
Copyright@ Eman M Osman | Biomed J Sci & Tech Res| BJSTR. MS.ID.003346. 14501

Review Article

ISSN: 2574 -1241

Environmental and Health Safety Considerations of 
Nanotechnology: Nano Safety

Eman M Osman*
Textile Metrology Department, Chemical Metrology Division, National Institute of Standards, Egypt

*Corresponding author: Eman M Osman, Textile Metrology Department, Chemical Metrology Division, National Institute of 
Standards, Egypt

      DOI: 10.26717/BJSTR.2019.19.003346

Introduction
The term nanotechnology describes a range of technologies 

performed on a nanometer scale with widespread applications in-
cluding the production and application of physical, chemical, and 
biological systems at scales ranging from individual atoms or mol-
ecules to around 100 nanometers. A nanometer is one billionth 
of a meter, which is near-atomic scale [1-2]. Nanotechnology is 
an empowering innovation that can possibly bring advantages to 
different zones of research and applications and to improve our 
lives in numerous ways. Right now, the Engineered Nano Materi-
als (ENM) , for example deliberately made nanomaterials, invaded 
practically all the modern parts incorporating those related with, 
data advances, gadgets, energy generation and storage, material 
sciences, sustenance, environmental remediation, security, trans-
port furthermore, space, indicative and restorative applications in 
drug [3]. Thus, it isn’t astounding that nanotechnology industry is 
relied upon to develop amazingly before the finish of 2020. Some 
have portrayed nanotechnology as a two-edged sword. 

On one hand, some are worried about that, the nanoscale 
particles may enter and gather in crucial organs, for example, the 
lungs and cerebrums, possibly making mischief or demise people 
furthermore, creatures, and that the dispersion of nanoscale 
particles in the earth may hurt environments [4]. Then again, some  

 
trust that nanotechnology has the potential to convey significant 
Environmental, Health And Safety (EHS) advantages, for example, 
decreasing vitality utilization, contamination, and ozone harming 
substance discharges; remediating ecological harm; relieving, 
overseeing, or forestalling illnesses; and offering new safety 
enhancing materials that are more stronger, self-repairing, and 
ready to adapt to give protection [5]. Nanotoxicology is the field 
which concentrates potential health dangers of nanomaterials. 
The amazingly little size of nanomaterials implies that they are 
substantially more promptly taken up by the human body than 
bigger estimated particles. 

The conduct of nanoparticles inside the living being is a compo-
nent of their size, shape and surface reactivity with the surrounding 
tissue. In the event that non-degradable or gradually degradable 
nanoparticles gather in organs, a potential connection with natural 
procedures inside the body will happen because of their enormous 
surface area to volume ratio. On exposure nanoparticles to tissue 
and liquids they will promptly adsorb onto their surface a portion 
of the macromolecules they encounter. The enormous number of 
factors affecting poisonous quality implies that, it is hard to make 
speculations regarding health risks related with exposure to nano-
materials – each new nanomaterial must be evaluated separately, 
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and every single material property must be considered. Health and 
environmental issues must be taken in thought when managing the 
working environment of either organizations occupied with creat-
ing nanomaterials or the labs occupied with nanoscience and nan-
otechnology explore Laborers who use nanotechnology in research 
or generation procedures might be uncovered to nano materials 
through inward breath, skin contact, or ingestion. 

Also, the surrounding environment might be helpless to gen-
uine impacts because of spillage of nanoparticles coming about 
because of production, handling, storing and even disposal. This 
survey gives fundamental data on the most present dubious issues 
concerning the comprehension of potential risks related with this 
quickly creating innovation and features measures to control expo-
sure to nano materials in the working environment. 

Sources of Nanoparticles
Nano particles are not a new phenomenon since they could be 

occurred: naturally, incidentally or intentionally, as seen below [6-
7]:

Normally happening Nanoparticles

Numerous sorts of nanoparticles happen normally in matter or 
in the environment. Numerous organic materials, found in human 
food or food ingredients, are normally nanostructured or contain 
nanoparticles. Casein micelles can be considered as nanoparticles. 
They are the real protein segment of milk and in charge of convey-
ing mineral supplements, for example, calcium and phosphate to 
neonates. It is well investigated the nearness of nanoparticles in the 

climate where their focus and arrangement are exceptionally factor 
from place to another. Common emissions from trees and different 
plants or soil volatiles just as from soil disintegration can dominate 
in certain areas, while particles from ocean splash may dominate 
somewhere else. Likewise, volcanic ash may convey enormous 
amounts of natural nanoparticles into the environment. 

Unexpectedly Occurring Nanoparticles 

Another type of atmospheric nanoparticles are the accidental 
results of procedures including industrials, burning, welding, and 
transportation activities. 

Intentionally Occurring Nanoparticles

The well-known nanoparticles are the intentionally man-made 
or the engineered nanoparticles which can be made in the labs, for 
example nano particles of metals, metal oxides, metal hydroxides, 
or even polymers. These designed nanoparticles can be utilized 
in several fields; either industrial or therapeutic. Figure 1 speaks 
to rundown of the majority of the nanoparticle’s resources in our 
every- day life [8]. The nearby centralizations of nanoparticles in 
the atmosphere are significantly influenced by environmental con-
ditions and depend firmly on emission intensities, vicinity to sourc-
es, and meteorological conditions. All in all, the highest number of 
concentrations happens in urban zones while regular sources dom-
inate in rural regions [9]. Environmental and Health safety (EHS) 
concerns have concentrated principally on nanoscale materials that 
are deliberately structured and delivered frequently alluded to as 
Engineered Nanomaterials (ENM). Figure 2 condenses the environ-
mental abundance of nanoparticles as an element of environment.

Figure 1: Sources of nanoparticles in daily life.
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Figure 2: Concentrations (particles/cm3) of nanoparticles in the atmosphere in various environments

Application of Nanotechnology in the Textile Industry
Textile ecology points not to hurt environment and individuals 

in all phases of the material generation from fabric production to 
production of garments. By and by, materials and synthetic com-
pounds utilized for creation of fabrics cause weakening of environ-
mental balance. Synthetic compounds utilized in material items 
may make a health hazard [10]. 

Nanotechnology can possibly be connected over the whole 
pipeline of the improvement of materials. The key points of apply-
ing nanotechnologies inside the materials sector are to:

a) Update present capacities and execution of textile materi-
als, and 

b) Create inventive items, specifically smart/functional ma-
terials with new highlights and functions (for example stain-
proof, self-cleaning, conductive, and so on). 

 Mantovani and Zappelli [11] researched the potential appli-
cations for nanomaterials crosswise over four key sub-areas of 
the textile production: nanomaterials and nano composites; fiber 
creation (ex. electrospinning); completing medicines; and nano-re-
lated material items. A range of nanomaterial types are connected 
inside the material area, with the most regularly utilized being car-
bon nano tubes CNTs, zinc oxide, silver, titanium dioxide-nanopar-
ticles. Figure 3 speaks to the various utilizations of nanotechnology 
in textile products.

Figure 3: Applications of nanotechnology in textiles.
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Hazards of Nano Engineered Materials
 The presence of nanomaterials isn’t in itself a risk. It is just 

certain perspective that can make them dangerous, specifically, 
their versatility and their expanded reactivity. Just if certain 
properties of certain nanoparticles were harmful to living creatures 
or the environment, for this situation, it tends to be called nano 
pollution [12]. 

Regarding to the health and environmental impact of nanoma-
terials we have to separate between two sorts of nanostructures: 

a) Fixed nano-particles: where nanoscale particles are con-
solidated into a substance, material or device (electronic, opti-
cal, sensors and so on.); and 

b) Free nanoparticles: where individual nanoparticles of a 
substance are available at some phase in production or use. 

There is by all accounts accord that, albeit one ought to know 
about materials containing fixed nanoparticles, the quick concern is 
with free nanoparticles. In discussing nanoparticles, it is significant 
that, the phase containing nanoparticles (powder or fluid) nev-
er be mono disperse, however contains a range of molecule sizes. 
This entangles the test investigation, as bigger nanoparticles may 
have various properties from littler ones. Moreover, nanoparticles 
demonstrate an inclination to aggregate, and such aggregates regu-
larly act uniquely in contrast to individual nanoparticles.

Safety Considerations
NANO-SAFETY is definitely not a basic arrangement or a con-

venient solution, however there should be an orderly methodology 
that assesses the risks and propose sensible activities to guaran-
tee the security of the two individuals and the environment. New 

technologies can possibly get benefits just as inconveniences of the 
exposure of people to new materials. There are three fundamental 
settings for thinking about safety: 

a) Environmental pollution, 

b) Unintentional human introduction (exposure in the work-
ing environment) and 

c) Deliberate human exposure (the intended applications). 
The exposure of populaces in the working environment and 
customers and of the environment to nano materials is proba-
bly going to rise significantly [13]. 

In spite of the fact that, there is as of now significant learning 
on the effect of those environmental nano particles created unin-
tentionally (for example through combustion), on human health 
basically intervened through respiratory pathways, there are still 
need in the fitting risk appraisal technique to assess the safety of 
Engineered Nano Materials. Just the same as each other new tech-
nology, Research and Development (R&D) of nano material items 
should be joined by safety assessment, including risk assessment 
and risk-management. Risk assessment and risk management re-
quire intelligent and case-explicit thought guided by potential ex-
posure situations [14].

The Impact of Nanotechnology
Nanotechnology is getting to be boundless in consumer prod-

ucts. As its utilization proceeds to develop, so do worries about 
its effect on the two people and the environment. The effect of 
nanotechnology stretches out from its restorative, moral, mental, 
legitimate and environmental applications, to fields, for example, 
engineering, biology, chemistry, computing, materials science, and 
communications. 

Health Impact

Figure 4: Biokinetics of (Manufactured Particulate Nanomaterials) MPNs. 

http://dx.doi.org/10.26717/BJSTR.2019.19.003346


Copyright@ Eman M Osman | Biomed J Sci & Tech Res| BJSTR. MS.ID.003346.

Volume 19- Issue 4 DOI: 10.26717/BJSTR.2019.19.003346

14505

The US National Institute for Occupational Safety and Health 
(NIOSH) has directed starting exploration on how nanoparticles 
react with the body’s systems and how workers may be exposed to 
nano-sized particles in the assembling or mechanical utilization of 
nanomaterials. There are three entryways of section for nanoparti-
cles in the human body: the skin, the gastro-intestinal tract and the 
lung in spite of the fact that, obviously, these entries can be evaded 
by direct injection or implantation of a substance. Inside the body, 
there is a high likelihood that nanoparticles will come into contact 
with immune cells, which can lead to nanoparticle immune system 
interaction causing inflammation, expanded susceptibility to infec-
tious diseases, or even to immune system diseases or cancer [15]. 
Figure 4 demonstrates the potential ways that may the nanoparti-
cles go through inside human body [16]. 

Data from Research and Animal Studies on Nanomaterials 
Has Recognized Some Potential Safety Risks and Health Im-
pacts, for Instance: Carbon nanotubes: can cause an asbestos-like 
impact after a low dose and multi week follow-up [17]. Besides, car-
bon nanotubes and nano fibers might be fit for causing pneumonic 
inflammation and fibrosis [18].

Titanium Dioxide (TiO2): Some experimental studies conduct-
ed by NIOSH [19-20] has determined that, nanoscale TiO2 particles 
have induced pulmonary fibrosis as well as granuloma formation. 
Another study revealed that TiO2 nanoparticles could be slightly 
genotoxic, i.e. affecting DNA [21]. 

Iron oxide (FeO): have been appeared to debilitate the micro-
circulation in different organs [22], and to irritate both heart ca-
pacities and influences synapses of the cardiovascular system [23]. 

Manganese Oxide (MnO): nanoparticles have been exhibited 
to enter the olfactory bulb through the nose and can be transported 
to different regions in the mind after inward breath. 

Silver Nanoparticles (Ag): covered with polyvinyl-pyrrolidine 
can evoke dose dependent DNA-damage in vitro [24]. In addition, 
utilizing silver nanoparticles in wound dressings, advances healing 
while at the same time decreasing potential contaminations. But 
these same nanoparticles could likewise destroy helpful bacteria in 
nature. In this way, the Environmental Protection Agency (EPA) has 
put limitations on any use of silver nano particles due to its appar-
ent capability in destroying great microscopic organisms whenever 
discharged into environment [25]. 

Zinc oxide (ZnO): There is a study which uncovered that, when 
sun block creams containing a characteristic isotope of zinc oxide 
were in contact with human skin, the isotope could be dependably 
estimated in both blood and urine [26-27]. 

The health hazard potential relies upon the specific nanomate-
rial and an individual’s exposure level [28]. Occupational Safety and 
Health Administration (OSHA) suggested that: 

a) Exposure to respirable carbon nanotubes and carbon 
nanofibers do not surpass 1.0 μg/m3 as a 8-hour time-weighted 

normal, in view of the National Institute for Occupational Safety 
and Health (NIOSH) proposed Recommended Exposure Limits 
[29]. 

b) Exposure to nanoscale particles of TiO2 mustn’t surpass 
0.3 mg/m3. While, as far as possible for fine-sized TiO2 (mole-
cule estimate more than 100 nm) is 2.4 mg/m3 [30]. 

At the National Personal Protective Technology Laboratory of 
NIOSH, studies found that, the most entering molecule size range 
was somewhere in the range of 30 and 100 nm, and release size was 
the biggest factor in the quantity of nanoparticles found inside the 
respirators of the test dummies.

Environmental Impact

The environmental effect of nanotechnology is the potential 
impacts that the utilization of nano innovative materials and gad-
gets will have on the environment. As nanotechnology is a rising 
field, there is discussion with respect to what degree industrial and 
commercial use of nanomaterials will influence living beings and 
biological systems. Although some data is accessible concerning 
the destinies and impacts of certain classes of nanomaterials in the 
environment, extra data on word related to occupational consumer 
and environmental exposure is required [31-32]. Nanotechnology’s 
environmental effect can be part into two perspectives: the poten-
tial for nano technological innovations to help in improving nature, 
and the conceivably novel kind of pollution that nano innovative 
materials may cause whenever discharged into the environment. 
Such as in case of silver nano particles that destroy the useful bac-
teria when released into the environment

Green Nanotechnology

Green nanotechnology refers to the utilization of either nano-
technology or the results of nanotechnology to improve the envi-
ronmental maintainability of procedures delivering negative exter-
nalities. Green nanotechnology has been additionally described as 
the development of clean technologies, to minimize potential envi-
ronmental and human health risks related with the assembling and 
utilization of nanotechnology items, and to encourage replacement 
of existing items with new nano-items that are all the more envi-
ronmentally friendly all through their lifecycle [33]. Green nano-
technology has two objectives: delivering nanomaterials and items 
without harming environment or human health and delivering 
nano-products that provide solution to environmental problems. 
It uses existing standards of green science also, green designing to 
make nanomaterials and nano-items without toxic ingredients, at 
low temperatures utilizing less energy and renewable information 
sources any place as possible, and utilizing lifecycle thinking in all 
plan and designing stages [34].

Pollution

Nano pollution is a nonexclusive name for all waste created 
by nano devices or during the nanomaterials assembling process. 
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Nano waste is predominantly the gathering of particles that are dis-
charged into the environment (air and water), or the particles that 
are discarded when still on their items causing disturbance of the 
ecosystem, as there is evidence for that MPNs are passing through 
the food chain from smaller to larger organisms. Since MPNs have 
been demonstrated to be competent to hurt organisms, it is talk-
ed about that, they can affect the functional ecosystem which is 
subjected to micro flora. All examined groups of manufactured 
nanoparticles have demonstrated to be toxic to aquatic living be-
ings, for example, zebra fish, daphnia, algae, invertebrates and rain-
bow trout [35].

Social Impact 

Beyond the toxicity dangers to human health and environment 
which are associated with original nanomaterials, nanotechnology 
has more extensive societal impact and postures more extensive 
social difficulties. Numerous social researchers and associations 
in common society recommend that, innovation evaluation and 
administration ought to likewise include public cooperation. Nano-
technologies may give new answers for a huge number of individu-
als in developing nations who need access to fundamental services, 
such as , safe water, reliable energy, medicinal services, and educa-
tion. The impacts of nanotechnology on: society all in all, human 
health and environment, the trade, security, food systems and even 
on the meaning of “human”, have not been portrayed or politicized 
at this point [36].

Hazard Assessment 
Despite the fact that, there are many research ventures over-

all evaluating the potential hazards and dangers, there have been 
worries about their quality and significance. The absence of insti-
tutionalized materials and methodologies makes it hard to analyze 
results from various analysts and diverse nano products. Past the 
lung, there are numerous gaps in learning about the health impacts 
that may happen after inhalation, in connection to take-up, distri-
bution, accumulation and biological impacts in secondary organs, 
in spite of the fact that it is known, for instance, that some nano 
particles can cross the blood–brain barrier. Generally, it may be said 
that, similar properties that are attractive in certain applications 
are likewise the properties that may offer ascent to toxicity (nano 
materials paradox). There are a few issues deciding the hazard as-
sessment of nanoparticles, as following: 

a) Dose – must be measured dependent on the physicochem-
ical properties of the nano material, over the long term or short 
term with high dosages.

b) Standardization – it is basically imperative to utilize ap-
proved, institutionalized measures so that: 

i. Results from various analysts can be thought about, and 

ii. Assays in vitro or creature studies can sensibly be relied 
upon to anticipate an impact in people.

c) Studies at the cellular level – there is still little knowledge 
about how nano particles interact with the cell layer, how they 
are transported into cells, into lysosomes, mitochondria and 
the nucleus, and the results of these interactions 

d) Studies at organ and system levels – among the needs 
there is a must to consider toxico-kinetics studies for addition-
al pneumonic translocation and transport after different routes 
of entry, especially for effect on cardiovascular, nervous, hepat-
ic, immune and endocrine systems. It is similarly critical to do 
much more in assessing exposure whether intended or unin-
tended. Few studies depicted work environment, consumer or 
environmental exposure or related exposure to genuine condi-
tions. More investigations should be done to evaluate inhalation 
exposure in occupational settings and to increase awareness in 
other different settings [37]. 

Another vital issue in performing hazard identification proof is 
the information of the biokinetics of specific manufactured partic-
ulate nanomaterials MPN. In this way one compiles the so-called 
ADME-profile which represents Absorption, Distribution, Metabo-
lism, and Excretion, depicting the mien of the nanomaterials inside 
the living being [38].

Risk assessment 
Risk assessment is a procedure wherein the probability of a 

harmful impact to people or populaces is measured. It is often ex-
pressed as the formula: 

                         Hazard x Exposure Risk=

In this way, the hazard is characterized by two attributes: 

a) The hazard of the material that should be characterized 
and identified and

b) The contact with the hazardous material which is the ex-
posure. 

For nanomaterials, an appropriate risk assessment is fairly 
difficult since hazard and exposure appraisals is as yet not clear 
[39]. Potential risks incorporate environmental, health, and safety 
issues; have progressed toward becoming prevailing, which are of 
worry to security rights advocates. These might be especially sig-
nificant if potential negative impacts of nanoparticles are neglected. 
Regulatory bodies, for example, the United States Environmental 
Protection Agency and the Health and Consumer Protection Direc-
torate of the European Commission have begun managing the po-
tential risks of nanoparticles [40]. There are two kinds of potential 
exposures exist:

a) Chronic: Continuous exposure happens over longer time-
frames, ranging from months to years. Concentrations of breathed 
in lethal contaminants are moderately low. Direct skin contact by 
submersion, sprinkle, or by defiled air displaying low dermal ac-
tivity. 
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b) Acute: Exposures happen for moderately brief time pe-
riods, ranging from minutes to 1–2 days. Concentrations of lethal 
air contaminants are high. Besides the inward breath, airborne 
substances may legitimately contact the skin, or fluids and sludge 
might be sprinkled on the skin or into the eyes, prompting harmful 
impacts. Most human or ecological medical issues can be assessed 
by dismembering the analysis into four sections: 

i. Problem identification, 

ii. Exposure assessment 

iii. Dose-response assessment, and 

iv. Risk characterization

 This four-stage structure has been broadly received by U.S 
government/state offices and universal associations that asses 
and oversee health and environmental issues (see Figure 5) [41]. 
Most, if not all, accidents in the work environment and occupation-
al diseases are preventable by improving risk management. Now 
and again with better information and structure, here and there by 
better principles and requirement, in some cases with better acces-
sibility of human abilities to confront unfavorable workplace or to 
keep running in front of occasions.

Figure 5: The Health Risk Evaluation Flowchart.

Measures used to Control Potential Exposure to Nano 
Materials 

Since the exploration and utilization of nanomaterials keeps on 
extending and data about potential health impacts and exposure 
limits for these nanomaterials is as yet being created, managers 
ought to apply a mix of various measures to control potential expo-
sures. As per NOISH, there are a few controls should be possible to 
catch the airborne nano particles: 

Engineering Controls 

       a) Exhaust ventilation systems with a high-efficiency 
particulate air (HEPA) channel ought to successfully use to evacuate 
nanomaterials [42-43]. 

         b) Where operations can’t be enclosed, give neighborhood 
exhaust ventilation (e.g., catch hood, encasing hood) furnished with 

HEPA filters and intended to catch the contaminant at the purpose 
of age or discharge. 

Administrative Controls 

      a) The utilization of good cleanliness practices could be em-
powered by giving hand washing facilities and other related facili-
ties. 

         b) Establish strategies to address cleanup of nanomaterial 
spills and sterilization of surfaces to minimize worker exposure. 
For instance, prohibit dry clearing or utilization of compacted air 
for cleanup of tidies containing nanomaterials, utilize wet cleaning 
and vacuum cleaners outfitted with HEPA filters instead.

        c) Good work practices (e.g., washing hands, and no eating/
drinking in work territory) can limit worker exposure to nanoparti-

cles [44]. 
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Personal Protective Equipment (PPE) 

a) Provide specialists with fitting individual protective types 
of equipment, for example, respirators, gloves and defensive gar-
ments [45]. 

Medical Screening and Surveillance 

a) Make accessible medicinal screening and surveillance for 
specialists exposed to nano materials, if suitable [46]. 

b) Review medicinal surveillance prerequisites under OSHA 
measures (e.g., Cadmium, Respiratory Protection) [47].

Storage and Disposal Procedures of Nanomaterials 
Nanomaterials are significant for both the general population 

included and the effect on nature. However, with no information of 
the essential properties, the degree of the precautionary measures 
required is obscure. To comprehend the potential effect that any 
nanomaterial will have on the environment, it is important to in-
dorse the lifecycle point of view. This includes surveying impacts 
that may happen all through an item’s life, including the production, 

circulation, dealing with, use, storing and disposal. As indicated by 
the guidance created and utilized by the US Department of Energy 
(DOE 2007) [48] and the UK Environment Agency (EA) Guidance 
for the transfer of hazardous materials, an arrangement for stor-
ing and disposal of nanomaterials or nanomaterials contaminated 
waste ought to be created, taking in thought the hazardous idea of 
the materials and the amounts included and connected to nanoma-
terial-bearing waste streams (solid and fluid waste), including:

a) pure nanomaterials; 

b) Items contaminated with nanomaterials, for example, 
holders, wipes and dispensable PPE; 

c) Liquid suspensions containing nanomaterials 

Figure 6 shows the various stages that the nanomaterial or 
nanomaterial-bearing waste could go through beginning from the 
production till the end of-life [49]. We have discussed in the pre-
vious sections the precautions must be taken when dealing with 
the production of the nanomaterials, here below is how to store the 
nanomaterials and how to collect and dispose the waste or the con-
taminated tools which are used in handling these nanomaterials.

Figure 6: Life cycle perspective of the nanomaterial.

Storage of Nanomaterial Waste Prior to Disposal 

Coming up next are suitable methodologies for collection and 
storing of nanomaterial waste before disposal: 

a) Storage in Waste Container: that are in great condition 
to anticipate the spillage of the nanomaterials. Mark the waste com-

partment with a depiction of the waste and incorporate accessible 
data describing known and suspected properties. 

b) Storage in Plastic Packs: Collect paper, wipes, PPE and 
different things with free contamination in a plastic pack or other 
sealable compartment put away in the laboratory hood. At the point 
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when the pack is full, close it and cautiously place it into another 
plastic sack or other fixing holder, to maintain a strategic distance 
from outside contamination. Remove it from the hood and name the 
external sack with a suitable waste mark. 

Disposal of Nanomaterial Waste 

It is a sensible most reasonable scenario presumption to con-
sider all nanomaterial wastes as potentially hazardous. It can con-
sequently be discarded as synthetic waste. The List of Waste Reg-
ulations 2005 (LOWR) [50] gives point by point data about how to 
deal with and discard different sorts of wastes. Two classifications 
are especially important: wastes from organic chemical process 
and wastes from inorganic chemical process. Most nanomaterial 
wastes can be sorted under these codes. LOWR additionally gives 
a rundown of hazardous properties, including models, for example, 

H5: “Harmful” substances which on the off chance that they 
are breathed in or ingested or in the event that they infiltrate the 
skin may include limited health risks”- would be a sensible most 
pessimistic scenario presumption for many soluble and insoluble 
nanoparticle types-and 

H6: “Toxic” substances which on the off chance that they are 
breathed in or ingested or in the event that they entered the skin 
may include acute or chronic health risks and even death”- would 
be a sensible most pessimistic scenario suspicion for carbon nano-
tubes or different nanomaterials having a fibrous nature. The 
guidelines indicate that the most extreme concentration for toxic 
substances is 3% by mass.

Prevention of Fire and Explosion 

In the UK, issues of fire and explosion are secured by the 
Dangerous Substances and Explosive Atmospheres Regulations 
(DSEAR 2002) [51]. They set least requirements for the insurance 
of laborers from fire and explosion risks identified with hazardous 
substances and potentially explosive atmospheres and from gases 
under pressure and substances corrosive to metals and expect 
businesses to control the risks to the health of workers and 
consumers from these hazards. The effectiveness of methods for 
nanoparticle fire, explosion and catalysis prevention and control 
are yet to be evaluated. In some types of nanoparticle products 
dense clouds of nanoparticle powder are difficult to see, even 
though a suspension of the same product at the same concentration 
with coarser grade is easily visible. Explosion protection measures 
for dust dispersions and for hazardous quantities of larger sized 

materials can be applied to the handling of potentially explosive 
nanoparticles, as follows:

a) For reactive or catalytically active nanoparticles: contact 
with incompatible substances should be prevented [48].

b) For electrical requirements: the design of electrical equip-
ment protection should consider the fine granulometry and 
very long settling time of nanoparticles, which require dust 
protection. Besides, further precautions should be taken to 
avoid the risk of auto-ignition of nanoparticles [52].

To reduce the risks of fire and deflagration, every employer 
shall ensure that risk is either eliminated or reduced by following 
measures listed below:

To reduce the risks of fire and deflagration, every employer 
shall ensure that risk is either eliminated or reduced by following 
measures listed below:

a) Reduction of the quantity of dangerous substances to a 
minimum

b) Control of the release of a dangerous substance at source

c) Prevention of the formation of an explosive atmosphere, 
including the application of appropriate ventilation

d) Ensuring that any release of a dangerous substance which 
may give rise to risk is suitably collected, safely contained and 
removed to a safe place.

e) Avoid ignition sources; ignition sources including elec-
trostatic discharges. Anti-static shoes should be worn in areas 
where the materials are handled to reduce the build-up of static 
charge [53].

In case of fire or explosion, the selection of an extinguishing 
agent should take account of the compatibility or incompatibility 
of the nanomaterial with water. Some metallic dusts react with wa-
ter to form hydrogen, which ignites very easily. Chemical powders 
are available to extinguish burning metallic dust powders; yet, this 
has the effect of putting the metallic dust in suspension, thereby 
increasing the risk of deflagration. Table 1 shows the chemicals that 
liberate flammable gas when contact with water [54].

a) Using carbon dioxide, nitrogen or another inert gas as 
extinguisher. Sometimes, this could introduce further hazards 
into the system, notably the risk of asphyxiation [55].
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Table 1: Chemical substances that liberate flammable gases when contact with water.

Substance Risk phrase(s) Liberated Gas Thresold Concn %

Lithium R14/15 Hydrogen 0.06

Sodium R14/15 Hydrogen 0.2

Magnesium powder(pyrophoric) R15-17 Hydrogen 0.1

Aluminium powder(pyrophoric) R15-17 Hydrogen 0.08

Aluminium powder(stabilized) R15 Hydrogen 0.08

Potassium R14/15 Hydrogen 0.4

Calcium R15 Hydrogen 0.2

Zinc powder/ dust(pyrophoric) R15-17 Hydrogen 0.3

Zinc powder/ dust R15 Hydrogen 0.3

Zirconium powder(pyrophoric) R15-17 Hydrogen 0.2

Zirconium powder(non pyrophoric) R15 Hydrogen 0.2

Aluminium lithium hydride R15 Hydrogen 0.04.

Sodium hydride R15 Hydrogen 0.1

Calcium hydride R15 Hydrogen 0.1

Calcium carbide R15 Acetylene 0.3

Calcium phosphide R15/29 Phosphine 0.4

Aluminium phosphide R15/29 Phosphine 0.3

Magnesium phosphide R15/29 Phosphine 0.3

Trizinc diphosphide R15/29 Phosphine 0.6

Trichlorosilane R14-17 Hydrogen 0.6

Diethyl(ethyldimethylsilanato) aluminium R14/15, 17 Ethane 0.4

Regulations 
Critical discussion exists identifying with the topic of whether 

nanotechnology or nanotechnology-based items merit extraordi-
nary administrative guidelines. This discussion is identified with 
the conditions in which it is essential and proper to survey new 
substances before their discharge into the market, community and 
environment [56]. Regulatory bodies, such as, the United States 
Environmental Protection Agency and the Food and Drug Admin-
istration in the U.S. or on the other hand the Health and Consumer 
Protection Directorate of the European Commission have begun 
managing the potential risks exhibited by nanoparticles. Up un-
til this point, neither engineered nanoparticles nor the items and 
materials that contain them are exposed to any extraordinary reg-
ulations, with respect to production, handling of or labeling. The 
Material Safety Data Sheet that must be issued for certain materials 
regularly does not differentiate between bulk and nanoscale size of 
the material being referred to and notwithstanding when it does, 
these material safety data sheets are advisory only [57]. 

In The Consumer Product Safety Commission and Nanotechnol-
ogy, E. Marla Felcher proposed that, the Consumer Product Safety 
Commission, which is accused of ensuring the general population 

against absurd risks of damage or passing related with consumer 
products, is poor-equipped for supervising the safety of high-tech 
products that made utilizing nanotechnology [58]. 

Managing How to Deal with the Nanomaterial 
Now, after we reviewed the nanomaterials and how to deal with 

them, starting from the production and till their end-of-life, we are 
ready to make a plan before using any nanomaterial for each activ-
ity and for each nanomaterial to: avoid, reduce or even eliminate 
the hazardous impacts of these materials on both human and en-
vironment.

Ranking the Nanomaterial 

Initially, it is desirable to rank the nanomaterial as per its health 
hazard. Three hazard classifications, 1, 2, and 3, are distinguished. 
The higher the classification number, the higher is the foreseen 
health risk. Nanoparticles of classification 1 are relatively harmless. 
These are required to display “just” the health hazards like the 
chemical mother material. Class 2 and class 3 are relied upon to 
display likewise explicit nano related health impacts as appeared 
Table 2. 
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Table 2: Classification of NMP according to their possible occupational health hazards.

Hazard category
Definition of the NMP

 NMP1

=

……………..

 NMP2

=

……………..

 NMP3

=

……………..
etc.

1.

(Water)soluble nanoparticles.

Solubility>100mg/l. Example: lipid-, sucrose- or siloxane parti-
cles with a diameter in de range of 1 – 100 nm. □ □ □ □

2.

Synthetic, persistent nanomaterials (non-fibrous). Example: 
metals (i.e. Ag, Au, Pb, La), metal oxides (i.e. TiO2, ZnO, CeO2, 

CoO), carbon black, fullerenes, nano- clay, polymers, den-
drimers with a diameter between 1 – 100 nm.

□ □ □ □

3.

Fibrous, nonsoluble nanomaterials for which asbestos-like 
effects cannot be rules out. Example: SWCNT (= Single Wall 
Carbon Nanotubes) and MWCNT (= Multi Wall Carbon Nano-

tubes)
□ □ □ □

Risk Management Strategy

The health risk of dealing with NMP must be evaluated sub-
jectively. Therefore, existing information permits organizing tem-

porary risk management measures. A qualification has been made 
for three diverse control levels A, B and C. For each level a control 
approach is suggested. Table 3 offers a proposed risk the executives 
as per the nanomaterials health risk. 

Table 3: Proposed risk management strategy according to the nanomaterial’s health risk.

Control Level
Risk Level Priority to Take Con-

trol Measure Recommended Approach
Description Color

 A  Low
 

Lowest

Use the commonly used measures to control the exposure risks; room 
ventilation, local exhaust ventilation, use appropriate personal protec-

tive equipments

B Uncertain
 

Medium

Investigate extra measures that can reasonably applied; According 
to Occupational Hygiene Strategy the technical and organizational 

control measures are evaluated on their economic feasibility.

 C High Highest
Apply the precautionally principle; The Occupational Hygiene Strategy 
will be strictly applied and all technical and organizational measures 

will be implemented.
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Make an Inventory of the Activities with Handling the 
NMP 

Investigate the activities, during which nanoparticles could be 
discharged, this ought to be accomplished for each nanomaterial. 
Evaluate the entire “life cycle” of the NMP beginning from the min-
ute the materials or items enter the organization or lab and closure 
when those materials or items leave the organization or lab again 

as “prepared for-use item” or waste material. Table 4 records ten 
nonexclusive exercises and distinguishes its importance for the ex-
istence period of the NMP: the essential creation of the nanomate-
rial (= the nano crude material generation), the auxiliary creation 
of the nano product (for example the creation of a nano-paint) and 
the expert utilization of nano products (for example the use of a 
nano-covering by a painter). This table could be withed to conform 
to any managing exercises concerning NMP. 

Table 4: PCharacteristics of activities performed with NMP.

Place of activity in the production chain  

 

Activity

 

 

Name NMP:-----------------------------------------

Primary 
Production 

nanomaterial

Secondary pro-
duction nano- 

product

Professional 
use

nano- prod-
uct

 

Used 
amount 
(in Kg, 
litre)

Emission of 
dust/mist/

haze

 

(yes/no)

Duration 
of the 

activity 
(minutes)

Frequency of the 
activity (time/day, 

week or month)

Amout of 
workers 
exposed) 

(N)

1

 

X

 

X Reception and 
storage of N.M. ----------- ----------- ----------- ----------- -----------

2

 

X

 

X Opening of the 
packages ----------- ----------- ----------- ----------- -----------

3

 

X

 

X Addition of the 
N.M. ----------- ----------- ----------- ----------- -----------

4 X Production of 
the N.M. ----------- ----------- ----------- ----------- -----------

5 X Working with 
N.M.P ----------- ----------- ----------- ----------- -----------

6

 

X

 

X  
Sampling 

(quality con-
trol)

----------- ----------- ----------- ----------- -----------

7

 

X

 

X  
Filling/pack-
aging of end 

product
----------- ----------- ----------- ----------- -----------

8 X  X
 

X

Cleaning and 
maintenance ----------- ----------- ----------- ----------- -----------

9

 

X

 

X

 

Transfer and 
transportation ----------- ----------- ----------- ----------- -----------

10 X  X
 

X

Waste treat-
ment and 

removal of 
waste

----------- ----------- ----------- ----------- -----------

11  Other…. ----------- ----------- ----------- ----------- -----------
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Human exposure to nanoparticles from common and anthro-
pogenic sources has happened since ancient times. Following the 
innovation of burning motors and the improvement of industry, be 
that as it may, huge degrees of nanoparticle contamination have 
emerged in urban communities and even crosswise over bigger 
areas of our planet, with climatic and ecological impacts that are 
commonly obscure. There is no uncertainty that nanoparticles have 
interesting and valuable properties and may bring incredible ad-
vantages, however investigation into their conceivable unfriendly 
impacts is as yet progressing, and individuals are as of now exposed 
to them. Workers involved in the manufacturing of items containing 
nanoparticles are most at risk when not securely produced, han-
dled, and disposed or recycled; the US National Institute for Occu-
pational Safety and Health (NIOSH) revealed more than 2 million 
Americans are exposed to large amounts of these particles, and 
they believe this number will ascend to 4 million sooner rather than 
later. As appeared in this survey, obviously workers in nanotechnol-
ogy related enterprises might be conceivably exposed to interest-
ingly engineered nanomaterials. Exposure, monitoring and control 
techniques are vital. For sure, there is a need for another new disci-
pline – nano toxicology - that would assess the health risks brought 
about by nanoparticles and would empower safe advancement of 
the rising nanotechnology industry. 

The safety evaluation of nanoparticles and nanostructures can’t 
depend exclusively on the toxicological profile of the proportional 
mass material. Nanomaterials should be assessed for their risk on 
a case by case for every planning including the expected utilization 
of the material. In completing the risk evaluation for results of nan-
otechnology, new testing methodologies will be necessitated that 
will address the item specification, the proposed use and the dis-
tinguishing proof of potential exposure situations for both human 
and environment. Conventional danger and ecotoxicity tests have 
just been demonstrated to be valuable in assessing the hazards of 
nanoparticles. Be that as it may, a few techniques may require al-
teration and some new testing strategies may likewise be required. 
Global participation is expected to address the various issues in 
nanotechnology. Institutionalization including the accessibility of 
reference materials/particles is the key issue to go to a shared com-
prehension in what we are managing as far as risk evaluation for 
the utilization of nanotechnology. 

For nanomaterials, it is hard to set a risk appraisal appropriate-
ly because of the absence of knowledge and concurred techniques 
and benchmarks for testing. It has, for instance, been proposed that 
toxicity testing on commercially available nanomaterials would ex-
pect a very long time to finish as well as the speculation of billions 
US dollars. 

The Challenges to Comprehend the Potential Ecological 
Effect of Nano Materials

The challenges to comprehend the potential ecological effect of 
nano materials include: 

a) choosing what nanomaterials represent the most note-
worthy potential risks, 

b) What organisms are most valuable to examine, 

c) What strategies are most relevant to use, and 

d) Whether conventional toxicological or emerging ecologi-
cal models for surveying ecological risks are the most proper. 

The present difficulties are that the accessible tools which can 
be utilized for surveying NMP security are frequently inappropri-
ate, or so laborious that sufficient assessment of safety of these 
materials and advances remains profoundly hazardous and the 
assets or testing instruments are not liable to empower security 
evaluation of the novel nanomaterials that are flooding onto the 
market. This implies absolutely new safety evaluation standards 
should be created during the coming very long time to determine 
this issue. What is required is a fast identification of research needs 
and improvement of a guide which will slice draw a road map to 
guarantee the security of nanomaterials and nanotechnologies lat-
er on. Therefore, various associations need to cooperate together: 
from the scholarly world to health institutions, governmental or-
ganizations, independent research institutions, and independent 
for- profit companies. To a lesser degree, associations/organiza-
tions with unmistakable stake-holding in nanotechnology ought to 
partake yet not be a main thrust.
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