Nanoparticles: Why are they dangerous?
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1. What are nanoparticles

Nanotechnology sounds like novel modem technology
although in factithas been around since as evidenced by the
Roman Lycurgus chalice. However, only in the past 20 years
has nanotechnology been actively used © revolutionise our life
and will continue © do so still far into the future.

So wihatis nanotechnology? Smply stated, itis the technology
used © manipulate matier (such as carbon, gold, nickel, silver,
silica or sllicates as well as amalgamated chemicals) ata
nanometer scale; thus the manipulated matteris called
nanopartdes abbreviated © NRs

Due to their extemely small size - 1 all intents and purposes -
NRs are "new mater thatdisplays newproperties unassociated
with the original source matter:

The developmentof NRs impacts many areas for example:

* byimproving disease diagnosis and treattnenttechnologies in
the healthcare and medicine sector,

* by creating smaller; lighter, stonger and more efficient
products

* by decreasing the impactof environmental pollution by
improving vater purification or energy conservaton
technologies

Nanomaterial Uses

NMetal oxides Electronics consumer products

biomedical, environmental remediation

Carbon nanotubes Textles consumer products stuctural

materials
Quantum dots O ptical properties electrical
applications
Fullerene-C80 Lubricants superconductors solar
Buckyballs) cells

Table 1: Various applicatons of nanotechnology through te use of
nanopartcles

Asindicated NRs are normal chemical elements which are
"ground” or"cut up int very small pieces equal or smaller

than one tenth of a micrometer (Q 1pm), otherwise indicated as
being in the one © one hundred nanometer range (1 — 100
nm), hence their name. They can have various geometric
shapes such as spheres rods tubes and more.

To fully grasp the conceptofwhata nanoparticle is consider the
following:

* a sheetof paper is about 100 000 nm thick;
* a\virusis approxmately 100 nmin size; and

* fingemails growabout 1 nm per second.

Figure T gives an indication of the small scale of the particles
referred o when discussing NRs Source: Youtube video by the
Centre of Nanomedicine

tps /Avvyoutube. comAnatch?v= 38Vi8DmOkdY). Video
generated by the AlloSphere Research G roup.

Figure 1. lilustation of nanopartcle size againstother partcles
commencing op leftwith a 10 mm square of human skin surface and
zooming in down © 1 nm square viewofpartofa key on a virus's
surface.

Thus NRs can never be seen with the naked eye. Spedial
microscopes such as Scanning Electron Mlcroscopes or even
Scanning Transmission Electton Mcroscopes or High
Resolution Transmission Electton Mcroscopes are required t©
see objects of this size.

Figure 2isa good illustration of whatis meantby surface size.
When a 1 cubic centimeter (cm) s filled with micrometer (Um)
sized cubes — a tillion (10'2) of them, each with a surface area
of 6 Um?2 - the total surface area amounts t 6 m?2, or about
the area of the main bathroom in an average house. And wWien
thatsingle cubic centimeter of volume is filled with T nanometer
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Figure 2 Comparison of Surface Areas at1 am 1 mmand 1 nm scale. Source: wwvnano. gov. Link hap: //wwwwvnano. gov/nanotech-

101 /spedial.

(nm) sized cubes - 102! of them, each with an area of 6 nm? -
their otal surface area comes © 6 000 m2, which is slighty
smaller than a soccer field.

AnNP's properties depend more on its surface area than on
the particle's composition itself Thusits relative surface area is
one of the principal factors thatenhance the N P's reactivity,
strength and electrical propertes 0 ne benefitof greater
surface area - and improved reactivity - of nanostructured
materials is thatthey help ©© create beter catalyss (a subs@ance
thatincreases the rate of a chemical reaction withoutitself
undergoing any permanentchemical change)

2. Why might Nanoparticles be dangerous?

Although engineered nanomaterials seems © have limitess
possibiliies for use, they bring with them new challenges such
as identifying and contolling potential safety and health risks t©
those exposed © them. The drawback of N Psis thatanyone
who works with or in the vicinity of where N Ps are used or
created is exposed 1O these particles and itis feared thatthese
will have far reaching health effects on workers such asin the
case of asbestos fibers

Although scientists may be dealing with the same chemical
substances because of the role the surface area plays they
may have totally differentchemical characteristics including
reactivity, electrical conductivity strength, mobility, solubility,
magnetic and optical properties |fthe original chemical was
already known to cause cancer or allergic reactions N Ps due
© their size, may cause similar affects buteven more rapidly,
and on a bigger scale, even atsmall quantities or doses The
chemical heath effectofN Psis called N anotoxicity

[thas been determined thatthe impacton the human body will
also depend on particle size, mass chemical compositon, the
surface area and how the individual N Ps aggregate, or clump,
together Itis well known thatoxicity of N Ps increases with a
decrease in particle size. Itis also well known thatthe N Ps
involved in catalytic and oxidative reactions can induce a
greater than normal cyotoxicity (the oxicity ofa substance  a

living cell).

Inhalation is believed t be the primary route of human
exposure o nanoparticles The differentcompartments of the
human respiratory tract(nose, larynx airmays and lungs) all act
asa filter forN Ps The smaller the particle size, the more likely
its chances of reaching the alveoli in the lungs The N Ps
typically cause lung scarring and the thickening of the lung
walls Asa resultthe oxygen supply from the lungs o the blood
is reduced and persons with this condition are nearly always
shortofbreath Lung tissue scarming can also lead
inflammation of the lungs or cause lung tumours

Researchers suggesta normal room contains10 000 t©

20 000 N Ps per cm3 oras high as50 000 N Pspercm3 ina
forestand 100 000 N Ps per cm3 in an urban street A tthese
concentrations itcan be inferred thatwe breathe in millions of
N Ps ltcan be assumed thathalf of these reach the alveoli and
may therefore also travel through t our bloodstream. At
presentitis notknown o whatextentthe engineered N Ps
contiibute o these overall numbers and whatthe
concentrations in an uncontolled work environmentwhere N Ps
are manufactured or being used will be.

0 ther body and organ systems (immune, endocrine and
cardiovascular) can be affected after long term exposure as the
N Ps travelling through the bloodstream will eventually reach
various organs and organ cells N Ps can cause oxidative stress
and/or activation of pro-inflammatory cytokines in the lungs
liver, heartand brain. N Ps cause pro-thrombotic and adverse
effects on the cardiac function; causing heartattack or adverse
effects on the heartrate. Abnommal blood coagulation may
even occur increasing the risk of blood clots the chances of a
heartatiack or a stoke. Itis ofgreatconcem thatN Ps can cross
cell membranes (intemally and extemally) and can thus interact
with sub-cellular structures causing oxidative damage and may
eventually impair cell functions causing damage © the organs
and finally © an entire system.

Although there is scantresearch on the following issues the
possible outtomes cannotbe ignored:
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a. N are notmembrane bound and have directaccess o the
intracellular proteins, organelles and DNA of the cell and
thus cause chaos inside the cells.

b. N can pass through the blood-brain barrier, causing
neurotoxcity i.e. damage 1o the nervous system tissue that
transmits and processes signals in the brain and t© other
parts of the body.

¢. N can depositin the nasal region when inhaled and enter
the brain by ravelling via the sensory nerves (nduding the
olfactory and trigeminal nenves)

d. NF can cross the placenta, causing the poisoning, genetic
defects, cancer and disfigurementof the embryo. They may
resultin embryonic death, abnomal developmentof one or
more body systems or being bom with an incurable fatal
disease; itcan be harmful © the mother's health too.

Other issues,

a. VWhen NI are released into the atmosphere, they may cause
external pollution

b. N may initate catalytic reactions previously not
anticipated, causing fire or an explosion; the explosion risk
of some metals increases significantty as their partide size
decreases

¢ Rrtides may spread from work area 1o work area and even
neighbouring businesses or communities and if work is not
completed under a negative pressure and high-efficiency
particulate arresance HEP) filters are notinsalled.

Bxposure o N atthe workplace may occur in research and
developmentfadilities in the nanotechnology sector, in chemical
and phamaceutical companies, in fadiliies where paints,
cement, and other products involving powder handling are
manufactured and vhere NI are by-products of processes
such as baking, welding and polymer processing.

Unfortunately, data on occupational exposure is scarce. o
detect N, both in gases and in liquids, is difficultdue © their
size and they can only accurately be detected by special
microscopes as mentioned earlier. Testing is very expensive and
retention of uncontaminated samples is virtually impossible.
Furthermore, no validated sampling methods currentty exist
lasty itmay be difficult €ven on spedal microscopes)©
distinguish betneen ambient NF$ and those NF2 being used in
the workplace. Instuments able t© detectand analyse partides
ofa fewnanometers were only developed recentty, therefore
currentty there is no or only litte toxicology data; thatwhich
does existhas been gamered mostty from tests on animals.

Currentty no occupational exposure standards and guidelines
existanyhere in the world. There is no dear opinion on which
parameter §)— mass, number of partides and/or surface area —
should be measured as the mostappropriate method of
assessing exposure. The available portable instumentation for
nanoparticle exposure is inadequate and nevwsampling
techniques and strategies for assessing exposure atthe
workplace and in the environmentneeds t© be setup.

ftshould be remembered thatpeople are atthe highestrisk of
exposure vihen:

1. Opening and manually handling bulk nanomaterials
2 Fouring or mixing ofliquid NPsolutions

3 Ahigh degree ofagitation of NF is involved

4 Genrerating N in non-endosed systems, cabinets or

cupboards
5 Handling faeighing, blending, spraying) powders of N2

6 Conducting maintenance on equipmentand processes
used to produce or fabricate nanomaterials as itdisturbs NP

"

"dust!
7. Qeaning up or removing of spills of N and waste material
containing N3
8 Qeaning dustoollection systems used o capture NF such
as HEFA filters

Q Wbrking with no or inadequate personal protective
equipment (FFE)and dothing

1O NAchining, sanding, drilling or causing other mechanical
disruptions of materials containing N3

11. Operating of high-energy processes such as milling,
sonication, grinding, and high-speed blending may cause
the release of N3

3. What can be done?

IFthis is the case, vhatcan be done to minimise exposure risk’?
Itis obvious thatexposure o various N3 and especially ven
working in an uncontolled environmentwith any of these NP
substances will eventually have a deleterious effecton an
individual's health. The employer can help by implementing a
hierarchy of controls, for example:

1. Assume thatall NF2 are toxc, until health studies prove
differentty.

2 When purchasing N commerdially obtain their Nterial
Sifety Data Seet (VBEDSand share the information with
the health and safety commitiee and the workers, through
training and toolbox alks.

3 Wbrk with N in a solution, liquid or durry form, or
attached © substrates so thatthe dry material is not
released easly.

4 Install local exhaustsystems, such as exttaction arms atthe
pointofoperation. The vents should assistair © flowfrom
lowhazardous t© high hazardous areas, thus usually from
entrance t© back of work space and create a negative
pressure betneen NPareas and other work spaces.

5 HEFA filters mustbe installed in the exttaction system © ttap
the N, The filters mustbe checked once a month, senviced
and replaced as needed.

6 [flocal extaction is notpossible consider installing enclosed
HEFA filtered hoods or even rooms in vnere N2 are used.

7. Wbrk surfaces should be non-static, easily deanable and
floors be made of concrete covered with a seamless pre-
finished heatwelded sheetvinyl, epoxy coatings GANS
101CS) or polished concrete with dustproof hardener.
Covings betneen floors and walls are recommended ©
fadlitate dean-up in case of spillages.

8 The walls shall be non-porous and painted with a durable,
impenvious finish in such a manner © faciliate deaning and
decontamination. A glossy acnfic or epoxy or equivalent
coating is recommended GANS 10306)

9 Stup Sandard Operating Rocedures SOR) for each
activity and equipmentbeing used vihich will include the
safety procedures © be folloned. Shortversions of the SOR
should be displayed property.
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10 Ensure workers and any visitors o these areas wear the g. Wetwipe the area with paper towels.
proper PFE - nitrile gloves {double}, a closed chemical h. Clean spillsimmediately - have a special chemical spill
protective overall, safety protective glasses, respirator with kit ready for use.

appropriate cartidges (Class P2and P3 glass fibre/HEPA

. i. I lean-up materialsin a tigh | ntainer
filters) and even closed shoe covers need t be considered. Collectdean-up materials in a dghtly dosed containe

and handle them as hazardous waste.
17, Itis strongly advisable o install a safety shower eye wash

. L i. Ensure a proper maintenance schedule of equipmentis
station combination close by. J prop uip

setup and followed.

k. Label all chemical containers with the identity of the
contents and include term nano”in the descriptor as well
as the hazard waming and chemical concentration.

12 Conductannual inductions covering the potential hazard
identification, proper techniques/procedures for activities
and waste disposal with workers.,

13 Postsigns to communicate appropriate wamings and
precautions regarding chemical containers atentrances t

the chemical/rawmaterial storage facilites. ltshould also
include the emergency afier hour contactdetails m. Store NP5 in a well-sealed container or room thatwhen

opened causes minimal agitaton of the NP contents. A
preferred solution is © store all NP containers in an

I. Aninventory ofall chemicals, including NFs mustbe in
place and updated atleast © monthly.

14 Introduce proper hygiene, maintenance and housekeeping

dures
procedures enclosed HEPA filtered box and work and weigh in this
a. Use HEPA-filtered local capture/extraction hoods. box
b. All extraction units mustcontain HEPA filters to capture n. Wash hands frequently with the proper hand washing
the NFs method.
c. No cellphones o be used in the NPareas. o. Remove gloves when leaving work area.
d. Preventingestion by prohibiting eating and drinking in p. Overalls, coats can be washed in-house or via a
these areas. specialised laundromat Store dirty coatsin a biohazard
e. Clean and maintain all equipmentand areas /benches / bag untl such tme they are collected for washing.

floors regularyi.e. daily or after use.

f. Vacuum areas and equipmentby using a HEPA-filtered Acknowledgments
vacuum cleaner. Thanks © Rchard Whittaker for his help in editing this article.
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