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ABSTRACT
ver da the nanotechno o that re ers to a fie d whose theme is the contro o

matter on an atomic and mo ecu ar sca e wor in with nanometric structures nm
is more present in the deve opment o products and industria processes. he partic e
manipu ation o nanometric structures has created opportunities in the deve opment o
new products and materia s. owever s nthesis hand in stora e stabi ization and the
incorporation o these materia s with nanometric dimensions demand a new perspective
o ana sis and eva uation o o d manu acturin processes procedures and industria de-
vices in order to uarantee co ective and individua protection to wor ers and societ .
ith the increasin o sca e and production o nanoestrutuctured materia s a bi part o

abour communit starts to be in contact with di erent nanomateria s orms and wa s .
n this wor the main aspects and invo ved ris s o manu acture stora e s nthesis sta-
bi ization and incorporation o nanomateria s on new products are eva uated in order to
reduce decrease and e iminate chemica ph sica and bio o ica ris s or the emp o ees.
bib io raphic review was conducted about ris sa et and nanotechno o based on

avai ab e n ish iterature ocusin sa et and environmenta a encies rom di erent
countries such as anada rance erman enmar ustra ia and apan.
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Introduction

ccupationa diseases and hazards have been nown since

antiquit . he creation o modern to ico o started with the

wor o arace sus hi ippus ureo us heophrastus om-

bastus von ohenheim in the ear th centur the wor o

athieu osep onaventura in and the wor o the ta ian

ph sician ernardini amazzini in his boo tit ed s oen as

dos raba hadores e orbis rtificum iatriba pub ished in

. hese investi ations served as the oundation or under-

standin the re ationship between t pica occupationa diseas-

es and abor and were essentia to the creation o occupation-

a medicine in n and in the th century and occupational 

sa et en ineerin ear in the th century . i ure shows

an i ustration demonstratin the under round wor in ris s

pub ished at the boo e e eta ica 5.

echno o ica advancements promoted b the discover

o new materia s chemica s and the increased deve opment

o materia s with ever sma er dimensions have posed new

cha en es to the mana ement o occupationa hea th in envi-

ronments prone to occupationa iabi ities invo vin e posure

eve s and potentia hea th ris s to wor ers.

n inor anic and or anic compounds were

cata o ed in the database rom the hemica bstract ervice

which is a division o the merican hemica ociet

inc udin commercia avai ab e chemica s.

n this number increased to over re istered

compounds and substances representin an increase o a most

in a period o on ears. his simp e comparison i us-

trates the d namics and comp e it o sa et and ris man-

a ement aspects associated with the occupationa e posure to

chemica substances and compounds .

owever the uide to ccupationa posure a -

ues compi ed b the merican on erence o overnmenta

ndustria ienists indicates on appro imate

chemica substances and on substances have been ist-

ed in the razi ian e u ator orm . hus in the pres-

ent stud we conducted a iterature review ocusin on the

main ris s associated with nanomateria s. e acquired data

avai ab e in n ish rom hea th and sa et a encies in coun-

tries inc udin the nited tates o merica anada

ustra ia apan and uropean countries. or countries such

as rance erman enmar and n and specia attention

has been iven to pub ications rom the ast ears.

Nanomaterials
he term nanotechno o coined b the apanese re-

searcher orio ani uchi in was first used in the micro-

e ectronics industr . urrent the technica scientific defini-

tion o the term inc udes an materia that has at east one o

its dimensions ran in rom nm to nm . owever despite

the intense normative wor achieved in the ast decade this

definition sti has cu tura and scientific diver ences that stem

rom historica and e a aspects. n princip e nanotechno o

is based not on on the reduction o the partic e size to the

nanometer sca e but a so on the appearance o new charac-

teristics in the materia . n apan partic es between nm

and nm are re arded as u trathin whereas on partic es

nm are considered as nanomateria s. n the mer-

ican ct or esearch and eve opment in anotechno o

defined nanotechno o as the creation o materia s devices

and s stems at the atomic and mo ecu ar sca e . detai ed

discussion o the definitions o nanomateria s used wor dwide

and the comp e it o techno o ica evo ution or the estab-

ishment o monitorin procedures and identification o iabi -

ities can be ound in the boo tit ed anotechno o : ea th

and nvironmenta is .

echno o ica advancements at the nanosca e eve have

created man opportunities in distinct science and techno o-

fie ds inc udin the deve opment o nove dru s de iver

s stems or medications and s nthetic ce u ar tissues medic-

ina therapies and miniaturization o circuits and e ectrome-

chanica devices / as we as the deve opment o

new materia s and products with specific eatures and unc-

tiona ities. hese advancements a so invo ve the deve opment

o sensors new cata tic processes paints and coatin s cos-

metics and new sources o ener production and stora e and

have thus reached the boundaries o the interactions between

nanotechno o ica devices ivin or anisms and in ormation

s stems .

Figure 1. ustration rom the boo e e eta ica one o
the first treatises on minin and meta ur pub ished in
with detai ed in ormation on the ris s o death and su ocation
and on the hea th o wor ers in under round mines where
miners wou d use fire obtained throu h the burnin o wood
or the e p osion o minera sha ts and roc s5.
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Risks of technology in the work environment: 
Complex processes and incomplete safety 
information

rom the point o view o occupationa and popu ation

hea th a number o studies have indicated that more compre-

hensive and precise to ico o ica in ormation on nanoparticu-

ate materia s is warranted with an aim o understandin the

comp e re ationship between nanopartic es and ivin or an-

isms . umans have on ived with nanoparticu ate materi-

a s in the orm o aeroso s rom natura processes such as fires

or vo canic eruptions. owever unti recent this contact

did not invo ve s nthetic nanomateria s o enhanced purit

concentration comp e it or unctiona ization. oreover this

intensified interaction has reat increased the comp e it

o processes invo vin the s nthesis manipu ation hand in

stora e stabi ization deve opment and use o nanomateri-

a s and has warranted the adoption o a mu tidiscip inar ap-

proach when addressin ris sa et and environmenta issues

at the nanosca e.

u tip e points o views can be considered when re ect-

in on nanotechno o and shou d cover topics such as ris s

benefits advanta es and disadvanta es ethics individua and

co ective reedom pub ic sa et strate ies or industria and

techno o ica deve opment at the nationa eve re u ator

ramewor s education patents and pub ic en a ement or

pub ic access to ree and thorou h in ormation. oreover sev-

era questions must be ormu ated ana zed and eva uated

to secure sa e conditions or wor ers. ome o these concerns

have been out ined be ow :

s it necessar to use a certain process or nanostructure

when deve opin new products

re the ris s invo ved in the hand in s nthesis stabi i-

zation and incorporation o nanomateria s nown an these

ris s be contro ed or miti ated

s there technica and personne trainin to ensure the

sa e deve opment o activities re ated to stora e hand in

s nthesis stabi ization and incorporation o nanomateria s

s su ficient and hi h qua it in ormation avai ab e to

enab e er onomic ana sis o activities that can direct or in-

direct e pose wor ers to nanomateria s

ave procedures been updated discussed eva uated

imp emented understood and practiced and are there ade-

quate aci ities or the per ormance o wor invo vin hand in

o nanomateria s

hat is needed to be nown re ardin the interactions

at the nano and mo ecu ar eve s to assess the to ico o ica

e ects o nanomateria s in the short term medium term and

on term

ow shou d the enerated waste iso ated or incorpo-

rated nanomateria s be mana ed and what is the best wa to

rec c e or discard it

re the measurement metrics or e posure and impact

assessment suitab e or nanomateria s that have ar e varia-

tions in their specific area ow densit hi h reactivit and
sur ace properties

ow and to what e tent can we c assi nanomateria s
with minor di erences in their chemica composition mor-
pho o and cata tic activit particu ar with re ard to their
to ico o ica environmenta and bio o ica interactions

ow shou d a hierarchica occupationa sa et s stem
that comprises the processes o e imination substitution
modification se re ation venti ation and fi tration o mate-
ria s and that is capab e o protectin the hea th o wor ers
be deve oped

s nanotechno o advances popu ations have more con-
tact with nanotechno o ica products. hus the adoption o
new strate ies re ated to occupationa sa et and environmen-
ta issues particu ar when assessin ris s and understandin
processes and interactions o nanomateria s in the wor p ace
is essentia or the deve opment o sa er nanotechno o in
the wor p ace.

he first reports on the potentia ris s and adverse e ects
o the interaction o nanopartic es and nanoparticu ate mate-
ria s on wor ers hea th and on ivin or anisms in enera
appeared in the ear st centur . urrent the probab e
routes o contamination and ma or mechanisms o interaction
between humans and nanopartic es are we defined however
the e ects o dose and e posure on human hea th warrant
urther investi ation.

s an e amp e o the comp e it o this issue we can con-
sider the reports o carbon nanomateria s such as nanotubes  
described in b ima and carbon nanofibers described
in the s b adush evich and u anovich. n this respect
studies conducted in reported the bio o ica to icit e -
ects associated with the meta s used in the s nthesis o com-
mercia carbon nanotubes inc udin a time and dose depen-
dent increase in reactive o en species and a decrease in the
membrane potentia o mitochondria . owever on in
in u etin number the ationa nstitute or ccupationa
a et and ea th pub ished data on the occupation-
a e posure to nanotubes and nanofibers and ave c ear rec-
ommendations about the need to contro e posure per orm
environmenta and wor re ated assessments conduct medi-
ca survei ance monitor partic e concentrations in the wor -
p ace and ive recommendations on the choice o respirator
protection equipment.

ith respect to raphene an a otropic orm o carbon dis-
covered in data re ardin its to icit ph sicochemica
interactions with bio o ica s stems and potentia ris s are
even scarcer. onethe ess the iterature avai ab e on in vitro 
testin reports that raphene is either inert or to ic to ce s
dependin on the number o raphene a ers perimeter h -
drophobicit sur ace unctiona ities and the dose used. ore-
over the h drophobic character o the sur ace o raphene
ma ead to interactions with ipid membranes causin to ic-
it or even adsorption o mo ecu es on membrane sur aces .

ecent studies have reviewed the bio o ica responses
sa et and potentia biomedica app ications o raphene .
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i ure shows the penetration potentia o a sheet o raphene

ew a ers raphene in a ce membrane.

he increased use o nanotechno o ica products in dai-
i e and in the wor p ace underscores the importance o

ethica issues pub ic en a ement education sa et and en-
vironment in societ . e have a so orecasted an increase in
the number o nanotechno o obs which shou d amount to
mi ion in and an e pected annua rowth o up to

b when a mar et worth o tri ion is e pected .

Routes of exposure and protective measures
an studies have reported that contamination throu h

the respirator tract is the main route o entr o nanopartic es
in the bod a thou h it can a so occur throu h the s in mucosae
e es in estion or in ection o nanopartic es. i ure shows the
re ationship between variab es and interactions o nanopartic es
and aspects o ris ana sis invo vin such materia s.

Prevention and protection
onsiderin the potentia ris s o contamination b nanopar-

tic es the estab ishment o uide ines and recommendations or
abor sa et is required a thou h the e ectiveness o these prac-
tices sti demands urther investi ation. est protection practic-
es are iven be ow and indicate the ma or routes o contamina-
tion and e posure.

a espirator protection inha ation :
ith re ard to the routes o e posure o wor ers it is es-

sentia to deve op mana ement s stems or occupationa hea th
that ocus on the e imination or minimization o e posure the
use o c eanrooms biosa et cabinets with fi tration s stems
such as hi h e ficienc particu ate air fi ters as we as
the adoption o respirator protection pro rams where the use
o co ective and persona protective equipment is corresponds
to the abor activities and to the t pes o nanometric materia s

Table 1. ecommended respirator protection rom e posure to carbon nanofibers and nanotubes .
oncentration o carbon nanofibers

and nanotubes at the wor p ace
inima respirator protection devices

a n ha ace air puri in respirator equipped with an appropriate fi ter s stem or particu ate matter b
n ha ace ne ative pressure air puri in respirator with a fi ter

n powered air puri in respirator s stem with a hood or he met and equipped with a t pe fi ter c
n compressed air driven continuous ow s stem with a hood or he met

n u ace c ean air s stem equipped with fi ters or c
n powered air puri in respirator s stem equipped with a t pe fi ter and ti ht fittin mas s

n u ace ne ative pressure air puri in s stem
n compressed air driven continuous ow s stem equipped with ti ht fittin ha ace mas s

n u ace ne ative pressure air puri in respirator with a fi ter

. . n u ace compressed air driven respirator s stem.

otes:
a ecomended posure eve : ecommended e posure imit. his is a wei hted avera e imit considerin a wor period o h per da and
h per wee .

b n appropriate fi ter means an fi ter t pes or rom series or considerin the presence o oi in the environment which prec udes
the use o fi ters o the series.
c is simi ar to the t pe fi ter and is simi ar to the t pe fi ter re er to norms : and : to ensure
compatibi it between fi ters and respirators .
d or comparison the concentrations o raphite and carbon b ac in the wor p ace based on ermissib e posure imit are

and respective . he ma imum recommended e posure or a t pes o carbon nanotubes is u .

Figure 2. ie d emission scannin e ectron microscop in sec-
ondar e ectron ima in mode showin the interaction o a
raphene microsheet arrow with the membrane o a human
un epithe ia ce hi h i htin the penetration o the ed e o
the raphene sheet. he ce s were post fi ed in a aqueous
osmium tetro ide so ution o owed b deh dration in ethano .
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used. hese s stems wou d a so inc ude measurements o par-

tic e concentration and education and sta trainin activities.

ab e presents the recommendations or the se ection

o protection equipment or wor ers who are e posed to envi-

ronments containin carbon nanotubes and nanofibers.

b in protection:

he hea th derma a er o the s in is ab e to protect a ainst

the entr o nanopartic es. owever in a ew instances the pres-

ence o crac s cuts sores and even the rowth o hair and hair

o ic es can a ow the penetration o nanopartic es. sua the

use o oves vin nitri e or neoprene and the use o dispos-

ab e arments made o hi h densit po eth ene are su ficient to

provide adequate protection a ainst nanopartic e contamination.

i ure shows the resu ts o a series o e periments emp o in

nanopartic es with sizes o and nm and indicates

that on nm partic es were ab e to penetrate the s in throu h

the hair o ic e and reach the surroundin tissue .

c n estion:

n estion can be divided into at east conditions: i acci-

denta in estion resu tin rom poor h iene or rom contamina-

tion o ood utensi s and iquids and ii the intentiona inta e o

products containin nanopartic es ood medicine therapeutic

practices etc. . or these conditions the most important mea-

sures or contamination contro invo ve pro essiona trainin

se re ation monitorin o environments that contain nanoparti-

c es and monitorin o nanopartic es in products that come into

Figure 3. e ationship between interactions variab es and mechanisms or assessin ris s associated with nanopartic es .
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contact with ood and water. oreover environmenta issues in-
vo vin nanotechno o shou d be addressed in a broader sense
and shou d inc ude ana sis o the i e c c e o products and the
interactions o nanopartic es with the environment.

d e rotection:

he proper use o e e protection inc udin u ace mas s or
even ersona rotective quipment sa et s stems i e
hoods equipped with fi tration s stems shou d be recommended
a ter an assessment o abor sa et . mportant the use o sa et
asses is insu ficient or e e protection a ainst nanopartic es and

the use o co ective protection se re ation o operations and
the use o c eanroom s stems shou d be eva uated.

ummar o the ana sis o the rate o penetration usin
aser scannin microscop and ima es obtained rom a uores-
cence microscope.

a b : deep penetration o nm nanopartic es throu h a
hair o ic e. n addition note the presence o uorescence in
the surroundin tissues.

c d : no evidence o penetration o nm nanopartic es
e : no evidence o penetration o nm nanopartic es
e rotection a ainst fire and e p osion:
he ris o fire and e p osion rom manua abor is inher-

ent to wor invo vin hi h ener stora e materia s hi h sur-
ace area materia s . n the case o nanomateria s the decrease
in partic e size considerab increases the sur ace and tota
ener o the particu ate s stem. owever re iab e data on the
potentia ris or each t pe o nanomateria are sti ac in
and conventiona methods or measurin particu ate matter dis-
persed in the environment are prone to errors . ccordin

posure emission potentia
band or nanopartic es

azard and

CL5

CL5 CL5 CL5 CL5

: azard band
: posure emission potentia band
: ontro eve .

Figure 5. ontro bandin matri indicatin the association be-
tween hazard eve s and potentia e posure eve s enerated
durin hand in o nanopartic es o di erent ph sica states.
ontro eve s with hi her indices indicate a hi her potentia ris

o the activit /operation where: .

Figure 4. uorescence detection in human tissue samp es b aser scannin microscop and di ita ima e processin showin the
penetration o di erent sized nanopartic es throu h hair o ic es: a b : nm . so ids . partic es/m c
d : nm . so ids . partic es/m and e : nm . so ids . partic es/m .
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some procedures and parameters shou d be eva uated or pre-

ventive purposes inc udin the o owin :

voidin the a re ation o nanomateria s in the environ-

ment b usin fi terin and e haust s stems

sin anti spar and anti static s stems or vacuum pac -

a in that is therma stab e

educin the amount o stored materia

ecreasin the temperature and pressure o the process-

es or the s nthesis o nanomateria s

nsta in ph sica barriers such as ovebo fire protec-

tion s stems as appropriate to each situation

sin inert ases such as ar on or nitro en when hand in

nanometa s to prevent o idation reactions. en eve s in

the environment can a so be monitored

tabi izin nanomateria s containin meta s or semimet-

a s in compatib e iquids that can create a sur ace coatin in

order to protect these meta s a ainst o idation and combus-

tion reactions b usin protective a ers o sa ts po mers

oi s or stab e emu sions

Table 2. a or protoco s standards and uide ines on the sa e hand in o nanomateria s and the ris s associated with nanopartic es.

r anization
cron m / ountr

ame ub ication Year ebsite

anada nstitut de recherche obert
auv en sant et en s curit

du travail

ea th ects o anopartic es second
edition

www.irsst.qc.ca

/ u a nternationa abour fice mer in is s and
new patterns o prevention

in a chan in wor d
o wor

www.i o.or

he ationa nstitute or
Occupational Safety and Health 

pproaches to a e anotechno o :
ana in the hea th and sa et concerns

associated with en ineered nanomateria s
i in the now ed e aps or sa e
nanotechno o in the wor p ace
ccupationa e posure to carbon
nanotubes and nanofibers

www.cdc. ov/niosh

ordis urope ommunit esearch and
eve opment n ormation

Service

a et aspects - www.cordis.europa.eu/
nanotechno o

ustra ia a e or ustra ia n ineered nanomateria s: investi atin
substitution and modification options to

reduce potentia hazards

www.sa ewor austra ia. ov.au

witzer and nternationa r anization or
tandardization

/ : anotechno o ies
nanomateria ris eva uation

/ : anotechno o ies
hea th and sa et practices in

occupationa settin s re evant to
nanotechno o ies.

and www.iso.or

a enano ea th and a et ecutive
Safenano

sin nanomateria s at wor
ea th e ects o partic es produced or

nanotechno o ies
or in sa e with nanomateria s in

research and deve opment

www.hse. . ov.u
www.sa enano.or

u erman erman edera nstitute or
Occupational Safety and Health

uidance or hand in and use o
nanomateria s at the wor p ace

www.baua.de

enmar anish inistr o nvironment anocat: a conceptua decision support
too or nanomateria s

www.mst.d

rance ence ationa e de ecurit
anit rie de a imentation

o it et coto it des nanotubes de
carbone

www.anses. r

apan ationa nstitute o dvanced
ndustria cience and

echno o

n ormation porta or the societa
imp ications o nanotechno o

- unit.aist. o. p/nri/cie/nanotech
societ

rance he r anization or conomic
o operation and eve opment

urrent eve opments: activities on the
sa et o manu actured nanomateria s

www.oecd.or

razi ian enc or ndustria
eve opment

anotecno o ias: subs dios para a
prob em tica dos riscos e re u a o

. www.abdi.com.br
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sin we defined e c usion zones havin restricted ac-

cess or stora e o nanomateria s

nsta in fire protection s stems usin coo in a ents

as appropriate to the chemica nature and amount o stored

nanomateria s and removin combustib e materia s.

nderstandin sur ace passivation phenomena ormation

o o idized a ers that are stab e and impermeab e is im-

portant or decreasin the reactivit o nanometa s. owever

the mechanisms o i nition and e tent o the reactions are

not a wa s the same or nanomateria s and their micromet-

ric counterparts. hus individua assessments must be made

with re ard to the minimum i nition ener minimum concen-

tration o e p osion ma imum pressure o e p osion and the

e p osion inde .

Evolution of safety procedures
n the ast ears severa institutions and overnmenta

and non overnmenta or anizations have created protoco s

recommendations and sa et hand in uide ines . a-

b e presents the main institutions and their uide ines and

the reports that are avai ab e or consu tation.

Risk analysis
na sis o the ris s invo ved in the production hand in

stora e acquisition use and disposa o nanomateria s is a

comp e process because o the ap in the in ormation re-

ardin the imits o e posure or most o the new nanoma-

teria s deve oped . t this point adoption o the precau-

tionar princip e is necessar but not su ficient to uarantee

sa et or the wor ers popu ation and environment. he use

o ris assessment techniques such as the adoption o contro

bandin methods is sti incipient in case o nanomateria s.

n addition these techniques are o ten considered too sim-

p istic in hi h comp e it situations such as those invo vin

nanomateria s because o their qua itative nature. otab

there is an e ort rom severa institutions such as ra-

zi ian ndustria eve opment enc ationa e-

search and a et nstitute nternationa r anization

or tandardization rench enc or ood nvi-

ronmenta and ccupationa ea th a et ation-

a nstitute or ccupationa a et and ea th/ and

nternationa abour r anization to investi ate and bui d

enhanced and specific contro bandin mode s . hese

mode s have been adapted to enhance the bandin technique

or more specific and comp e conditions such as those or

nanomateria s. i ure shows a contro bandin matri or

e posure to nanomateria s in di erent ph sica states so -

id particu ate iquid and aeroso . he sca in va ue o the

contro indicates the t pe o contro that shou d be adopted

or each o the eva uated conditions.

Conclusions

ith re ard to the sa e hand in o nanomateria s and

their potentia occupationa ris s our main conc usions are as

o ows:

erms such as nanotechno o nanomateria s nanopar-

tic es etc. shou d not be enera ized and individua assess-

ments shou d be made in each case

he di erent interactions at the nanosca e chemica

ph sica bio o ica environmenta etc. shou d be ac now -

ed ed.

he ris s associated with nanomateria s shou d be com-

p ete comprehended and ana zed

he shape morpho o sur ace area unctiona it sur-

ace ener and sur ace t pe are essentia or the modifica-

tion in the properties o products that have been a read de-

ve oped or are under deve opment. here ore investi ations

re ated to hea th sa et and environment shou d start rom

the premise o the discover o nove nanobio o ica and ph s-

ica chemica interactions or these materia s

ove techno o ies require the adoption o nove ap-

proaches or the prevention hand in and stora e o mate-

ria s as we as the estab ishment o s stems and metrics or

measurement contro and individua or co ective protection

he e posure imits or nanomateria s need to be c ear

defined monitored and updated accordin to new deve op-

ments and findin s

ow e posure eve s do not direct mean a ow ris be-

cause nove nanosubstances ma have di erent properties and

e ects and the e ects o dose e posure and to icit over

time or the ris s associated with each t pe o materia remain

to be u e ucidated

t is essentia to wor in roups with the view to see in

opinions and points o view that are diverse mu ticu tura

mu tidiscip inar and hierarchica .
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