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ABSTRACT
(ver\�da\�the�nanotechnoOoJ\��that�reIers�to�a�fieOd�whose�theme�is�the�controO�oI�

matter�on�an�atomic�and�moOecuOar�scaOe�worNinJ�with�nanometric�structures��������nm���
is�more�present� in� the�deveOopment�oI�products�and� industriaO�processes.�7he�particOe�
manipuOation�oI�nanometric�structures�has�created�opportunities�in�the�deveOopment�oI�
new�products�and�materiaOs.�+owever��s\nthesis��handOinJ��storaJe��stabiOization�and�the�
incorporation�oI�these�materiaOs��with�nanometric�dimensions��demand�a�new�perspective�
oI�anaO\sis�and�evaOuation�oI�oOd�manuIacturinJ�processes��procedures�and�industriaO�de-
vices��in�order�to�Juarantee�coOOective�and�individuaO�protection�to�worNers�and�societ\.�
:ith�the�increasinJ�oI�scaOe�and�production�oI�nanoestrutuctured�materiaOs��a�biJ�part�oI�
Oabour�communit\�starts�to�be�in�contact�with�diIIerent�nanomateriaOs��Iorms�and�wa\s�.�
,n�this�worN�the�main�aspects�and�invoOved�risNs�oI�manuIacture��storaJe��s\nthesis��sta-
biOization�and�incorporation�oI�nanomateriaOs�on�new�products�are�evaOuated�in�order�to�
reduce��decrease�and�eOiminate�chemicaO��ph\sicaO�and�bioOoJicaO�risNs�Ior�the�empOo\ees.�
$�bibOioJraphic� review�was�conducted�about� risN�� saIet\�and�nanotechnoOoJ\�based�on�
avaiOabOe� (nJOish� Oiterature� IocusinJ� saIet\� and� environmentaO� aJencies� Irom� diIIerent�
countries�such�as�86$��&anada��(8��)rance��8.��*erman\��'enmarN���$ustraOia�and�-apan.
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Introduction

2ccupationaO�diseases�and�hazards�have�been�Nnown�since�

antiquit\.�7he�creation�oI�modern�to[icoOoJ\�started�with�the�

worN� oI� 3araceOsus� �3hiOippus� $ureoOus� 7heophrastus� %om-

bastus�von�+ohenheim��in�the�earO\���th�centur\��the�worN�oI�

0athieu�-osep�%onaventura�in�������and�the�worN�oI�the�,taOian�

ph\sician�%ernardini�5amazzini�in�his�booN�titOed�´$s�'oenoas�

dos�7rabaOhadores�²�'e�0orbis�$rtificum�'iatribaµ�pubOished�in�

����.�7hese�investiJations�served�as�the�Ioundation�Ior�under-

standinJ�the�reOationship�between�t\picaO�occupationaO�diseas-

es�and�Oabor�and�were�essentiaO�to�the�creation�oI�occupation-

aO�medicine� in� (nJOand� in� the� ��th century and occupational 

saIet\�enJineerinJ�earO\�in�the���th century���.�)iJure���shows�

an� iOOustration�demonstratinJ� the�underJround�worNinJ� risNs��

pubOished�at�the�booN�´'e�5e�0etaOOicaµ5.

7echnoOoJicaO� advancements� promoted� b\� the� discover\�

oI�new�materiaOs��chemicaOs��and�the�increased�deveOopment�

oI� materiaOs� with� ever� smaOOer� dimensions� have� posed� new�

chaOOenJes�to�the�manaJement�oI�occupationaO�heaOth�in�envi-

ronments�prone�to�occupationaO� OiabiOities� invoOvinJ�e[posure�

OeveOs�and�potentiaO�heaOth�risNs�to�worNers.

,n������������������inorJanic�and�orJanic�compounds�were�

cataOoJed�in�the�database�Irom�the�&hemicaO�$bstract�6ervice�

�&$6���which� is� a� division� oI� the�$merican� &hemicaO� 6ociet\�

�$&6���incOudinJ������������commerciaOO\�avaiOabOe�chemicaOs.�

,n�������this�number�increased�to�over������������reJistered�

compounds�and�substances��representinJ�an�increase�oI�aOmost�

�����in�a�period�oI�onO\���\ears.�7his�simpOe�comparison�iOOus-

trates� the� d\namics� and� compOe[it\� oI� saIet\� and� risN�man-

aJement�aspects�associated�with�the�occupationaO�e[posure�to�

chemicaO�substances�and�compounds�.

+owever�� the� ����� *uide� to� 2ccupationaO� ([posure� 9aO-

ues� compiOed� b\� the�$merican� &onIerence� oI� *overnmentaO�

,ndustriaO�+\Jienists��$&*,+��indicates�onO\�appro[imateO\�����

chemicaO�substances���and�onO\�����substances�have�been�Oist-

ed�in�the�%raziOian�5eJuOator\�1orm���15���.�7hus��in�the�pres-

ent� stud\��we�conducted�a� Oiterature� review�IocusinJ�on� the�

main� risNs� associated�with� nanomateriaOs.�:e� acquired� data�

avaiOabOe�in�(nJOish�Irom�heaOth�and�saIet\�aJencies�in�coun-

tries� incOudinJ� the� 86$� �8nited� 6tates� oI�$merica��� &anada��

$ustraOia��-apan��and�(uropean�countries.�)or�countries�such�

as�)rance��*erman\��'enmarN��and�(nJOand��speciaO�attention�

has�been�Jiven�to�pubOications�Irom�the�Oast��²��\ears.

Nanomaterials
7he� term� nanotechnoOoJ\�� coined� b\� the� -apanese� re-

searcher�1orio�7aniJuchi�in�������was�first�used�in�the�micro-

eOectronics�industr\.�&urrentO\��the�technicaO�scientific�defini-

tion�oI�the�term�incOudes�an\�materiaO�that�has�at�Oeast�one�oI�

its�dimensions�ranJinJ�Irom���nm�to�����nm�.�+owever��despite�

the�intense�normative�worN�achieved�in�the�Oast�decade��this�

definition�stiOO�has�cuOturaO�and�scientific�diverJences�that�stem�

Irom�historicaO�and�OeJaO�aspects.�,n�principOe��nanotechnoOoJ\�

is�based�not�onO\�on�the�reduction�oI�the�particOe�size�to�the�

nanometer�scaOe�but�aOso�on�the�appearance�oI�new�charac-

teristics� in� the�materiaO.� ,n� -apan��particOes�between����nm�

and�����nm�are�reJarded�as�uOtrathin��whereas�onO\�particOes�

����nm�are�considered�as�nanomateriaOs.� ,n�������the�$mer-

ican� $ct� Ior� 5esearch� and� 'eveOopment� in� 1anotechnoOoJ\�

defined�nanotechnoOoJ\�as�the�creation�oI�materiaOs��devices��

and� s\stems�at� the�atomic�and�moOecuOar� scaOe��.�$�detaiOed�

discussion�oI�the�definitions�oI�nanomateriaOs�used�worOdwide�

and�the�compOe[it\�oI�technoOoJicaO�evoOution�Ior�the�estab-

Oishment�oI�monitorinJ�procedures�and�identification�oI�OiabiO-

ities�can�be�Iound�in�the�booN�titOed�´1anotechnoOoJ\:�+eaOth�

and�(nvironmentaO�5isNµ��.

7echnoOoJicaO� advancements� at� the�nanoscaOe� OeveO� have�

created�man\�opportunities�in�distinct�science�and�technoOo-

J\�fieOds��incOudinJ�the�deveOopment�oI�noveO�druJs��deOiver\�

s\stems�Ior�medications�and�s\nthetic�ceOOuOar�tissues��medic-

inaO�therapies��and�miniaturization�oI�circuits�and�eOectrome-

chanicaO�devices��0(06/1(06��as�weOO�as�the�deveOopment�oI�

new�materiaOs�and�products�with� specific� Ieatures�and� Iunc-

tionaOities.�7hese�advancements�aOso�invoOve�the�deveOopment�

oI�sensors��new�cataO\tic�processes��paints�and�coatinJs��cos-

metics��and�new�sources�oI�enerJ\�production�and�storaJe�and�

have�thus�reached�the�boundaries�oI�the�interactions�between�

nanotechnoOoJicaO�devices�� OivinJ�orJanisms��and� inIormation�

s\stems��.

Figure 1.�,OOustration�Irom�the�booN�´'e�5e�0etaOOica�µ�one�oI�
the�first�treatises�on�mininJ�and�metaOOurJ\��pubOished�in�������
with�detaiOed�inIormation�on�the�risNs�oI�death�and�suIIocation�
and� on� the� heaOth� oI� worNers� in� underJround�mines�� where�
miners�wouOd�use�fire�obtained�throuJh�the�burninJ�oI�wood�
Ior�the�e[pOosion�oI�mineraO�shaIts�and�rocNs5.
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Risks of technology in the work environment: 
Complex processes and incomplete safety 
information

)rom� the� point� oI� view� oI� occupationaO� and� popuOation�

heaOth��a�number�oI�studies�have�indicated�that�more�compre-

hensive�and�precise�to[icoOoJicaO�inIormation�on�nanoparticu-

Oate�materiaOs�is�warranted�with�an�aim�oI�understandinJ�the�

compOe[�reOationship�between�nanoparticOes�and�OivinJ�orJan-

isms�����.�+umans�have�OonJ�Oived�with�nanoparticuOate�materi-

aOs�in�the�Iorm�oI�aerosoOs�Irom�naturaO�processes�such�as�fires�

or� voOcanic� eruptions.� +owever�� untiO� recentO\�� this� contact�

did� not� invoOve� s\nthetic� nanomateriaOs� oI� enhanced� purit\��

concentration��compOe[it\��or�IunctionaOization.�0oreover��this�

intensified� interaction� has� JreatO\� increased� the� compOe[it\�

oI�processes� invoOvinJ� the� s\nthesis��manipuOation��handOinJ��

storaJe�� stabiOization�� deveOopment�� and� use� oI� nanomateri-

aOs�and�has�warranted�the�adoption�oI�a�muOtidiscipOinar\�ap-

proach�when�addressinJ�risN��saIet\��and�environmentaO�issues�

at�the�nanoscaOe.

0uOtipOe�points�oI�views�can�be�considered�when�reÁect-

inJ�on�nanotechnoOoJ\�and�shouOd�cover�topics�such�as�risNs��

benefits��advantaJes�and�disadvantaJes��ethics��individuaO�and�

coOOective�Ireedom��pubOic�saIet\��strateJies�Ior�industriaO�and�

technoOoJicaO� deveOopment� at� the� nationaO� OeveO�� reJuOator\�

IrameworNs�� education�� patents�� and� pubOic� enJaJement� or�

pubOic�access�to�Iree�and�thorouJh�inIormation.�0oreover��sev-

eraO�questions�must�be� IormuOated��anaO\zed��and�evaOuated�

to�secure�saIe�conditions�Ior�worNers.�6ome�oI�these�concerns�

have�been�outOined�beOow��:

���,s�it�necessar\�to�use�a�certain�process�or�nanostructure�

when�deveOopinJ�new�products"

���$re�the�risNs�invoOved�in�the�handOinJ��s\nthesis��stabiOi-

zation��and�incorporation�oI�nanomateriaOs�Nnown"�&an�these�

risNs�be�controOOed�or�mitiJated"

���,s�there�technicaO�and�personneO�traininJ�to�ensure�the�

saIe� deveOopment� oI� activities� reOated� to� storaJe�� handOinJ��

s\nthesis��stabiOization��and�incorporation�oI�nanomateriaOs"

��� ,s� suIficient� and� hiJh�quaOit\� inIormation� avaiOabOe� to�

enabOe�erJonomic�anaO\sis�oI�activities�that�can�directO\�or�in-

directO\�e[pose�worNers�to�nanomateriaOs"

���+ave�procedures�been�updated��discussed��evaOuated��

impOemented��understood��and�practiced��and�are�there�ade-

quate�IaciOities�Ior�the�perIormance�oI�worN�invoOvinJ�handOinJ�

oI�nanomateriaOs"

���:hat�is�needed�to�be�Nnown�reJardinJ�the�interactions�

at� the�nano�and�moOecuOar� OeveOs� to� assess� the� to[icoOoJicaO�

eIIects�oI�nanomateriaOs�in�the�short�term��medium�term��and�

OonJ�term"

���+ow�shouOd�the�Jenerated�waste��isoOated�or� incorpo-

rated�nanomateriaOs��be�manaJed�and�what�is�the�best�wa\�to�

rec\cOe�or�discard�it"

���$re�the�measurement�metrics�Ior�e[posure�and�impact�

assessment� suitabOe� Ior�nanomateriaOs� that�have� OarJe�varia-

tions� in� their� specific� area�� Oow�densit\�� hiJh� reactivit\�� and�
surIace�properties"

���+ow�and�to�what�e[tent�can�we�cOassiI\�nanomateriaOs�
with� minor� diIIerences� in� their� chemicaO� composition�� mor-
phoOoJ\��and�cataO\tic�activit\��particuOarO\�with�reJard�to�their�
to[icoOoJicaO��environmentaO��and�bioOoJicaO�interactions"

����+ow�shouOd�a�hierarchicaO�occupationaO�saIet\�s\stem�
that� comprises� the� processes� oI� eOimination�� substitution��
modification��seJreJation��ventiOation��and�fiOtration�oI�mate-
riaOs�and�that� is�capabOe�oI�protectinJ�the�heaOth�oI�worNers�
be�deveOoped"

$s�nanotechnoOoJ\�advances��popuOations�have�more�con-
tact�with�nanotechnoOoJicaO� products.�7hus�� the�adoption�oI�
new�strateJies�reOated�to�occupationaO�saIet\�and�environmen-
taO�issues��particuOarO\�when�assessinJ�risNs�and�understandinJ�
processes�and�interactions�oI�nanomateriaOs�in�the�worNpOace��
is� essentiaO� Ior� the� deveOopment� oI� saIer� nanotechnoOoJ\� in�
the�worNpOace.

7he�first�reports�on�the�potentiaO�risNs�and�adverse�eIIects�
oI�the�interaction�oI�nanoparticOes�and�nanoparticuOate�mate-
riaOs�on�worNers·�heaOth��and�on� OivinJ�orJanisms� in�JeneraO��
appeared�in�the�earO\���st�centur\�����.�&urrentO\��the�probabOe�
routes�oI�contamination�and�maMor�mechanisms�oI�interaction�
between�humans�and�nanoparticOes�are�weOO�defined��however��
the� eIIects� oI� dose� and� e[posure� on� human� heaOth� warrant�
Iurther�investiJation.

$s�an�e[ampOe�oI�the�compOe[it\�oI�this�issue��we�can�con-
sider�the�reports�oI�carbon�nanomateriaOs�such�as�nanotubes�� 
described�in������b\�,Mima�and�carbon�nanofibers���described�
in�the�����s�b\�5adushNevich�and�/uN\anovich.�,n�this�respect��
studies�conducted�in������reported�the�bioOoJicaO�to[icit\�eI-
Iects�associated�with�the�metaOs�used�in�the�s\nthesis�oI�com-
merciaO�carbon�nanotubes��incOudinJ�a�time��and�dose�depen-
dent�increase�in�reactive�o[\Jen�species�and�a�decrease�in�the�
membrane�potentiaO�oI�mitochondria��.�+owever��onO\�in�������
in�%uOOetin�number�����the�1ationaO�,nstitute�Ior�2ccupationaO�
6aIet\�and�+eaOth��1,26+����pubOished�data�on�the�occupation-
aO�e[posure�to�nanotubes�and�nanofibers�and�Jave�cOear�rec-
ommendations� about� the�need� to� controO� e[posure��perIorm�
environmentaO� and�worN�reOated�assessments�� conduct�medi-
caO�surveiOOance��monitor�particOe�concentrations�in�the�worN-
pOace��and�Jive�recommendations�on�the�choice�oI�respirator\�
protection�equipment.

:ith�respect�to�Jraphene��an�aOOotropic�Iorm�oI�carbon�dis-
covered�in���������data�reJardinJ�its�to[icit\��ph\sicochemicaO�
interactions� with� bioOoJicaO� s\stems�� and� potentiaO� risNs� are�
even�scarcer.�1onetheOess��the�Oiterature�avaiOabOe�on�in vitro 
testinJ�reports�that�Jraphene�is�either�inert�or�to[ic�to�ceOOs��
dependinJ�on�the�number�oI�Jraphene�Oa\ers��perimeter��h\-
drophobicit\��surIace�IunctionaOities��and�the�dose�used.�0ore-
over�� the� h\drophobic� character� oI� the� surIace� oI� Jraphene�
ma\�Oead�to�interactions�with�Oipid�membranes��causinJ�to[ic-
it\�or�even�adsorption�oI�moOecuOes�on�membrane�surIaces��.

5ecent� studies� have� reviewed� the� bioOoJicaO� responses��
saIet\��and�potentiaO�biomedicaO�appOications�oI�Jraphene�����.�



http://w
w
w
.visaem

debate.incqs.fiocruz.br/

9iJiOkncia�6anitiria�em�'ebate�����������:�42�51

45

)iJure���shows�the�penetration�potentiaO�oI�a�sheet�oI�Jraphene�

�Iew�Oa\ers�Jraphene��in�a�ceOO�membrane.

7he� increased� use� oI� nanotechnoOoJicaO� products� in� dai-
O\� OiIe� and� in� the� worNpOace� underscores� the� importance� oI�
ethicaO�issues��pubOic�enJaJement��education��saIet\��and�en-
vironment�in�societ\.�:e�have�aOso�Iorecasted�an�increase�in�
the�number�oI�nanotechnoOoJ\�Mobs��which�shouOd�amount�to�
��miOOion�in�������and�an�e[pected�annuaO�Jrowth�oI�up�to�����
b\�������when�a�marNet�worth�oI�86���triOOion�is�e[pected��.

Routes of exposure and protective measures
0an\�studies���������have�reported�that�contamination�throuJh�

the�respirator\�tract�is�the�main�route�oI�entr\�oI�nanoparticOes�
in�the�bod\��aOthouJh�it�can�aOso�occur�throuJh�the�sNin��mucosae��
e\es��inJestion��or�inMection�oI�nanoparticOes.�)iJure���shows�the�
reOationship�between�variabOes�and�interactions�oI�nanoparticOes�
and�aspects�oI�risN�anaO\sis�invoOvinJ�such�materiaOs.

Prevention and protection
&onsiderinJ�the�potentiaO�risNs�oI�contamination�b\�nanopar-

ticOes��the�estabOishment�oI�JuideOines�and�recommendations�Ior�
Oabor�saIet\�is�required��aOthouJh�the�eIIectiveness�oI�these�prac-
tices�stiOO�demands�Iurther�investiJation.�%est�protection�practic-
es�are�Jiven�beOow�and�indicate�the�maMor�routes�oI�contamina-
tion�and�e[posure.

a��5espirator\�protection��inhaOation�:
:ith�reJard�to�the�routes�oI�e[posure�oI�worNers��it�is�es-

sentiaO�to�deveOop�manaJement�s\stems�Ior�occupationaO�heaOth�
that�Iocus�on�the�eOimination�or�minimization�oI�e[posure��the�
use� oI� cOeanrooms�� biosaIet\� cabinets� with� fiOtration� s\stems�
such�as�hiJh�eIficienc\�particuOate�air��+(3$��fiOters��as�weOO�as�
the�adoption�oI�respirator\�protection�proJrams�where�the�use�
oI�coOOective�and�personaO�protective�equipment�is�corresponds�
to�the�Oabor�activities�and�to�the�t\pes�oI�nanometric�materiaOs�

Table 1. 5ecommended�respirator\�protection�Irom�e[posure�to�carbon�nanofibers�and�nanotubes��.
&oncentration� oI� carbon� nanofibers�
and�nanotubes�at�the�worNpOace

0inimaO�respirator\�protection�devices

�����õJ0������[�5(/�����a� $n\�haOI�Iace�air�puriI\inJ�respirator�equipped�with�an�appropriate�fiOter�s\stem�Ior�particuOate�matter����b�
$n\�haOI�Iace�neJative�pressure�air�puriI\inJ�respirator�with�a�fiOter

�����õJ0������[�5(/� $n\�powered�air�puriI\inJ�respirator�s\stem�with�a�hood�or�heOmet�and�equipped�with�a�+(3$�t\pe�fiOter����c�
$n\�compressed�air�driven�continuous�Áow�s\stem�with�a�hood�or�heOmet

�����õJ0������[�5(/� $n\�IuOO�Iace�cOean�air�s\stem�equipped�with�fiOters�1������5������or�3��������c�
$n\�powered�air�puriI\inJ�respirator�s\stem�equipped�with�a�+(3$�t\pe�fiOter�and�tiJht�fittinJ�masNs

$n\�IuOO�Iace�neJative�pressure�air�puriI\inJ�s\stem
$n\�compressed�air�driven�continuous�Áow�s\stem�equipped�with�tiJht�fittinJ�haOI�Iace�masNs

$n\�IuOO�Iace�neJative�pressure�air�puriI\inJ�respirator�with�a�fiOter

���.����õJ0����.����[�5(/� $n\�IuOO�Iace�compressed�air�driven�respirator�s\stem.

1otes:
�a��5(/��5ecomended�([posure�/eveO�:�5ecommended�e[posure�Oimit.�7his�is�a�weiJhted�averaJe�Oimit�considerinJ�a�worN�period�oI����h�per�da\��and�
���h�per�weeN�.
�b��$n�appropriate�fiOter�means�an\�fiOter��t\pes�1��5��or�3��Irom�series����or������considerinJ�the�presence�oI�oiO�in�the�environment��which�precOudes�
the�use�oI�fiOters�oI�the�1�series.
�c��+(3$�is�simiOar�to�the�3��t\pe�fiOter��and�1���is�simiOar�to�the�3��t\pe�fiOter��reIer�to�$%17�1%5�norms������:�����and������:�����to�ensure�
compatibiOit\�between�fiOters�and�respirators�.
�d��)or�comparison��the�concentrations�oI�Jraphite�and�carbon�bOacN�in�the�worNpOace��based�on�1,26+�3ermissibOe�([posure�/imit��3(/���are�������
õJ0���and�������õJ0���respectiveO\.�7he�ma[imum�recommended�e[posure�Ior�aOO�t\pes�oI�carbon�nanotubes�is����uJ0�.�

Figure 2.�)ieOd�emission�scanninJ�eOectron�microscop\� in�sec-
ondar\� eOectron� imaJinJ� mode�� showinJ� the� interaction� oI� a�
Jraphene�microsheet� �arrow��with� the�membrane�oI�a�human�
OunJ�epitheOiaO�ceOO��hiJhOiJhtinJ�the�penetration�oI�the�edJe�oI�
the�Jraphene�sheet.�7he�ceOOs�were�post�fi[ed�in�a����aqueous�
osmium�tetro[ide�soOution��IoOOowed�b\�deh\dration�in�ethanoO��.
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used.�7hese�s\stems�wouOd�aOso�incOude�measurements�oI�par-

ticOe�concentration�and�education�and�staII�traininJ�activities.�

7abOe���presents�the�1,26+�recommendations�Ior�the�seOection�

oI�protection�equipment�Ior�worNers�who�are�e[posed�to�envi-

ronments�containinJ�carbon�nanotubes�and�nanofibers.

b��6Nin�protection:

7he�heaOth\�dermaO�Oa\er�oI�the�sNin�is�abOe�to�protect�aJainst�

the�entr\�oI�nanoparticOes.�+owever��in�a�Iew�instances��the�pres-

ence�oI�cracNs��cuts��sores��and�even�the�Jrowth�oI�hair�and�hair�

IoOOicOes�can�aOOow�the�penetration�oI�nanoparticOes.�8suaOO\��the�

use�oI�JOoves��vin\O��nitriOe��or�neoprene��and�the�use�oI�dispos-

abOe�Jarments�made�oI�hiJh�densit\�poO\eth\Oene�are�suIficient�to�

provide�adequate�protection�aJainst�nanoparticOe�contamination.�

)iJure���shows�the�resuOts�oI�a�series�oI�e[periments�empOo\inJ�

nanoparticOes�with�sizes�oI����������and������nm�and�indicates�

that�onO\����nm�particOes�were�abOe�to�penetrate�the�sNin�throuJh�

the�hair�IoOOicOe�and�reach�the�surroundinJ�tissue��.

c��,nJestion:

,nJestion�can�be�divided�into�at�Oeast���conditions:��i��acci-

dentaO�inJestion��resuOtinJ�Irom�poor�h\Jiene�or�Irom�contamina-

tion�oI�Iood��utensiOs��and�Oiquids�and��ii��the�intentionaO�intaNe�oI�

products�containinJ�nanoparticOes� �Iood��medicine�� therapeutic�

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

sures� Ior� contamination� controO� invoOve� proIessionaO� traininJ��

seJreJation��monitorinJ�oI�environments�that�contain�nanoparti-

cOes��and�monitorinJ�oI�nanoparticOes�in�products�that�come�into�

Figure 3.�5eOationship�between�interactions��variabOes��and�mechanisms�Ior�assessinJ�risNs�associated�with�nanoparticOes��.
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contact�with�Iood�and�water.�0oreover��environmentaO�issues�in-
voOvinJ�nanotechnoOoJ\�shouOd�be�addressed�in�a�broader�sense�
and�shouOd�incOude�anaO\sis�oI�the�OiIe�c\cOe�oI�products�and�the�
interactions�oI�nanoparticOes�with�the�environment.

d��(\e�3rotection:

7he�proper�use�oI�e\e�protection��incOudinJ�IuOO�Iace�masNs�or�
even�33(��3ersonaO�3rotective�(quipment��	�saIet\�s\stems�OiNe�
hoods�equipped�with�fiOtration�s\stems��shouOd�be�recommended�
aIter�an�assessment�oI�Oabor�saIet\.�,mportantO\��the�use�oI�saIet\�
JOasses�is�insuIficient�Ior�e\e�protection�aJainst�nanoparticOes�and�
the�use�oI�coOOective�protection��seJreJation�oI�operations��and�
the�use�oI�cOeanroom�s\stems�shouOd�be�evaOuated.

6ummar\�oI�the�anaO\sis�oI�the�rate�oI�penetration�usinJ�
Oaser�scanninJ�microscop\�and�imaJes�obtained�Irom�a�Áuores-
cence�microscope.

�a��b�:�deep�penetration�oI����nm�nanoparticOes�throuJh�a�
hair�IoOOicOe.�,n�addition��note�the�presence�oI�Áuorescence�in�
the�surroundinJ�tissues.

�c��d�:�no�evidence�oI�penetration�oI�����nm�nanoparticOes�
�e��I�:�no�evidence�oI�penetration�oI�������nm�nanoparticOes
e��3rotection�aJainst�fire�and�e[pOosion:
7he�risN�oI�fire�and�e[pOosion�Irom�manuaO� Oabor� is� inher-

ent�to�worN� invoOvinJ�hiJh�enerJ\�storaJe�materiaOs� �hiJh�sur-
Iace�area�materiaOs�.�,n�the�case�oI�nanomateriaOs��the�decrease�
in�particOe� size�considerabO\� increases� the� surIace� �and� totaO��
enerJ\�oI�the�particuOate�s\stem.�+owever��reOiabOe�data�on�the�
potentiaO� risN� Ior� each� t\pe�oI� nanomateriaO� are� stiOO� OacNinJ��
and�conventionaO�methods�Ior�measurinJ�particuOate�matter�dis-
persed�in�the�environment�are�prone�to�errors�����.�$ccordinJO\��

([posure��emission�potentiaO��
band�Ior�nanoparticOes

(3� (3� (3� (3�

+azard�%and +%� &/� &/� &/� &/�

+%� &/� &/� &/� &/�

+%� &/� &/� &/� &/�

+%� &/� &/� &/� CL5

+%� CL5 CL5 CL5 CL5

+%:�+azard�band�
(%:�([posure��emission�potentiaO��band�
&/:�&ontroO�OeveO.

Figure 5.�&ontroO�bandinJ�matri[�indicatinJ�the�association�be-
tween� hazard� OeveOs� and� potentiaO� e[posure� OeveOs� Jenerated�
durinJ� handOinJ� oI� nanoparticOes� oI� diIIerent� ph\sicaO� states.�
&ontroO�OeveOs�with�hiJher�indices�indicate�a�hiJher�potentiaO�risN�
oI�the�activit\/operation��where:�&/��!�&/��!�&/��!�&/��!�&/���.

Figure 4. )Ouorescence�detection�in�human�tissue�sampOes�b\�Oaser�scanninJ�microscop\�and�diJitaO�imaJe�processinJ��showinJ�the�
penetration�oI�diIIerent�sized�nanoparticOes�throuJh�hair�IoOOicOes:��a��b�:����nm���.���soOids���.���ù������particOes/m/��1� ������c��
d�:�����nm���.���soOids���.���ù������particOes/m/���and��e��I�:�������nm���.���soOids���.���ù�����particOes/m/���.
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some�procedures�and�parameters�shouOd�be�evaOuated�Ior�pre-

ventive�purposes��incOudinJ�the�IoOOowinJ:

��$voidinJ�the�aJJreJation�oI�nanomateriaOs�in�the�environ-

ment�b\�usinJ�fiOterinJ�and�e[haust�s\stems�

��8sinJ�anti�sparN�and�anti�static�s\stems�or�vacuum�pacN-

aJinJ�that�is�thermaOO\�stabOe�

��5educinJ�the�amount�oI�stored�materiaO�

��'ecreasinJ�the�temperature�and�pressure�oI�the�process-

es�Ior�the�s\nthesis�oI�nanomateriaOs�

��,nstaOOinJ�ph\sicaO�barriers��such�as�JOovebo[�fire�protec-

tion�s\stems��as�appropriate�to�each�situation�

��8sinJ�inert�Jases�such�as�arJon�or�nitroJen�when�handOinJ�

nanometaOs� to� prevent� o[idation� reactions.�2[\Jen� OeveOs� in�

the�environment�can�aOso�be�monitored�

��6tabiOizinJ�nanomateriaOs�containinJ�metaOs�or�semimet-

aOs�in�compatibOe�Oiquids�that�can�create�a�surIace�coatinJ�in�

order�to�protect�these�metaOs�aJainst�o[idation�and�combus-

tion� reactions� �b\�usinJ�protective� Oa\ers�oI� saOts��poO\mers��

oiOs��or�stabOe�emuOsions��

Table 2.�0aMor�protocoOs��standards��and�JuideOines�on�the�saIe�handOinJ�oI�nanomateriaOs�and�the�risNs�associated�with�nanoparticOes.

2rJanization�
�$cron\m�/&ountr\

1ame 3ubOication Year :ebsite

,5667��&anada� ,nstitut�de�recherche�5obert�
6auvp�en�santp�et�en�spcuritp�

du travail

+eaOth�(IIects�oI�1anoparticOes��second�
edition

���� www.irsst.qc.ca

,/2/218��6utoa� ,nternationaO�/abour�2Ifice (merJinJ�5isNs�and
new�patterns�oI�prevention

in�a�chanJinJ�worOd
oI�worN

���� www.iOo.orJ

1,26+��86$� 7he�1ationaO�,nstitute�Ior�
Occupational Safety and Health 

$pproaches�to�6aIe�1anotechnoOoJ\:�
0anaJinJ�the�heaOth�and�saIet\�concerns�
associated�with�enJineered�nanomateriaOs

)iOOinJ�the�NnowOedJe�Japs�Ior�saIe�
nanotechnoOoJ\�in�the�worNpOace
2ccupationaO�e[posure�to�carbon�

nanotubes�and�nanofibers

����
����
����

www.cdc.Jov/niosh

&ordis��(urope� &ommunit\�5esearch�and�
'eveOopment�,nIormation�

Service

6aIet\�aspects - www.cordis.europa.eu/
nanotechnoOoJ\

6:$��$ustraOia� 6aIe�:orN�$ustraOia (nJineered�nanomateriaOs:�investiJatinJ�
substitution�and�modification�options�to�

reduce�potentiaO�hazards

���� www.saIeworNaustraOia.Jov.au

,62��6witzerOand� ,nternationaO�2rJanization�Ior�
6tandardization

,62/75������:������1anotechnoOoJies���
nanomateriaO�risN�evaOuation�

,62/75������:�������1anotechnoOoJies�
��heaOth�and�saIet\�practices�in�
occupationaO�settinJs�reOevant�to�

nanotechnoOoJies.

�����and�
����

www.iso.orJ

+6(�	�6aIenano�
�8.�

+eaOth�and�6aIet\�([ecutive
Safenano

8sinJ�nanomateriaOs�at�worN
+eaOth�eIIects�oI�particOes�produced�Ior�

nanotechnoOoJies
:orNinJ�saIeO\�with�nanomateriaOs�in�

research�and�deveOopment

����
����
����

www.hse.J.�ov.uN
www.saIenano.orJ

%$u$��*erman\� *erman�)ederaO�,nstitute�Ior�
Occupational Safety and Health

*uidance�Ior�handOinJ�and�use�oI�
nanomateriaOs�at�the�worNpOace

���� www.baua.de

'78��'enmarN� 'anish�0inistr\�oI�(nvironment�
��(3$

1anocat:�a�conceptuaO�decision�support�
tooO�Ior�nanomateriaOs

���� www.mst.dN

$16(6��)rance� $Jence�1ationaOe�de�6ecuritp�
6anitirie�de�O·aOimentation

7o[itp�et�pcoto[itp�des�nanotubes�de�
carbone

���� www.anses.Ir

$,67��-apan� 1ationaO�,nstitute�oI�$dvanced�
,ndustriaO�6cience�and�

7echnoOoJ\

,nIormation�portaO�Ior�the�societaO�
impOications�oI��nanotechnoOoJ\

- unit.aist.Jo.Mp/nri/cie/nanotechB
societ\�

2(&'��)rance� 7he�2rJanization�Ior�(conomic�
&o�operation�and�'eveOopment

&urrent�'eveOopments:�activities�on�the�
saIet\�oI�manuIactured�nanomateriaOs

���� www.oecd.orJ

$%', %raziOian�$Jenc\�Ior�,ndustriaO�
'eveOopment

1anotecnoOoJias:�substdios�para�a�
probOemitica�dos�riscos�e�reJuOaomo

����. www.abdi.com.br
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��8sinJ�weOO�defined�e[cOusion�zones�havinJ�restricted�ac-

cess�Ior�storaJe�oI�nanomateriaOs�

�� ,nstaOOinJ� fire� protection� s\stems� usinJ� cooOinJ� aJents�

as�appropriate�to�the�chemicaO�nature�and�amount�oI�stored�

nanomateriaOs��and�removinJ�combustibOe�materiaOs.

8nderstandinJ�surIace�passivation�phenomena��Iormation�

oI� o[idized� Oa\ers� that� are� stabOe� and� impermeabOe�� is� im-

portant�Ior�decreasinJ�the�reactivit\�oI�nanometaOs.�+owever��

the�mechanisms� oI� iJnition� and� e[tent� oI� the� reactions� are�

not� aOwa\s� the� same� Ior� nanomateriaOs� and� their�micromet-

ric�counterparts.�7hus��individuaO�assessments�must�be�made�

with�reJard�to�the�minimum�iJnition�enerJ\��minimum�concen-

tration�oI�e[pOosion��ma[imum�pressure�oI�e[pOosion��and�the�

e[pOosion�inde[.

Evolution of safety procedures
,n�the�Oast���\ears��severaO�institutions�and�JovernmentaO�

and�non�JovernmentaO� orJanizations�have� created�protocoOs��

recommendations��and�saIet\�handOinJ�JuideOines��������������.�7a-

bOe���presents�the�main� institutions�and�their�JuideOines�and�

the�reports�that�are�avaiOabOe�Ior�consuOtation.

Risk analysis
$naO\sis�oI�the�risNs�invoOved�in�the�production��handOinJ��

storaJe��acquisition��use��and�disposaO�oI�nanomateriaOs�is�a�

compOe[�process� because�oI� the� Jap� in� the� inIormation� re-

JardinJ�the�Oimits�oI�e[posure�Ior�most�oI�the�new�nanoma-

teriaOs�deveOoped�����.�$t�this�point��adoption�oI�the�precau-

tionar\�principOe�is�necessar\�but�not�suIficient�to�Juarantee�

saIet\�Ior�the�worNers��popuOation��and�environment.�7he�use�

oI�risN�assessment�techniques��such�as�the�adoption�oI�controO�

bandinJ�methods��is�stiOO�incipient�in�case�oI�nanomateriaOs.�

,n�addition��these�techniques�are�oIten�considered�too�sim-

pOistic�in�hiJh�compOe[it\�situations��such�as�those�invoOvinJ�

nanomateriaOs��because�oI�their�quaOitative�nature.�1otabO\��

there�is�an�eIIort�Irom�severaO�institutions�such�as�$%',��%ra-

ziOian� ,ndustriaO� 'eveOopment� $Jenc\��� ,5667� �1ationaO� 5e-

search�and�6aIet\�,nstitute���,62��,nternationaO�2rJanization�

Ior� 6tandardization���$16(6� �)rench�$Jenc\� Ior� )ood�� (nvi-

ronmentaO�and�2ccupationaO�+eaOth�	�6aIet\���1,26+��1ation-

aO�,nstitute�Ior�2ccupationaO�6aIet\�and�+eaOth/86$���and�,/2�

�,nternationaO�/abour�2rJanization��to� investiJate�and�buiOd�

enhanced� and� specific� controO� bandinJ� modeOs�����.� 7hese�

modeOs�have�been�adapted�to�enhance�the�bandinJ�technique�

Ior�more� specific�and�compOe[� conditions� such�as� those� Ior�

nanomateriaOs.�)iJure��� shows�a�controO�bandinJ�matri[� Ior�

e[posure� to�nanomateriaOs� in� diIIerent�ph\sicaO� states� �soO-

id��particuOate��Oiquid��and�aerosoO�.�7he�scaOinJ�vaOue�oI�the�

controO�indicates�the�t\pe�oI�controO�that�shouOd�be�adopted�

Ior�each�oI�the�evaOuated�conditions.

Conclusions

:ith� reJard� to� the� saIe� handOinJ� oI� nanomateriaOs� and�

their�potentiaO�occupationaO�risNs��our�main�concOusions�are�as�

IoOOows:

��7erms�such�as�nanotechnoOoJ\��nanomateriaOs��nanopar-

ticOes��etc.�shouOd�not�be�JeneraOized��and� individuaO�assess-

ments�shouOd�be�made�in�each�case�

�� 7he� diIIerent� interactions� at� the� nanoscaOe� �chemicaO��

ph\sicaO��bioOoJicaO��environmentaO��etc.��shouOd�be�acNnowO-

edJed.

��7he�risNs�associated�with�nanomateriaOs�shouOd�be�com-

pOeteO\�comprehended�and�anaO\zed�

��7he�shape��morphoOoJ\��surIace�area��IunctionaOit\��sur-

Iace�enerJ\��and�surIace�t\pe�are�essentiaO�Ior�the�modifica-

tion�in�the�properties�oI�products�that�have�been�aOread\�de-

veOoped�or�are�under�deveOopment.�7hereIore��investiJations�

reOated�to�heaOth��saIet\��and�environment�shouOd�start�Irom�

the�premise�oI�the�discover\�oI�noveO�nanobioOoJicaO�and�ph\s-

icaO²chemicaO�interactions�Ior�these�materiaOs�

�� 1oveO� technoOoJies� require� the� adoption� oI� noveO� ap-

proaches� Ior� the�prevention��handOinJ��and�storaJe�oI�mate-

riaOs�as�weOO�as�the�estabOishment�oI�s\stems�and�metrics�Ior�

measurement��controO��and�individuaO�or�coOOective�protection�

��7he�e[posure�Oimits�Ior�nanomateriaOs�need�to�be�cOearO\�

defined��monitored��and�updated�accordinJ� to�new�deveOop-

ments�and�findinJs�

��/ow�e[posure�OeveOs�do�not�directO\�mean�a�Oow�risN�be-

cause�noveO�nanosubstances�ma\�have�diIIerent�properties�and�

eIIects��and�the�eIIects�oI�dose��e[posure��and�to[icit\�over�

time�or�the�risNs�associated�with�each�t\pe�oI�materiaO�remain�

to�be�IuOO\�eOucidated�

��,t�is�essentiaO�to�worN�in�Jroups�with�the�view�to�seeNinJ�

opinions� and� points� oI� view� that� are� diverse�� muOticuOturaO��

muOtidiscipOinar\��and�hierarchicaO.
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