufacture of arbitrary 3D polymer structures that 

has sub-micron resolution. Energenics has also come 

up with alternative energy solutions through 

nanotechnology. Apart from these industries that 

work directly with nanomaterials, there are also 

nanotech consulting companies like NanoConsulting 

and NanoGlobe which drive the nanotech businesses 

towards sustainable development.  

 

Nanotoxicology for sustainable nanotechnology: 

 As seen all this while, nanotechnology is a vast 

developing field with applications ranging over a 

wide arena of industries. However, it is alarming to 

note that the growth of nanotechnology is surpassing 

the research activities related to potential health 

hazards of nanoparticles that are being used. In 

general, nanoparticles are basically defined as 

materials with at least one dimension in the 

nanoscale (100 nanometers or smaller) (Paik et al., 

2008). Further, recent literature suggests that the 

small size of the particles may contribute to a 

different range of toxic effects and some nano forms 

may have unique toxicological properties compared 

to their non-nano forms; for example, carbon 

nanotubes may cause mesothelioma-like pathology in 

human tissue whereas the other carbon particles do 

not cause such a reaction (Heinemann and Schafer, 

2009). Likewise, NIOSH has established a different 

recommended exposure limit (REL) for nano-

titanium dioxide due to its unique toxicity 

characteristics (Zalk et al., 2009). 

 Nanotoxicology deals with the study of toxicity 

of nanomaterials and is mainly used to determine 

whether and to what extent the new and unique 

properties of nanomaterials may pose a threat to the 

environment and to human health (Buzea et al., 

2007). There are several factors that contribute to the 

unique toxicity of these materials and the major 

factors that have been studied include size, particle 

surface area and chemistry (Suh et al., 2009), 

crystallinity, coating and the longevity of the 

particles (Schlesinger, 1995). Several studies have 

demonstrated that certain nanomaterials cause 

toxicity in biological systems like oxidative stress in 

inflammatory and immunological systems and pre-

inflammatory cytotoxin activity in the lungs, liver, 

heart and brain (Hussain et al., 2009). Some 

nanoparticles are also associated to genotoxicity, 

carcinogenicity and teratogenicity (Medina et al., 

2009).  

 Moving on to the local context of Singapore, the 

major nanomaterials used in the industrial as well as 

R&D organizations include nano-titanium dioxide, 

nano-silver and nano-carbon (mainly for 

nanocoatings), nano-crystalline chrome nitride for 

ceramic coatings and nanoparticulate cerium oxide as 

diesel fuel additives. NMT uses a wide range of 

nanomaterials like nano precipitate calcium 

carbonate, nano-zinc oxide dispersion, nano-cerium 

oxide dispersion, nano-antimony tin oxide dispersion 

and nano-silicon carbide (―NanoMaterials 

Technology‖). Several studies have been done 

pertaining to the toxicity of most of these 

nanomaterials. However, studies need to be done 
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when it comes to certain nanomaterials like nano-

crystalline chrome nitride and nano-antimony tin 

oxide. A brief outline of the established toxicities of 

these nanomaterials that are widely used in 

Singapore is given below. 

Nano-titanium dioxide toxicity: 

 Several studies have shown that titanium dioxide 

nanoparticles are capable of inducing inflammatory 

responses and Reactive Oxygen Species (ROS) in a 

wide variety of cell types and tissues [(Gurr et al., 

2005), (Grassian et al., 2007), (Long et al., 2006), 

(Renwick et al., 2004), (Warheit et al., 2006)]. Nano-

titanium dioxide is said to reach epidermis and 

sometimes even the dermis, through the human 

stratum corneum (Lademann et al., 1999). Sayes et 

al., (2006) and Braydich-Stolle et al., (2009) reported 

that nano-titanium dioxide either induced cell 

necrosis or initiated apoptosis by the formation of 

ROS in mouse keratinocyte cell line HEL-30.  

 Titanium dioxide nanoparticles are also known 

for increasing the lymph-node burdens and causing 

inflammation (C. L. Tran, D. Buchanan, R. T. Cull, 

2000). Another study reported that nano-titanium 

dioxide particles were also capable of reducing the 

ability of macrophages to phagocytose other particles 

(Renwick et al., 2001).  

 Wang & Fan, (2014) have stated that nano-

titanium dioxide can deposit in the alveolar region 

and access the lung interstitium after inhalation 

exposure, eliciting a pulmonary inflammatory 

response and lung injury and that the factors that play 

an important role in this toxicity include size, crystal 

phase, dispersion and agglomeration status, surface 

coating and chemical composition.Park et al., (2008) 

have reported cell death, ROS increase, reduced 

glutathione (GSH) decrease and induction of 

oxidative stress-related genes such heme oxygenase-

1, thioredoxin reductase, glutathione-S-transferase, 

catalase and hypoxia-inducible gene when human 

bronchial epithelial cell line BEAS-2B was exposed 

to different concentrations (5, 10, 20 and 40 μg/mL) 

of nano-titanium dioxide.  

 Titanium dioxide nanoparticles were also shown 

to impair the cell’s ability to repair DNA, thereby 

confirming their genotoxic potential (Jugan et al., 

2012). Titanium dioxide nanoparticles are sometimes 

found to translocate to systemic organs from the 

respiratory and gastro-intestinal tracts; however, a 

recent study states that there is still an enormous lack 

of epidemiological data regarding the toxicity of 

nano-titanium dioxide (Shi et al., 2013). 

 

Nano-silver toxicity: 

 Nano-silver is said to cause concentration-

dependent reduction in cell viability; silver 

nanoparticles had cytotoxic effects on human liver 

HepG2 cell line and primary liver cells of mice 

(Faedmaleki et al., 2014). Trop et al., (2006) have 

also reported impaired liver function due to exposure 

to silver nanoparticles. Takenaka et al., (2001) and 

Sung et al., (2008) have shown that the lungs and 

liver are the major target tissues for prolonged 

exposure to silver nanoparticles. Inhalation exposure 

studies done by Oberdörster et al., (2004) and Elder 

et al., (2006) indicate that the lung may be the easy 

target organ for silver nanoparticles and that inhaled 

particles may deposit in the olfactory mucosa of the 

nasopharyngeal region and subsequently may get 

translocated into the brain through the olfactory 

nerve. In another study, occurrence of systemic 

argyria after ingestion of nano-silver clearly indicates 

that it has translocated from the gastro-intestinal tract 

(Chung et al., 2010). Further, it was also 

demonstrated that silver nanoparticles reduced the 

cell viability of alveolar macrophages and lung 

epithelial cells (Soto et al., 2007). Silver 

nanoparticles were also found to be toxic to 

keratinocytes (Paddle-Ledinek et al., 2006) and 

fibroblasts (Poon and Burd, 2004).  

 Nano-silver is also said to have certain effects on 

the human reproductive system: it can cause toxicity 

to germ line stem cells by reducing the mitochondrial 

function and inducing membrane leakage and 

apoptosis (Braydich-Stolle, 2005). Further, when 

tested in zebrafish, nano-silver demonstrated dose-

dependent toxicity in embryos and was also found 

distributed in brain, heart, yold and blood of embryos 

(Asharani et al., 2008). In rats, nano-silver showed 

dose-dependent effect on alkaline phosphatase and 

cholesterol and there was twofold accumulation of 

silver nanoparticles in kidneys of female than male 

(Kim et al., 2008). Thus, there is some evidence that 

nano-silver is toxic to a variety of tissues including 

lung, liver, brain, skin and reproductive organs. 

 

Nano-carbon toxicity: 

 In vitro studies have shown that carbon 

nanoparticles are capable of stimulating human 

platelet aggregation and accelerating the rate of 

vascular thrombosis in rat carotid arteries (Radomski 

et al., 2005). To demonstrate the importance of 

surface area to volume ratio, ultrafine nano-carbon 

black particles with 270 m
2
/g surface area was found 

to cause greater pulmonary toxicity in rats compared 

to larger sized carbon black particles with 22 m
2
/g 

surface area (Nikula et al., 1995). Further, it was 

found that nano-carbon played a significant role in 

the pathogenesis of rat lung tumors by causing 

inflammation and epithelial hyperplasia that led to 

mutations and genotoxic effects (Driscoll et al., 

1996). For the first time, workplace exposure of 

nano-carbon black particles and their effects were 

evaluated in a group of eighty one nano-carbon black 

exposed workers and the authors suggested that 

nano-carbon black could be responsible for lung 

function reduction and the secretion of pro-

inflammatory cytokines in the exposed workers 

(Zhang et al., 2014). In the same study, they have 

also reported thickening of alveolar wall and 

accumulation of large amounts of inflammatory cells 
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in lung tissues of mice exposed to nano-carbon black 

aerosol.  

 Cytotoxic effects of carbon nanotubes were 

demonstrated by Barillet et al., (2010) and it was 

stated that the cytotoxicity neither depended on the 

length nor the purity of the carbon nanotubes. Carbon 

nanotubes were found to cause cell injury by the 

process of membrane damage and this was also cell 

line-dependent. Lam et al., (2006) reported that 

carbon nanotubes were capable of producing 

inflammation, epithelioid granulomas, fibrosis and 

biochemical changes in the lungs of rodents. They 

have also indicated that fine nano-carbon is capable 

of inducing cardiopulmonary diseases. In the same 

study, it was also demonstrated that single-walled 

carbon nanotubes can also produce respiratory 

function impairments, damage mitochondrial DNA 

in aorta, induce atherosclerotic lesions in the 

brachiocephalic artery of the heart and also slow 

down bacterial clearance. Further, Renwick, 

Donaldson, & Clouter, (2001) reported that carbon 

nanoparticles significantly reduced the ability of the 

macrophages to phagocytose other particles. 

 

Nano-cerium oxide toxicity: 

 Park, Choi, Park, & Park, (2008) evaluated 

different sizes of nano-cerium oxide in the range of 

15, 25, 30 and 45 nm and found that they caused 

toxicity, ROS increase, GSH decrease and also 

induced oxidative stress-related genes such as heme 

oxygenase-1, catalase, glutathione-S-transferase and 

thiorexoxin reductase in cultured human lung 

epithelial cells BEAS-2B. The toxicity was actually 

through the apoptotic process by triggering the 

activation of cytosolic Caspase 3 and chromatic 

condensation due to the increase in ROS. Lin et al., 

(2006) subjected human broncho-alveolar carcinoma 

derived cell line to cerium oxide nanoparticles and 

found that the toxicity correlated to both dose and 

exposure time. They also reported generation of free 

radicals that caused oxidative stress. Yet another 

study has also reported about the oxidative stress and 

cytotoxicity of cerium oxide nanoparticles (Karakoti 

et al., 2010). 

 

Nano-calcium carbonate toxicity: 

 Soluble nano-calcium carbonate was found to 

cause morphological changes in the cell and also 

inhibited colony formation (Horie et al., 2014). In the 

same study, it was also found that exposure to nano-

calcium carbonate caused the release of intracellular 

calcium, thereby disrupting the effect of calcium 

signaling. It was highlighted that calcium carbonate 

nanoparticles may have the potential to influence 

cellular events if inhaled. 

 

Nano-zinc oxide toxicity: 

 Generally, nano-zinc oxide particles have shown 

to demonstrate greater in vitro toxicity compared to 

many other nanoparticles [(Wang et al., 2006), 

(Lanone et al., 2009)]. When evaluating the relative 

toxicity of TiO2, ZnO, Fe3O4, Al2O3 and CrO3 

nanoparticles in the size range of 30 to 45 nm and 

concentrations up to 200 μg/mL on Neuro-2A cells, 

ZnO was found to be highly toxic (Jeng and 

Swanson, 2006). Yang et al., (2009) showed that 

compared to other nanoparticles, zinc oxide 

nanoparticles exerted more cytotoxic effects which 

are attributed to its particle composition and more 

oxidative stress which is attributed to the particle 

shape in mouse embryo fibroblast. 

 Looking at more specific effects, zinc oxide 

nanoparticles were shown to cause toxic effects on 

mouse neural stem cells and those effects were dose-

dependent but not size-dependent (Xiaoyong Deng et 

al., 2009). Huang et al., (2010) studied the effects of 

nano-zinc oxide in human bronchial epithelial cells. 

They reported that the cytotoxicity of zinc oxide 

nanomaterials were both time and concentration 

dependent and the exposure also led to oxidative 

stress, membrane damage and an increase in 

intracellular calcium levels. While studying the gene 

expression, the authors have mentioned that zinc 

oxide nanoparticles were capable of altering the 

transcriptional regulation in the bronchial epithelial 

cells by increasing the expression of four genes that 

are involved in apoptosis and oxidative stress 

responses. Zinc oxide nanoparticles were also noted 

to damage DNA in sperm cells and lymphocytes 

(Gopalan et al., 2009). 

 It was found that total protein levels, 

metallothionein mRNA and lung pathology increased 

with increasing inhalation exposure of nano-zinc 

oxide in mice (Wesselkamper et al., 2001). After 

gastro-intestinal administration of zinc oxide 

nanoparticle suspension in mice, Wang et al., (2008) 

identified liver, spleen, heart, pancreas and bone as 

the target organs for the zinc oxide nanoparticles. 

Hidaka et al., (2006) reported that zinc oxide 

nanoparticles that were extracted from commercial 

sunscreens were highly photoactive and caused rapid 

DNA damage under in vitro conditions. 

 Following its high toxicity, some human 

exposure studies have also been done pertaining to 

nano-zinc oxide (Beckett et al., 2005). Inhalation 

exposure of human subjects to air containing 0, 2.5 

and 5 mg/m3 nano-zinc oxide for 2 hours on separate 

days revealed metal fume fever symptoms and an 

elevation of plasma levels of IL-6 (Fine et al., 2000). 

In another study, inhalation exposure of human 

subjects to air containing an average of 33 mg/m3 for 

10-30 minutes resulted in an elevation of biomarkers 

for pulmonary inflammation (Kuschner et al., 1997). 

 

Nano-silicon carbide toxicity: 

 Generally, nano-silicon carbide is considered 

biologically inert ((Bruch et al., 1993a) (Bruch et al., 

1993b)) as it does not cause harmful effects on 

tissues. However, in vivo exposure to silicon carbide 

nanoparticles have shown to cause lung 
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inflammation (Cullen and Miller, 1997), 

bronchoalveolar hyperplasia, severe lung fibrotic 

changes (Akiyama et al., 2007) and granulomas 

(Vaughan et al., 1993). In vitro toxicity studies of 

silicon carbide nanoparticles showed remarkable pro-

oxidative reactions and inflammatory responses 

based on their surface area, crystallite size, crystallite 

phase, surface oxidation and iron impurities 

(Pourchez et al., 2012). However, they did not show 

any cytotoxicity.  

 Svensson et al., (1997) have mentioned that in 

vitro exposure to nano-silicon carbide led to the 

generation of ROS. S. Barillet et al., (2010) stated 

that in vitro exposure to silicon carbide nanoparticles 

caused an accumulation in A549 lung epithelial cells 

which is a major cell redox status disturbance and 

can also lead to DNA damage. Another study 

reported that silicon carbide nanoparticles caused cell 

injury through mitochondrial activity impairment 

(Sabrina Barillet et al., 2010). Silicon carbide 

nanocrystals possess photoluminescence properties 

and are presumed to be highly biocompatible, 

especially to blood and hence are used as biological 

labels for cell imaging applications (Fan et al., 2008). 

The other side of this application is that they are 

capable of distributing themselves in the entire cell, 

thereby potentially interacting with DNA and 

consequently leading to cytotoxicity and/or 

genotoxicity. Such toxicological effects still remain 

in the gray side and are yet to be studied. 

 

Occupational exposure of nanoparticles: 

 Comprehensive studies related to the toxicity of 

most of the nanoparticles used is currently available 

in literature; however, rates of workplace exposure, 

either accidental or otherwise, during the process of 

manufacturing, processing, storing, transporting or 

through commercial products is yet to be established. 

As even a very small quantity of nanoparticulate 

material can contain huge amounts of individual 

nanoparticles, low level chronic exposure through 

inhalation or ingestion or skin or eyes is very much 

possible in the workplace. Apart from the routes of 

exposure, there are several other factors that need to 

be considered when we look into workplace 

exposure: emission sources, combustion processes, 

air flow dynamics, ventilation rate, worker mobility 

(Brouwer et al., 2004). The other variables pertaining 

to the nanoparticles themselves, include: particle 

size, particle mobility, agglomeration patterns and 

nature (Maynard and Kuempel, 2005). The various 

workplace variables that may influence the potential 

for exposure to nanoparticles is depicted in figure 1. 

 

 
 

Fig. 1: Workplace variables that may influence the potential for exposure to nanoparticles 

 

Exposure assessment and risk management of 

nanoparticles: 

 Very few studies pertaining to workplace 

exposure to nanomaterials have been done so far. In 

one study, laboratory and field measurements on the 

exposure of workers to single-walled nanotubes was 

performed (Maynard et al., 2004). In another study, 

Methner et al., (2007) tried to identify the potential 

sources of workers’ exposure to carbon nanofibers 

during polymer composite laboratory operations. In 

their study, Schneider and Nordic Council of 

Ministers, (2007) summarized the sources of 

exposure from engineered nanoparticles as drilling 

and cutting operations of carbon nanotube-doped 

concrete and cleaning operations in the laboratories. 

However, with increasing production and use of 

nanomaterials, it is necessary to have more 

information so as to recognize, evaluate and avoid 

risks pertaining to these materials. 

 The main aspects of exposure assessment should 

include:  

1 Identification of nanomaterials; 

2 Description of exposure; 

3 Possibilities of accidental or incidental exposure; 

4 Nanomaterial-specific toxicity assessment: 

a. Modes of entry of the nanomaterials; 

b. Potential for translocation of the nanoparticle to 

other parts of the body; 
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c. Toxico-kinetics of the nanomaterial; 

d. Clearance mechanisms of the nanomaterial from 

the body. 

5 Measurement of exposures to nanomaterials 

(Methner et al., 2009): 

a. Identification of possible sources of emission; 

b. Estimating particle number concentration 

sampling to locate areas of suspected release; 

c. Proper sampling at suspected release points; 

d. Concentration mapping using continuous direct 

reading measurements so as to understand 

changes over time and space (Ramachandran et 

al., 2011). 

6 Risk Assessment for the nanomaterials; 

7 Availability and efficacy of protective measures 

if any; 

8 Practical handling guidelines for activities 

involving nanomaterials; 

9 Conducting awareness and training for workers 

involved in use of nanomaterials. 

 When it comes to occupational health 

surveillance of workers being potentially exposed to 

nanoparticles, Nasterlack et al., (2008) express that 

there is no evidence-based foundation for a ―nano-

specific‖ occupational medical screening and that 

one can only perform general medical screening with 

methods targeted at some of the health outcomes 

which have been highlighted to be occurring due to 

exposure to nanomaterials. 

 Traditionally, risk management would be based 

on comparison of an exposure to existing standards 

of allowable limits. However, when it comes to 

occupational exposure limits for nanomaterials, 

currently there aren’t any enforceable regulations for 

most of the nanomaterials. In this scenario, the 

application of risk management techniques is totally 

based on professional judgment. There are two 

schools of approaches: reduce the exposure to ―as 

low as reasonably practicable‖ (ALARP) and control 

banding approach, wherein uncertain nanomaterials 

are placed in high-risk bands that require more 

stringent control measures. Whatever the strategy be, 

the first priority is to protect the workers by 

implementing appropriate primary preventive 

measures and to begin with, the basic risk 

management strategy which is the hierarchy of 

control: elimination or substitution, isolation, 

engineering controls, administrative controls and 

personal protective equipment can be practiced by all 

organizations that work with nanomaterials. 

 

Conclusion: 

 The rapid development of nanotechnology can 

be maintained in a sustainable manner along with 

research activities pertaining to nanotoxicology at 

workplace level in order to safeguard the health and 

well-being of workers and also to familiarize the 

occupational safety and health professionals with the 

available strategies for understanding the exposure 

parameters and managing the risks through effective 

control measures that can be put in place. This paper 

has summarized the various types of nanomaterials 

that are being widely used in the industrial and 

research and development sectors of Singapore, their 

associated toxicities, health hazards and their 

potential for human exposure, followed by possible 

exposure and risk assessment and management 

framework for such nanomaterials. It is also vital to 

note that there is a significant need for further 

research in this field of occupational exposure to 

nanomaterials in Singapore. 
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