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RESUMO

RODRIGUES, Ivandick Cruzelles. Da responsabilidade civil por danos decorrentes de
exposi¢do ocupacional aos nanomateriais: um estudo métodos integrativos no direito do
trabalho brasileiro. 2019. 414 fls. (Tese de Doutorado) — Faculdade de Direito, Universidade de
Sao Paulo, S&o Paulo, 2019.

A presente tese tem por escopo a promogéo do estudo de duas categorias de grande importancia
para os sistemas juridicos modernos, obrigados a regular relacdes cada vez mais complexas,
porém incapazes de acompanhar a velocidade das transformacdes e inovagdes tecnoldgicas: as
lacunas juridicas e 0os metodos de integragdo normativa. Objetivamente, pretendeu-se investigar
a hipotese de como o direito do trabalho brasileiro interagiria com o fendmeno denominado
nanotecnologia, conjunto de técnicas que deu a humanidade o poder de manipular a matéria na
sua forma mais intima: 4&tomos e moléculas. Para tanto, partiu-se da investigacdo desse
fendmeno, identificando seus conceitos e terminologias, bem como entendendo suas aplicages.
Ato continuo, considerando o carater revolucionario da nanotecnologia, passou-se a investigar
como e onde ela esta se desenvolvendo, além de identificar os interessados (stakeholders) nessa
evolucdo, estudando especialmente as acfes governamentais para implementacdo da IBN —
Iniciativa Brasileira de Nanotecnologia. Porém, partindo da casuistica de desastres ambientais
ocorridos num passado muito préximo, percebeu-se que 0s riscos tecnolégicos atrelados ao
desenvolvimento e a aplicacao indiscriminada da nanotecnologia podem causar danos em escala
global, colocando em xeque a salide e seguranca humanas e do meio ambiente, sendo este ultimo
considerado pela doutrina como uma Gestalt. Como equilibrar o anseio pelo progresso produtivo
e econdmico — e pelas maravilhas a serem criadas para consumo — e a necessaria cautela para
fincar bandeira numa zona cinzenta do conhecimento e evitar catastrofes em escala mundial?
Como minimizar os impactos negativos da nanotecnologia no meio ambiente e na salde da
fauna, da flora e das pessoas, em especial dos trabalhadores? O direito brasileiro admite alguma
abertura para incidéncia do soft law do direito internacional? Quais séo os cuidados, do ponto de
vista juridico, a serem adotados com o meio ambiente do trabalho? Como deve ser a
responsabilizacdo dos agentes pelos possiveis danos decorrentes da aplicacdo da nanotecnologia
no meio ambiente de trabalho? Essas sdo as questfes centrais - desdobradas em outras -
apontadas como problemas a serem investigados e potencialmente resolvidos por esta tese. Ndo
ha no ordenamento juridico brasileiro qualquer legislacdo de regéncia que regule as relacdes
juridicas impactadas pela nanotecnologia, 0 que configura uma lacuna no ordenamento. Atores
sociais, em ambito nacional e internacional, estdo se dedicando a identificar uma base regulatoria
comum que seja amplamente aceita e capaz de pautar os cuidados que devem envolver a
nanotecnologia no meio ambiente de trabalho, gerando um equilibrio entre a visdo tecnofilica e
a visao tecnofdbica. Neste sentido, a contribuicdo da presente tese ao debate se da em trés eixos:
(i) identificar os principios gerais de direito comumente aceitos pelos Organismos Internacionais
como influenciadores no desenvolvimento dos seus instrumentos de soft law aplicaveis ao
problema da exposicdo aos nanomateriais; (ii) verificar se, no caso especifico da exposicao
ocupacional e sua repercussédo no Direito do trabalho , por forca da previséo contida no caput do
art. 82, CLT, seria juridicamente possivel a aplicacdo desses instrumentos de soft law no direito
interno, para suprir a lacuna legislativa; e (iii) investigar, como solucéo alternativa a aplicacao
desses instrumentos de soft law, qual seria 0 melhor método integrativo existente no direito
interno para os casos concretos envolvendo a exposicdo do trabalhador a nanopoluicao laboro-
ambiental.

Palavras-chaves: Inovacdo; Nanotecnologia; Meio Ambiente do Trabalho; Exposicao
Ocupacional; Saude e Seguranca do Trabalho; Responsabilidade Civil do Empregador.



ABSTRACT

RODRIGUES, Ivandick Cruzelles. Civil liability for damages arising out of occupational
exposure to nanomaterials: a study on integration methods in the Brazilian labor law. 2019. 414
fls. (Thesis of Doctorate) - Faculty of Law, University of S&o Paulo, Sdo Paulo, 2019.

The purpose of this thesis is to promote the study of two mechanisms of great importance to
modern legal systems, which are obliged to regulate ever more complex relations, unable to keep
pace with technological changes and innovations: legal gaps and integration. Objectively, it was
intended to investigate the hypothesis of how Brazilian labor law would interact with the
phenomenon called nanotechnology, a set of techniques that gave mankind the power to
manipulate matter in its most intimate form: atoms and molecules. To do so, we started with the
investigation of this phenomenon, identifying its concepts and terminologies, as well as
understanding its applications. Considering the revolutionary nature of nanotechnology, we
investigated how and where it has been developed, as well as identified the stakeholders in this
evolution, especially studying the governmental actions for the implementation of IBN -
Brazilian Nanotechnology Initiative. However, starting from the series of environmental
disasters that occurred in the very near past, it was realized that the technological risks linked to
the development and the indiscriminate application of nanotechnology can cause damage
globally, jeopardizing human’s health and safety and also the environment, considered as a
Gestalt. How to balance the yearning for productive and economic progress - and for the wonders
to be created for consumption - and the necessary caution to lay a flag in a gray zone of
knowledge and avoid catastrophes on a world scale? How to minimize the negative impacts of
nanotechnology on the environment and on the health of fauna, flora, and people, especially
workers? Does Brazilian law admit any openness to the incidence of soft law in international
law? What is the legal care to be taken with the work environment? How should the agents be
held accountable for possible damages resulting from the application of nanotechnology in the
workplace? These are the central issues, to be unfolded in some others, pointed as problems to
be investigated and potentially solved by this thesis. There is no Brazilian legislation that governs
the juridical relationships impacted by nanotechnology, which constitutes a lack of law in the
legal system. Social actors, nationally and internationally, are working to identify a common
regulatory base that could be widely accepted and capable of guiding the care that should be
involved in nanotechnology at the workplace, generating a balance between the technophilic
vision and the technophobic vision. In this sense, the contribution of this thesis to the debate
takes place in three axes: (i) to identify the general principles of law commonly accepted by
International Organizations as influencers in the development of their soft law instruments,
applicable to the problem of exposure to nanomaterials; (ii) to verify whether, in the specific
case of occupational exposure and its repercussion in Labor Law, by virtue of the forecast
contained in the caput of art. 8th, CLT, it would be legally possible to apply these soft law
instruments in domestic law, to fill the legislative gap; and (iii) to investigate, as an alternative
solution to the application of these soft law instruments, what would be the best integrative
method in domestic law for concrete cases involving workers' occupational exposure to
nanopollution.

KEYWORDS: Nanotechnology; Work Environment; Occupational Exposure; Health and
safety; Employer's Liability.



RESUME

RODRIGUES, lvandick Cruzelles. La responsabilité civile pour les dommages résultant de
I'exposition professionnelle aux nanomatériaux: étude des méthodes d'intégration dans le droit
du travail brésilien. 2019. 414 fls. (Thése de doctorat) - Faculté de droit, Université de Sao
Paulo, Sao Paulo, 2019.

L’objet de notre recherche ¢’est est de promouvoir I'étude de deux mécanismes essentiels pour
les systéemes juridiques modernes lesquelles régulent des rapports de plus en plus complexes,
incapables de suivre le rythme des changements et des innovations technologiques : les lacunes
juridiques et I’intégration normative. Objectivement, il a été envisagé d'étudier I'hypothése selon
laquelle le droit du travail brésilien pourrait interagir avec le phénoméne appelé
nanotechnologie, ¢’est-a-dire un ensemble de techniques qui donnait a I'nhomme le pouvoir de
manipuler la matiere dans sa forme la plus intime: atomes et molécules. Pour ce faire, nous avons
commencé par étudier ce phénomene, en identifiant leurs concepts et sa terminologie, ainsi que
la compréhension de son application. Compte tenu de la nature révolutionnaire de la
nanotechnologie, nous avons étudié ensuite comment et ou elle a été développée, identifiant les
acteurs de cette évolution(stakeholders), en particulier en étudiant les actions gouvernementales
a faveur de la mise en ceuvre de I’IBN — Initiative Brésilien du Nanotechnologie. Néanmoins, a
partir de la série de catastrophes environnementales survenues tres récemment, il a été reconnu
que les risques technologiques liés au développement et a [’application aveugle de la
nanotechnologie peuvent causer des dommages a 1I’échelle mondiale, mettant en péril la santé et
la sécurité des personnes (Gestalt). Comment équilibrer I'aspiration au progrées productif et
économique - et la création des merveilles pour la consommation - et la prudence nécessaire
pour exploiter une zone grise du savoir et éviter des catastrophes a I'échelle mondiale? Comment
minimiser les impacts négatifs des nanotechnologies sur I'environnement et sur la santé de la
faune, de la flore et des hommes, en particulier des travailleurs? Le droit brésilien admet-il une
ouverture a l'incidence du soft law en droit international? Quel est le soin juridique a prendre
avec l'environnement de travail? Comment les agents devraient-ils étre tenus responsables des
éventuels dommages résultant de I'application de la nanotechnologie sur le lieu de travail? Tels
sont les problémes centraux a parcourir et potentiellement résolus par cette thése. Aucune loi
brésilienne ne régit les relations juridiques affectées par les nanotechnologies, ce qui constitue
un vide juridique dans le systéme. Les responsables, tantd6t au niveau national qu’a
I’international, s’efforcent d’identifier une base réglementaire commune qui pourrait étre
largement acceptée et capable de guider les soins dans la nanotechnologie sur le lieu de travail,
entrainant ainsi un équilibre entre une vision technophile et une vision technophobe. Par
consequent, cette thése se déroule sur trois axes: (i) identifier les principes généraux de droit
communément acceptés par les organisations internationales en tant qu’influenceurs dans le
développement de leurs instruments de loi non contraignants, applicables au probleme de
I’exposition aux nanomatériaux; (ii) vérifier si dans le cas particulier de l'exposition
professionnelle et de ses répercussions sur le droit du travail, en vertu de la prévision contenue
dans I’article 8¢me de la CLT, il serait juridiquement possible d'appliquer ces instruments de
soft law en droit interne pour combler ce vide législatif; et iii) étudier, en tant que solution de
remplacement a I'application de ces instruments de soft law, quelle serait la meilleure méthode
d'intégration en droit interne impliquant I'exposition professionnelle de travailleurs a des
nanopolutions.

Mots-clés: Nanotechnologie; Environnement du travail; Exposition professionnelle; Santé et
sécurité; Responsabilité des employeurs.
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INTRODUCAO

Inovacao.

Social, cientifica, tecnoldgica, civilizacional, produtiva, politica, econdmica,

fashion, humana. Pouco importa em que campo seja, estamos sempre inovando.

A espécie humana, diferenciada das demais pela inteligéncia e pela consciéncia
existencial, progrediu muito mais e em muito menos tempo do que qualquer outra espécie
que se tenha noticia. Ela compreendeu e dominou as forcas da natureza, utilizando-as em
seu beneficio. Ao invés de se adaptar ao ambiente, ela subjugou a natureza para que
atendesse aos seus designios.

No estado da arte das técnicas produtivas, chegamos num patamar até entdo sé
imaginado pela ficcdo cientifica (ou pela mitologia, se preferir): a manipulacdo direta de
moléculas e atomos, podendo literalmente ser utilizados como blocos de construcdo de
brinquedo. E, sem sombra de davidas, um dos maiores dominios que nossa espécie

conseguiu impor a natureza.

Trata-se da nanotecnologia, definida como o conjunto de técnicas que permitem
a manipulacdo da matéria em particulas cujos tamanhos variam entre 1° m e 100° m. S6
para ter ideia das grandezas envolvidas, bastaria comparar o volume de uma bola de futebol

ao volume da lua, por exemplo.

Da mesma forma que as dimensbes de tamanho assustam, as dimensfes
econbmicas que envolvem a nanotecnologia também parecem irreais. Em previsoes feitas
pela National Nanotechnology Initiative!, programa do Governo Americano para fomento
da nanotecnologia, a expectativa era de que o mercado global focado neste setor atingisse a
soma de US$ 3,7 trilhGes no ano de 2018.

1 Cf. item 2.2, nota de rodapé 101.
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Governos, universidades, pesquisadores, empresas, trabalhadores e
consumidores formardo a cadeia de stakeholders, isto é, de interessados neste mercado
trilionario e altamente inovador. Em termos de importancia, é praticamente consenso entre
os grandes paises do mundo e as diversas organizacdes internacionais, de que se trata de uma
grande revolucgdo tecnoldgica, impactando o0 mundo de uma forma ainda néo vista e pouco

Imaginada.

Os campos de aplicacdo sdo infindaveis?. S&o mais de 8.000 produtos ja
disponibilizados no mercado em mais de 60 paises, em setores como agricultura, automotivo,
construcdo civil, cosméticos, eletrdnicos, protecdo ambiental, alimenticio, medicina, usos

domésticos, téxtil, equipamentos esportivos, defesa militar e além.

O Brasil também tem o seu programa de nanotecnologia. Trata-se da Iniciativa
Brasileira de Nanotecnologia (IBN)?, uma rede de institutos de pesquisa, laboratorios,
universidades, centros de inovacdo, fundos de fomento e empresas envolvidos num
ecossistema de inovacdo e geracdo empreendedora para o desenvolvimento de tecnologias
que tragam vantagens economicas, ambientais e sociais de competitividade ao Brasil, tanto

no dmbito do mercado interno quanto global.

Ha também ampla comercializacdo de produtos fabricados com matéria em
nanoescala, ou utilizando algum tipo de processo nanotecnoldgico, especialmente para o uso
doméstico. Produtos como o Ecotextil®, impermeabilizante para tecidos desenvolvido e
comercializado pela EasyTech Shield® (https://www.easytechshield.com.br/loja/ecotextil-

500ml/), e que funciona como um filme impermeabilizante de nanoceramica (TiO2
nanoparticularizado) aplicado apenas com um borrifador, sem necessidade de qualquer
equipamento de protecdo individual, ja estdo no mercado brasileiro, sendo que trabalhadores

e consumidores estdo em contato com estas substancias, sobre as quais eles pouco sabem?®.

2 Cf. Tabelas 02 e 03, Figura 05 e Gréficos 01, 02, 03 e 05.
3 Cf. Item 2.2, nota de rodapé 95.

4 DISCLAIMER: Trata-se realmente de uma exemplificacdo aleatdria, sem qualquer conotagdo ou imputagdo
de responsabilidade a quem quer seja. Os nomes dos produtos e empresas sdo reais, todos eles localizados
através de pesquisa no Google.com. N&o foi pesquisado e nem se cogita a ideia de que os produtos e/ou
empresas ora mencionadas estiveram ou estdo envolvidos em algum caso de contaminacéo do meio ambiente
do trabalho. Qualquer semelhanga com eventual caso concreto que tenha acontecido, ou venha a acontecer,
nado passara de mera coincidéncia.


https://www.easytechshield.com.br/loja/ecotextil-500ml/
https://www.easytechshield.com.br/loja/ecotextil-500ml/
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Nestas horas, o conhecimento popular nos lembra que “quanto maior risco,
maior 0 ganho”, servindo de estopim para que o conhecimento cientifico seja instigado a se
questionar sobre os riscos desse mercado valioso. E, apesar do carater revolucionario, nao
h& como se olvidar de que todas as revolugdes tecnoldgicas vieram acompanhadas de efeitos
colaterais altamente complexos e danosos, sendo certo que é dever universal de preservagdo
da espécie e do planeta aprender com as experiéncias negativas do passado. Diversos
desastres ambientais e humanos ocorreram por conta da aplicacao de tecnologias ainda em

desenvolvimento, cujos riscos se apresentavam em maior quantidade do que os beneficios.

Num cenério social como este, considerando as premissas de que (i) ja temos da
presenca da nanotecnologia em uso no mercado brasileiro; (ii) o incremento do risco pela
tecnologia pode potencializar sobremaneira os efeitos colaterais da inovacdo; e (iii) a
percepcdo cientifica sobre a nanotecnologia j& possui resultados mais concretos sobre 0s
potenciais problemas, causa perplexidade o fato de que o ordenamento juridico péatrio ndo
possua qualquer legislacdo para a regéncia das relacdes juridicas envolvendo a

nanotecnologia.

Essa lacuna é o ponto de partida da presente pesquisa, ja que o Brasil entende
que a nanotecnologia é uma ferramenta fundamental para o desenvolvimento do pais,
integrando-a ao plano nacional de agdo em CT&I°. Todavia, sua capacidade de investimento
é pifia quando comparada com outros paises ao redor do mundo, 0 que gera Sérias
preocupacOes sobre a salde e seguranca do meio ambiente e de todos os brasileiros que,

direta ou indiretamente, acabaréo por suportar os problemas decorrentes de seu mau uso.

Quando pensamos no caso dos trabalhadores e na posi¢do que o Brasil ocupa no
ranking mundial de acidentes de trabalho®, néo fica dificil imaginar que, num curto espago
de tempo, surgirdo casos de doencas e acidentes profissionais possivelmente ligados por um

nexo de causalidade ou concausalidade & exposi¢do ocupacional aos nanomateriais.

5 Cf. Item 2.2, nota de rodapé 95.

8 ASSOCIACAO NACIONAL DE MEDICINA DO TRABALHO. Brasil é quarto lugar no ranking mundial
de acidentes de trabalho. Disponivel em <https://www.anamt.org.br/portal/2018/04/19/brasil-e-quarto-lugar-
no-ranking-mundial-de-acidentes-de-trabalho/>. Visitado em 08.mai.2019.



https://www.anamt.org.br/portal/2018/04/19/brasil-e-quarto-lugar-no-ranking-mundial-de-acidentes-de-trabalho/
https://www.anamt.org.br/portal/2018/04/19/brasil-e-quarto-lugar-no-ranking-mundial-de-acidentes-de-trabalho/

22

N&o obstante o dano que estes trabalhadores possam enfrentar contra sua sade
e higidez fisica, sem uma legislacdo de suporte, fica complicado definir quais seriam os
critérios para o estabelecimento desse nexo de causalidade e quais seriam as normas de saude
e seguranca do trabalho’ incidentes nas hipoteses de exposicdo ocupacional, aguda ou
cronica, o que pode causar injusticas graves para ambas as partes envolvidas numa eventual
lide.

Verificada a presenca da vedacao ao non liquet em nosso ordenamento juridico,
como consta do art. 4° da LINDB, o Juiz ndo podera se escusar de julgar uma acéo alegando
a existéncia de lacuna na lei. Ele sera obrigado a aplicar os métodos integrativos que
constarem da legislacdo de regéncia do caso concreto, a ser definida conforme a natureza

juridica da discusséo.

No caso do direito do trabalho, os métodos integrativos estdo estabelecidos no
art. 8°, CLT, podendo o Juiz, na auséncia de legislacdo especifica aplicavel ao caso concreto,
decidir “pela jurisprudéncia, por analogia, por equidade e outros principios e normas gerais
de direito, principalmente do direito do trabalho, e, ainda, de acordo com 0s usos e

costumes, o direito comparado”.

Diante desta lacuna, a presente tese, ap0s justificar a importancia e explicitar
quais os principios juridicos que melhor se coadunariam com as previsdes constitucionais e
que deveriam ser aplicados as relaces juridicas que envolvem nanotecnologia, tentara
apresentar duas solugdes juridicamente possiveis, valendo-se, em ambos os casos, dos

métodos integrativos autorizados pelo diploma celetista.

A primeira solucdo possivel foi construida com base no método
heterointegrativo do direito comparado. A aplicacdo deste método permitiu buscar no direito
estrangeiro e/ou internacional, em especial nas normas de soft law, as previsdes necessarias

para resolucdo de situagcBes mais concretas, tais como: métodos para identificacdo dos

" Gustavo Filipe Barbosa GARCIA conceitua este conjunto de normas como ““ramo interdisciplinar da ciéncia,
vinculado ao Direito do Trabalho, tendo por objeto a protecdo, a prevengdo e a recuperacdo da saude e a
seguranca do trabalhador.” (GARCIA, Gustavo Filipe Barbosa. Curso de direito do trabalho. 11.ed., Rio de
Janeiro: Forense, 2017, p. 1176).
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nanomateriais, medidas preventivas obrigatdrias, limites de exposicdo, EPIs e EPCs
aplicaveis, critérios para definicdo de responsabilidades etc.

A relevancia dessa solucdo se justifica pela ideia de que as normas de soft law,
produzidas pelos diversos organismos internacionais, sao a melhor e mais bem-acabada
expressdo da metodologia do direito comparado, vez que se trata de norma construida de
maneira democrética, com amplo debate internacional, com cuidado as proporcionalidades
e aos objetivos de preservacdo da vida, além de normalmente serem calcadas em evidéncias

cientificas bastante sélidas.

Logo, € possivel intuir que elas representam aquilo que é considerado o estado
da arte na nanotecnologia, sendo as mais aptas a orientar a um equilibrio social razoavel
entre os riscos e o0s beneficios desse desenvolvimento tecnoldgico. Considerando o0s
objetivos deste estudo e a especificidade da matéria (exposicdo ocupacional dos
trabalhadores aos nanomateriais), serdo estudadas as normas produzidas pela OMS e OCDE,

vez que, apesar de debater o tema, a OIT ainda ndo as produziu.

N&o obstante tais diplomas de soft law representarem o melhor padrdo normativo
que se poderia obter (considerado o fato de que se esta estruturando a norma a partir de
métodos integrativos), ha, aparentemente, uma certa resisténcia por parte do Poder Judiciario

em aplicar a metodologia do direito comparado em casos de lacunas no direito interno.

Para que, por conta desta aparente resisténcia, 0s estudos ora promovidos tenham
sidos em vdo e sejam relegados apenas ao plano teérico, uma segunda solucdo juridica sera
proposta, também construida com base em métodos integrativos. Desta vez, sera a analogia
a sustentar as razdes de decidir do Juiz, que podera buscar, segundo se apresenta, no direito
ambiental a legislacdo de regéncia que melhor se adequa aos principios a seguir propostos

para as relacdes juridicas que envolvem nanotecnologia.

Ao cabo, as conclusdes apresentadas reafirmardo a importancia dos métodos
integrativos para o bom funcionamento de um ordenamento juridico que se proponha
contemporaneo e que dé conta de acompanhar a velocidade da evolucdo tecnologica, nao
deixando que as relagdes acabem por atingir seus pontos extremos, totalmente tecnofilicas
ou totalmente tecnofébicas, sustentando um equilibrio social dindmico e trazendo bem-estar

social.



CONCLUSOES

As conclusdes ora apresentadas sdo compostas pela sintese dos principais pontos abordados
pela tese, 0s quais partem dos pressupostos apresentados, em especial trés deles: (i) o
potencial danoso da aplicacdo indiscriminada da nanotecnologia; (ii) a auséncia de legislacdo
de regéncia apara a matéria; e (iii) a importancia dos métodos normativos integrativos, 0s
quais promovem, dentro de uma visdo sistematica aberta do direito, seu império e
completude, mesmo quando incapaz de acompanhar a velocidade das transformacdes
sociais. Caso esses pressupostos sejam alterados, as conclusdes ora apresentadas também

poderdo ser alteradas.

Diante do todo exposto, conclui-se que:

1. A complexidade da existéncia humana faz surgir uma série infindavel de
necessidades a serem supridas, dada a necessidade de adaptar-se ao ambiente. Somente a
espécie humana evoluiu ao ponto de acumular conhecimento sobre seu meio ambiente e
utilizd-lo para subjugar a natureza aos seus designios.

2. A nanotecnologia d& a humanidade o dominio da técnica de manipulacao da
materia em escala atbmica, sendo que, segundo as definigdes da Quimica, matéria “é tudo
que possui massa € ocupa espago’ e corpo “é uma porg¢ao limitada de matéria que serve para
determinado fim”.

3. Em 29 de dezembro de 1959, o fisico Richard FEYNMAN profere celebrada
palestra na American Physical Society, apresentando ao mundo a concepgdo tedrica da
nanotecnologia, bem como prevendo o impacto revolucionario que tal tecnologia teria sobre
a producdo de produtos. Em 1974, o termo nanotecnologia foi cunhado pelo pesquisador
Norio TANIGUCHI para diferenciar a engenharia em escala micrométrica (10° m) das
escalas ainda menores, isto €, nanométrica (10° m).

4. No Brasil, segundo o sitio eletronico do Ministério da Ciéncia, Tecnologia,
Inovacbes e Telecomunicacbes (MCTIC), as esparsas acOes governamentais de
desenvolvimento da nanotecnologia foram recentemente concentradas na Iniciativa
Brasileira de Nanotecnologia (IBN), com o objetivo de promover a competitividade da
industria brasileira. A iniciativa ¢ assim descrita no relatorio “Estratégia nacional de ciéncia,

tecnologia e inovagdo 2016-2022”. Nas previsdes do MCTIC, a nanotecnologia ocupa
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posicdo de destaque, vez que é entendida como elemento-chave para o bom desenvolvimento
tecnoldgico e socioecondmico do pais.

5. Um nandmetro é igual a um bilionésimo do metro (10° m). Os
“nanoprodutos” podem ser de varios tipos: elaborados em tamanho nanométrico; elaborados
por agregacdo de nanomateriais; na forma de filmes; na forma de tubos; em fibras; em
estruturas etc. Todavia, nem consumidores, nem reguladores ou 0s concorrentes sabem
exatamente os tipos, as quantidades e as concentracdes desses nanomateriais. Nao se sabe
onde ou como estao presentes, quais as suas caracteristicas, seus potenciais efeitos etc.

6. Para que seja possivel desenvolver uma legislacdo que cumpra o papel de
incentivar o desenvolvimento da nanotecnologia, sem se descuidar da protecédo da sociedade
e meio ambiente, é necessario chegar-se a um consenso sobre a definicdo do que sdo 0s
nanomateriais e seus termos correlatos. A mais bem-sucedida das tentativas até o0 momento
foi realizada pela ISSO — ISO/TS 80004 (Nanotechnology — Vocabulary), norma de
padronizacdo focada na linguagem a ser aplicada para a nanotecnologia.

7. Sobre a nossa realidade, pela Fundacdo Jorge Duprat Figueiredo de
Seguranca e Medicina do Trabalho também foi desenvolvida uma visdo propria de
nanotecnologia, presente em sua Nota Técnica n. 01/2018/FUNDACENTRO: A
nanotecnologia permite a criacdo de materiais em escala nanométrica de aproximadamente
1 a 100 nanémetros, sendo que 1 nanémetro equivale a 1 bilionésimo do metro. Particulas
nesta escala apresentam propriedades quimicas, fisicas e atividade bioldgica diferentes de
materiais em escalas superiores; por exemplo, os pontos de ebulicdo, cor, dureza, reatividade
quimica, toxicidade dos materiais mudam quando estdo em nanoescala (NIOSH, 2008;
FUNDACENTRO, 2008). Conceitos bastante semelhantes sdo adotados pelo MCTIC e pela
ABDI, servindo, entdo, para seu uso juridico.

8. A revolucdo trazida pela nanotecnologia é baseada nas mudancas das
propriedades fisicas e quimicas sofridas pela matéria. Em escala nanométrica, determinados
materiais podem se tornar mais resistentes, mais flexiveis, mais duraveis, refletir melhor a
luz, conduzir melhor a eletricidade, serem mais reativos ou qualquer outra caracteristica
afim.

9. Em termos de aplicacOes, sdo encontrados, exemplificativamente, produtos
relacionados aos setores de construgdo civil (novos materiais, vidros, tintas, filmes de
cobertura, aditivos para concreto etc.), pigmentacdo, energia (geracdo, distribuigéo,
armazenamento etc.), recuperacdo ambiental (tratamento de agua, filtros, tratamento de

vazamento de petroleo, tratamento de residuos etc.), alimentos (embalagem,
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armazenamento, processamento etc.), transformacdo industrial (plasticos, materiais
magnéticos, maquinarios etc.), tecnologia da informacdo (filmes isolantes, placas de
circuitos, chips, displays etc.), medicina (restauracdo dental, auxiliares para diagnosticos,
aplicacdes terapéuticas medicamentosas etc.), téxtil (protetores e filmes para tecido etc.),
automotivo (colas adesivas, tintas, partes esparsas, beneficiamento de aco, filmes protetores,
ceras etc.), dentre outros, ja existindo registros de informagdes sobre mais de 8.000 produtos,
desenvolvidos por mais de 1950 empresas, distribuidas em mais de 55 paises ao redor do
mundo.

10. Na sociedade p6s-moderna, a definicdo de risco esta atracada, atualmente,
nos dominios da antropologia social e da sociologia, as quais entendem que 0S riscos sao
definidos e selecionados culturalmente.

11. No campo da sociologia, a analise sobre as teorias de Ulrich BECK , para 0s
fins desta tese, se justifica ante o fato de que se trata de autor que trabalha, como elemento
central de seus estudos, o conceito de risco e o papel que o chamado conhecimento cientifico
representa na sociedade pos-industrial, sendo que o recorte epistemoldgico a ser aqui
aplicado analisa apenas trés pontos especificos: (i) a ldgica existente entre producdo de
riquezas e producdo de riscos; (ii) a manipulacdo do discurso cientifico por forca do poder
econdmico; e (iii) a conceituacdo do risco social como fruto de um processo cultural.

12. Como dito acima, o conceito de risco na sociedade p6s-industrial retrata uma
construcdo cultural e esta atrelado ao tipo de efeito colateral tecnoldgico gerado a partir do
processo de producdo de riquezas, sendo este o marco referencial que delimita a passagem
da sociedade industrial para a sociedade pds-industrial.

13. Na sociedade industrial, os riscos tecnolégicos, oriundos do progresso das
técnicas e dos meios de producdo, eram visiveis (ou, pelo menos, detectaveis) e
quantificaveis, além de possuirem efeitos previsiveis. Contudo, a sociedade pds-industrial
rompe com essa caracteristica, vez que o avanco cientifico tem criado riscos invisiveis,
imperceptiveis a sensibilidade humana, além de serem quase imprevisiveis e apresentarem
consequéncias devastadoras.

14. Para BECK, essa mudanca de paradigma € a génese da sociedade de risco,
pois a absor¢do da natureza primitiva pela industria humana, devolvida sob a forma de
natureza industrializada, é a principal fonte desses riscos invisiveis.

15. A citada modernizacéo verifica-se pela implicagcdo da logica de producgéo de
riquezas e da légica de producéo de riscos: enquanto na sociedade industrial a producéo de

riquezas controla a producéo de riscos, na sociedade de risco é a producao de riscos que
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domina a produgdo de riquezas. Como corolario dessa logica: se a producao de riscos nao é
mais dominada, mas sim dominante, seus efeitos ja ndo sdo mais limitaveis, seja social,
geografica ou economicamente.

16. Considerando este cenario social, torna-se um problema relevante o potencial
impacto da integracdo da nanotecnologia aos meios de producado industrial, em especial, para
esta tese, ao que diz respeito a salde e seguranca dos trabalhadores, que passaréo a ficar
expostos aos nanomateriais.

17. No mundo empresarial, as estratégias baseadas em inovacdo passaram a
ocupar uma posicao de destaque nessa corrida pela lideranga de mercados, sendo que a busca
ferrenha pela inovacao serve de motor para impulsionar a evolucao tecnolégica e garantir a
sobrevivéncia do capitalismo.

18. Dada o potencial de risco das novas tecnologias, a importancia da existéncia
de uma regulacdo que trate da inovacgdo, bem como a atuacdo do Estado ao longo de todo o
percurso de desenvolvimento, ora fiscalizando ora participando, mostra-se de extrema
relevancia, vez que traz mais seguranca (especialmente juridica e financeira) aos
investidores e desenvolvedores. Principalmente nos casos onde ha muito risco envolvido,
sem a atuagdo do Estado, nada seria possivel.

19. No Brasil, o papel do Estado como agente de inovacao é definido pela propria
Constituicdo Federal que, em seu art. 218, capitula a promogdo e incentivo do
desenvolvimento cientifico, da pesquisa, da capacitacdo cientifica e tecnoldgica e da
inovacdo, visando sempre o bem publico e voltada a solugdo dos problemas brasileiros e
para o desenvolvimento do sistema produtivo nacional e regional.

20. O Decreto n. 9.283, de 7 de fevereiro de 2018, que busca estabelecer medidas
de incentivo a inovacédo e a pesquisa cientifica e tecnolégica no ambiente produtivo, com
vistas a capacitacdo, ao alcance da autonomia tecnoldgica e ao desenvolvimento do sistema
produtivo nacional e regional (regulamentador da Lei n. 10.973/2004), estabeleceu o
conceito juridico de ambientes promotores de inovacao.

21. Conforme estratégia de desenvolvimento definida pelo MCTIC, a
nanotecnologia se encontra inserida dentre as Tecnologias Convergentes e Habilitadoras,
entendidas como aquelas tecnologias que tém capacidade de “(...) causarem mudancgas
tecnoldgicas radicais que transformam a humanidade e sua cultura, bem como tem o
potencial e a tendéncia de gerar um ciclo acelerado de desenvolvimento e criar tecnologias

derivadas aplicadas virtualmente a todos os campos de conhecimento, beneficiando o
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aumento do desempenho humano, seus processos e produtos, qualidade de vida e justica
social”.

22. Ainda segundo a estratégia montada pelo Governo brasileiro: “A forma para
se alcancar estes objetivos € aliar o conhecimento gerado na academia — que, desde a sua
concepcao, tenha buscado como meta a solucdo de problemas em processos, produtos e
servigos cientificos, tecnoldgicos e inovadores - com a capacidade gerencial e
transformadora da economia do setor industrial, tendo como base a demanda mercadolégica
e social. Portanto, a estratégia basica deste Plano € a promocdo da integracdo entre a
academia e a industria”.

23. Em que pese o flerte que a Otica de mercado faz com o conhecimento
cientifico, aplicado ou aplicavel, bem como a existéncia de comandos constitucionais e
legais os quais impGem um papel empreendedor ao Estado, fato é que as grandes falhas
tecnoldgicas, ocorridas em episddios bem mais frequentes do que se gostaria, conduziram
nossa sociedade ao quadro evolutivo compativel com o denominado de sociedade de risco,
como descrito anteriormente.

24. Na pds-modernidade, esse risco ja ndo € tangivel ao conhecimento cientifico
vigente, se destacando por trés caracteristicas essenciais: invisibilidade, globalidade e
transtemporalidade. Para demonstrar como essas trés caracteristicas se aplicam a tese em
debate, € possivel realizar o exercicio de subsuncdo destas a nanotecnologia,
compreendendo-se que: (i) a nanotecnologia lida com particulas imperceptiveis aos sentidos
humanos; (ii) seus potenciais danosos sao relativamente desconhecidos, ja que a fisica, a
quimica e a biologia em escala nano ndo se comportam do mesmo jeito que nas escalas
maiores, o que torna ineficaz os métodos atuais de monitoramento e elevam os riscos a escala
global; e (iii) ndo conhecemos os limites de exposicdo e as taxas de concentracdo e/ou
toxicidade das nanoparticulas, pouco sabemos sobre bioacumulagdo ou sobre qualquer outra
informacdo relacionada ao tempo de exposicéao a essas particulas. O fato de os nanomateriais
possuirem também grande area de superficie também é relevante, em razéo de aumentar a
reatividade dos materiais.

25. Sobre a questdo ambiental, a histdria ja nos apresentou casos suficientemente
tragicos aptos a comprovar o chamado efeito bumerangue e 0s riscos invisiveis pos-
modernos, em que 0 meio ambiente natural e do trabalho representaram o primeiro front de
exposicao aos riscos tecnologicos.

26. Sobre a salde humana, a nanotoxicologia vem se encarregando de buscar

entender os efeitos da toxicidade dessa nova particularizacdo das substancias, além de
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garantir novas linhas de pesquisas para patologistas e epidemiologistas, no que diz respeito
as novas doencas e suas formas de propagacéo, tudo relacionado a nanotecnologia.

217. Temos aqui presente um paradoxo: De um lado, a inovacdo tecnoldgica nos
traz progresso, diversas melhorias para a qualidade de vida e conforto; mas, por outro lado,
0s riscos agregados estdo potencialmente nos levando a extingao.

28. Para se atingir uma efetividade do Direito em face as novas tecnologias, é
necessario que a linguagem juridica e a linguagem tecnoldgica consigam dialogar,
permitindo ao operador do direito certo grau de conhecimento sobre 0s riscos tecnolégicos,
bem como ao cientista certo grau de conhecimento sobre as categorias juridicas, sendo que
somente esta condigcdo permitira a existéncia de um processo consciente para tomadas de
decisdes.

29. A adocdo da nanotecnologia como instrumento de producdo, em funcdo do
pouco conhecimento que ainda se tem, demanda a criagdo de uma regulamentacéo rigida o
suficiente para garantir a utilizacdo responsavel dessa tecnologia ainda experimental (visdo
tecnofilica), porém sem que isso represente um entrave real para o seu desenvolvimento
(visdo tecnofobica).

30. No contexto brasileiro, recentemente, alguns poucos estudiosos vém
publicando artigos, dissertacdes, teses e livros que denunciam a escassez de debates sobre a
pauta alusiva ao desenvolvimento de pesquisas na &area de nanotoxicologia o que,
consequentemente, demonstra o abismo existente entre o corpo técnico conhecedor dos
riscos tecnoldgicos envolvendo os nanomateriais e os legisladores. Merece destaque a critica
formulada por Homero Batista Mateus da SILVA, ao apontar que a legislacdo brasileira, ha
muito tempo, ndo promove uma revisdo de suas normas de salde e seguranca do trabalho,
bem como ndo se encontra preparada para 0s impactos da nanotecnologia sobre a salde
ocupacional.

31. Em razdo dessa lacuna, e considerando que diversas empresas, ICTs,
universidades, pesquisadores e demais atores sociais tém interesses legitimos, cuja tutela
juridica se faz indispensavel, a contribui¢do da presente tese ao debate se d& em trés eixos:
(i) identificar, no Direito Internacional Publico e no Direito brasileiro, os principios gerais
de direito comumente aceitos como influenciadores no desenvolvimento dos seus
instrumentos regulatdrios; (ii) verificar se, no caso especifico da exposi¢cdo ocupacional e
sua repercussdo no Direito do Trabalho, por forca da previséo contida no caput do art. 8°,
CLT, seria juridicamente possivel a aplicagdo dos instrumentos de soft law desenvolvidos

por Organismos Internacionais no direito interno, para suprir a lacuna legislativa; e (iii)
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investigar, na eventual conclusdo de impossibilidade de aplicacdo desses instrumentos de
soft law, qual seria a solugéo existente no direito interno para os casos concretos envolvendo
a exposicdo do trabalhador a nanopolui¢éo laboro-ambiental.

32. Apesar da recente introducdo do conceito de risco tecnoldgico no
ordenamento juridico, fato é que tanto a Lei n. 10.973/2004 quanto o Decreto n. 9.283/2018
ndo trazem qualquer definicdo especifica sobre o desenvolvimento e aplicacdo da
nanotecnologia, e muito menos sobre a responsabilidade civil imputada aos casos de danos
decorrentes da concretizacdo desses riscos tecnologicos surgidos de suas aplicagdes, 0 que,
por si s@, j& demandaria algum tipo de regulamentacéo propria sobre o tema.

33. Considerando que o Juiz ndo pode se eximir de julgar o caso concreto
alegando lacuna na lei, e que existe uma probabilidade real de que lides surgidas a partir de
exposicdo aos nanomateriais podem vir a ser apresentadas perante o Poder Judiciario, por
determinag@o do art. 4° da LINDB, “o0 caso de acordo com a analogia, 0s costumes e 0s
principios gerais de direito”. As lides trabalhistas, com base na regra prevista no art. 8°,
caput, CLT, nas situagdes de lacuna legal, serdo resolvidas “pela jurisprudéncia, por
analogia, por equidade e outros principios e normas gerais de direito, principalmente do
direito do trabalho, e, ainda, de acordo com 0s usos e costumes, o direito comparado, mas
sempre de maneira que nenhum interesse de classe ou particular prevaleca sobre o interesse
publico”.

34. Ante a potencial ocorréncia de exposicdo laboro-ambiental aos
nanomateriais, adota-se como ponto de partida hermenéutico os direitos fundamentais
previstos no art. 7°, caput e XXII; art. 200, VIII; e art. 225, todos da Constituicdo Federal de
1988. Segundo estes dispositivos constitucionais, os trabalhadores tém direito, além de
outros que venham melhorar suas condicGes de trabalho, a reducéo dos riscos inerentes ao
trabalho, por meio de normas de SST, bem como fazem jus a um meio ambiente do trabalho
protegido e equilibrado, preservando-se sua qualidade de vida. A regulamentacdo desses
direitos fundamentais se realizara através de normas juridicas, as quais a mais balizada
doutrina costuma distinguir entre regras e principios.

35. Os principios sdo categoria relevantes, do ponto de vista sistémico, exercendo
funcbes fundamentais dentro dos sistemas juridicos, vez que representam a génese para a
atividade legislativa e o status quo a que se pretende chegar, fornecendo solugdes de caréater
generalistas e atuando na lacuna, integracdo e interpretagdo do ordenamento. Para a regéncia
das relagBes juridicas relacionadas & nanotecnologia, foram indicados cinco principios:

Prevencao, Precaucdo, Informacao, Design Seguro e Poluidor-Pagador.
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36. Oriundo da Declaragdo da Rio 92, lavrada na Conferéncia das Nagdes Unidas
sobre meio ambiente e desenvolvimento, o principio da prevengado se associa muito bem os
riscos perante os quais 0 conhecimento cientifico ja& funciona como uma das barreiras
protetoras contra o0 dano, podendo prever as relacfes de causa e consequéncia. O principio
da prevengdo estd diretamente conectado com o direito a vida, no sentido de que,
considerando a irreversibilidade e irreparabilidade dos danos ambientais, a prevencao é
medida impositiva, sob pena de tornar o direito absolutamente ineficaz. O art. 225 da
Constituicao estabelece que € dever do Poder Publico e da coletividade a preservacdo do
meio ambiente para as geracGes futuras, estabelecendo uma série de estratégias para tal. Do
ponto de vista da I6gica debntica, o principio estabelece um contetdo axioldgico proibitivo
para geracdo de poluicdo, e um conteudo axiolégico obrigatério para adocdo da
responsabilidade civil objetiva como consequéncia da ocorréncia da poluicdo. O principio
da prevencdo diz a humanidade para monitorar e controlar as fontes emissoras de poluicéo,
refreando qualquer processo antes de que se perca o controle. Sem a adogédo das medidas no
tempo correto, impossivel sera a realizacdo de uma prevencéo eficaz

37. O principio da precaucao, por sua vez, € mais afeto aos riscos caracterizados
pela invisibilidade, globalidade e transtemporalidade. Também oriundo da Declaragdo do
Rio, ele é aplicavel aos casos em que a incerteza cientifica sobre determinado
empreendimento traga ameaca de danos serios ou irreversiveis ao meio ambiente, 0 que
inclui o meio ambiente do trabalho. O principio apresenta um contetdo axiol6gico proibitivo
no que diz respeito ao comportamento inconsequente, face a existéncia de riscos dotados de
grande incerteza potencialmente danosos, e um conteldo axiol6gico obrigatério para a
adocdo de medidas preventivas e impeditivas de concretizagao dos riscos.

38. A nanotecnologia é dotada de varias possibilidades de insucesso diretamente
conectadas ao conhecimento insuficiente de suas propriedades, situacdo que se encaixa
perfeitamente no conceito de risco tecnoldgico. Portanto, € exatamente para hipoteses como
esta que o principio da precaucdo se mostra pertinente, pois devera ser aplicado para proteger
a sociedade e o meio ambiente, inclusive o do trabalho, contra as incertezas da
nanotecnologia, mediante avaliacdo e ponderacdo dos riscos.

39. O principio da informacéo surge também na Declaracdo do Rio de Janeiro de
1992, trazendo em si um conteudo axiologico obrigatdrio ao Estados de prestar informacoes
a populacdo. Esta é a melhor maneira de tratar questdes ambientais e assegurar a
participacdo, no nivel apropriado, de todos os cidad&os interessados. No nivel nacional, cada

individuo deve ter acesso adequado a informacdes relativas ao meio ambiente de que
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disponham as autoridades publicas, inclusive informacGes sobre materiais e atividades
perigosas em suas comunidades, bem como a oportunidade de participar de processos de
tomada de decisdes, especialmente quando ha envolvimento da nanotecnologia, como afirma
a Organizacdo Internacional do Trabalho: “A fim de garantir uma seguranca quimica, €
importante estabelecer um sistema nacional de avaliacdo e de classifica¢cdo dos produtos
quimicos e fazer com que as informacgdes dos fabricantes e dos importadores sejam
adequadamente comunicadas aos utilizadores no seu local de trabalho, através de uma
rotulagem adequada e de fichas de informac6es de seguranca. Para melhorar a prevencéo
no local de trabalho, tais informagdes deverdo incidir sobre os perigos e as precaucdes de
seguranca (nomeadamente as medidas de controlo de emergéncia) e também sobre as
prescricbes legais estabelecidas a nivel nacional. Os trabalhadores deverdo ser
correctamente informados e formados sobre os perigos potenciais, deverdo ainda ser
implementados meios de prevencgdo técnica para imitar a exposi¢do. Sempre que se revelar
necessario, deve ser fornecido e utilizado um equipamento de protec¢éo individual, embora
essa seja geralmente considerada uma solucéo de ultimo recurso, apds terem sido tomadas
as restantes precaucdes. E conveniente instaurar uma gestéo eficaz dos produtos quimicos
para evitar os seus efeitos nocivos. Cada produto quimico terd4 de ser correctamente
identificado antes de ser comercializado. Deve ser efectuada uma avaliagdo profunda das
eventuais propriedades perigosas e devem ser aperfeicoados métodos de manipulacéo nao
perigosos que evitem a exposicdo, ou que, pelo menos, reduzam 0s riscos ao minimo”.

40. A inclusdo desse principio no ambito do direito do trabalho se da por forca
do art. 7°, XXII, CF, pelo qual é direito dos trabalhadores, além de outros que melhorem sua
condicdo social, a reducao dos riscos inerentes ao trabalho, por meio de normas de salde,
higiene e seguranca; e sua importancia reside no fato de que, sem possuir informacdes sobre
as substancias as quais se estdo expostas e sobre como proceder para cuidar de sua saude, as
pessoas entrardo em estado de alienacdo sobre 0s riscos ocupacionais e de consumo,
condicdo agravante para que se tornem vitimas potenciais de danos a sua higidez fisica e/ou
ambientais.

41. A preservacdo do meio ambiente e o desenvolvimento socioeconémico séo
desafios intimamente conectados, cujas estratégias devem ser desenvolvidas em conjunto,
garantindo-se a sustentabilidade de ambos, ndo sendo facil ponderar os riscos e beneficios
da inovacdo tecnoldgica sem uma estrutura robusta de tomada de decisdes, voltada para o
entendimento proativo e 0 gerenciamento de perigos, exposi¢cOes e riscos potenciais

resultantes para a seguranca, saude, bem-estar e produtividade, por meio da aplicacdo de
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uma abordagem baseada em ciéncia e préatica, com a finalidade de construir e sustentar
liderancas, culturas, e sistemas normativos que sejam relevantes e confiaveis. Portanto, vital
sera a abordagem via gerenciamento de risco, mas que apenas podera existir e ser
desenvolvida de forma frutifera se as caracteristicas dos nanomateriais que influenciam na
liberagdo, exposigdo, destino, cinética, perigo e/ou bioacumulacéo de substancias forem
identificadas, com disponibilizacdo de muita informacgéo sobre tais mecanismos.

42. Por conta disto, é contido no principio do design seguro um conteudo
axiologico obrigatorio de zelo pelo desenvolvimento sustentavel a priori, tal como proposto
pela OCDE: “Em vez de realizar testes de seguranca apos o desenvolvimento e a producéo
de um produto ou servico habilitado para nanotecnologia, é preferivel desenvolver
aplicagoes de MN [nanomateriais] que sejam ‘mais seguros pelo design’. Para permitir
isso, recomendacdes e estratégias de testes alternativos podem comecar a ser compiladas,
que podem ser usadas pela indUstria para desenvolver produtos nano-habilitados seguros
(ou pelo menos mais seguros). Alguns materiais podem ser descartados ou priorizados, com
base nos resultados de testes alternativos. Os produtores podem comecgar a incorporar o
feedback da tomada de decisdes no design do material e devem adotar uma perspectiva de
ciclo de vida, incorporando o conhecimento atual de como os MNs se comportam em varias
matrizes”.

43. E digno de nota que o Governo brasileiro (MCTIC) também incluiu o
principio do design seguro no Plano de Acéao para o mercado de nanotecnologia. No Direito
interno, a aplicacdo do principio do design seguro teria por objetivo o cumprimento de duas
determinacges constitucionais, quais sejam, as previsoes do art. 225, IV (exigir, na forma da
lei, para instalacio de obra ou atividade potencialmente causadora de significativa
degradacdo do meio ambiente, estudo prévio de impacto ambiental, a que se dara
publicidade) e V (controlar a producdo, a comercializa¢do e 0 emprego de técnicas, métodos
e substancias que comportem risco para a vida, a qualidade de vida e 0 meio ambiente).

44, O dltimo principio, o do poluidor-pagador, dialoga com a necessidade de
preservacdo do meio ambiente, face a geracdo de residuos potencialmente poluentes,
oriundos da aplicacdo ou do descarte de produtos envolvendo a nanotecnologia. Ele tem por
caracteristica essencial o estabelecimento de um nexo causal direito entre a conduta do
agente e a geracdo de poluicdo, criando uma responsabilidade objetiva a ser aplicada ao caso.
Em outras palavras, o principio estabelece um contedo axioldgico proibitivo para geragao
de poluicdo e um contetido axioldgico obrigatério para adocdo da responsabilidade civil

objetiva, como consequéncia da ocorréncia da poluicdo. A visdo do Supremo Tribunal
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Federal converge com a dos doutrinadores, ao julgar a ADI 3.378, no sentido de que 0
principio do poluidor-pagador representa uma forma de imputar ao responsavel pela
degradacdo ambiental a responsabilidade de manter e, caso necessario, recuperar o equilibrio
do meio ambiente a ser entregue as proximas geracdes, sempre primando-se pela aplicagédo
do principio da proporcionalidade.

45, N&o obstante a existéncia de lacuna legislativa, por forca dos comandos
estabelecidos no art. 4° da LINDB e do art. 8°, caput, da CLT, como ja citado alhures, a tese
se debrucard sobre duas hipoteses envolvendo os métodos integrativos: (i) estudar a
possibilidade dos aplicacdo dos diplomas de soft law nos casos envolvendo o Meio Ambiente
do Trabalho, utilizando-se como método integrativo o direito comparado, para fins de
aplicacdo de medidas de Saude e Seguranca do Trabalho e fixacdo da responsabilidade civil
aplicavel; e (ii), ainda que seja afastada a primeira hipotese, estuda-se a existéncia de normas
ja vigentes do Direito brasileiro, em especial normas de Direito Ambiental, aptas a produzir,
ainda que primariamente, medidas de protecdo da salde humana e ambiental, bem como
para estabelecer as formas de responsabilidade civil, utilizando-se a analogia como método
integrativo.

46. Com o desenvolvimento acelerado da nanotecnologia, esse crescimento do
grau de complexidade social sobe mais um ponto na escala, sem qualquer sistema de freios
e contrapesos, 0 que torna bastante dificil a vida de todos os stakeholders, cujos interesses —
em sua grande parte, legitimos — serdo diretamente impactados. Para conseguir esse
equilibrio dindmico, eis que a sociedade estd em perpétua transformacdo, caberd ao
ordenamento juridico balancear e compatibilizar a maior quantidade de interesses possiveis,
guardando uma necessaria calibragem entre eles. SO assim sera atingido o objetivo maior
esperado dos formuladores de politicas publicas e legislacdo, bem como dos julgadores, no
cumprimento de suas atividades.

47. Para supressdo das lacunas do ordenamento juridico, admitem-se métodos
integrativos, os quais podem ser autointegrativos (a solucdo desenhada nascera dentre as
normas de direito interno positivo) ou heterointegrativos (a solu¢do desenhada partirad de
outras fontes do direito), classificados conforme a origem da solugdo adotada para o caso
concreto. Essa distincdo, feita por MASCARO, ¢ tida como compativel com o direito do
trabalho, inclusive, sendo adotada por GARCIA, ao definir o método do direito comparado
e classifica-lo como método heterointegrativo, opondo-se a analogia, que seria um método

autointegrativo.
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48. A proximidade cultural, gerada pela globalizacdo, entre paises
geograficamente distantes também afetou o campo das relagGes juridicas, impulsionando a
criacdo e desenvolvimento de uma das principais metodologias heterointegrativas para
harmonizacéo de normas juridicas: o direito comparado.

49, Em revisdo bibliografica, um dos pontos mais citados foi o embate tedrico
sobre a natureza juridica do direito comparado, isto é, se se trataria de uma metodologia para
integracdo do ordenamento juridico, mediante preenchimento das lacunas normativas e
dotado de forca normativa, ou se se trataria de um ramo cientifico do direito, cuja funcao
seria apenas a de servir como exercicio intelectivo, sem forga qualquer forca normativa. A
maioria dos autores consultados manifestou apoio a linha metodoldgica de integracao, sendo
que, no dominio do direito do trabalho, face a redacdo do art. 8° da CLT, seria até incoerente
ndo o fazer, razdo pela qual também foi adotada aqui a citada linha metodoldgica.

50. Pela definigdo de Wagner MENEZES, sdo diplomas de soft law “documentos
solenes derivados de foros internacionais, que tém fundamento no principio da boa-fé, com
conteddo variavel e ndo obrigatério, que ndo vinculam seus signatarios a sua observancia
mas que, por seu carater e importancia para o ordenamento da sociedade global, por
refletirem principios e concepcOes éticas e ideais, acabam por produzir repercussdes no
campo do Direito Internacional e também para o Direito Interno dos Estados”. Com isso,
percebe-se a influéncia irradiante que o soft law vem imprimindo no desenvolvimento do
direito como um todo, servindo de referéncia especialmente para a criacdo de normas de
direito interno ou, até mesmo, incorporando-se a este diretamente.

51. André de Albuquerque Cavalcanti ABBUD far4 um alerta metodoldgico
absolutamente pertinente, no sentido de que ha de se ter cuidado na hora de efetuar a
transposicdo de normas juridicas, inclusive as de soft law, visando a preservacdo da
proporcionalidade e compatibilidade na sua aplicacdo, mediante comparacao e respeito as
realidades socioecondmicas e culturais dos paises e/ou organismos estudados para ver como
o direito se comporta.

52. A concepcéo de que a feitura dos diplomas de soft law decorre da aplicagéo
da metodologia do direito comparado pode ser aprendida a partir do ensinamento de Carlos
MAXIMILIANO, ja que a formacao desse tipo de diploma legal, ainda que ndo totalmente
vinculante, representa grandes esfor¢os de negociacdes e composicdes, realizado no &mbito
das relagdes internacionais, ndo apenas se encerrando em mera sobreposi¢oes de legislacbes

estrangeiras, mas sim como fruto de um processo democratico e internacional, sendo este
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modelo satisfatério para produzir estas normas flexiveis de contetdo juridico, ndo
necessariamente vinculativas.

53. Diante dos ideais de soberania e de garantismo do Estado em relagdo ao
individuo, o que a doutrina percebeu pela mudanca de postura do Direito Internacional (de
ius gentium para ius inter gens) foi o crescimento do voluntarismo estatal, em detrimento da
protecdo do ser humano, atraves da adocao do juspositivismo como filosofia orientadora das
relaces juridicas e da auséncia de consequéncias pelas violagbes das regras de direito
internacional.

54. Os diversos atentados contra a humanidade, praticados no século XIX e XX,
demonstraram a falacia do juspositivismo enquanto filosofia juridica, vez que o0s
ordenamentos juridicos postos pelos Estados ndo foram capazes de impedir todos os
acontecimentos negativos em escala global.

55. E notério que dois dos efeitos nocivos da globalizagdo financeira e de
producdo, quais sejam, (i) concentracdo e o (ii) abuso do poder econdmico, mormente
ocorrentes quando as estratégias empresariais geram violacdes de direitos humanos (ex.: uso
de trabalhos forcados para producdo) ou se dao apenas para fugir da soberania de seus paises
através da escolha de paises com legislagbes menos garantistas (ex.: dumping social
mediante transnacionalizacdo da empresa), sdo condi¢cdes que geram distlrbios severos no
que deveria ser a livre concorréncia internacional das economias nacionais.

56. No caso da nanotecnologia, uma das possiveis aplicacGes nefastas de seu
dominio seria a criacdo de armas quimicas ou bioquimicas, para utilizacdo contra populacdes
pré-determinadas, viabilizando-se verdadeiros genocidios ao redor do globo e outros atos de
natureza terrorista, sendo que a auséncia de regulacdo especifica para o setor serviria de
critério para atracdo das empresas interessadas nestas atividades. Na banda das
consequéncias indesejadas (culposas), temos a questdo da geracdo dos nanorresiduos e da
nanopoluicdo, a ser causada pelo uso indiscriminado dos nanomateriais, em especial
daqueles com capacidade provocar mutacGes genéticas e de interferir nos processos
ecossistémicos (equilibrio ecoldgico, selecdo natural e conservagdo das massas da matéria),
e até para a propria economia. A prejudicialidade causada pelos nanorresiduos e
nanopoluigéo representard, neste momento, a concretizagdo do chamado efeito bumerangue,
presente na teoria de BECK.

57. A razdo de ser do Estado positivista restou superada, sendo necessario buscar
na recta ratio universal uma nova ordem que inclua o individuo e 0 meio ambiente na

posicao de titulares de direitos e deveres fundamentais reciprocos, como forma de realizacao
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de uma comunidade internacional realmente integrada, voltada a perenidade do planeta e das
espécies. A regulamentacdo da nanotecnologia, por ainda ser algo incipiente, poderia ser
construida, no @mbito internacional, ja sob a visdo da transnacionalidade, apresentando-se
0s métodos do direito comparado como mecanismos eficazes para construgédo desse direito
transnacional. Para a construcdo dessas normas, 0 método proporé a realizagdo de um corte
transversal em diversas legislagbes nacionais, identificando seus pontos culturais de contato
e de distanciamento, podendo, entdo, estabelecer as linhas gerais de composicdo de uma
legislacdo que seja culturalmente acessivel a todos os paises e, consequentemente, a toda
comunidade internacional, maximizando o ideal da dignidade da pessoa humana.

58. Ao cabo, MALLOY concluira que as normas de soft law representam o que
se ha de mais vanguardista em termos de regulacao e que, mesmo sem uma imperatividade
ou vinculatividade plenas, atualmente, trazem uma carga maior de seguranca juridica das
relagdes envolvendo a nanotecnologia.

59. Para os fins desta tese, 0 embate entre teoria da transnacionalidade e teoria da
fragmentacdo ndo parece tdo relevante no que tange a nanotecnologia, desde que a legislacédo
seja criada por alguém.

60. Com base na revisao de literatura em saude e seguranca do trabalho aplicada
a nanotecnologia, as questdes centrais que mais tém desafiado os higienistas ocupacionais
sdo: identificacdo dos riscos de saude; critérios para adaptacdo dos métodos de deteccdo e
medicdo; estudo de cenarios reais de exposicdo no local de trabalho; definicdo e delimitacao
de locais de trabalho especificos para nanomateriais; recomendacdes para a seguranca do
trabalhador pelas autoridades e pela indUstria; bem como cuidados médicos preventivos
ocupacionais.

61. Outro ponto comum também identificado na literatura é que, na maioria das
vezes, os trabalhadores em laboratdrios de pesquisa sdo 0s primeiros a serem expostos a este
tipo de particula. Por se tratar de trabalhadores que normalmente tém conhecimento e
treinamento para lidar com tal exposicdo, a ocorréncia de acidentes acaba sendo menor. SO
a partir da evolucdo dos métodos de producdo, passando da bancada do laboratorio para a
industrializagdo e comercializacdo dos produtos, é que os trabalhadores com menor grau de
instrug@o e sem o conhecimento sobre a exposicdo passam a ser afetados, sendo que a facil
geracdo de aerodispersoides e a correspondente auséncia de instrumentos de detecgcdo 100%
preparados para medicdo da concentracdo dessas particulas dispersas no ar sdo agravantes
severos do risco de exposicdo ocupacional. As medi¢des continuam dificeis, porque os

nanomateriais industrializados devem ser distinguidos das muitas particulas de poeira
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normais, sendo um desafio particular a deteccdo de poeira em forma de fibra e outras
particulas, especialmente fibras longas e finas, sendo estas bastante perigosas quando
inaladas.

62. Em relevantissimo trabalho de coleta de dados, Carla dos Santos RICCARDI,
Marcio Luiz dos SANTOS e Antonio Carlos GUASTALDI identificaram um total de 422
diplomas legais internos e internacionais, vigentes até 2014, além de diretrizes e
regulamentos produzidos por entidades de metrologia e padronizacao.

63. Considerando a grande variedade de normas de direito estrangeiro e de
organizagOes internacionais existentes, e dado o risco de baixa adeséo dessa solucéo pela
Magistratura, ja que ela é oriunda de método normativo heterointegrativo — o que
demandaria do Juiz a realizacdo da necessaria a sobreposicdo dos demais elementos
influenciadores de suas realidades socioeconémicas e culturais num nivel muito mais
profundo do que se fez nesta tese, inclusive —, e para justificar o recorte metodolégico
apresentado, ao invés de partir da analise comparada dos ordenamentos juridicos de diversos
paises, optou-se por propor a andlise a partir de diplomas de soft law, ja que estes também
representam produtos normativos do direito comparado, inclusive com melhor observancia
dos principios da proporcionalidade e da compatibilidade, facilitando a aplicacdo pelo
Magistrado ao caso concreto.

64. Ainda sobre o recorte metodolégico, acredita-se que gerara maior aceitacdo
social a escolha de diplomas de soft law recentemente publicados e produzidos por
organizacg0es internacionais com as quais 0 Governo Brasileiro tenha oficialmente relacGes
e enlaces, inclusive para justificar a atribuicdo, pelo Julgador, de imperatividade a norma de
soft law, sem que isso represente uma violacao ao principio da soberania nacional (art. 1°, I,
CF).

65. Apds a submissdo dos diversos diplomas existentes ao crivo metodolégico
definido ora proposto, estando todos eles indicados na bibliografia consultada, por serem os
unicos a preencher os requisitos estabelecidos, passa-se a analise do conjunto de normas
sobre exposi¢do ocupacional produzido pela Organizagdo Mundial de Satde (OMS)
publicada em 2017 — “Diretrizes para Protecao dos Trabalhadores de Potenciais Riscos dos
Nanomateriais Manufaturados”, o qual contou com participacédo de cientistas brasileiros na
elaboracdo e revisao.

66. A intencdo divulgada pelo préprio documento é a de organizar e sistematizar
as melhores praticas para protegdo dos trabalhadores contra a exposi¢do ocupacional aos

nanomateriais manufaturados, visando auxiliar os formuladores de legislacdo e de politicas
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publicas a construirem as regras de salde e seguranca do trabalho, apesar de reconhecer a
necessidade de maior aprofundamento. Logo, trata-se de um documento em evolugéo, que
passara por revisdes conforme a nanotecnologia for se desenvolvendo, todavia, sempre
focado na protecdo dos trabalhadores e na relagdo com os empregadores e governos.

67. Os principios de que partem estas diretrizes, principio da precaucdo e da
hierarquia das formas de controle, sdo compativeis com os principios propostos no Capitulo
2, sendo que o principio da hierarquia nas formas de controle esta incorporado ao principio
do design seguro. A visdo manifestada sobre a aplicacdo do principio da precaucao diz que
a exposicdo aos nanomateriais deve se dar da forma mais diminuta possivel, em destaque
quando houver a qualquer suspeita razoavel de potencial danoso, mesmo que haja incertezas
sobre os efeitos colaterais adversos. No que tange ao principio da hierarquia nas formas de
controle, este impora que, quando houver a possibilidade de escolha entre as medidas de
controle a serem aplicadas a um caso concreto, as que forem mais préximas da raiz do
problema deverdo sempre ser preferidas, em relacdo aquelas que sobrecarregam o0s
trabalhadores, como o uso de equipamentos de protecao individual (EPI) ou pagamento de
adicional de insalubridade.

68. Como medidas de boas praticas, as Diretrizes propdem (i) segregar 0s
nanomateriais em, pelo menos, trés grupos — 0s que ja tém alguma toxicidade especifica, 0s
que possuem formato de fibras e os que possuem particulas granulares biopersistentes; (ii)
educar e treinar os trabalhadores em questfes especificas envolvendo saude e seguranca dos
nanomateriais; e (iii) envolver os trabalhadores em todas as fases de avaliacdo e
gerenciamento de risco.

69. O grupo de toxicidade especifica, citado no item (i) das boas praticas,
consistird em (a) nanomateriais manufaturados com altas taxas de dissolucdo através da
liberacdo de ions ou passiveis de biodegradacdo; e (b) nanomateriais manufaturados com
baixas taxas de dissolucdo, mas com alta toxicidade especifica. Os materiais do item (b)
serdo 0s nanomateriais manufaturados com toxicidade especifica, que é mediada pelas
propriedades quimicas especificas de seus componentes.

70. No que concerne as boas praticas de educagdo e o treinamento dos
trabalhadores, condi¢do que também envolve as boas praticas de participacao, estes devem
focar os aspectos dos nanomateriais manufaturados que séo tratados nas Diretrizes e que séo
adicionais ou diferentes de educacdo e treinamento no manuseio seguro de produtos
guimicos a granel. Os topicos abrem as tematicas de quais perigos sdo especificos para

nanomateriais manufaturados, diferenciando-os do material a granel; quais classes de perigo
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sdo atribuidas aos nanomateriais manufaturados; quais rotas de exposi¢éo sdo de importante
monitoramento; quais exposi¢des no local de trabalho foram medidas e quais tarefas
colocam os trabalhadores em maior risco; como os limites de exposicdo ocupacionais
propostos podem ser interpretados; quando e como deve ser feito o controle de bandas de
exposicdo, além de outros controles especificos e EPIs para nanomateriais manufaturados
podem ser usados.
71. Por sua vez, as recomendacGes normativas, feitas pelas Diretrizes, séo
reunidas em cinco grupos diferentes: (A) Avaliacdo dos perigos dos nanomateriais para a
salde; (B) Avaliacdo das formas de exposi¢cdo aos nanomateriais; (C) Mecanismos de
controle de exposicdo aos nanomateriais; (D). Vigilancia Sanitéria; e (E) Capacitacdo e
participacdo dos trabalhadores. As recomendag¢des foram consideradas “fortes” ou
“condicionais”, dependendo da qualidade das evidéncias cientificas, dos valores e
preferéncias e dos custos relacionados a cada recomendag&o.
72. Sé&o as diretrizes, em traducéo livre:

a. Asrecomendacdes sobre avaliacdo dos perigos a salde:

i. Para uso nas fichas de dados de seguranca, recomenda-se que a
classificagdo de perigo dos nanomateriais manufaturados seja
realizada de acordo com o Sistema GHS — Globally Harmonized
System of Classification and Labeling of Chemicals (em portugués,
Sistema Globalmente Harmonizado para Classificacdo e Rotulagem
de Produtos Quimicos). As diretrizes fornecem essas informacoes
apenas para um pequeno nudmero de nanomateriais (forte
recomendacéo, evidéncia de qualidade moderada).

ii. As fichas de dados de seguranca devem ser atualizadas com
informacBes sobre o0s riscos especificos dos nanomateriais
manufaturados ou que os pardmetros toxicoldgicos que ndo foram
adequadamente examinados sejam indicados (forte recomendacéo,
evidéncia de qualidade moderada).

iii. Com relagdo ao grupo de fibras respiraveis e ao grupo de particulas
granulares biopersistentes, a classificacdo existente dos nanomateriais
manufaturados seja usada para classificar provisoriamente
nanomateriais do mesmo grupo (recomendagdo condicional,

evidéncia de baixa qualidade).
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b. No que tange as formas de avaliacdo de exposi¢do ocupacional, a aplicacdo das

Diretrizes sdo adaptaveis com algumas previsdes da legislacdo trabalhista,

notadamente os arts. 190 e 191, CLT, e das Normas Regulamentadoras,

positivadas pela Portaria MTE n. 3.214/78, em especial a previsdo da NR 15, item

15.1.5, vez que as Diretrizes também propdem a observancia de Limites de

Exposigéo Ocupacional (LEO) ou, conforme a nomenclatura brasileira, Limites

de Tolerancia:

Recomenda-se que a exposicao dos trabalhadores no local de trabalho
seja medida e avaliada usando métodos semelhantes aos utilizados
para determinar o valor limite de exposicdo ocupacional (LEO) do
nanomaterial especifico em questdo (recomendacdo condicional,
evidéncia de baixa qualidade).

Como nao existem valores regulamentares especificos do LEO para
0s nanomateriais manufaturados no local de trabalho, propGem-se
avaliar se a exposicdo no local de trabalho excede o valor de LEO
proposto para o nanomaterial manufaturado em questao. Uma lista de
valores LEO propostos esta contida no Anexo 1 das diretrizes [Anexo
1 desta tese]. O valor de LEO escolhido deve ser, pelo menos, tdo
protetor quanto o limite de tolerancia imposto por lei para a forma
micro/macroscopica do material em questdo (recomendacéo
condicional, evidéncia de baixa qualidade).

Se ndo houver valores especificos de LEO para nanomateriais
manufaturados no local de trabalho, propfe-se uma abordagem
gradual para avaliar a exposi¢do por inala¢do: primeiro uma avaliacao
do potencial de exposicao, depois uma avaliacdo basica da exposicao
e, finalmente, uma avaliagdo abrangente da exposi¢do, como as
propostas pela Organizacdo para Cooperacdo e Desenvolvimento
Econémico (OCDE) ou o Comité Europeu para Padronizagdo (CEN)
(recomendacdo condicional, evidéncia de qualidade moderada). No
que diz respeito a exposicdo cutanea, as evidéncias séo insuficientes

para recomendar um método de avaliagdo em detrimento de outro.

c. O terceiro grupo de recomendacfes das Diretrizes é direcionado ao controle da

exposicdo aos nanomateriais manufaturados:
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Seguindo o principio de precaucdo, recomenda-se que o controle da
exposicdo se baseie em evitar a exposicdo por inalagdo, a fim de se
reduzir tanto quanto possivel (forte recomendacdo, evidéncia de
qualidade moderada).

Recomenda-se a reducdo da exposicdo a uma série de nanomateriais
manufaturados sistematicamente medidos no local de trabalho,
especialmente durante a limpeza e manutencéo, a coleta de materiais
de reatores e a alimentacao de linhas de producdo de nanomateriais
manufaturados. Na auséncia de informages toxicoldgicas,
recomenda-se que 0s controles mais rigorosos sejam implementados
para evitar qualquer exposicdo dos trabalhadores. Quando héa
informacdes sobre o assunto, recomenda-se uma abordagem mais
especifica (recomendacao firme, evidéncia de qualidade moderada).

Recomenda-se que as medidas de controle sejam baseadas no
principio da hierarquia dos controles; ou seja, a primeira medida de
controle deve ser a eliminacdo da fonte de exposicdo, e ndo a
aplicacdo de medidas de controle que dependam mais da participagéo
dos trabalhadores; o equipamento de protecdo individual deve ser
usado apenas como Ultimo recurso. De acordo com este principio,
quando ha um alto nivel de exposi¢cdo por inalacdo ou quando as
informacdes toxicoldgicas sdo escassas ou inexistentes, controles de
engenharia devem ser usados. Na auséncia de controles de engenharia
apropriados, equipamentos de protegdo individual, especialmente
protecdo respiratoria, devem ser usados dentro da estrutura de um
programa de protecao respiratédria que inclua verificagdes de ajuste de
equipamento (recomendagdo firme, evidéncia de qualidade
moderada).

O GED se propde a evitar a exposicdo dérmica com medidas de
higiene ocupacional, como limpeza de superficies e uso de luvas
apropriadas (recomendacdo condicional, evidéncia de baixa
qualidade).

Quando ndo ha um especialista em seguranca do trabalho para realizar
as avaliagdes e medigdes, propde-se que 0 metodo de gestdo gradual

dos riscos relacionados aos nanomateriais manufaturados seja
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utilizado para a escolha das medidas de controle da exposi¢édo no
ambiente de trabalho. Devido a falta de estudos, ndo se pode
recomendar um método de gerenciamento de risco gradual em
detrimento de outros (recomendacdo condicional, evidéncia de
qualidade muito baixa).

d. Em sequéncia, ao tratar da Vigilancia Sanitaria, quarto item das recomendacdes,
as Diretrizes dizem que, por falta de evidéncias cientificas, ndo ha como se
indicar um programa de vigilancia sanitaria especifico para nanomateriais
manufaturados em preferéncia aos programas que ja sdo utilizados pelas
autoridades.

e. Por fim, o ultimo conjunto de recomendacdes trazidas diz respeito a capacitacao
de participacdo dos trabalhadores. As Diretrizes consideram gue a capacitacdo
dos trabalhadores e sua participagdo em questbes relacionadas a salude e
seguranca é uma pratica 6tima. Mas, devido a falta de estudos sobre o assunto,
ndo ha como se recomendar uma forma de treinamento ou participacdo dos
trabalhadores, nem mesmo recomendar a participacao de uns trabalhadores com
detrimento de outros. Como sdo esperados progressos consideraveis em relacdo
aos métodos de medicdo e avaliacdo de risco validados, a OMS pretende atualizar
essas diretrizes dentro do prazo de 5 anos, isto é, em 2022.

73. Diante do todo exposto, em que pese a abordagem sobre limites de exposi¢do
ocupacional, denominado na NR 15.1.5 como limite de tolerancia, ser altamente criticada,
0s anexos 11, 12 e 13 da NR 15, no direito do trabalho brasileiro, servem de base para
definicdo dos métodos para avaliacdo da exposicao e dos limites ocupacionais de exposi¢do
aos agentes de risco, os quais poderdo ser incrementados com as recomendacdes
apresentadas pela OMS, ja que demonstrada sua compatibilidade, servido de orientacdo para
empregados, empregadores e peritos, especialmente os judiciais, quando da realizacdo de
Sseus misteres.

74. O direito comparado teréa func&o tripla no direito do trabalho, quais sejam, a
de fornecer supletividade normativa; a de promover a renovagao do direito e a de indicar
critérios de escolha. Destarte, ante a lacuna legislativa sobre a nanotecnologia e na eventual
necessidade de resolucdo do caso concreto de exposicdo ocupacional aos nanomateriais,
seria juridicamente possivel ao Juiz do Trabalho captar as disposi¢des presentes nas

Diretrizes da OMS para Protecdo dos Trabalhadores de Potenciais Riscos dos Nanomateriais
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Manufaturados e determinar a aplicacdo desse diploma de soft law em territorio nacional,
atribuindo-lhe imperatividade.

75. O trabalho ¢ uma das mais importantes manifestacbes de afirmacdo e
realizacdo do individuo perante a sociedade. E neste contexto que a protecdo da pessoa
humana dentro do meio ambiente do trabalho torna-se absolutamente necessaria. N&o
obstante, as predi¢Ges da teoria econémica, qualquer que seja ela, fato € que a Constituicdo
Federal de 1988 planejou um caminho diferente a ser trilhado, estabelecendo como objetivo
da Republica Federativa do Brasil a construcdo de uma sociedade livre, justa e igualitaria,
que garanta o desenvolvimento nacional, com erradicacdo da pobreza e reducdo das
desigualdades regionais e sociais, promovendo o bem de todos (art. 3°, caput e incisos).

76. Atualmente, faz parte dos direitos precipuos a dignidade da pessoa humana a
garantia de um meio ambiente laboral equilibrado, o qual deve ser considerado como
indisponivel, ja que, devidamente revestido da pompa de direito social, previsto nos arts. 7°,
XXI1I; art. 200, VI1II; e art. 225, todos da Carta Magna. Os debates doutrinarios apontam que
a adicdo do elemento trabalho a ideia de meio ambiente proporciona um aumento radical da
complexidade envolvendo a definicdo do termo presente no art. 200, VIII, da Carta Magna
e, por tal razdo, a doutrina vem alargando o conceito previsto na lei, haja vista ser
considerado este incompleto no que se refere ao meio ambiente do trabalho.

77. O direito a0 meio ambiente equilibrado ndo significa a imutabilidade do
mesmo. O meio ambiente é sistematicamente alterado pela acdo humana. Todavia, essas
alteracdes ndo podem causar desequilibrios significativos no(s) ecossistema(s) em que a acdo
foi praticada, sendo um desafio cientifico social e politico a apuracdo dos impactos e decisdo
sobre a implementacdo das inovacdes, por conta dos riscos tecnoldgicos gerados.

78. Do ponto de vista da ordem econémica, ao invocar o art. 170, VI, CF, o STF
afirmou existir uma limitacdo — isto é, uma submissdo, um condicionamento — do
desenvolvimento socioeconémico a protecdo ao meio ambiente, incluido ai o do trabalho,
resultando na concretizagdo do principio do design seguro, sendo que tal premissa se torna
condicdo sine qua non para a realizacdo de uma série de direitos sociais dos trabalhadores,
todos da CF: art. 6° (saude, trabalho e seguranca) e art. 7°, caput (direitos que venham a
melhorar a condicdo social do trabalhador), inciso XXII (reducdo dos riscos inerentes ao
trabalho, por meio de normas de salde, higiene e seguranca) e XXVIII (seguro contra
acidentes de trabalho, a cargo do empregador, sem excluir a indenizagdo a que este esta

obrigado, quando incorrer em dolo ou culpa.
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79. O art. 3°, da Lei n. 8.080/90, afirma que pertencera ao conceito de saude do
cidad&o tudo aquilo que disser respeito ao seu bem-estar fisico, mental e social, aqui incluido
o trabalhador, funcionando como critério de avaliacdo de efetividade desse direito 0 acesso
de qualidade a alimentacdo, a moradia, 0 saneamento basico, 0 meio ambiente, o trabalho, a
renda, a educacdo, a atividade fisica, o transporte, o lazer e 0 acesso aos bens e servi¢os
essenciais.

80. Por maiores que sejam as criticas que se possam fazer a famigerada Reforma
Trabalhista, promovida pela Lei n. 13.427/2017, a insercdo da integridade fisica no rol de
bens juridicamente tutelaveis dos trabalhadores, no art. 223-C da CLT representa um avango
em relacdo a situacao anterior.

81. Como ja afirmado anteriormente, a problematica da exposi¢do ocupacional
aos nanomateriais € a auséncia de percepcdo do risco dos produtos quimicos em geral, ja que
majoritariamente imperceptiveis aos sentidos humanos. Infelizmente, ndo € raro nos
depararmos com catéstrofes envolvendo o meio ambiente do trabalho. Apesar da queda dos
numeros de acidente de trabalho nos Gltimos anos, a situacdo ainda é alarmante, vez que o
Brasil se mantém na quarta posicao do ranking mundial de acidentes de trabalho.

82. Dadas as condi¢des de nosso péatio tecnolégico nacional e o grau de
investimento no desenvolvimento da nanotecnologia até o momento, seria ingenuidade
pensar que tal sorte de catastrofe ndo possa ocorrer com as nanoparticulas, pois estas
dispdem de diversas rotas de entrada para o corpo humano. Exatamente para garantir a
protecdo a higidez fisica do trabalhador, medida maior de sua dignidade humana, ja que o
trabalho ndo deveria ser fonte de doengas, mas tdo somente de sustento, é que a CLT
incorporou diversas normas juridicas de satde e seguranca do trabalho

83. A analogia é um método, na concepcao desta tese, autointegrativo — ja que
busca a solucdo no direito interno, mantendo inc6lumes os principios da soberania nacional
e da unicidade do ordenamento juridico — prestigiado pelo direito brasileiro. O §1° do art. 8°,
CLT, decreta que “o direito comum sera fonte subsididria do direito do trabalho”. No caso
em tela, a seara do direito que socorrera o direito do trabalho para preenchimento desta
lacuna, segundo se sugere, é o direito ambiental, Gnico ramo apto a delinear os fundamentos
do que vem se designando Direito Ambiental do Trabalho ou Direito Labor-Ambiental.

84. Os conceitos essenciais para se construir a ideia de nanopolui¢do labor-
ambiental encontram-se na Lei n. 6.938/83 — Art. 3° Para os fins previstos nesta Lei,
entende-se por: | - meio ambiente, o conjunto de condi¢des, leis, influéncias e interacdes de

ordem fisica, quimica e bioldgica, que permite, abriga e rege a vida em todas as suas formas;
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Il - degradacdo da qualidade ambiental, a alteracdo adversa das caracteristicas do meio
ambiente; 111 - poluicdo, a degradagéo da qualidade ambiental resultante de atividades que
direta ou indiretamente: a) prejudiquem a saude, a seguranca e o0 bem-estar da populacéo; b)
criem condicdes adversas as atividades sociais e econémicas; ¢) afetem desfavoravelmente
a biota; d) afetem as condicGes estéticas ou sanitarias do meio ambiente; ) lancem matérias
ou energia em desacordo com os padrdes ambientais estabelecidos; IV - poluidor, a pessoa
fisica ou juridica, de direito publico ou privado, responsavel, direta ou indiretamente, por
atividade causadora de degradacdo ambiental.

85. Os efeitos gerados pelo uso do produto se compatibilizam com todas as
hipGteses previstas no art. 3°, Ill, supracitado, subsumindo-se, entdo, o fato ocorrido
(contaminacéo dos trabalhadores) a definicdo legal de poluicdo. Como a polui¢do ocorreu
no meio ambiente do trabalho, entende-se, consequentemente, por se tratar de uma poluicao
labor-ambiental. Ao cabo, por ser o agente poluente um nanomaterial, a terminologia que
ora se apresenta para o fato narrado é a de nanopoluigdo labor-ambiental.

86. No final do ciclo de vida do produto, os nanomateriais podem se dispersar no
meio ambiente ou se depositar nas estacBes de tratamento de residuos como, por exemplo,
nos filtros industriais ou estagdes de tratamento de agua, vindo a contaminar o trabalhador
que efetua a manutencdo dessas areas. Segundo a medicina ocupacional, ha quatro vias
usuais possiveis para contaminacgdo do corpo humano (contato oral, contato dérmico, contato
ocular ou inalacdo), embora pouco seja conhecido sobre como os nanomateriais se
comportam na fase de descarte e se surgem potenciais riscos ambientais ou a saude.

87. Os nanomateriais podem ser gerados de maneira voluntaria ou
involuntariamente. Aos que sdo gerados de maneira voluntaria, sob a 6tica dos principios
presentes no Capitulo 2, deve-se obedecer a seguinte hierarquia para a controle de geracao
de residuos e futura destinacdo, com enfoque na responsabilidade civil objetiva e
compartilhada: 1. prevencdo de residuos; 2. preparacdo para reutilizacdo; 3. reciclagem 4.
outra utilizacdo (por exemplo, recuperacao de energia); 5. disposi¢do do material.

88. Para uma correta captacdo, tratamento e destinacdo dos nanorresiduos,
segundo as formulagdes de BOLDRIN et al, ha dificeis desafios a serem superados, tais
como: (i) desenvolvimento de técnicas analiticas para a caracterizagdo de residuos de
nanocompostos e sua transformacgdo durante processos de tratamento de residuos; (ii)
construcdo de mecanismos para a liberagdo de nanomateriais manufaturados, (iii) estabelecer

quantificacdo de quantias de residuos escala; (iv) fixar uma definicdo de valores-limite
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aceitiveis para exposicdo aos nanomateriais manufaturados, a partir de residuos de
nanocomponentes; e (v) o relatorio de dados de geracdo de nanoparticulas.

89. A degradacdo no meio ambiente de trabalho, como bem avisa FELICIANO,
“resultante de atividades que prejudiquem a saude, a seguranca e o0 bem-estar dos
trabalhadores, sem duvida alguma, caracteriza-se como polui¢cdo do meio ambiente do
trabalho, de acordo com o tratamento constitucional dado a matéria.”

90. No que concerne na responsabilidade civil, consoante os arts. 223-B e 223-C,
CLT, conjugado com o art. 186, CC/2002, a todo trabalhador que, nas hipdteses de dolo,
negligéncia, imprudéncia e impericia, tiver sua integridade fisica lesada, sera garantida a
devida tutela juridica. No caso dos acidentes de trabalho, a acdo ou omissao do empregador
estara relacionada com a ocorréncia de qualquer uma das hipoteses previstas nos arts. 19, 20
e 21 da Lei n. 8.213/91. Em sequéncia, uma vez configurado o ilicito, por forca dos arts.
223-A e 223-F, bem como do art. 927, CC/2002, o Juiz obrigara o devedor a reparar o dano
experimentado pelo credor. Com isto, a responsabilidade civil do empregador estaria calcada
num comando constitucional (art. 7°, XXVIII), o qual abraca a teoria da responsabilidade
civil subjetiva, fazendo-se mister a demonstracdo de culpabilidade, juntamente com o ato
ilicito, dano e nexo causal, para que surja, entdo, o dever de indenizar. Esta corrente €
tradicionalmente aplicada pelo Judiciario trabalhista aos casos individualizados e de
causalidade topica, ou seja, sem relacdo com algum desequilibrio mais profundo do meio
ambiente laboral.

91. N&o obstante a previsao constitucional do art. 7°, XXVIII, uma outra leitura
possivel apoia-se na previsdo do art. 7°, XXII (reducdo de riscos laborais por meio da
expedicdo de normas sobre salde, higiene e seguranca do trabalho), interpretado
conjuntamente ao art. 200, V111, e ao art. 225, § 3°, todos da CF/88. Nesta leitura, as condutas
e atividades que representem riscos laborais e que sejam consideradas lesivas aos diversos
meios ambientes (dentre eles, 0 meio ambiente do trabalho) sujeitardo os infratores a san¢fes
penais e administrativas, independentemente da obrigacdo de reparar os danos causados.
Além dos dispositivos constitucionais, a tese da responsabilidade objetiva se apoia também
na redacgdo do art. 927, pardgrafo unico, CC/2002, e do art. 14, § 1°, da Lei 6.983/81, pois
tais artigos desprezam o animus do agente, bastando o estabelecimento de nexo causal entre
0 dano e o ato ilicito para que surja o dever de indenizar. Segundo FELICIANO, a aplicagéo
dessa tese se daria nas hipoteses de causalidade sistémica, em outras palavras, nas hipoteses
de ocorréncia dos riscos “que representam a concre¢do de um quadro de desequilibrio na

disposicao ou na combinacao dos fatores de producéo, i.e., da poluicdo labor-ambiental”.
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92. Como corolério dos dispositivos legais citados, observa-se que, do ponto de
vista da ldgica juridica, a norma relativa a responsabilidade civil é definida como uma
relacdo de implicacédo (S 2P, leia-se “Se S, entdo P”), na qual S representa um antecedente
e P representa um consequente. Na responsabilidade civil subjetiva adota-se como nucleo
do antecedente o (i) inadimplemento obrigacional, que pode se dar por ato ilicito ou
descumprimento de contrato, somado a (ii) ocorréncia de danos; a (iii) existéncia de uma
condicdo causal entre o inadimplemento e os danos; e a (iv) culpabilidade do inadimplente
e da vitima. O nuacleo do consequente fica por conta da identificacdo dos (v) sujeitos da
relacdo juridica e da (vi) defini¢cdo do quantum do dever de indenizar pelos danos causados.
Na norma da responsabilidade civil objetiva, devera ser excluido o item (iv) do antecedente,
mantendo-se os demais incolumes, ja que esta ndo verifica a culpabilidade do agente.

93. O embate juridico sobre o tipo de responsabilidade civil aplicavel ao
empregador, normalmente, ficaria adstrita a estas duas teorias (subjetiva e objetiva).
Entretanto, para esta tese, nas situacdes que envolvam dano decorrente de exposicéo
ocupacional aos nanomateriais, propem-se a aplicacdo de uma terceira teoria: teoria da
responsabilidade civil objetiva e compartilhada na cadeia produtiva. Essa proposta surge
diante da constatacdo de que, em casos como o relatado no texto, a persecucao patrimonial
para satisfacdo do crédito indenizatorio — além da propria formacdo do titulo executivo
judicial — ficaria restrita ao empregador e seus socios. Essa limitacdo se torna sensivel diante
da condicdo de que, muitas vezes, o empregador ndo tem patriménio suficiente para arcar
com a integralidade da condenacdo, frustrando a execucdo trabalhista e prejudicando a
pacificacdo social. E, mesmo com a inclusdo da importadora mineira no polo passivo e
imputacdo da responsabilidade objetiva e solidaria para ambas, ainda assim parece bastante
alta a chance de insatisfacdo do crédito, o que leva ao questionamento sobre o grau de
responsabilidade da fabricante alema e como se poderia estabelecer uma possivel estratégia
juridica para conseguir atingir seu patrimonio.

94. Mais uma vez, repisando-se 0s riscos potenciais de liberacdo dos
nanomateriais manufaturados no meio ambiente, especialmente o do trabalho, e estudadas
as hipdteses de responsabilidade civil mais tradicionais, a tese a ser defendida acusa a
insuficiéncia da aplicacédo da responsabilidade civil exclusivamente a figura do empregador,
nos moldes da hermenéutica classica, para propor a aplicacdo de uma responsabilidade civil
objetiva e compartilhada na cadeia produtiva, vez que, segundo a Lei n. 12.305/2010, é
obrigacéo de todos os participantes da cadeia produtiva a adog¢do de medidas para reduzir os

impactos causados a saude humana e a qualidade ambiental decorrentes do ciclo de vida dos
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produtos, bem como cabe a cadeia produtiva responder solidaria e objetivamente pelos
eventuais danos causados.

95. Ao optar por adotar a nanotecnologia, campo da tecnologia que ainda esta em
desenvolvimento e com grandes possibilidades de insucessos no percurso desse
desenvolvimento, para inclui-la aos meios e ferramentas de producdo, o empregador
voluntariamente incrementa o risco — que passa de um risco comum a um risco tecnologico,
nos exatos moldes da previsdo contida no art. 2°, 11I, Decreto n. 9.283/2018 — de expor seus
trabalhadores aos nanomateriais, criando potencial danoso a satde humana. Portanto, dada
a ja tdo repetida auséncia de conhecimento sobre os efeitos, 0 campo também parece fertil
para se estudar pela perspectiva de uma teoria de responsabilidade por dano futuro, ja que, a
depender das taxas de exposicao e de abalo do organismo, as doengas podem demorar anos
para aparecer, € muitos mais anos para desaparecer (aqui incluidas tanto as hipoteses de cura,
quanto as de morte) ou se amenizar.

96. Conforme dispde o art. 1° 8§1° da Lei, 12.305/2010, estdo sujeitas a
observancia desta lei as “pessoas fisicas ou juridicas, de direito publico ou privado,
responsaveis, direta ou indiretamente, pela geracdo de residuos solidos e as que
desenvolvam aces relacionadas a gestdo integrada ou ao gerenciamento de residuos
sOlidos™. A lei também trara as defini¢des de residuos solidos, geradores de residuos sélidos,
uma classificacdo desses residuos conforme sua origem e periculosidade, além do conceito
de responsabilidade compartilhada pelo ciclo de vida dos produtos, concebida como o
“conjunto de atribuicdes individualizadas e encadeadas dos fabricantes, importadores,
distribuidores e comerciantes, dos consumidores e dos titulares dos servigcos publicos de
limpeza urbana e de manejo dos residuos sélidos, para minimizar o volume de residuos
solidos e rejeitos gerados, bem como para reduzir os impactos causados a saude humana e
a qualidade ambiental decorrentes do ciclo de vida dos produtos”.

97. Tal responsabilidade compartilhada pelo ciclo de vida dos produtos tem 0s
seguintes objetivos: (i) compatibilizar interesses entre 0s agentes econdmicos e sociais e 0S
processos de gestdo empresarial e mercadoldgica com os de gestdo ambiental,
desenvolvendo estratégias sustentaveis; (ii) promover o aproveitamento de residuos sélidos,
direcionando-os para a sua cadeia produtivas ou para outras cadeias produtivas; (iii) reduzir
a geracgdo de residuos sélidos, o desperdicio de materiais, a poluicdo e os danos ambientais;
(iv) incentivar a utilizagdo de insumos de menor agressividade ao meio ambiente e de maior
sustentabilidade; (v) estimular o desenvolvimento de mercado, a producéo e o consumo de

produtos derivados de materiais reciclados e reciclaveis; (vi) propiciar que as atividades
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produtivas alcancem eficiéncia e sustentabilidade; (vii) incentivar as boas praticas de
responsabilidade s6cioambiental.

98. Mas, mesmo com este grau de responsabilidade, ainda assim havera a
necessidade de apuracdo da existéncia de algum nexo (causalidade ou concausalidade) entre
0 dano experimentado e a conduta do agente poluidor, sendo necessario se refletir sobre a
dilagdo e o 6nus probatério da nanopoluicdo labor-ambiental. A teoria adotada pelo
legislador brasileiro foi a teoria da causalidade adequada, direta e imediata, positivada no
art. 403, CC. Ha que se considerar, porém, que para o fendémeno denominado
nanotecnologia, agregada das suas incertezas, o estabelecimento desse nexo causal
adequado, direto e imediato se torna dificil para quem ndo detiver a aptidao técnica para
producdo da prova, razao pela qual, nestes casos, cabera ao Juizo, se entender necessario,
promover a inversdo do 6nus da prova.

99. N&o obstante a teoria adotada pelo Cdodigo Civil, somada a possibilidade de
inversdo do 6nus da prova na CLT, a verdade é que o fenbmeno da exposi¢do ocupacional
aos nanomateriais esta consubstanciado em fatos muito complexos para serem observados
tdo somente a luz da teoria do nexo causal adequado, direito e imediato, pois, mesmo sendo
positivada, ndo ha unanimidade doutrinada e jurisprudencial sobre a eficicia dessa teoria.
Considerando, entédo, que o estabelecimento da responsabilidade incidente nos acidentes de
trabalho e doengas ocupacionais oriundos do uso da nanotecnologia envolve uma grande
quantidade de analises e ponderacdes sobre 0s eventos que supostamente levardo ao dano
experimentado, na visdo dos doutrinadores de escol, é necessaria a flexibilizacdo dos
pressupostos da responsabilidade civil, focando na protecdo da vitima contra danos injustos.
N&o sera por outro motivo que se sustentara a adocao da teoria do risco integral, assim
explicada por GONCALVES: “A responsabilidade objetiva, como jd dito, baseia-se na
teoria do risco. Nela se subsume a ideia do exercicio de atividade perigosa como
fundamento da responsabilidade civil. O exercicio de atividade que possa oferecer algum
perigo representa, sem davida, um risco que 0 agente assume de ser obrigado a ressarcir
0s danos que venham resultar a terceiros. O principio da responsabilidade por culpa é
substituido pelo da responsabilidade por risco (socializagdo dos riscos). Neste passo, limita-
se 0 campo das exoneracOes possiveis, com a absorcao do caso fortuito”.

100. Embora a ado¢éo da teoria do risco integral revela-se um tanto quanto radical
guando comparada com as demais teorias e, em especial, quando se pensa a responsabilidade
sob a Gtica da infortunistica laboral, para os casos envolvendo nanotecnologia, a aplicacdo

da teoria do risco integral para configuracdo da responsabilidade civil objetiva e
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compartilhada garantira a possibilidade real e efetiva de reparacdo integral do dano
experimentado pelo trabalhador, ja que toda a cadeia produtiva sera responsavel por ele.



ANEXO | - DIRETRIZES DA OMS PARA PROTECAO DOS
TRABALHADORES DE POTENCIAIS RISCOS DOS
NANOMATERIAIS MANUFATURADOS
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GLOSSARY

Acute exposure
Exposure occurring over a short time, generally
less than one day.

Acute effect
Ahealth or physiological effect that occurs
suddenly over hours or days, for example lung

inflammation resulting from inhalation exposure.

Aerosol
Mixture of small particles (solid, liquid or a mixed
variety) and a carrier gas (usually air).

Breathing zone

The area immediately surrounding a worker’s
nose and mouth from where the majority of air
is drawn into their lungs.

Bulk material

The larger counterpart of a nanomaterial not
confined to the nanoscale in any dimension, e.g.
gold as the bulk material and nano-gold as the
nano-form material.

Carbon nanofibres
Cylindrical nanostructures with graphene layers
arranged as stacked cones, cups or plates.

Carbon nanotubes

Hollow nano-objects with two similar external
dimensions in the nanoscale and the third
dimension significantly larger, composed of
carbon (ISO/TS 80004-3:2010).

Chronic effect

An effect that occurs or builds up over a long
period; for humans over years, for example
cardiovascular disease.

Chronic exposure
Exposure over a long period, for humans over
years.

Confounder

Afactor in an exposure study that is both

related to the exposure and to the outcome. The
uneven distribution of the confounder will lead
to distorted or spurious results.

Control banding

A risk management approach to identify and
recommend exposure control measures for
potentially hazardous substances for which
toxicological information is limited.

Engineering controls

Use of mechanical or technical measures such as
enclosure, ventilation and workplace design to
minimize exposure.

Fibre diameter
Fibre dimension.

Fibre length
Fibre dimension.

Grading of Recommendations, Assessment,
Development and Evaluations (GRADE)

A systematic and explicit approach to making
judgements about quality of evidence and
strength of recommendations. GRADE also
stands for GRADE working group, the group that
formulates the guidelines for the approach.

Globally Harmonized System of Classification
and Labelling of Chemicals

A classification and labelling system developed
by the United Nations, addressing classification
of chemicals by types of hazard and proposing
harmonized hazard communication elements,
including labels and safety data sheets.

Granular biopersistent particles

Particles that are characterized as respirable
granular and biopersistent but not fibrous. Also
known as “poorly soluble particles”or as "poorly
soluble, low-toxicity particles”.

Hazard
The inherent potential to cause physical or
psychological harm to the health of people.

Manufactured nanomaterials

Solid, particulate substances intentionally
manufactured at the nanoscale, consisting
of nano-objects with at least one dimension
between 1and 100 nm, and their aggregates
and agglomerates.

Multi-walled carbon nanotubes

Tubes of multiple concentric cylindrical one-
atom-thick layers of graphene as opposed to
single-walled nanotubes (SWCNTS).

Nano-object
A material with one, two or three external
dimensions in the nanoscale.
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Nano-objects and their aggregates and
agglomerates

Nano-objects (< 100 nm) and their aggregates
and agglomerates (> 100 nm).

Nanoparticle
Nano-object with all three external dimensions
in the nanoscale (< 100 nm diameter).

Nanoscale
Size range from approximately 1 nm to 100 nm.

Occupational exposure limit

Maximum concentration of airborne
contaminants deemed to be acceptable, as
defined by the authority having jurisdiction (ISO
16972:2010).

Particulate matter
A mixture of solid particles and liquid droplets
suspended in the air.

Personal protective equipment

Equipment (clothing, gloves, hard hat, respirator
and so on) worn by an individual to minimize
risk to the individual’s health and safety.

PICO

Systematic framework to answer the scoping
questions, used as an acronym: P for Population,
| for Intervention, C for Comparator, O for
Outcome(s).

Protection factor (PF)

The ratio of exposure level without the controls
divided by the exposure level with the controls.
If the PF is > 1, controls reduce exposure. A PF
of 10 indicates that controls reduce exposure by
90%.

Read across

Transfer of hazard information from one material
to another based on similarities between the
materials.

Risk of bias

The risk that the results of a study can be
distorted due to methodological limitations
such as the presence of confounders.
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Safety data sheet

Document that provides information on the
properties of hazardous chemicals, how they
affect health and safety in the workplace and
how to manage hazardous chemicals in the
workplace (ISO/TR13329:2012).

Short-term exposure limit

Fifteen-minute time-weighted average (TWA)
exposure which should not be exceeded at any
time during a workday, even if the 8-hour TWA is
within the threshold limit value TWA.

Single-walled carbon nanotubes

A cylindrical one-atom-thick layer of graphite
called graphene as opposed to multi-walled
nanotubes.

Solubility

The ability of a material to release ions in water
or in another liquid. Solubility may be expressed
by the dissolution rate of the material and may
also be described using words such as insoluble,
very soluble or poorly soluble.

Threshold limit value

Health-based occupational exposure limit value
published by the American Conference of
Governmental Industrial Hygienists.

Tiered approach

A stepwise approach in which each step has an
increased level of complexity; here it refers to a
risk-based approach for conducting an exposure
or release assessment to determine whether
exposure to manufactured nanomaterials
(MNMSs) may occur and to determine if there is

a need for further risk management steps to be
taken.'

Time-weighted average

An average concentration of an airborne
contaminant that workers may be exposed to,
over a period of time such as an 8-hour day or
40-hour week (an average work shift).

! Harmonized tiered approach to measure and assess the potential exposure to airborne emissions of engineered nano-
objects and their agglomerates and aggregates at workplaces. Series on the Safety of Manufactured Nanomaterials No.
55. Environment Directorate Joint Meeting of the Chemicals Committee and the Working Party on Chemicals, Pesticides
and Biotechnology. ENV/JM/MONO(2015)19. Paris: Organisation for Economic Co-operation and Development; 2015
(http//www.oecd.org/officialdocuments/publicdisplaydocumentpdf/?cote=env/jm/mono(2015)19&doclanguage=en,

accessed 31 August 2017).
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ABBREVIATIONS AND ACRONYMS

CEN

CNFs
CNTs
CUPE
EC
ETUC
FD
FL
GBP
GDG
GHS

GLP
GRADE

GRC

IARC

ILO

IOMC

ISO

ITuC

IUF

MNMs

Comité Européen de Normalisation
(European Committee for
Standardization)

carbon nanofibres

carbon nanotubes

Canadian Union of Public Employees
elemental carbon

European Trade Union Confederation
fibre diameter

fibre length

granular biopersistent particles
Guideline Development Group

Globally Harmonized System (of
Classification and Labelling of
Chemicals)

good laboratory practice

Grading of Recommendations,
Assessment, Development and
Evaluation

Guidelines Review Committee

International Agency for Research on
Cancer

International Labour Organization

Inter-Organization Programme
for the Sound Management of
Chemicals

International Organization for
Standardization

International Trade Union
Confederation

International Union of Food,
Agricultural, Hotel, Restaurant,
Catering, Tobacco and Allied Workers'
Associations

low- and middle-income (countries)

manufactured nanomaterials

MWCNTs multi-walled carbon nanotubes

NIOSH

NOAAs

NP
OECD

OEL
OSHA

PF
PICO

PM

PPE
SDS
SME
SWCNTs
TWA
USA
WHO
WPMN

National Institute for Occupational
Safety and Health, United States of
America (USA)

nano-objects and their aggregates
and agglomerates

nanoparticle

Organisation for Economic Co-
operation and Development

occupational exposure limit

Occupational Safety and Health
Administration, USA

protection factor

Population, Intervention,
Comparator, Outcome(s)

particulate matter

personal protective equipment
safety data sheet

small and medium-sized enterprises
single-walled carbon nanotubes
time-weighted average

United States of America

World Health Organization

(OECD) Working Party on
Manufactured Nanomaterials
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EXECUTIVE SUMMARY

The term nanomaterials refers to materials that have at least one dimension (height, width or
length) thatis smaller than 100 nanometres (10-” metre), which is about the size of a virus particle.
This particular size dimension represents a major characteristic of manufactured nanomaterials
(MNMs). The unique properties of MNMs may result in highly desirable behaviour leading to such
varying applications as better paints, better drugs and faster electronics. However, for the same
reason, MNMs may also present health hazards that differ from those of the substance in bulk
form, and may require different test methods for hazard, exposure and risk assessment from their
bulk material counterparts.

The toxicity of MNMs may largely depend on numerous physicochemical properties, including
size, shape (i.e. size in a particular dimension), composition, surface characteristics, charge and
rate of dissolution. There is currently a paucity of precise information about human exposure
pathways for MNMs, their fate in the human body and their ability to induce unwanted
biological effects such as generation of oxidative stress. Data from in vitro, animal and human
MNM inhalation studies are available for only a few MNMs. So far, no long-term adverse health
effects in humans have been observed. This could be due to the recent introduction of MNMs,
the precautionary approach to avoid exposure and ethical concerns about conducting studies
on humans. This means that, except for a few materials where human studies are available, health
recommendations must be based on extrapolation of the evidence from in vitro, animal or other
studies from fields that involve exposure to nanoscale particles, such as air pollution, to the
possible effects in humans.

The increased production of MNMs and their use in consumer and industrial products means that
workers in all countries will be at the front line of exposure to these materials, placing them at
increased risk for potential adverse health effects.

Therefore, the World Health Organization (WHO) has developed these guidelines with
recommendations on how best to protect workers from the potential risks of MNMs. The
recommendations are intended to help policy-makers and professionals in the field of
occupational health and safety in making decisions about the best protection against potential
risks specific to MNMs in workplaces. These guidelines are also intended to support workers and
employers. However, they are not intended as a handbook or manual for safe handling of MNMs
in the workplace because this requires addressing more general occupational hygiene issues
beyond the scope of these guidelines.
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GUIDING PRINCIPLES

The Guideline Development Group (GDG) used a precautionary approach as one of its guiding
principles. This means that exposure has to be reduced, despite uncertainty about the adverse
health effects, when there are reasonable indications to do so.

In addition, the hierarchy of controls was an important guiding principle. This means that when
there is a choice between control measures, those measures that are closer to the root of the
problem should always be preferred over measures that put a greater burden on workers, such as
the use of personal protective equipment (PPE).

BEST PRACTICE

The GDG considers the following to be best practice in preventing the adverse health effects of
MNMs:

B Group nanomaterials into MNMs with specific toxicity, MNMs that are fibres and MNMs that
are granular biopersistent particles.

m Educate and train workers in the specific health and safety issues of MNMs.
® Involve workers in all phases of risk assessment and control.

METHODS

Forall importantissues, systematic reviews of the current state of the science were commissioned
to inform the recommendations according to the process set out in the WHO Handbook for
guideline development. The recommendations were rated as “strong"” or “conditional” depending
on the quality of the scientific evidence, values and preferences, and costs related to the
recommendation. All recommendations were made based on consensus within the GDG.

RECOMMENDATIONS

A. Assess health hazards of MNMs

1. The GDG recommends assigning hazard classes to all MNMs according to the Globally
Harmonized System (GHS) of Classification and Labelling of Chemicals for use in safety
data sheets. For a limited number of MNMs this information is made available in these
guidelines (strong recommendation, moderate-quality evidence).

2. The GDG recommends updating safety data sheets with MNM-specific hazard
information or indicating which toxicological end-points did not have adequate testing
available (strong recommendation, moderate-quality evidence).

3. For the respirable fibres and granular biopersistent particles’ groups, the GDG suggests

using the available classification of MNMs for provisional classification of nanomaterials of
the same group (conditional recommendation, low-quality evidence).
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B. Assess exposure to MNMs

4. The GDG suggests assessing workers' exposure in workplaces with methods similar to
those used for the proposed specific occupational exposure limit (OEL) value of the MNM
(conditional recommendation, low-quality evidence).

5. Because there are no specific regulatory OEL values for MNMs in workplaces, the GDG
suggests assessing whether workplace exposure exceeds a proposed OEL value for
the MNM. A list of proposed OEL values is provided in Annex 1 of these guidelines. The
chosen OEL should be at least as protective as a legally mandated OEL for the bulk form
of the material (conditional recommendation, low-quality evidence).

6. If specific OELs for MNMs are not available in workplaces, the GDG suggests a stepwise
approach for inhalation exposure with, first an assessment of the potential for exposure;
second, conducting basic exposure assessment and third, conducting a comprehensive
exposure assessment such as those proposed by the Organisation for Economic Co-
operation and Development (OECD) or Comité Européen de Normalisation (the
European Committee for Standardization, CEN) (conditional recommendation, moderate-
quality evidence). For dermal exposure assessment, there was insufficient evidence to
recommend one method of dermal exposure assessment over another.

C. Control exposure to MNMs

7. Based on a precautionary approach, the GDG recommends focusing control of exposure
on preventing inhalation exposure with the aim of reducing it as much as possible (strong
recommendation, moderate-quality evidence).

8. The GDG recommends reduction of exposures to a range of MNMs that have been
consistently measured in workplaces especially during cleaning and maintenance,
collecting material from reaction vessels and feeding MNMs into the production process.
In the absence of toxicological information, the GDG recommends implementing the
highest level of controls to prevent workers from any exposure. When more information is
available, the GDG recommends taking a more tailored approach (strong recommendation,
moderate-quality evidence).

9. The GDG recommends taking control measures based on the principle of hierarchy of
controls, meaning that the first control measure should be to eliminate the source of
exposure before implementing control measures that are more dependent on worker
involvement, with PPE being used only as a last resort. According to this principle,
engineering controls should be used when there is a high level of inhalation exposure
or when there is no, or very little, toxicological information available. In the absence of
appropriate engineering controls PPE should be used, especially respiratory protection,
as part of a respiratory protection programme that includes fit-testing (strong
recommendation, moderate-quality evidence).

10. The GDG suggests preventing dermal exposure by occupational hygiene measures such
as surface cleaning, and the use of appropriate gloves (conditional recommendation, low-
quality evidence).
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11. When assessment and measurement by a workplace safety expert is not available,
the GDG suggests using control banding for nanomaterials to select exposure control
measures in the workplace. Owing to a lack of studies, the GDG cannot recommend one
method of control banding over another (conditional recommendation, very low-quality
evidence).

D. Health surveillance

The GDG cannot make a recommendation for targeted MNM-specific health surveillance
programmes over existing health surveillance programmes that are already in use owing to the
lack of evidence.

E. Training and involvement of workers

The GDG considers training of workers and worker involvement in health and safety issues to be
best practice but cannot recommend one form of training of workers over another, or one form of
worker involvement over another, owing to the lack of studies available.

It is expected that there will be considerable progress in validated measurement methods and risk
assessment. Therefore, the GDG proposes to update these guidelines in five years'time, in 2022.
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RESUME D°ORIENTATION

Le terme nanomatériaux fait référence a des matériaux dont au moins une dimension
(hauteur, largeur ou longueur) est inférieure a 100 nanometres (10~ métre), ce qui correspond
approximativement a la taille d’'une particule virale. Cette dimension particuliere constitue une
caractéristique majeure des nanomatériaux manufacturés (NMM). Les propriétés uniques des
NMM peuvent aboutir a un comportement tres intéressant qui trouve de nombreuses applications
comme de meilleures peintures, de meilleurs médicaments et des produits électroniques plus
rapides. Néanmoins, pour cette méme raison, les NMM peuvent aussi présenter des dangers pour
la santé différents de ceux des substances de forme micro/macroscopique et peuvent nécessiter
des méthodes de test différentes pour estimer le danger, l'exposition et le risque.

La toxicité des NMM est essentiellement due aux nombreuses propriétés physicochimiques,
notamment la taille, la forme (taille dans une dimension particuliere), la composition, les
caractéristiques de surface, la charge et la vitesse de dissolution. On manqgue actuellement de
données précises sur les voies de lexposition humaine pour les NMM, leur devenirdans l'organisme
et leur capacité a induire des effets biologiques indésirables, comme la génération d'un stress
oxydatif. Des données issues détudes d'inhalation de NMM in vitro, chez I'animal et chez 'nomme
ne sont disponibles que pour quelques NMM. Jusqu'a présent, aucun effet indésirable sur la santé
n'a été observé chez 'homme a long terme. Cela peut s'expliquer par la récente introduction des
NMM, le principe de précaution appliqué pour éviter lexposition et des considérations éthiques
associées aux études conduites chez I'homme. Ainsi, a l'exception de quelques matériaux pour
lesquels on dispose détudes chez 'homme, les recommandations sanitaires doivent se fonder
sur l'extrapolation des données issues des études in vitro, chez I'animal et autres études menées
sur le terrain qui impliquent une exposition a des particules nanométriques, comme la pollution
atmosphérique, pour évaluer les effets possibles chez 'homme.

La production croissante de NMM et leur utilisation dans des produits de consommation et
industriels signifient que les personnes qui travaillent avec ces produits, dans tous les pays, seront
en premiére ligne en termes d'exposition a ces matériaux avec un risque accru d'effets indésirables
potentiels sur la santé.

['Organisation mondiale de la Santé (OMS) a donc élaboré ces lignes directrices qui contiennent
des recommandations pour protéger au mieux les travailleurs contre les risques potentiels des
NMM. Ces recommandations ont pour vocation d‘aider les responsables de |élaboration des
politiques et les professionnels de la santé et de la sécurité au travail a prendre des décisions en
matiére de protection optimale contre les risques potentiels spécifiquement liés aux NMM sur le
lieu de travail. Ces lignes directrices visent également a servir aux travailleurs et aux employeurs.
Néanmoins, elles ne constituent pas un manuel pour la manipulation sans danger des NMM sur
le lieu de travail; cette question nécessite d'aborder des problemes plus généraux de I'hygiene au
travail qui sortent du champ d'application de ces lignes directrices.
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PRINCIPES DIRECTEURS

Lun des principes directeurs du Groupe d'élaboration des lignes directrices (GDG) est le principe
de précaution. Cela signifie que l'exposition doit étre réduite, méme si lon n'a aucune certitude
concernant les effets indésirables sur la santé, dans les situations ot il est raisonnablement indiqué
de le faire.

La hiérarchie des contréles a également constitué un important principe directeur. En l'espéce,
quand on a le choix entre différentes mesures de contréle, les mesures les plus proches de la
racine du probleme doivent toujours étre privilégiées par rapport aux mesures qui pesent
davantage sur les travailleurs, comme le port d'un équipement de protection individuelle (EPI).

MEILLEURES PRATIQUES

Le GDG considere que les meilleures pratiques pour prévenir les effets indésirables des NMM sur
la santé sont les suivantes:

W regrouper les nanomatériaux en NMM a toxicité spécifique, NMM sous forme de fibres et
NMM sous forme de particules granulaires biopersistantes;

m éduquer et former les travailleurs aux probléemes de santé et de sécurité spécifiques aux
NMM;

B impliquer les travailleurs dans toutes les phases de Iévaluation et du contrdle des risques.

METHODES

Pour toutes les questions importantes, des revues systématiques de |'état actuel de la science ont
été prévues pour éclairer les recommandations conformément au processus décrit dans le WHO
Handbook for guideline development. Ces recommandations ont été considérées comme « fortes »
ou « conditionnelles » selon la qualité des données scientifiques, les valeurs et les préférences,
et les colits associés aux recommandations. Toutes les recommandations ont fait l'objet d'un
consensus au sein du GDG.

RECOMMANDATIONS

A. Evaluer les risques sanitaires des NMM

1. Le GDG recommande d'affecter a chaque NMM une classe de danger conformément au
Systéme général harmonisé (SGH) de classification et d'étiquetage des produits chimiques
a faire figurer dans les fiches de données de sécurité. Cette information est fournie dans
les présentes lignes directrices pour un petit nombre de NMM (recommandation forte,
données de qualité moyenne).

2. Le GDGrecommande de mettre a jour les informations des fiches de données de sécurité
relatives au danger spécifique aux NMM ou d'indiquer les critéres toxicologiques qui n‘ont
pas été testés de maniere adéquate (recommandation forte, données de qualité moyenne).

3. Pour le groupe des fibres respirables et celui des particules granulaires biopersistantes,
le GDG suggere d'utiliser la classification existante des NMM aux fins du classement
provisoire des nanomatériaux du méme groupe (recommandation conditionnelle, données
de faible qualité).
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B. Evaluer I'exposition aux NMM

4. Le GDG suggeére d'évaluer l'exposition des travailleurs sur le lieu de travail en employant
des méthodes similaires a celles utilisées pour déterminer la valeur limite d'exposition
professionnelle (VLEP) spécifique proposée pour un NMM donné (recommandation
conditionnelle, données de faible qualité).

5. Du fait quil nexiste pas de VLEP réglementaires pour les NMM sur le lieu de travalil, le
GDG suggere d'évaluer si lexposition sur le lieu de travail excede la VLEP proposée pour
un NMM donné. Une liste de VLEP proposées est fournie en annexe 1 de ces lignes
directrices. La VLEP choisie doit étre au moins aussi protectrice que celle imposée par
la loi pour la forme micro/macroscopique du matériau considéré (recommandation
conditionnelle, données de faible qualité).

6. Siles VLEP spécifiques pour des NMM donnés ne sont pas disponibles sur le lieu de
travail, le GDG suggeére d'adopter une approche par étape pour évaluer 'exposition
par inhalation: d'abord une évaluation du potentiel d'exposition, puis une évaluation
basique de l'exposition, et enfin une évaluation complete de l'exposition, comme celles
que propose |'Organisation de coopération et de développement économiques (OCDE)
ou le Comité européen de normalisation (CEN) (recommandation conditionnelle, données
de qualité moyenne). Pour Iévaluation de I'exposition dermique, on ne dispose pas de
preuves suffisantes pour recommander une méthode plutdt gu'une autre.

C. Contréler I'exposition aux NMM

7. Selon le principe de précaution, le GDG recommande d'axer le controle de I'exposition
sur la prévention de I'exposition par inhalation afin de réduire celle-ci autant que possible
(recommandation forte, données de qualité moyenne).

8. Le GDG recommande de réduire les expositions aux NMM systématiquement mesurées
sur le lieu de travail, en particulier lors des taches de nettoyage et de maintenance, de
recueil de matériaux issus de réacteurs et d'alimentation des lignes de production en
NMM. En I'absence dinformations toxicologiques, le GDG recommande de mettre
en ceuvre des controles rigoureux afin de prévenir I'exposition des travailleurs. Quand
ces informations sont disponibles, le GDG recommande d'adopter une approche plus
spécifique au contexte (recommandation forte, données de qualité moyenne).

9. Le GDG recommande de prendre des mesures de controle en respectant le principe de
hiérarchie des controles: la premiere mesure de controle doit étre d'éliminer la source
d'exposition avant d'appliquer des mesures de contréle davantage liées a limplication
des travailleurs, I'EPI ne devant étre utilisé qu'en dernier recours. Selon ce principe, les
controles d'ingénierie doivent étre effectués en cas de forte exposition par inhalation
ou quand il existe peu ou pas d'informations toxicologiques. En |'absence de contréles
d'ingénierie adéquats, il faut utiliser un EPI, en particulier une protection pour les voies
respiratoires, dans le cadre d'un programme de protection qui inclut un test d'aptitude
(recommandation forte, données de qualité moyenne).

10. Le GDG suggere de prévenir l'exposition dermique en appliquant des mesures
d'hygiéne au travail, comme le nettoyage des surfaces et le port de gants appropriés
(recommandation conditionnelle, données de faible qualité).
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11. Enl'absence d'expert de la sécurité au travail pour effectuer les évaluations et les mesures,
le GDG suggere demployer la méthode dite de gestion graduée des risques liés aux
nanomatériaux pour choisir les mesures de contréle de I'exposition sur le lieu de travail.
Le manque détudes sur le sujet ne permet pas au GDG de recommander une méthode
plutdt qu'une autre (recommandation conditionnelle, données de trés faible qualité).

D. Veille sanitaire

En raison du manque de données disponibles, le GDG ne peut pas formuler de recommandations
pour des programmes de veille sanitaire ciblée propres aux NMM par rapport aux programmes de
veille sanitaire existants.

E. Formation et implication des travailleurs

Le GDG considére la formation des travailleurs et leur implication dans les questions de santé
et de sécurité comme les meilleures pratiques, mais il ne peut pas recommander une modalité
de formation/implication des travailleurs plutdt qu'une autre, du fait de l'absence d'études
disponibles sur le sujet.

Des progres considérables sont attendus dans le domaine des méthodes validées de mesure et
dévaluation des risques. Le GDG propose donc de mettre a jour ces lignes directrices dans cing
ans, soit en 2022.
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SINOPSIS

El término nanomateriales hace referencia a aquellos materiales que tienen al menos una
dimension (altura, anchura o longitud) inferior a 100 nanémetros (10~ metros), que corresponde
aproximadamente al tamafio de una particula virica. Este tamaino peculiar es una de las principales
caracteristicas de los nanomateriales fabricados (NMF). Las propiedades singulares de los NMF
pueden dar lugar a comportamientos muy deseables que los hacen aptos para aplicaciones tan
variables como mejores pinturas, mejores farmacos o componentes electrénicos mas rapidos. Sin
embargo, por este mismo motivo, los NMF también suponer peligros para la salud diferentes de
los que conllevan los materiales micro/macroscopicos, y pueden necesitar métodos de evaluacion
del peligro, la exposicion y el riesgo diferentes de los utilizados con estos ultimos.

La toxicidad de los NMF puede depender en gran medida de numerosas propiedades
fisicoguimicas, como el tamano, la forma (es decir, su tamafo en una de las tres dimensiones), la
composicion, las caracteristicas de su superficie, la carga o la velocidad de disolucion. Hay escasa
informacion precisa sobre las vias de exposicién humana a los NMF, su destino en el organismo'y su
capacidad para producir efectos bioldgicos no deseados, como la generacién de estrés oxidativo.
Solo hay datos de estudios in vitro, en animales y en humanos, sobre la inhalacién de muy pocos
NMF. Hasta la fecha no se han observado efectos adversos a largo plazo en la salud humana. Esto
podria deberse a la introduccién reciente de los NMF, al principio de precaucién aplicado para
evitar la exposicion y a los problemas éticos relacionados con la realizacién de estudios en el ser
humano. Esto significa que, excepto en relacion con los escasos materiales acerca de los cuales
hay estudios en humanos, las recomendaciones sanitarias tienen que basarse en la extrapolacion
a los posibles efectos en humanos de los datos procedentes de estudios in vitro, estudios en
animales o estudios de otros ambitos que implican una exposiciéon a nanoparticulas, como los
estudios sobre la contaminacion atmosférica.

El aumento de la produccion de NMF y su uso en productos de consumo e industriales significa
que los trabajadores de todos los paises estaran en la primera linea de exposiciéon a estos
materiales, lo que les supone un mayor riesgo de posibles efectos adversos en la salud.

Por consiguiente, la Organizacién Mundial de la Salud (OMS) ha elaborado las presentes directrices
que contienen recomendaciones sobre la mejor forma de proteger a los trabajadores de los
posibles riesgos de los NMF. Dichas recomendaciones se destinan a ayudar a los planificadores
de politicas y a los profesionales de la salud y la seguridad laborales a tomar decisiones sobre
la mejor proteccion frente a posibles riesgos especificos de los NMF en los lugares de trabajo.
Asimismo, tienen por objetivo servir a los trabajadores y a los empleadores. Sin embargo, no estén
concebidas como un manual sobre la manipulacion segura de los NMF en el lugar de trabajo,
dado que ello requeriria abordar cuestiones mas generales de higiene laboral que estan fuera del
alcance de las presentes directrices.
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PRINCIPIOS RECTORES

Uno de los principios rectores empleados por el Grupo de Elaboracion de Directrices (GED) fue el
principio de precaucion. Ello significa que, pese a las incertidumbres sobre los efectos adversos en
la salud, hay que reducir la exposicion siempre que haya indicaciones razonables para ello.

Otro principio rector importante fue la jerarquizacion de los controles. Esto significa que cuando
haya que elegir entre diferentes medidas de control se dara preferencia a las que estén mas cerca
de la raiz del problema sobre aquellas que supongan una mayor carga para los trabajadores,
como el uso de equipos de proteccién personal.

PRACTICAS OPTIMAS

El GED considera que las practicas optimas para prevenir los efectos adversos de los NMF en la
salud consisten en:

B Agrupar los nanomateriales en NMF con toxicidad especifica, NMF que son fibras y NMF que
son particulas granulares biopersistentes.

B Educar y capacitar a los trabajadores con respecto a los problemas de salud y seguridad
especificos de los NMF.

m Implicar a los trabajadores en todas las fases de la evaluacion y del control de los riesgos.

METODOS

Para que sirvieran de base a la formulacion de recomendaciones de conformidad con el proceso
descrito en el Manual de la OMS para la Elaboracion de Directrices, se encargaron revisiones
sistematicas del estado actual de la ciencia sobre todas las cuestiones importantes. Las
recomendaciones se consideraron “firmes” o “condicionales’; dependiendo de la calidad de las
evidencias cientificas, los valores y preferencias, y los costos relacionados con cada recomendacion.
Todas las recomendaciones se adoptaron por consenso del GED.

RECOMENDACIONES

A. Evaluacién de los peligros de los NMF para la salud

1. El GED recomienda que a cada NMF se le asigne una clase de peligrosidad de acuerdo
con el Sistema Mundialmente Armonizado de Clasificacion y Etiquetado de Productos
Quimicos para uso en las fichas de datos de seguridad. En las presentes directrices
se proporciona esta informacién con respecto a un reducido numero de NMF
(recomendacion firme, evidencias de calidad moderada).

2. FEI GED recomienda que se actualicen las fichas de datos de seguridad con informacién
acerca de los peligros especificos de los NMF o que se indiquen los criterios de valoracion
toxicolégica que no se han examinado adecuadamente (recomendacion firme, evidencias
de calidad moderada).

3. Con respecto al grupo de las fibras respirables y al grupo de las particulas granulares
biopersistentes, el GED propone que se utilice la clasificacion existente de los NMF
para clasificar provisionalmente los nanomateriales del mismo grupo (recomendacion
condicional, evidencias de baja calidad).
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B. Evaluacién de la exposicién a los NMF

4. El GDG propone que la exposicion de los trabajadores en el lugar de trabajo se evalie
con métodos similares a los utilizados para determinar el valor limite de exposicién
ocupacional (LEO) especifico del NMF en cuestion (recomendacion condicional, evidencias
de baja calidad).

5. Como no hay valores reglamentarios especificos del LEO para los NMF en el lugar de
trabajo, el GED propone evaluar si la exposicion en el lugar de trabajo supera el valor LEO
propuesto para el NMF en cuestion. En el anexo 1 de las presentes directrices figura una
lista de valores LEO propuestos. El valor LEO elegido debe ser al menos tan protector
como el impuesto por la ley para la forma micro/macroscopica del material en cuestion
(recomendacién condicional, evidencias de baja calidad).

6. Sino hay valores LEO especificos para los NMF en el lugar de trabajo, el GED propone un
enfoque escalonado para evaluar la exposicion por inhalacion: primero una evaluacion
del potencial de exposicion, a continuaciéon una evaluacion basica de la exposicion vy, por
ultimo, una evaluacion integral de la exposicion, como las que proponen la Organizacion
de Cooperacion y Desarrollo Econémicos (OCDE) o el Comité Europeo de Normalizacion
(CEN) (recomendacion condicional, evidencias de calidad moderada). En lo que se refiere a
la exposicion dérmica, las evidencias son insuficientes para recomendar un método de
evaluacién con preferencia a otro.

C. Control de la exposicién a los NMF

7. Siguiendo el principio de precaucion, el GED recomienda que el control de la exposicion
se base en la prevencion de la exposicion por inhalacion con el fin de reducirla lo maximo
posible (recomendacion firme, evidencias de calidad moderada).

8. ElIGEDrecomiendareducirlas exposiciones a una seriede NMF medidos sistematicamente
en el lugar de trabajo, especialmente durante la limpieza y mantenimiento, la recogida
de materiales de los reactores y la alimentacién de las lineas de produccién de NMF. En
ausencia de informacion toxicoldgica, el GED recomienda que se pongan en practica los
controles més rigurosos para evitar toda exposicion de los trabajadores. Cuando haya
informacion al respecto, el GED recomienda un enfoque mas especifico (recomendacion
firme, evidencias de calidad moderada).

9. EIGED recomienda que las medidas de control se basen en el principio de jerarquizacion
de los controles; es decir, la primera medida de control debe ser la eliminacion de la fuente
de exposicion, antes que la aplicacion de medidas de control que dependen mas de la
participacion de los trabajadores; los equipos de proteccion personal deben emplearse
solo como ultimo recurso. De acuerdo con este principio, cuando haya un alto nivel de
exposicion por inhalacion o la informacion toxicoldgica sea escasa o nula deben utilizarse
los controles de ingenieria. En ausencia de controles de ingenieria apropiados deberan
utilizarse equipos de proteccion personal, especialmente de proteccion respiratoria, en el
marco de un programa de proteccién respiratoria que incluya comprobaciones del ajuste
del equipo (recomendacion firme, evidencias de calidad moderada).

10. El GED propone que se evite la exposicion dérmica con medidas de higiene ocupacional,
como la limpieza de las superficies y el uso de guantes apropiados (recomendacion
condicional, evidencias de baja calidad).
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11. Cuando no haya un experto en seguridad laboral para realizar las evaluaciones y
mediciones, el GED propone que se utilice el método de gestion gradual de los riesgos
relacionados con los nanomateriales para elegir las medidas de control de la exposicion
en el lugar de trabajo. Debido a la inexistencia de estudios, el GED no puede recomendar
un método de gestion gradual de los riesgos con preferencia a otros (recomendacion
condicional, evidencias de muy baja calidad).

D. Vigilancia sanitaria

Debido a la falta de evidencias, el GED no puede recomendar programas de vigilancia sanitaria
especificos para los NMF con preferencia a los programas de vigilancia sanitaria ya existentes.

E. Capacitacion y participacion de los trabajadores

El GED considera que la capacitacion de los trabajadores y su participacion en las cuestiones
relacionadas con la salud y la sequridad es una préctica 6ptima, pero, debido a la falta de estudios
sobre el tema, no puede recomendar una forma de capacitacion ni de participacion de los
trabajadores con preferencia a otras.

Como son de prever avances considerables con respecto a los métodos de medicion validados y
a la evaluacion de los riesgos, el GED se propone actualizar las presentes directrices dentro de 5
anos, es decir, en 2022.
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NCNONHNTENbHOE PE3HOME

TepMUH «HaHOMaTepuans» 03HaYaeT MaTepuarnsl, Y KOTOPLIX XOTA Obl OWH pa3mMep (BbiCOTa, WMPYHa
nnn nivHa) He npessiwaet 100 HaHoMeTpos (10—7 METPOB), YTO MPYMEPHO COOTBETCTBYET pasmepy
BUPYCHOM 4YacTuupl.  VIMEHHO 3TOT pa3MEpHbI MapameTp ABMAETCA [NaBHOW OTNWNYUTENLHON
0COBEHHOCTLI0 MPOM3BOAUMEIX HaHOMaTepuanos (MHM). B cuny csoux yHMKanbHbIX CBOICTB, MHM
MOryT obnafaTb BeCbMa MpuBReKaTeNbHbIMY XapakTepucTukamy, bnarogapa KOTOPBIM WX MOXHO
WMPOKO MPUMEHATL B CaMbiX Pa3MyHbIX 00NacTAx, B YaCTHOCTW, Ana co3fnaHnA bonee coBeplieHHbIX
Kpacok, 6onee 3ddeKTVBHLIX nekapcTe W Oonee OLICTPOAENCTBYIOWMX SNEKTPOHHBIX YCTPOICTB.
OpHako mo 3To xe npuunHe MNMHM MoryT Takke co3fjaBaTb Yrpo3bl ANA 340POBbA, He XapaKTepHble
[nA BelecTs B 00beMHOW dopMe, VI ANA OLEHKM X OMacHOCTH, BO3LEVCTBUA ¥ CBA3AHHOTO C 3TUM
pvicka MOryT MoTpeboBaThCA MHbIE MO CPaBHEHWMIO C MaKpOMaTepvanamMi METOAb! UCTIbITaHWA.

TokcnmyHocTb TTHM MoxeT ObiTe B 3HaUMTENbHOW CTeneHn obycnosneHa OoMbLWYM YMCIOM GU3MKO-
XVIMUYECKUX XapaKTepUCTUK, Takvx Kak pa3mvep, ¢popma (Te. pasmep B onpeaeneHHon nnockoctu),
COCTaB, XapaKTEPUCTVIKWA MOBEPXHOCTY, 3apAf 1 CKOPOCTL PacTBOpeHa. B HacToAlee Bpems UMeeTcA
KpaliHe ckyaHaa uHdopmMaLma o nyTax so3aeicTana MHM Ha yenoseka, nx «Cyfbbe» B Yenoseyeckom
OpraHv3me v Ux CnocoBHOCTW BLI3bIBaTL HEXKENaTeNbHLIe Bronoryyeckmne NoCNenCTByA, B YaCTHOCTH,
MPOBOLMPOBaTL OKUCIMTENBHEIN CTpecc. VHranAauMoHHLle MccnefoBaHma in vitro nmbo ¢ yyactnem
KUBOTHBIX U Nt0fleV MPOBOAVANCE TONBKO Mo Hebonblwomy uncny MHM. HabniogeHuamm fo cux nop
He ObINO 3aperncTPMPOBaHO JONTOCPOUHbIX HEraTUBHEIX MOCAEACTBUI [N1A 300POBbLA YenoBeka. 370
MOXeT OOBACHATLCA HefaBHUM noaeneHviem MMHM, vcnonb3oBaHvem Mep NPefoCTOPOXHOCTU BO
n3bexaHve VX BO3AENCTBIA, a Takxe CyLIeCTBOBAHMEM STUYECKUX BO3PAKEHWI MPOTUB NPOBEAEHMA
nccnefosaHuin Ha nofax. COOTBETCTBEHHO, €CAIM Peyb He MAET O HEeCKONbKUX MaTepuanax, no
KOTOPLIM MMEIOTCA pe3ynsTaTsl MCCNefoBaHUi Ha MioAaX, TO peKoMEeHAaUMm no oxpaHe 340poBbA
[OMXKHbI BEIPabaThiBaTLCA Ha OCHOBE daKTUUEeCKMX AaHHBIX UCCNEA0BaHW, NPOBEAEHHLIX in Vitro 1 Ha
XKWBOTHbIX, @ TakKe B APYrvx 0bNacTAx, CBA3aHHLIX C BO3AENCTBMEM HAHOYACTVLL, BKOYaA 3arpasHeHe
BO3/yxa, MyTeM VX SKCTPanonALM1 Ha BO3MOXHbIE MOCNEeACTBYA ANA YeNoBekKa.

B pesynstate pocta npom3sopctea [MHM wm vx npuMeHeHWA B COCTaBe MOTPEOUTENLCKOW W
MPOMBILUNEHHON MPOAYKLUMM MPOW3BOACTBEHHLIY MEpPCOHan BO BCeX CTpaHax OyaeT nepsbiM
KOHTaKTMPOBaTL C 3TUMW MaTepuanamu, NoABeprascs NOBLILEHHOMY PUCKY BO3MOXHbIX HETraTVIBHbIX
noCnencTwii Ana 340POBbA.

B cBasm c 3TvMm BcemmpHaa opraHv3auva 3pgpasooxpaHeHua (BO3) paspaboTana HacToawme
PYKOBOAALLWIE MPUHLMMLI, BKITIOUMB B HVX PEKOMEHAALMM O HaunyyLIMX crocobax 3almTsl NepcoHana
OT MoTeHUManbHbix puckos [MHM.  PekomeHgauuy npussaHel MOMOYb [UPEKTVBHLIM OpraHam
W cneymanuctam B chepe OxpaHbl W TUMVieHsl Tpyda MPUHVMMaTL pellieHua o Belbope Havbonee
3$PEKTUBHBIX CPEACTB 3aLLMTLI OT BOIMOMHbIX CMELWIPUYECKIUX PUCKOB, UCXOAALLYX o MHM Ha pabourix
mecTax. Takxe npepnonaraeTca, YTo 3TVMWA PYKOBOAALMMW MPUHLMMNAMU CMOTYT BOCMOSb30BaTLCA
nepcoHan u pabotogatenn. OHW, OfHaKO, He NMpefHa3HaueHb! CIYXUTb PYKOBOACTBOM UM nocobrem
no 6e3onacHomy obpatueHuio ¢ NMHM Ha pabouem mecTe, MOCKONLKY ANA 3Toro noTpe6osanock Obl
0CBETUTL Bonee LWNPOKKE BOMPOCH MIreHsl TPYAa, BbIXOAALLME 3@ PaMKM HaCTOALLMX PYKOBOAALLMX
MPVIHLMMOB.
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PYKOBOJALLWE NPUHLIMMbI

[pefoCTOPOXHOCTL ObiNa OfHUM W3 BedylWX MPUHLMMOB, Ha KOTOpLIE OpueHTMpoBanacs pynna
no paspaboTke pykosogawmx npuHumnos ([PM). OH npegnonaraet, YTo BO3AeNCTBYE HEObXogUMO
orpaHMyMBaThL [axe MNpu OTCYTCTBMW OMPEAENeHHOCTU OTHOCUTENBHO €ro  HebnarompuATHLIX
nocneacTnii ANA 300POBbA, ECAIM A1A STOTO VMEIOTCA Pa3yMHbIe OCHOBaHVIA.

OpyruM BakHbIM PYKOBOAALWM MPUHUMMIOM Oblna Mepapxva CPeacT8 KOHTPOMA. STOT MpUHUMN
03HayaeT, YTo MPY BO3MOMKHOCTY BbIOOpa Mep KOHTPONA MPUOPUTET AOMKeH OTAaBaTLCA Mepam, bonee
TECHO CBA3aHHbLIM C KOPEHHOW MPWYMHON Npobnemel, a He MepaMm, KOTOpLIE CO3[al0T MOBLILLEHHYO
Harpysky Ha NepCcoHar, Takum Kak MCronb3osaHue CpecTs MHAMBYAYanbHOW 3amTsl (CA3).

NEPE/I0BAA MPAKTUKA

P paccmaTpuBaeT MepeuncineHHble HUXe MeTofsl B KayecTse NepefoBoV NpakTuky B obnactu
npodunaktvku Bo3genctana MNHM Ha 3goposse:

B pacnpefeneHve HaHomatepuanos no rpynnam: NMHM co cneumduueckoin TokcmuHocTso, MHM,
ABnAloLMecs BonokHamu, 1 NMHM — rpaHynapHsie 61oyCToMYVIBbIE YacTULb;

B VHPOPMMPOBaHWE W MOLrOTOBKa NepcoHana No cneyudryeckm Bonpocam oxpaHbl 340poBbA 1
obecneueHua besonacHocTM npu pabote ¢ MHM;

B obecneveHye Y4aCTnA NepcoHara Ha BCEX 3Tanax npouecca OUEHKN N KOHTPOA PUCKOB.

METOAbI

MO KaxOoMy W3 BaHBIX acnekTos Mpobiembl BbINO OPraHN30BaHO NMPOBEAEHME CUCTEMATUYECKOTO
0630pa COBPEMEHHOTO COCTOAHIA HaYUHBIX 3HAHWI B LIENSAX Pa3paboTki Ha MX OCHOBE peKOMEHIALMIA,
Kak Toro TpebyeT NopsaaoK, N3noxeHH.IN 8 «[ocobuun BO3 no pa3paboTtke pyKOBOAALIMX MPUHLMMNOB.
PekoMeHAALMAM NPUCBaVBaNCA CTaTyC «<HACTOATENBHBIX» NGO «YCTIOBHBIX» B 3aBUCUMOCTM OT KaueCTsa
HayUHbIX JlaHHbIX, LLEHHOCTEN W NPEANOUTEHNI, @ TAKXKE PACXOL0B, CBA3AHHLIX C UX BHIMONHEHWEM. Bce
PEKOMEHAALIN BLIHOCUIINCH Ha OCHOBE KOHCEHCYCa MeXy UneHamu [Pr1.

PEKOMEHOALIAN

A. OueHka onacHbix gna spoposbsa ¢paktopos NHM

1. [P pekomeHpyeT pacnpepenuts Bce [THM no knaccam onacHOCTW B COOTBETCTBUW C
CornacoeaHHol Ha rmobanbHoM yposHe cuctemoit (CTC) knaccvdukalmm v MapKUpoBKM
XVIMWYECKVIX BELLECTB [/1A UX yKa3aHWA B NacropTax 6e30nacHoCcTy. 10 orpaHn4eHHOMY Ynucny
MHM Takas vHPopMaLWa NpuBeaeHa B AaHHbIX PYKOBOAALMX MpVHUMNax (HacToATenbHaA
peKkoMeHaLuA, Hay HbIe JaHHbIE CPEJHETO KaYyecTsa).

2. [P pekomeHgyeT oOHOBWTL MacnopTa 6e30MacHOCTH, LOMOMHWB WX WHGOpMaumen o
pakTopax OnacHOCTY, CBA3aHHBIX HemocpeacTseHHo ¢ MHM, nubo ykas3as, B OTHOLWEHUW
KaKyX KOHEUHbIX ToYeK TOKCHKOMOTMYECKOro BO3ABVICTBUA HE MMEETCA AaHHbIX Hafexallero
TeCTVPOBaHNA (HACMOAMETbHAR PEKOMEHOAUUS, HayYHble OaHHbIe CpeOHe20 Ka4ecmaa).

3. B oTHowWweHWn rpynn pecnnpabenbHbiX BONOKOH 1 rpaHynapHbiX BroycTonumebix vyactuy TP
npefnaraeT UCMonb3osaTh CyliecTaytolyo knaccudukaumio NMHM gna npegsapuTensHOro
KnaccupuuvpoBaHWA HaHOMaTepUanoB ToW xe TPynMbl (YC108HAA peKOMEHOAUUS, Hay4Hble
OaHHble HU3K020 Ka4ecmaa).
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B. OueHka Bosgeiicreua MNHM

4. [Pl npegnaraeT oLeHWBaTb BO3AENCTBME Ha MepCoHan Ha paboumx mecTax MeTofamu,
KOTOpble aHanorvYHLl WCMOMb30BaHHLIM ANA OMNpeAeneHna npeanaraeMoro 3HauyeHusa
npeaenbHon npoussofcTeeHHoM skcnosvumm (MM3) koHkpetHo ana TMHM  (yorosHas
DeKoMeHOAUUS, HayYHele 0aHHbIE HU3KO020 Ka4ecmea).

5. TlockonbKy KOHKPETHbIX HOpMaTUBHbIX 3HaueHui MM gna MMH Ha pabounx mecTax He
yctaHosneHo, [Pl npegnaraet npw oLeHKe UCXOAWTB 13 TOTO, NPEBLILIAET NI BO3AENCTBUE Ha
pabouem mecTe npeanaraemoe 3HaveHwe M3 ana NMHM. MNepeyeHb Npegnaraemsix 3Ha4eHNI
M3 npusogutca 8 MpunoxeHWy 1 K AaHHBIM PYKOBOAALWMM NpYHUMNaM. BuibparHaa M3
JOMxHa obecrneumBaTb Kak MUHVMYM Takyio e 3aliuTy, 4To 1 NpefycMOTPeHHas 3aKOHOM
M3 gna obbemHol GopmMbl 3TOro MaTepuana (YC/08Has pekomeHOayus, HayyHele 0aHHbIe
HU3KO20 Ka4ecmaa,.

6. B Tex cnyvasx korga koHkpeTHaa M3 gna MNMHM Ha paboumx mectax otcytcTayeT, [P
npeAnaraeT nosTanHeli NOPAJOK OLEHKN NHTANALMOHHOTO BO3AEWCTBYA, MPEAMNONaralowmi,
BO-TEPBLIX, OLIEHKY BEPOATHOCTV BO3AENCTBUA; BO-BTOPLIX, MpoBeAeHVe 6a3oBoi OLeHKM
BO3€NCTBUA; W, B-TPETbUX, MPOBEAEHNE KOMMNEKCHOW OLEHKN BO3AEVCTBIA, aHanorvyHon
TOi, KoTopad npegnaraeTca OpraHv3salLmen SKOHOMUYECKOTO COTPYAHUYECTBA W pa3BUTUA
(O3CP) unu EBponeickvv kKoMUTETOM Mo cTaHAapTw3auun (EKC) (ycriosHas pekomeHOayus,
Hay4Hble OaHHele CpedHe20 Kayecmed). B OTHOWEHWW OLEHKN KOXHOrO BO3feicTBuA
VIMEIOWNXCA  PakTUYeCKMX [aHHbIX ObINO HefoCTaTouyHO, 4TOObl pekomeHAosaTb Oonee
MPEAMNOYTUTENBHLIN MO CPABHEHWIO C APYTMMW METOL OLEHKA BO3AEVICTBMA Ha KOXHbIE
MOKPOBbI.

C. Konutponb Bo3geiicteuia MTHM

7. B cootBeTCTBMM C NPUHUMNOM MPEeAOCTOPOXHOCTH, [Pr1 PEKOMEHAYET YAENATE OCHOBHOE
BHVMaHWE B paMKax KOHTPONA 3a BO3A€VICTBVI€M NPpefoTBpaLlleHNIo NHranAUMOoHHOIo
BO3AENCTBMA B LENAX €ro MakCUManbHO BO3MOXHOMO OrpaHUYeHNA (HacmosamerneHaA
peKOMEHaGuUﬂ, Hay4Hele OaHHble cpeOHeeo Kadecmea).

8. [Pl pekomeHfyeT ymeHblWWTL BO3feictsne uenoro paga MHM, cogepxaHne KoOTopbiX
NoCNefoBaTeNbHO M3MEPANOCh Ha pabounx MecTax, OCOBEeHHO BO BpemAa YOOpKM 1
TeXHUYeckoro obcnyxvBaHua, 3abopa Matepuana 13 peakUMOHHbIX eMKOCTel W mofaun
MHM B npow3BoACTBeHHLIN Npouecc. MMpy OTCYTCTBUM TOKCVMKONOrMYeCKon vHbopmMaLmn
[Pl pekoMeHAyeT NPUMEHATL HauUBbLICLLMIA YPOBEHL KOHTPONA BO M3bexaHne Kakoro-nnbo
BO3AeVcTBMA Ha nepcoHan. Mpu Hanuuum 6onbliero obbema UHdopmaLmm MPI1 pekomeHayeT
NpUMeHATL Gonee WHAVBMAYaNbHbEIA MOAXOR (HacmoamesbHas pekoMeHOauus, Hay4Hele
0aHHble CpedHe20 Kayecmad).

9. [Pl pekomeHayeT MPUHMMaTL Mepbl KOHTPOMS, PYKOBOACTBYACH MPUHLMMOM Wepapxum
CPEeACT8 KOHTPOMA, COMMAcHO KOTOPOMY MepBas Mepa KOHTPOMA [AOMKHA 3aK/ouaThCs
B NIWKBMZALMY MPUUMHLI BO3LEACTBUA U NUWbL TMOCNEe Hee BHeAPAIOTCA MEPbl KOHTPOMA,
KoTopble B GOMbLIEN CTEMEHW 3aBUCAT OT ydacTusa nepcoHana, a (VI3 ncnonb3yioTca Niillb B
KayecTBe KpaiHel Mepbl. B COOTBETCTBIM C STUM NMPUHLMUMOM, B CUTYaLVAX BEICOKOTO YPOBHA
VHTanAUVOHHOTO BO3AENCTBUA W OTCYTCTBUSA WAWN KpalHel CKYAOCTU TOKCUKOMOrUYEeCKO
UHbOPMaLMM  CriellyeT NPUMEHATb UHXEHEPHO-TEXHUUECKVE CpeacTBa KoHTpona. [lpu
OTCYTCTBUM HaANEXallUX UHKEHEPHO-TEXHUYECKNX CPELCTB AOMKHbBI UCMonb3oBaTeea CU3,
0CobeHHO AN1A 3alWThl OPraHoB AbIXaHWA, B paMKax Mporpammbl Mo 3allyTe opraHoB AsixaHus,
npefycMaTpyBaiolle UHAMBUAYaNbHy0 MOATOHKY 3alUWTHBIX CPEACTB (HacmosmensHas
peKoMeHOAUUS, HayYHele OaHHbIE CpedHe20 Ka4yecmaa).
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10. TPI1 npepnaraeT npefoTBpallaTh KOXHOE BO3AENCTBME MpPU MOMOLWM Takux Mep
MPOV3BOACTBEHHOW TUMMEHS], KaK OUYMCTKa MOBEPXHOCTEN M MCMONb30BaHWe MOAXOAALMX
nepyaToK (yc/108HAA peKkomMeHOAYUS, Hay4Hele OaHHbIE HU3KO020 Ka4ecmaa).

11. Tpy HEBO3MOXHOCTY NMPOBELEHNA OLEHKN W U3MEPEHUI HXEHEPOM MO oxpaHe Tpyaa [Pl
PEKOMEHAYET MPUMEHATL MO OTHOLLIEHWIO K HaHOMaTepuanam MeTOf PaHXMpoBaHWA Mep
KoHTpona (control banding), no3sonAalowwmin NoAdMpPaTL MEPLI MO KOHTPONIO BO3AENCTBUA
Ha paboyem mecTe. B CBA3M C HE[OCTaTOYHOCTLIO UCCNEAoBaHMM Ha 3TOT cyeT Pl He MoxeT
PEKOMEHAOBaTL KakoM-TMOBO MpefnouTUTeNbHLIM MO CPaBHEHWIO C OCTaNnbHBIMUA METOq
PaHXMPOBaHWA (yC/108HAR PEKOMEHOAUUS, Hay4Hble 0aHHble KpaliHe HU3K020 Ka4ecmaa).

D. Ha6niogeHune 3a cocToaHNEeM 300pPOBbA

Beuay HexeaTku daktmueckux AaHHsix, TPIT He MoxeT chopmynvpoBaTh pekomeHdaLmio, Kotopas
npefaycmatpusana Osl pa3paboTKy afpeCcHbIX, OTHOCALLMXCA KOHKPETHO K MHM nporpamm HabnioaeH1A
3a COCTOAHWEM 3[0POBbLA, B OT/MUME OT Yxe CYLIeCTBYIOWWMX 1 peanu3yembix nporpamm HabniogeH1A
33 30POBLEM.

E. "OArOTOBKa n obecneyeHuve y4yacTAa nepcoHana

TPl paccmaTpyvBaeT NOAroTOBKY NepcoHana v ero yyacTyvie B peLleHy BOMpPOCOB OXPaHb! 3A0POBLA ¥
obecneveHs 6e30MacHOCTV B KauecTBe NepefoBoi MPakTKK, OHAKO Mo NPUYVHE HEJOCTaTOUYHOCTH
VIMEIOLLVXCA UCCNIeOBaHUI He MOXeT peKOMeHAOoBaTh Kakylo-nnbo ofHy ¢opMy MOArOTOBKM
nepcoHana nubo Kakywo-nubo opHy dopmy obecrnevyeHus Mx yyacTUs MO CPaBHEHWIO CO BCeMM

OPYTAMMA.
B obnact Banuzgauyv MeTOOB V3MePEHN U OLIEHKMN PUCKa OXWAAeTCA 3HaUUTeNbHOE NPOBIKEHE

Brepen. B ceA3n ¢ 3tvm [P npeanaraeT 0OHOBUTL HAaCTOALLME PYKOBOAALLME NPUHLMME! Yepe3 NATh
neT, 8 2022 ropy.
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1. INTRODUCTION

The increased production of manufactured nanomaterials (MNMs) and their use in consumer and
industrial products means that workers in all countries will be at the front line of any exposure,
placing them at risk of potential adverse health effects.

The term “nanomaterials” refers to materials that have at least one dimension (height, width
or length) that is smaller than 100 nanometres (107 metre), which is about the size of a virus
particle. This particular size dimension, which falls between single atoms and their bulk material
counterparts, represents a major characteristic of MNMs.

The unique properties of MNMs may result in highly desirable behaviour, including but not
limited to increased reactivity, or higher conductivity. As such, the past decade has witnessed
the exploitation of these unique properties for industrial and consumer applications, and various
types of MNMs have found their way into a plethora of sectors, including aerospace, cosmetics,
foods, electronics, construction and medicine, among others.

Significant academic and industrial resources have been dedicated to the field of nanotechnology,
increasing the scope and number of MNMs that will be available for future use. However, MNMs may
also present health hazards that differ from those of the substance in bulk form, and require different
test methods for hazard, exposure and risk assessment from their bulk material counterparts.

The World Health Assembly identified the assessment of health impacts of new technologies,
work processes and products as one of the activities under the Global Plan of Action on Workers'
Health adopted in 2007, and the WHO Global Network of Collaborating Centres in Occupational
Health has selected MNMs as a key focus of its activity.

WHO developed these guidelines with the aim of protecting workers from the potential risks of
MNMs. The recommendations are intended to help policy-makers and professionals in the field of
occupational health and safety in making decisions about protection against the potential risks of
MNMs. These guidelines are also intended to support workers and employers. However, the guidelines
are not intended as a handbook or manual for safe handling of MNMs in the workplace, because this
requires addressing more general occupational hygiene issues beyond the scope of these guidelines.

1.1. THE HEALTH BURDEN FROM MANUFACTURED NANOMATERIALS

At the nanoscale, MNMs may exhibit unique characteristics that distinguish their behaviour from
bulk materials and may facilitate interaction with their environment. Of particular importance
is their small size, which may allow for increased penetration of environmental and biological
barriers. In addition, MNMs have far larger surface areas than similar masses of larger-scale
materials. A larger surface area provides a larger interface for molecular and chemical interactions
within the external environment, potentially promoting their reactivity.

The multiplicity of novel material designs for the same chemical composition with different
physicochemical properties presents significant challenges for risk characterization, because
toxicological properties may adapt to changes in their physicochemical properties such as size
and shape. Nanomaterials are being used in a rapidly growing number of products and industries.
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The number of workers exposed to MNMs is not known but is increasing with the industrial
production and use of MNMs.

In the workplace, health hazards can result from inhalation, ingestion or skin absorption of MNMs.
The human lungs represent an excellent entry portal for MNMs due to their high surface area,
thin epithelial barriers and extensive vasculature; and while dermal and oral exposure may occur,
inhalation is more likely to result in a larger systemic dose of MNMs. Currently, inhalation of
biopersistent particles and fibres with an asbestos-like morphology is the greatest known health
hazard possibly resulting in local inflammation and cancer.

Translocation of inhaled MNMs to the circulation and to secondary organs is estimated to
be limited to not more than 1% of the mass-based dose. However, this figure is based on
extrapolations from animal studies, resulting in a lack of precise information on biokinetics of
inhaled MNMs and their long-term fate in humans. Nevertheless, while acute effects from MNMs'
translocation to secondary organs are likely to be minimal, it is possible that chronically exposed
populations may face greater risks from cumulative, low-dose translocation processes.

While humans have long been exposed to unintentionally produced nanoparticles, such as
those from combustion processes, the recent increase in MNM production demands greater
investigation into the potential toxicity and adverse health effects of these materials following
exposure. Since newly developed MNMs are not tested sufficiently for possible health hazards, it is
generally recommended to take a precautionary approach until testing results are available. This
means that MNMs should be considered as hazardous unless there is clear proof that they are not.

The toxicity of MNMs may largely depend on numerous physicochemical properties, including size,
shape (ie. size in a particular dimension), composition, surface characteristics, charge and extent of
their dissolution. There is currently a paucity of precise information about human exposure pathways
for MNMs, their fate in the human body and their ability to induce unwanted biological effects such
as generation of oxidative stress. Data from in vitro and animal in vivo MNM inhalation studies are
available for only a few MNM:s. So far, only a small number of controlled human exposure studies
have assessed the fate and health effects of MNM exposure; this is due mainly to ethical concerns.

Even though there are estimates available of the tonnes (t) of nanomaterials produced annually
and used worldwide, the GDG did not find convincing evidence of how these estimates can be
correlated with worker exposure. The current estimates of the number of workers potentially
exposed to nanomaterials in specific countries indicate that they are still a relatively small
proportion of all workers (7).
According to one source the volume of MNMs on the market can be ranked as follows (2):
1. carbon black (9.6 million t)
synthetic amorphous silica (1.5 million t)
aluminium oxide (200 000 t)
barium titanate (15 000 t)
titanium dioxide (10 000 1)
cerium dioxide (10 000 t)
zinc oxide (8000 1)
carbon nanotubes (CNTs) and carbon nanofibres (CNFs), (100-3000 t)
silver nanoparticles (20 1).
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Thefocus of these guidelines is onlow-and middle-income (LMI) countries where nanotechnology
is an important means of economic progress. For example, middle-income countries such as
Brazil and South Africa produce MNMs and have research laboratories that produce CNTs. LM
countries produce nanosilver that is incorporated in milk packs, fabrics and clothes and MNMs are
also produced for use by the pharmaceutical industry.

However, the implementation of health and safety at work regulations is usually less effective in
LMI countries, which means that workers in these countries are at greater risk of the potential
negative health effects than their counterparts in high-income countries. This is partly because
the use of MNMs is often not known about or well understood. Despite the publication of a large
number of scientific articles about nanotechnology by authors from LMI countries, only a few are
about the potential toxicity of MNMs and very few report on safety or risk assessment (3).

1.2. SCOPE OF THE GUIDELINES AND KEY QUESTIONS

The GDG has identified the following key issues and questions where evidence should be
reviewed leading to recommendations that can improve workers' health and safety.
1. Risks of MNMs
Which specific MNMs and groups of MNMSs are most relevant with respect to reducing
risks to workers and which should these guidelines now focus on, taking into account
toxicological considerations and quantities produced and used.

2. Specific hazard classes
Which hazard class should be assigned to specific MNMs or groups of MNMs and how?

3. Forms and routes of exposure
For the specific MNMs and groups of MNMs identified, what are the forms and routes of
exposure that are of concern for worker protection?

4. Typical exposure situations
What are the typical exposure situations and industrial processes of concern for relevant
specific MNMs or groups of MNMs?

5. Exposure measurement and assessment
How will exposure be assessed and are there alternatives to current exposure assessment
technigues for MNMs that should be recommended in LMI countries?

6. Occupational exposure limit (OEL) values
Which OEL or reference value should be used for specific MNMs or groups of MNMs?

7. Control banding
Can control banding be useful to ensure adequate controls for safe handling of MNMs?
8. Specificrisk mitigation techniques
What risk mitigation techniques should be used for specific MNMs, or groups of MNMs in
specific exposure situations, and what are the criteria for evaluating the effectiveness of
controls?
9. Training for workers to prevent risks from exposure
What training should be provided to workers who are at risk from exposure to the specific
MNMs or groups of MNMSs?
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10. Health surveillance to detect and prevent risks from exposure
What health surveillance approaches, if any, should be implemented for workers at risk
from exposure to specific MNMs or groups of MNMs?

11. Involvement of workers and their representatives
How will workers and their representatives participate in the workplace risk assessment
and management of handling MNMs?

Initially, the GDG had decided that there would be a question about worker involvement in
controlling risks of MNM exposure (see question 11). However, preliminary searches found no
studies on this topic and the GDG decided it was better formulated as a best practice statement
rather than pursuing a systematic review.

For all other questions, the GDG commissioned systematic reviews from teams of authors found
through the WHO Global Network of Collaborating Centres.

The systematic reviews to answer question 1 on risks of MNMs and question 9 on worker
training were used to inform section 5 on best practices. In occupational health and safety
these describe methods or techniques accepted as being the best in protecting workers and
are based on consensus among experts. They should be used when implementing the current
recommendations.

The review of the literature on hazards of MNMs revealed that there is a general consensus
about grouping them, but this did not lend itself very well to making an evidence-based
recommendation. The review on worker training did not find specific studies that showed this
would lead to a decrease in exposure or to better availability of controls. Nevertheless, the GDG
was of the opinion that there are sufficient arguments that worker training is important. Given the
complicated nature of the potential health effects of MNMs, worker training was considered to be
necessary and regarded as best practice.

1.3. WHO GUIDELINES RELATING TO THIS TOPIC

Despite the increase in MNM production, particles at the nanoscale are not a new phenomenon
to nature and biology. In the field of air pollution the presence of nanoscale particles has long
been recognized, and there are air quality guidelines that also address nanoparticles even
though no specific exposure limits are given for ultrafine particles (4,5). Air quality is influenced
by small particles that are usually divided into particulate matter smaller than 10 micrometres
(PM,), smaller than 2.5 micrometres (PM,,) and ultrafine nanoparticles that are smaller than
100 nanometres. The ultrafine particles are naturally occurring in air and a result of combustion
processes. However, these guidelines only address MNMs that are intentionally produced.

1.4. OTHER INTERNATIONAL PROGRAMMES ON MNM SAFETY

A number of international organizations are active in the area of nanomaterial safety. The most
active and influential are the Organisation for Economic Co-operation and Development (OECD)
and the International Organization for Standardization (ISO).

The OECD Working Party on Manufactured Nanomaterials (WPMN) has four steering groups. The
first steering group on testing and assessment is in the process of publishing dossiers with data on
toxicity testing and physicochemical characterization for 11 nanomaterials. It is also responsible for
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updating safety testing guidelines to make them suitable for nanomaterials. The second steering
group on risk assessment and regulatory programmes reviews approaches for risk assessment of
nanomaterials. The third steering group on exposure measurement and mitigation focuses on
developing guidance for exposure assessment and mitigation of exposure to nanomaterials in
the workplace, during consumer use of nano-enabled products and for the environment. Finally,
the fourth steering group is looking at environmentally sustainable use of nanomaterials. As of
31 May 2016 the OECD working party had published 58 reports in total2

The ISO Technical Committee 229 (TC229) Nanotechnologies has five working groups. Of these,
Working Group 3 (WG3) is tasked with developing standards related to the safety of nanomaterials
and nanotechnology. As of 22 March 2017 this technical committee had published a total of 55
standards of which 18 were prepared by WG3; they deal directly with the health and safety issues
of nanomaterials including specific standards on safe handling of nanomaterials in the workplace
aimed at industrial hygienists.?

The involvement of experts from the WHO GDG in both the OECD and the ISO programme ensures
that information is effectively exchanged between the various international organizations. There
are also more formal mechanisms for coordination of work among these three organizations.
OECD WPMN is a formal participant in 1SO TC229, which allows it to review and comment on
all 1SO TC229 documents under development, while experts from ISO TC229 can reciprocally
participate in the development of OECD WPMN documents. A similar status for the WHO GDG
with 1SO TC229 would further facilitate expert participation in both groups.

WHO and OECD are also members of the Inter-Organization Programme for the Sound
Management of Chemicals (IOMC), which coordinates activities among international public
organizations with national body memberships on chemicals in general and on nanomaterials
specifically.

These links ensure that the knowledge base and expertise developed by these organizations
are effectively shared, resulting in the highest quality guidelines, although goals, approaches
and stakeholders may differ. For example, ISO aims to develop standards to facilitate commerce,
while OECD addresses the needs of government organizations among its 35 member countries;
and WHO addresses the needs of government organizations among its 194 member countries
including many that are LMI. Despite these differences, recommendations produced by 1SO, OECD
and WHO are in general very consistent and aim to proactively minimize workers’ exposure even
though full information about nanomaterial risks is not yet available.

1.5. TARGET AUDIENCE

These guidelines are targeted at:

B occupational health professionals and policy-makers at the local, national or international
level, who are responsible for the health and safety of workers exposed to MNMs;

m workers and their employers with premises with a potential risk of exposure to MNMs.

2 http//www.oecd.org/science/nanosafety/publications-series-safety-manufactured-nanomaterials.htm.

3 httpy//www.iso.org/iso/home/store/catalogue_tc/catalogue_tc_browse.htm?commid=381983&published=ong&in-
cludesc=true, accessed 15 May 2017.
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2. PROGESS FOR GUIDELINE
DEVELOPMENT

2.1. GETTING STARTED

According to established WHO procedures, the Interventions for Healthy Environments Unit in
the Department of Public Health, Environmental and Social Determinants of Health, obtained
planning approval in 2010 to develop guidelines and established a WHO Guideline Steering
Group and a Guideline Development Group (GDG). The GDG was composed of leading experts
and end-users responsible for the process of developing the evidence-based recommendations.

Members of the WHO Guideline Steering Group and the GDG are listed in Tables A.2.1 and
A.2.2 of Annex 2. Funding for meetings and the costs of the methodologist were provided by
the WHO Department of Public Health, Environmental and Social Determinants of Health. Experts
participated in the GDG on an in-kind basis and systematic reviews were conducted by volunteer
teams.

The project started with the development of a background paper on the development of
guidelines for protecting workers from potential risks of exposure to MNMs by the WHO Guideline
Steering Group. In 2010-2011 there were several public calls for experts to join the GDG and
External Review Group and to identify volunteers to carry out systematic reviews. Once the GDG
was formed it worked to identify key questions through several rounds of the Delphi process (6).

A first face-to-face meeting of the GDG was held in Johannesburg, South Africa, on 30 September
and 1 October 2013 where GDG experts finalized the key questions to be addressed, found
authors for systematic reviews of the evidence and agreed on a plan and timeline for completing
the work.

Based on decisions made by the GDG, the systematic reviews were commissioned and drafts
discussed at evidence review meetings held in:

m Paris, France, on 9 and 10 February 2015

B Brussels, Belgium on 4 and 5 September 2015

® Dortmund, Germany on 18 and 19 April 2016.

2.2. EVIDENCE REQUIRED TO ADDRESS SCOPING QUESTIONS

To incorporate significant research undertaken in the area of MNM health and safety, teams of
researchers were identified who could carry out systematic reviews of the pertinent literature
according to the process outlined in the WHO Handbook for guideline development (7). The
systematic review teams are listed in Table A.2.3 of Annex 2.

The first step in the evidence search and retrieval procedure was to identify and define the
type of evidence required to address the scoping questions. First, the systematic review teams
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reformulated the key questions posed in section 1.2 so that they could be answered by a
systematic review. Then they defined the best available evidence to provide the answers. Owing
to the complex nature of the issues being addressed, and the scarcity of experimental studies
directly assessing the impact of interventions on occupational health and safety, several distinct
areas of evidence were required for each scoping question.

2.3. SUMMARY OF EVIDENCE REVIEW PROCESS

Very few existing systematic reviews were found. This is probably because methods for this type
of assessment are not very well established in the field of toxicology, occupational health or
exposure assessment. Therefore, systematic reviews were commissioned for all questions with the
aim of locating studies that could answer the pertinent questions.

2.3.1.The systematic review process

The systematic review process used for each question varied slightly but followed the principles
set out in the WHO Handbook for guideline development. First, for a study to be included it must
comprise the four PICO elements: population, intervention, comparator and outcome(s), which
are used to assess the exposure or the intervention (7). The PICO approach guarantees that the
systematic review process collects the evidence that is needed to answer the question athand. The
searches conducted for the systematic reviews included any observational or experimental study
of persons or workplaces exposed to MNMs. For each study, the risk of bias was systematically
assessed.

Systematic review conclusions were based on the findings of the included studies. The findings
were summarized and provided as support for the recommendations in these guidelines. The
summary of findings paragraphs included in the specific recommendations (section 6) contain
similar information to the summary of findings tables advocated by the GRADE (Grading of
Recommendations, Assessment, Development and Evaluations) approach, even though we could
not provide the summary in the same numerical format.

2.3.2. Assessment of overall quality of evidence

The systematic review teams determined the quality of evidence for each conclusion (7).
The handbook recommends using the GRADE approach for making these assessments (8).
GRADE allows the reviewer to systematically and transparently grade the quality of the body of
evidence for the effectiveness of medical interventions. At the start of the rating it is assumed
that the evidence is of high quality and based on randomized clinical trials. The quality of the
body of evidence is then downgraded based on five specific qualifiers including risk of bias and
inconsistency of results. This results in one of four quality ratings: high, moderate, low or very low
quality of evidence.

However, some of the questions that were used to formulate recommendations in these
guidelines were very far from clinical intervention questions, so the GRADE approach for
interventions could not be applied. Therefore, a modified GRADE approach was used to assess
the overall quality of evidence for the systematic reviews that were conducted to answer the non-
intervention questions. The adaptation was based on the existing GRADE guidance for qualitative
and prognostic studies (9,70). The guidance on prognostic studies is most applicable also to
exposure studies.
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The rating process ranked a study design as high quality if it was considered the best for the
question at hand. The quality was downgraded if, in one or more domains, criteria for high quality
were not met (Table 1). Numerical summaries of findings were not provided in all reviews and in
those cases the systematic reviewers used GRADE guidance for qualitative studies as summarized
in Table 1. The reviewers did not use any qualifiers for upgrading the evidence, as is possible in
the GRADE approach for non-randomized intervention studies.

TABLE 1. GRADE ADAPTATION: DOMAINS AND CRITERIA TO ASSESS THE QUALITY OF THE
EVIDENCE®

Risk of bias/ Consistency/ | Directness/ Precision/ Publication bias
limitations coherence relevance adequacy of
data
Criteria for Majority/most Majority of the  Studies address  Numerical Arguments
high quality important studies have PICO precisely; ~ data provide for or against
contributing similar findings ~ are performed  estimates of publication
studies do in size and inthe fieldand  precision.Ifno  bias provided.
not have direction. No representative  numerical data,
methodological ~ contradictory of the at least two,
limitations. findings that population/ adequately
cannot be material sized studies
explained. concerned. available to
supporta
conclusion.

GRADE: Grading of Recommendations, Assessment, Development and Evaluations; PICO: population, intervention,
comparator, outcome(s).

2 Based on the GRADE approach for qualitative and prognostic studies; domains and criteria.

Based on these criteria, each systematic review's conclusion was rated for the quality of the
evidence. We interpreted the quality levels as proposed by the GRADE working group as follows:

m High quality — further research is very unlikely to change our confidence in the estimate of
effect.

® Moderate quality — further research is likely to have an important impact on our confidence
in the estimate of effect and may change the estimate.

m Low quality — further research is very likely to have an important impact on our confidence in
the estimate of effect and is likely to change the estimate.

m Very low quality — any estimate of effect is uncertain.

2.4. FROM EVIDENCE TO RECOMMENDATIONS

2.4.1. General process

After the systematic reviews had been conducted, the GDG developed recommendations
based on the conclusions. To formulate recommendations and to determine the strength of
the recommendations, the GDG used the balance between harms and benefits, values and
preferences, monetary costs and the quality of evidence. For most of the recommendations, no
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numerical values for benefits and harms were available. Therefore, the GDG balanced benefits and
harms in a global, qualitative way. Similarly, the costs of an intervention, or the implementation
costs of a recommendation, were considered and based on the expert opinion of the GDG
members. No formal cost-benefit or cost-effectiveness analyses have been performed.

With each recommendation in these guidelines there is an explanation of how the GDG reached
the recommendation based on the evidence. All recommendations were proposed, discussed
and based on consensus within the GDG, which was reached through face-to-face meetings.
Disagreements were reconciled through adjustments in the recommendations and all GDG
members agreed with the final versions.

The strength of the recommendation ranked as either:

B Strong: the GDG agrees that the quality of the evidence combined with certainty about
the values, preferences, benefits and feasibility of this recommendation means it should be
carried out in most circumstances; or

m Conditional: there was less certainty about the combined quality of the evidence and
values, preferences, benefits and feasibility of this recommendation meaning there may be
circumstances or settings in which it will not apply.

2.4.2. Workers’ values and preferences

Even though the economic benefits of nanotechnology are fully appreciated by all stakeholders,
concerns about health and safety risks are especially articulated by workers and their organizations
across the globe. The GDG considered the values and preferences of this sector based on the
opinion of the groups' members and also conducted a general search for the opinions of key
organizations with the following findings.

A few years ago the IUF (International Union of Food, Agricultural, Hotel, Restaurant, Catering,
Tobacco and Allied Workers' Associations) called on companies to: adopt a detailed public policy
explaining their use of nanomaterials, if any; publish a safety analysis for any nanomaterials
being used; issue supplier standards; label all products that contain nanoparticles smaller than
500 nm; and adopt a hierarchy of hazard controls approach to prevent employees' exposure to
nanomaterials (77). Similar concerns were also expressed by the [TUC (International Trade Union
Confederation), an organization that unites hundreds of trade unions worldwide.

In Europe, the European Trade Union Confederation (ETUC) has expressed its concern about health
and safety issues surrounding MNMs. The ETUC emphasizes that to achieve sustainable growth,
the innovation resulting from nanotechnologies should include social equity, environmental
protection and economic efficiency, while ensuring full health and safety protection and
protection of the environment. The ETUC has criticized the failure to fund research on health and
safety, ethical, social and environmental issues at the same levels as research and development
work on nanotechnologies (72).

In Canada, the Canadian Union of Public Employees recommends following a precautionary
approach that prevents workers' exposure until sufficient data can show there are no harmful
effects on human health or the environment (73). The Australian Council of Trade Unions has
expressed similar concerns (14).
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3. INDIVIDUALS AND PARTNERS
INVOLVED IN GUIDELINE
DEVELOPMENT

3.1. WHO GUIDELINE STEERING GROUP

Members of the WHO Guideline Steering Group are listed in Table A.2.1, Annex 2. They include
WHO staff members who are involved in work relevant to the topic of MNM and associated
health outcomes. The Guideline Steering Group was involved at all stages of planning, selecting
members of the GDG and external review group, review of the evidence and developing potential
recommendations at the main expert meetings as well as ongoing consultation on revisions
following peer review.

3.2. GUIDELINE DEVELOPMENT GROUP (GDG)

The GDG consists of content experts gathered to investigate all aspects of evidence contributing
to the recommendations. This group defined the key questions and priorities of the research,
chose outcomes and provided advice on any modifications of the scope as established by the
WHO Steering Group. The GDG interpreted the evidence, with explicit consideration of the overall
balance of benefits and harms, and ultimately formulated the final recommendations, taking
into account diverse values and preferences. The group also determined the strength of the
recommendations and responded to external reviews. The complete list of GDG members, their
affiliations and geographical locations, can be found in Table A.2.2 of Annex 2.

3.3. SYSTEMATIC REVIEW TEAMS

Systematic reviews were commissioned by WHO staff using external contractors. WHO issued
public calls for volunteers to carry out reviews including via the WHO Global Network of
Collaborating Centres for occupational health. In addition, the GDG recommended several
authors to conduct the systematic reviews based on their knowledge of the field. Table A.2.3 in
Annex 2 lists the systematic review team authors.

3.4. EXTERNAL REVIEW GROUP

The external review group is composed of technical experts, end-users and stakeholders with
a geographical and gender balance. Technical content experts and end-users were selected for
their expertise in the subject at hand. The group also includes representatives from professional
groups and industry that will be implementing the guidelines. Members were asked to review
the material at the end of the development process and they provided extensive comments that
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were used to further improve the recommendations and the wording of the text. The list of group
members and their affiliations is provided in Table A.2.4, Annex 2.

3.5. MANAGEMENT OF CONFLICTS OF INTEREST

All members of the GDG and systematic review authors completed WHO declaration of interest
forms that were accompanied by Annex B (code of conduct for WHO experts) and Annex C
(confidentiality undertaking). These were reviewed by the WHO Focal Point and the Ethics, Risk
and Compliance office for potential conflicts of interest. Based on their statements there were
two requests for further information until finally all of the GDG members and the authors of the
systematic review teams were accepted by WHO in their respective roles.

In addition, at the start of each meeting, all members received a briefing about the nature of
all types of conflict of interest (i.e. financial, academic/intellectual and non-academic) and were
asked to declare to the meeting any conflicts they may have. No member of the GDG or the
systematic review team was excluded from his or her respective role.

For transparency purposes only, also the External Review Group members provided declaration of
interest forms, as well as confidentiality statements.
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4. FORMULATING

THE RECOMMENDATIONS

4.1. FOCUS OF THE RECOMMENDATIONS

The specific recommendations 1 to 3 aim to define specific nanomaterials and their health hazards
and recommendations 4, 5 and 6 focus on assessing exposures that impact on workers' health
and safety. In addition, recommendations 7 to 11 focus on interventions that are generally used
to protect workers' health. Finally, the GDG reached conclusions regarding health surveillance for
workers and worker training and involvement. These recommendations are listed in sections 6.4
and 6.5.

4.2. GUIDING PRINCIPLES

4.2.1. Precautionary approach

The GDG decided early on that in cases where a health concern is identified but scientific data
do not permit an evaluation of the magnitude of the risk based on data from studies in humans,
recourse to precaution should be used to reduce or prevent exposure as far as possible. This was
seen as an important underlying approach in the interest of protecting workers' health, especially
given previous experience with asbestos. Several definitions of a precautionary approach exist. All
include a component that urges acting despite uncertainty when there are reasonable indications
todo so (75).

For MNMs, potentially adverse effects have been identified for a number of materials. New
MNMs are constantly being developed but the ability to predict their hazardous properties
is still limited (76). Therefore, as a precautionary approach, the GDG considered that in the
absence of toxicological information, workers should not be exposed. This means that in these
cases the strictest control measures to prevent workers' exposure should be in place. Only when
toxicological information is available can there be a more tailored control strategy. Along similar
lines, the control-banding strategy elaborated in these guidelines is based on the same principles.

4.2.2. Hierarchy of controls

The hierarchy of controls is a concept of risk management that is generally accepted in
occupational health and safety. It stipulates that the implementation of controls to reduce
workers' exposure should be considered the goal of a successful industrial hygiene programme.
The hierarchy of controls is an approach to risk reduction or elimination of hazard or exposure (17).
The first step should be to try and eliminate the hazard. If that is not possible, the hazardous
material should be substituted by a less harmful agent. Then, engineering controls should be
applied such as isolation, local exhaust ventilation or dust suppression techniques. If all these are
not feasible, then administrative controls should be considered such as worker education, and
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training or scheduling. As a last resort, personal protective equipment (PPE) can be used, but
reducing the exposure at source provides better protection for workers and better cost-benefit
for employers.

Often, there will be a combination of control measures to minimize the risk. For instance, it might
be possible to eliminate or reduce the hazardous properties of nanomaterials without altering
their beneficial properties. However, in the case of MNMs, substitution is a control measure that
will be difficult to realize, because it is all about the very use of the MNMs. Some have argued
that substitution is too limited and should be replaced by process change to reduce worker
exposure (18). Changing the process in such a way that no MNMs will be released into the air
should therefore always be one of the first control measures to consider.

40  WHO GUIDELINES ON PROTECTING WORKERS FROM POTENTIAL RISKS OF MANUFACTURED NANOMATERIALS



341

b. BEST PRACTICE

The GDG considers it best practice to class MNMs into the following three
groups: those with specific toxicity, those that are respirable fibres and those
that are granular biopersistent particles.

5.1. CLASSIFICATION OF MNMS

The specific toxicity group consists of (i) MNMs with high dissolution rates through the release
of ions or amenable to biodegradation and, (i) MNMs with low dissolution rates but with high
specific toxicity. The latter are MNMs with specific toxicity, which is mediated by the specific
chemical properties of their components (19).

The respirable fibres group consists of MNMs that are rigid, biopersistent or biodurable and
respirable, which have dimensions agreed upon by a WHO working group for man-made mineral
fibres in the past. These dimensions are a fibre length (FL)>5 pm, fibre diameter (FD)<3 pm and an
aspect ratio (FL/FD)>3 (20). Although this group of fibres is characterized as being rigid, it should
be kept in mind that there is no consensus on specific criteria for rigidity even though some have
proposed crystallinity as a measure of rigidity for MNMs (27).

The granular biopersistent particles (GBP) group consists of respirable granular biodurable
particles that are characterized by both low dissolution rates and lack of high specific toxicity. GBP
are respirable granular and biopersistent but not fibrous (as defined above) and these particles
are also known as poorly soluble particles or poorly soluble, low-toxicity particles (19).

Forming groups of MNMs with similar properties is important in the absence of information on the
hazards of many new materials. This enables the transfer of hazard information, also called bridging
or read across, from one material to another. Because there is no general accepted approach on
how to do this, the GDG commissioned a systematic review of possibilities to group MNMs based
on toxicological considerations. The systematic review was undertaken by Zienolddiny & Skaug
(2017) (22). The systematic review team located 22 reviews of grouping MNMs, or approaches
to transfer hazard information from one MNM to another. To be included in the overview the
authors of the reviews had to have considered which mechanisms of action could lead to toxicity
of nanomaterials. The systematic review team authors concluded that there is evidence that there
are three main mechanisms of toxicity of nanomaterials: specific toxicity of the material, inhalation
and biopersistence in the lungs, and one mediated specifically by the fibre structure. For other
potentially hazardous properties, such as genotoxicity, there was no consistency in the included
reviews that this is inherent to the nanoscale size of the MNM:s.

Given that the grouping of MNMs is based on expert opinion, the GDG considered that changes
are likely when more research becomes available.
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5.2. WORKER INVOLVEMENT

The GDG considers it best practice that workers should be involved in health
and safety issues and that this will lead to more optimal control of health and
safety risks.

In most countries, worker involvement in health and safety issues is mandatory. Article 19 of the
International Labour Organization (ILO)'s C155 Occupational Safety and Health Convention, 1981,
stipulates that representatives of workers in the undertaking cooperate with the employer in the
field of occupational safety and health. In many other ILO conventions and European Union (EU)
directives, the term “worker participation”is frequently used.

9.3. ADDITIONAL TRAINING AND EDUCATION OF WORKERS

The GDG considers it best practice that workers potentially exposed to MNMs
should be educated on the risks of MNMs and trained in how they can best
protect themselves.

MNMs have risk aspects that are specific to being a nanomaterial and that are not self-evident.
For proper control measures to be well implemented, workers need information about these risks.
Safety data sheets (SDS) do not always provide reliable information on MNMs and users should be
aware of this. In addition, MNMs require specific control measures that can be different from those
for the bulk material. This is also recognized by the EU, which has provided specific guidance for
workers (23).

There are good training materials available, for instance from the National Institute of
Environmental Health Sciences in the United States of America (USA) and from the Health and
Safety Executive in the United Kingdom of Great Britain and Northern Ireland, which can easily be
adapted to local circumstances (24,25).

Education and training should focus on those aspects of MNMs that are dealt with in these
guidelines and that are additional to, or different from, education and training in the safe handling
of bulk material chemicals. Topics should include which hazards are specific to MNMs and different
from the bulk material; which hazard classes are assigned to MNMs; which routes of exposure are
important; which workplace exposures have been measured and which tasks put workers most
at risk; how proposed OELs can be interpreted; when and how control banding, specific controls
and PPE for MNMs can be used.

ILO Convention 155 concerning Occupational Safety and Health and the Working Environment
also states that there should be a national policy to provide information and education and
implement training for workers, including necessary further training, qualification and motivation
of persons involved, in one capacity or another, in the achievement of adequate levels of safety
and health. This also holds for workers exposed to MNMs.
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6. SPECIFIC RECOMMENDATIONS

6.1. ASSESS HEALTH HAZARDS OF MNMS$

Recommendation 1: The GDG recommends assigning hazard classes to all
MNMs according to the Globally Harmonized System (GHS) of Classification
and Labelling of Chemicals for use in safety data sheets. For a limited
number of MNMs this information is made available in these guidelines
(Table 2) (STRONG, moderate quality evidence).

Recommendation 2: The GDG recommends updating safety data sheets
with MNM-specific hazard information, or indicating which toxicological
end-points did not have adequate testing available (STRONG, moderate-
quality evidence).

Recommendation 3: For the respirable fibres and granular biopersistent
particles’ groups, the GDG suggests using the available classification of
MNM:s given in Table 2 for provisional classification of nanomaterials of the
same group (CONDITIONAL, low-quality evidence).

A list of selected nanomaterials and their up-to-date hazard classes, according to the GHS and as
assigned by the systematic review team, is available in Table 2. The most common hazard classes
assigned to MNMs are:

B specific target organ toxicity after repeated exposure
W carcinogenicity

m germ cell mutagenicity

B serious eye damage

W respiratory or skin sensitization.

From evidence to recommendation
Evidence

The animal and genotoxicity studies, as collected and reviewed by the OECD and reported in
the specific nanomaterial dossiers, formed the evidence for the assignment of hazard classes to
the various MNMs. In addition to the OECD data, the evidence for carcinogenic properties was
based on assessment of a limited number of MNMSs by the International Agency for Research on
Cancer (IARC). Based on an assessment of study limitations, the quality of the evidence was rated
as moderate to high for the various MNMs.
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Recommendation 3 to bridge the hazard classes from specific materials within a group to other
materials within that same group, is based on low-quality evidence that the respirable fibres or
GBP materials have similar toxicological properties (see Best practice, Classification of MNMs,
section 5.1).

Benefits and harms

The benefits of having MNMs properly classified and labelled according to their hazards, in terms
of focus on risk and control measures, clearly outweigh the possible harm that the classification
might be overly cautious given the lack of information about the hazards of MNMs in general. In
some cases, the classification system could also result in underestimation of the hazard.

Values and preferences

The hazard classification forms the basis for labelling products according to their hazards. In many
countries, this is legally binding. This information is also included in the SDS informing workers
and employers about the safety and hazards of the products they use. Even though the GHS
might not be optimal for MNMs, and is being continually developed, it is a systematic approach
that is generally recognized globally.

Grouping MNMs with similar properties is important, especially in the absence of information on
the hazards of many new materials.

Net benefits worth the costs
Assigning hazard classes to MNMs is not a very costly procedure if data from studies are available.
Strength of the recommendation

Based on the above considerations, the GDG makes a strong recommendation for the assignment
of hazard classes to MNMs. For bridging from specific materials within the same group, the
recommendation is conditional.

Summary of findings: MNMs and hazard class assignment

Systematic review question: Which hazard classes can be assigned to specific MNMs according
to the UN GHS and making use of MNM-specific dossiers as developed by the OECD? The MNM
dossiers compiled by the OECD give an overview of the available toxicological data for a number
of specific MNMs.

Evidence summary
The systematic review was undertaken by Lee et al. (2017) (26) and was published by WHO.
Number of studies and participants

There were 11 OECD dossiers containing toxicity testing information. These were used by the
systematic review team to assign one or more hazard classes, according to the GHS, to the
following nanomaterials: fullerene, single-walled carbon nanotubes (SWCNT) and multi-walled
carbon nanotubes (MWCNT), silver, gold, silicon dioxide, titanium dioxide, cerium dioxide,
dendrimer, nanoclay and zinc oxide in nanoparticle form. For the assessment of carcinogenicity,
the review team also used the evidence summaries compiled by IARC on SWCNTs, MWCNTs and
titanium dioxide.
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Data in the dossiers

Dossiers mostly contained results of in vivo animal studies and in vitro genotoxicity studies
supplied by member countries and nongovernmental organizations such as the Business and
Industry Advisory Committee to the OECD.

Risk of bias in the included dossiers

The main limitations to the studies included in the dossiers were that they did not fulfil the OECD
criteria for good methodological quality, such as being published in a peer-reviewed journal and
complying with good laboratory practice (GLP). For some studies, the GLP test data were not fully
disclosed because of the company’s intellectual property rights. Studies were classified at low risk
of bias if they were in the OECD category 1 or 2, complied with GLP, were based on test guidelines
and resulted in a peer-reviewed publication; at medium risk of bias if the above applied but there
was no compliance with GLP; and at high risk of bias if none of the above applied.

Classification of MNMs

The MNMs were classified as having a specific hazard according to the GHS, having no hazard
according to the available studies, or as having no data when these were not available for
classification.“No hazard"does not necessarily imply that there is no hazard but only that this was
not found in the studies used in the OECD dossiers.

For fullerene, there was evidence that there is no hazard for acute toxicity, skin-, eye- or respiratory
damage, germ cell mutagenicity or specific target organ toxicity after repeated exposure but, for
the other hazard classes, data were missing.

For SWCNT, there was evidence of a hazard for germ cell mutagenicity (Cat 2) and specific organ
toxicity after repeated exposure (Cat 1). For reproductive toxicity no clear hazard could be
established based on the available data. There was also evidence of no hazard in acute toxicity,
skin damage, respiratory/skin sensitization, or reproductive toxicity. For specific target toxicity
after single exposure, there were no data. For carcinogenicity there were no data but there is an
IARC classification 3, meaning not classifiable.

For MWCNT, there was evidence of a hazard for eye damage (Cat 2), germ cell mutagenicity (Cat 2),
carcinogenicity (Cat 2, IARC 2B/3) and specific organ toxicity after repeated exposure (Cat 1). There
was also evidence of no hazard in acute toxicity, skin damage, respiratory/skin sensitization, or
reproductive toxicity. For specific target toxicity after single exposure, there were no data.

For silver nanoparticles, there was evidence of a hazard for respiratory/skin sensitization (Cat 1B)
and specific target organ toxicity after repeated exposure (Cat 1X2). For acute toxicity, skin
corrosion, eye damage, germ cell mutagenicity and reproductive toxicity there was evidence of
no hazard. For carcinogenicity and specific target organ toxicity after single exposure, there were
no data.

For gold nanoparticles, there was evidence for specific target organ toxicity after repeated exposure
(Cat 1). There were no data for the other classes.

For silicon dioxide, there was evidence for specific target organ toxicity after repeated exposure
(Cat 2), but no hazard for acute toxicity, skin or eye damage, respiratory or skin sensitization, germ
cell mutagenicity and reproductive toxicity. For carcinogenicity and specific organ toxicity after
single exposure, there were no data.
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For titanium dioxide, there was evidence for possible carcinogenicity ((IARC Cat 2B), reproductive
toxicity (Cat 1), and specific organ toxicity after repeated exposure (Cat 1), but also evidence of
no hazard for acute toxicity, skin or eye damage, respiratory or skin sensitization or germ cell
mutagenicity. There were no data for specific organ toxicity after single exposure.

For cerium dioxide, there was evidence of specific target organ toxicity after repeated exposure
(Cat 1), but also evidence of no hazard for acute toxicity. There were no data for the other hazard
classes.

For dendrimer and nanoclay, there were no animal toxicity or genotoxicity data to use for
classification.

For zinc oxide, there was evidence for specific organ toxicity after repeated exposure (Cat 1) but
also evidence of no hazard for acute toxicity, skin or eye damage, germ cell mutagenicity and
reproductive toxicity. There were no data for respiratory/skin sensitization, carcinogenicity and
specific organ toxicity after single exposure.

For physical hazards, there was evidence that silicon dioxide and titanium dioxide were not
flammable or explosive. There was no evidence for the other MNMS.

Quality of the evidence

The evidence was rated as high quality if there was at least one study at low risk of bias; as
moderate quality if there was at least one moderate-quality study; and as low quality if there were
only studies at high risk of bias. The quality of the evidence for all but one of the classifications of
hazards was in the moderate or high category (Table 2).

Implementation guidance, research recommendation
Implications for research

There is high to moderate-quality evidence for 11 specific MNMs to be classified according to the
GHS. This exercise should also be undertaken for other MNMs not mentioned here. Where data
are available, they should be used for the development of SDS.

46 WHO GUIDELINES ON PROTECTING WORKERS FROM POTENTIAL RISKS OF MANUFACTURED NANOMATERIALS



347

"abewiep Jap|iw g pue snowias aiow saydwi y A10621ed e uiyiipy sbewep a|qisianal
'30UBPIAS JO [aAS] UBIYHs 1O JSpjiw 7 18D ‘abewep 3jqisianaul Jo/pue snouas sandul Ajlensn | 18D :sauobaied SHO -

"DUSPIAS JO [9AS] S1RISPOUL I, J21SSOP D30 Ul 9|gRjIPAR SIPNIS OU :BIeP ON o
"UoISN|2U0D Melp "BIRP UO Paseq paubisse ssejd piezey ou :ON .
0} 92U3PIAS YPNoua 10U = ¢ 18D DYy Diuabouidied Ajqissod = gz 18D DYy :Adiuabouldied "3PIX0 DUIZ :0UZ ‘BPIXOIP WNiuell
Ul 35U3pYUOD JO $31I0631eD JDUED UO YDIeasay o) AOuaby [eUORBUIRIU| 3Y} 01 SIBJRI DYY - ‘011 ‘sagniouru uOGIeD Pajlem-3|BuIs 1] NDAMS ‘SPIX0IP UODIJIS OIS ‘S3gNI0UBU UOGIED Pajjem
"3DUBPIAS JO [PA3 MO T, -IINW :INDAMI ‘BpIX0Ip Winud “0a) ‘sapiuedouru pjob (dNNY ‘sapiuedoueu JsAjs (dNBY
) :Fo“”u_a::_ e1ep ON ON 21ep ON ON e1ep ON ON ON ON ouz
e1ep ON e1PP ON e1Pp ON e1ep ON e1ep ON e1ep ON e1ep ON e1ep ON e1ep ON Kepouepn
21ep ON e1Rep ON e1ep ON e1ep ON e1ep ON 21ep ON e1ep ON e1ep ON e1ep ON Bwupuag
(W) uonejeyui z
1129 e1ep ON e1Pp ON e1ep ON e1ep ON e1ep ON e1ep ON e1ep ON ON 02
(H) uonejeyui g2 v z
P1Iep O e 0 0 0 0 0 I
110) 1ep ON (M zed 'e1ep ON N N N N N OolL
(Hiuonejeyul: ., oN e1ep ON ON ON oN oN oN ‘o1
cie)
(H) uonejeyul
1189 e1Rep ON e1ep ON e1ep ON e1ep ON 21ep ON 21ep ON e1ep ON e1ep ON dNNY
(H) le10 Z 38D
(H) uonejeyul elep ON ON e1ep ON ON (W) gL 32D ON ON ON dNby
L3ied
€ JuvI
SINDMW 434130
(W) L3 elep ON ON 4z v (H) z3ed ON s(H) ¥z 1ed ON ON INDMW
(W) Z 3D
*L=1INDMW
€:04VYI
(M 13D elep ON elep oN P p(1)-97 38D ON ON ON ON INDMS
1ep ON
ON e1ep ON e1ep ON 4£1ep ON ON ON ON ON «ON (%) suaia|ng

(ainsodxa (a4nsodxa
pajeadal) 31buis) uoNeZI}ISUIS uoneyul uoneyul

fipixoy uebio | A3pixo) uebio fipuabeinw upjs io aka/abewep /UOIS0110D f1pixo)
1961e3 ounads | 39baeyoyidads | sanonpouday | Awpiusbouldie) Kiojesdsay afs snouasg DS 31y

431SSOd dD30 ONILSIXI NV IAVH LVHL (SWNW) STVIHILYWONYN 40 S31LYId0Hd SNOAYYZVYH 40 NOILYDIHISSY1D *T 319VL

47

WHO GUIDELINES ON PROTECTING WORKERS FROM POTENTIAL RISKS OF MANUFACTURED NANOMATERIALS



348

6.2. ASSESS EXPOSURE TO MNMS

Recommendation 4: The GDG suggests assessing workers’ exposure in
workplaces with methods similar to those used for the proposed specific
OEL value of the MNM (CONDITIONAL, low-quality evidence).

Recommendation 5: Because there are no specific regulatory OEL values
for MNMs in workplaces, the GDG suggests assessing if workplace exposure
exceeds a proposed OEL value for the MNM. A list of proposed OEL values is
provided in Annex 1 of these guidelines. The chosen OEL should be at least
as protective as a legally mandated OEL for the bulk form of the material
(CONDITIONAL, low-quality evidence).

Recommendation 6: If specific OELs for MNMs are not available in
workplaces, the GDG suggests a stepwise approach for inhalation exposure
with, first an assessment of the potential for exposure; second, conducting
a basic exposure assessment and third, conducting a comprehensive
exposure assessment such as proposed by OECD or CEN (CONDITIONAL,
moderate-quality evidence). For dermal exposure assessment, there
was insufficient evidence to recommend one method of dermal exposure
assessment over another.

Knowledge about exposure and subsequent risk assessment forms the basis for measures to
control exposure. However, without an exposure level that can serve as a benchmark or guideline
level that indicates a risk for adverse health effects, it will be difficult to make decisions about
control measures.

There are several alternative ways to measure MNM exposure such as the number concentration
or the mass concentration of an MNM, where it is unclear which method is best for assessing
health risks. Therefore, the GDG recommends using the same method as has been used for
proposed OEL values. This determines the measurement method and at the same time enables a
comparison with a benchmark level that probably indicates a safe exposure level.

Only when no proposed OEL is available for an MNM does the GDG recommend using a more
generic exposure assessment that consists of a tiered approach. In the first tier, a qualitative
assessment is made of possible absence or presence of exposure. In the second tier, called a
basic measurement, a quantitative assessment is made of the exposure concentration. In the
third tier, called a comprehensive measurement, the size distribution, morphology and chemical
composition of particles is characterized.

The recommendations are based on the evidence compiled in two systematic reviews on the
quality of exposure assessments in studies and on OELs proposed for various MNMs.

A comprehensive and up-to-date list of proposed OEL values for MNMs is available in Annex 1,
Table A.1.1. The values proposed come from a wide range of institutions and countries. Some
authors propose one value for all MNMs (general approach), others propose one value for a
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group of MNMs (categorical approach), but most propose a value for one specific MNM (specific
approach).

The user should be aware that these OELs do not imply a safe level below which adverse health
effects do not occur, because they are all based on extrapolation from animal research, or other
fields such as air pollution, since there are only very limited data available on long-term human-
health effects. Users should make their own choice of the best applicable OEL value. This is similar
to the selection of OELs for bulk materials, where a range of values may be available and the user
has to make a choice.

Deveau et al. provide a practical framework for how to find the best applicable OEL for a particular
problem from a list of varying OELs for one chemical. This approach can also be used for the list of
OELs for MNMs (27).

The exposure assessment and measurement strategy as proposed by OECD and the Comité
Européen de Normalisation (European Committee for Standardization: CEN) distinguishes the
following three levels of assessment that can be used as stand-alone modules or embedded in a
harmonized tiered approach (28).

B The initial assessment provides information on the likelihood of MNMs being released during
an activity or process, and usually does not comprise any measurements.

B The basic assessment, using hand-held or personal devices or samplers, measures exposure
as particle number concentration(s) or as respirable mass, or both, in the breathing zone
or the workstation air and in the background air. These measurements are supported by
laboratory analysis of the samples to characterize the MNM(s) either by chemical composition
or morphology.

B In addition to the basic assessment, the comprehensive assessment provides a
characterization of the aerosols in the breathing zone that enables, for example, estimation of
the dose of MNMs that is deposited in the gas-exchange region of the lung.

From evidence to recommendation
Evidence

The evidence for these recommendations is based first on a systematic review of all available
proposed OELs (29). Since there is no consensus on a valid way of deriving OELs for MNMs, the
GDG could not take the quality of the evidence into account and therefore has only formulated
conditional recommendations.

Second, the recommendation is informed by a systematic review of exposure measurement
methods that shows there is moderate-quality evidence that basic and comprehensive inhalation
exposure assessment methods are feasible in practice (30). There was only very low-quality
evidence about feasibility of measurements for dermal exposure assessment.

Benefits and harms

The benefits of OELs are that they can constitute a benchmark against which local measurements
can be compared. The drawback is that many associate the OEL with a safe level below which
no adverse health effects will occur. Since both measurements and adverse health effects are
uncertain, the OELs can give a false sense of security. However, balancing the two, the GDG
decided that the benefits outweigh the harms.
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Comprehensive assessment can be time consuming and requires expert knowledge and
instrumentation. Many countries would struggle to carry out comprehensive exposure
assessments and few companies would be able to pay for such assessments, especially small and
medium-sized enterprises (SMEs). Therefore, the GDG recommended the tiered approach.

Values and preferences

The OEL is a familiar concept to stakeholders and widely used for assessing bulk materials. The
same holds for the exposure assessment approach, which is used in general for chemicals.

Net benefits and costs

The costs of derivation of an OEL depend on the method, but it is not necessarily expensive.
The GDG considers the measurement of MNMs and comparison with OELs to be an important
strategy and its costs to be a useful investment in prevention.

The costs for the measurement instruments are considerable — at least several thousand dollars
for hand-held particle measurement devices. However, in many countries it is possible to rent
the equipment for short periods. The benefit of measuring is that it enables comparison with an
OEL and evaluation by means of a before-after comparison to determine whether measures to
control exposure are successful.

Strength of the recommendation

Given the difficulty of establishing the quality of the OELs, the recommendation for using them is
conditional. Given the complexities and the costs of measurements, the GDG makes a conditional
recommendation for the assessment of exposure.

Summary of findings: systematic review of proposed OELs

Systematic review question: Which specific OEL values that should protect workers are
proposed for workers or workplaces with potential exposure to an MNM or a group of MNMs
based on studies that proposed a value underpinned with empirical research or arguments.

Evidence summary
The systematic review by Mihalache et al. (2017) was published as a journal article (29).
Number of studies and participants

Twenty studies from a wide range of countries and institutes that proposed 56 OEL values were
included in the systematic review. Of these, two proposed one value for all MNMs, 14 proposed
one value for a group of MNMs and 40 proposed a value for a specific MNM.

OELs in studies

All studies that considered inhalation exposure proposed OELs for chronic exposure. One study
proposed OELs for dermal and oral exposure for CNTs and fullerenes and two studies derived
OELs for acute/peak exposure.

In 15 of the studies the exposure values were derived by extrapolation from animal studies. Two
studies derived the OEL from the background level or from an environmental exposure limit. Six
studies used a bridging approach to derive an OEL for a group of MNMs, arguing that the risks
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will similarly apply to members of the whole group (fibres, GBPs, MNMs with specific toxic bulk
material with an OEL, soluble MNMs and non-biopersistent MNMs).

Two studies proposed limits for all MNMs. Six studies proposed OELs for a group of MNMs. The
rest proposed OELs for specific MNMs: seven for titanium dioxide (TiO2) nanoparticles, six for
CNTs, three for fullerenes, three for silver nanoparticles and one study each for silicon dioxide
nanoparticles, low-toxicity dust consisting of GBP, nanocellulose fibres and nanoclays.

Risk of bias in the included studies

One of the study limitations was that the authors did not always give sufficient information about
the specific MNM or group of MNMs and the way the OELs were derived. Also, it was unclear if
the proposed OELs, especially the number-based OELs for primary nanoscale particles, can be
matched with measurements at the workplace where mostly micro-sized agglomerates of MNMs
are assessed.

Proposed OELs that are publicly available
Four studies proposed the asbestos OEL of 0.01 fibres/cm? for nanofibres.

Four studies proposed values for GBP, of which two studies each had two proposals. One study
proposed 500 pg/m3 and 1250 pg/m? for the respirable fractions dependent on whether particles
exhibited specific toxicity or not. In the other study, the proposals for metal and metal oxide
nanoparticles are 20 000 particles/cm? and 40 000 particles/cm?® dependent on particle density.

One study proposed the same OEL for non-biopersistent material as for their bulk material.

For carbonaceous material, proposed OELs ranged from 0.67 pg/m? for MWCNT to 390 ug/m? for
fullerenes.

For nanosilver there are six proposals varying from 0.098 ug/m? up to 50 pg/m?.
There are 10 proposals for TiO, nanoparticles from the lowest, 17 pg/m®, to the highest, 2000 pg/m*.

Some variations in reported OELs for nanomaterials that are chemically the same are due to
different models used to derive OELs and some are due to different physicochemical properties
including specific toxicity of nanomaterials.

Quality of the evidence

The GDG did not consider the limitations in the studies because there is no generally accepted
way of deriving OELs. There were multiple studies with consistent proposals for fibres only. For all
other MNMs there was considerable variation. Therefore, the GDG considered the quality of the
evidence as low.

Implementation guidance, research recommendation
Implications for practice

Workplace exposure studies indicate that in most situations, exposure exceeds the majority of the
proposed OELs. This should be a strong incentive for exposure control measures.

Implications for research

More studies are needed to derive OELs for specific MNMs. Harmonization of OELs requires
agreement about interspecies and intraspecies' adjustment factors and exposure values.
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Summary of findings: systematic review on exposure assessment and
measurement

Systematic review question: In workers potentially exposed to MNMs or workplaces with
exposure to MNMs, which exposure measurement technigues to assess MNMs are feasible based
on studies that assessed and measured exposure?

Evidence summary
The systematic review was published by Boccuni et al. (2017) as a journal article (30).
Number of studies and participants

The systematic review included papers on exposure through inhalation and dermal absorption.
There were no papers identified on exposure through ingestion. The systematic review identified
59 articles that described 53 measurement techniques. Among these, four papers analysed
both inhalation and dermal exposure. Three studies of dermal exposure were conducted in the
workplace and one in the laboratory setting. These papers reported very poor data on specific
techniques for dermal exposure measurements. Therefore, systematic review conclusions were
focused on measurements of exposures through inhalation.

Measurements in studies

There were 53 descriptions of a basic measurement technique and of these there were 13
additional descriptions of a comprehensive technique to assess the presence or absence of
MNMs in workplace air. All 53 techniques measured exposure by inhalation; of these, four studies
also considered exposure by dermal absorption.

Outcomes in studies
The studies used either a basic assessment technigue or a comprehensive technique.
Risk of bias in the included studies

The basic exposure assessment was rated as moderate quality in 40 studies and as high quality in
two studies.

The comprehensive exposure measurement was rated as moderate quality in 11 studies and as
high quality in two studies.

Exposure measurements carried out

A basic exposure measurement that assesses the presence or absence of MNMs in the workplace
air was demonstrated in 53 studies.

A comprehensive exposure measurement was demonstrated in 13 studies.

Comprehensive measurement techniques are more expensive than basic measurement
techniques.

Quality of the evidence

The quality of the evidence is moderate for both basic and comprehensive assessments because
the majority of the studies demonstrate at least a moderate-quality exposure assessment. There
was very low quality and inconsistent evidence on specific techniques of dermal exposure
measurement.
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Implementation guidance, research recommendation
Implications for practice

The GDG concludes that there is moderate-quality evidence that both basic and comprehensive
measurement techniques are feasible in the workplace.

Implications for research

Studies to validate basic and comprehensive measurement techniques including techniques to
assess dermal exposure are needed.

6.3. CONTROL EXPOSURE TO MNMS

6.3.1. Focus on prevention of inhalation of MNMs

Recommendation 7: Based on a precautionary approach, the GDG
recommends focusing control of exposure on preventing inhalation
exposure with the aim of reducing it as much as possible (STRONG,
moderate-quality evidence).

Recommendation 8: The GDG recommends reduction of exposures to
a range of MNMs that have been consistently measured in workplaces
especially during cleaning and maintenance, collecting material from
reaction vessels and feeding MNMs into the production process. In the
absence of toxicological information, the GDG recommends implementing
the highest level of controls to prevent any exposure of workers. When
more information is available, the GDG recommends taking a more tailored
approach (STRONG, moderate-quality evidence).

Sometimes, specific types of MNMs are processed in a specific way, such as in an open or
closed system during synthesis, and thus this determines the likelihood of exposure. The GDG
recommends that under these circumstances, the distinctive processes related to the type of
MNM are taken into account in the evaluation of workers'likelihood of exposure and the routes of
exposure.

The GDG further notes that there is a need to perform high-quality evaluations of worker
exposures to nanomaterials in LMI countries.

From evidence to recommendation
Evidence

The evidence for these recommendations is based on two systematic reviews of studies that
measured exposure to specific MNMs in the work environment. One review assessed what the
most likely routes of exposure were and during which tasks these exposures occurred. This review
was published by Basinas et al. (2017) (37). The other review assessed the levels of exposure to
MNMs, how well the exposures were measured and during which tasks the exposures occurred.
This review by Debia et al. (2016) was published as a journal article (32). The studies on inhalation
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were considered of high quality, but those on dermal and ingestion exposure contained
assumptions that reduced the quality of the evidence. The studies on workplace exposure
measurements mostly used well elaborated exposure assessment strategies and were rated as
high-quality studies.

Benefits and harms

To be able to implement an effective control strategy, it is important to know if there is exposure to
MNMs and what the most important route of uptake is. The recommendation aims at preventing
potential harmful effects of MNMs through a focused control strategy.

Values and preferences

The routes of uptake form an important part of the occupational hygiene strategy to reduce
exposure to chemicals. There are no specific values or preferences connected to this issue.

Net benefits and costs

It is important to know the routes of exposure. For inhalation exposure, the methods of
measurement are well-defined, but for dermal and ingestion exposure this is more complicated
and not yet standardized. Certainty about the dermal route of exposure would imply more specific
exposure assessment and involve considerably more work and cost.

Strength of the recommendation

For inhalation exposure, based on the above considerations, the recommendation is strong. For
dermal exposure, the quality of evidence is low and thus the recommendation is conditional.

Summary of findings: routes of exposure to MNMs

Systematic review question: In workers with potential exposure to MNMs, what are the
most likely routes of exposure for specific MNMs and during specific tasks based on workplace
measurements of MNMs?

Evidence summary
The systematic review was published by Basinas et al. (2017) (37).
Number of studies and participants

There were 107 studies reporting a total of 424 exposure assessment situations, i.e. combinations
of activity and type of MNM with workers' potential exposure to MNMs and sufficient data to allow
assessment of the likelihood of exposure by route.

Exposures in studies

The exposure assessment situations related to potential workers’ exposure to CNTs and CNFs
(N = 63), Si-based (N = 42), TiO, (N = 43), other metal oxides (N = 77), metals (N = 38), and other
nanomaterials (N = 61).

Outcomes in studies

For every exposure assessment situation, the likelihood of a route of exposure was assessed by
applying specific criteria. For inhalation exposure, an adapted set of criteria was used based on the
CEN Standard (PREN 17058) Workplace exposure — Assessment of inhalation exposure to nano-objects
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and their agglomerates and aggregates (33). Dermal exposure was based on an established source-
to-reception model. For each combination of activity and type of MNM, the likelihood of exposure
by a particular route was derived by aggregating across the relevant individual assessments.

Risk of bias in the included studies

The main limitations of the studies are listed below:

B The data that were available from studies included in the review comprised measurement
in small and research scale-productions and therefore may not adequately represent the
exposure conditions in industrial workplaces.

m For the inhalation route, there was a lack of harmonized methods to measure personal
exposure at the workers' breathing zone. Most of the evaluated exposure assessments
were based on stationary sampling, not necessarily representative of workers' exposure via
inhalation.

m For the dermal route only, there were limited indirect measurement data available that
resulted from the analysis of collected surface samples.

m No measurement data are available on ingestion exposure.

B Protection provided by PPE was not considered in the review because it is not relevant to
determine the route and form of exposure.

Results

There is high-quality evidence that, in general, the form and route of exposure depends mainly on
the activity (i.e. process and operational conditions), rather than just on the type of MNM handled
(Annex 3).

There is also high-quality evidence that the likelihood of exposure is affected by the presence of
risk management measures and the scale of production. In principle, both inhalation and dermal
exposure are less likely when the process is enclosed. For example, CNTs, Si-based and various
metal oxides are processed within enclosed reaction vessels, which makes exposure unlikely
during production. Other materials such as TiO2 and metals can be synthesized with flame
pyrolysis and mechanical reduction in a not fully enclosed process, which makes exposure more
likely to occur.

When a worker can possibly inhale MNMs, potential for dermal exposure also exists. However,
for some forms (e.g. when an MNM is in suspension/liquid form), dermal exposure or ingestion
exposure can be possible even when inhalation exposure is unlikely.

For the following situations and MNMs, exposure was unlikely:

For CNTs and CNFs, there is high-quality evidence that inhalation exposure usually does not occur
in the reaction phase of synthesis and handling and transfer of liquids. There is high-quality
evidence that dermal exposure does not occur in the reaction phase of synthesis.

For Si-based nanomaterials, there is high-quality evidence that inhalation and dermal exposure do
not occur in the reaction phase of synthesis.

For other metal oxides and mixtures, there is high-quality evidence that inhalation and dermal
exposure do not occur in the reaction phase of synthesis.

For other MINMs, there is high-quality evidence that inhalation and dermal exposure do not occur
in the reaction phase of synthesis.

WHO GUIDELINES ON PROTECTING WORKERS FROM POTENTIAL RISKS OF MANUFACTURED NANOMATERIALS

355

55



356

Quality of the evidence

Quality of the studies was dependent on the methods used to quantify release and the
applicability or not of the adapted set of criteria described in the CEN Standard (PREN 17058)
Workplace exposure — Assessment of inhalation exposure to nano-objects and their agglomerates and
aggregates (33).

Conclusions reached using the adapted CEN criteria and both off-line and online data, were
considered to be based on high-quality data. For some MNMs there is an established exposure
assessment method based on chemical analysis, e.g. for CNT and TiO2. When this chemical analysis
was used to quantify the release, the quality was considered high even if no online measurements
were available or if the available online measurements for the activity involving MNMs were not
considerably higher than background.

For dermal exposure, evidence was considered as high quality if surface contamination was clearly
established and/or if release was confirmed through both online and off-line measurements and
a transparent description of the process and operational conditions was provided.

Implementation guidance, research recommendation
Implications for practice

The GDG concludes that there is high-quality evidence for workers' inhalation exposure and low-
quality evidence for dermal exposure to MNMs in general.

There is also high-quality evidence that in some situations inhalation exposure is unlikely, such
as for CNTs and CNFs during handling and transfer of liquid intermediaries and ready-to-use
products, and high-quality evidence that dermal exposure does not occur during the reaction
phase of synthesis for most MNMs.

There were no studies of ingestion exposure. However, established conceptual models imply that
where dermal exposure occurs, ingestion exposure is likely.

Implications for research

There is a need to conduct more representative studies to better estimate workers' inhalation
exposure by assessing MNMs at the personal breathing zone, rather than in the near-field. Studies
that directly measure dermal and ingestion exposure of workers to MNMs are needed. For all
routes of exposure more measurements are needed under real industrial production conditions.
More research should be conducted to characterize exposures to nanomaterials in a broad range
of industries where nanomaterials are used.

Summary of findings: workplace exposures to MNMs

Systematic review question: In workplaces where MNMs are in use according to the OECD
list, does comprehensive measurement of exposure lead to confirmation of exposure to MNMs
and if so during which tasks? Any study type in which exposure to MNMs was comprehensively
measured was included.

Evidence summary

The systematic review was published by Debia et al. (2016) as a journal article (32).
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Number of studies and participants

Over the reviewed period (January 2000-January 2015), 50 studies in 72 workplaces with 306
exposure situations were eligible and included in the review. Studies were mainly located in the
Republic of Korea and the United States, but none in LMI countries. Most studies (62.5%) were in
research laboratories or pilot plants.

Exposures in the studies

Exposures to carbonaceous and metallic nanomaterials and nanoclays were evaluated in the
studies.

Outcomes in studies

Authors reported weight-based concentrations (mass concentration), count-based concentrations
(number concentration) and off-line qualitative analysis.

Risk of bias in the included studies

The main limitations in the studies were that the exposure measurements were not real breathing
zone sampling and not as comprehensive as would be advisable.

Confirmed exposure

Of the 306 exposure situations, there was confirmed exposure in 233 (76%) ranging from 100% for
nanoclays, 83% for carbonaceous MNMs and 73% for metallic MNMs.

In 233 of the exposure situations, confirmed workers’ exposure was mainly confined to micro-
sized agglomerated MNMs with only a few studies reporting the sampling of nanoscale airborne
MNMs.

Exposures to carbonaceous MNMs ranged from not detected to 910 pug/m? of elemental carbon
(EC) with local engineering controls and from not detected to 1000 pg/m? EC without controls.

Carbon nanofibre exposure ranged from not detected to 1.6 CNF structures/cm?® with local
engineering controls and from 0.09 CNF structures/cm?® to 193 CNF structures/cm?® without
controls.

Titanium dioxide nanoparticle exposure ranged from 0.24 to 0.43 pg/m? with local engineering
controls and from 0.09 to 33 pg/m? without controls.

Aluminium oxide nanoparticle exposure was not detected with local engineering controls and
ranged from not detected to 0.157 pg/m? without controls.

Silver nanoparticle exposure ranged from 0.09 to 4.99 pg/m? during dry synthesis with no controls
(only general ventilation) and from 0.38 to 0.43 pug/m?® during wet synthesis (with fume hood).
Reactor cleaning activities yielded the highest exposure, up to 33 pg/m? (with local exhaust
ventilation).

Iron nanoparticle exposure ranged from 32 pg/m?® with local engineering controls to 335 pg/m?
without controls.

In 231 of the exposure situations, workers were exposed to micro-sized agglomerated MNMs and
in two of the exposure situations to nanoscale MNMs.
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Quality of the evidence

GRADE had to be considerably adapted to fit the type of studies reviewed. Consistent results
in several studies with comprehensive measurements were considered high-quality evidence.
The GDG judged that given the comprehensiveness of the measurements and the consistency
of the results, there was overall high-quality evidence that workers are exposed to micro-sized
agglomerated MNMs in workplaces during production and use of products. For the same reasons,
the evidence for handling tasks was rated as high quality.

Implementation guidance, research recommendation
Implications for practice

The GDG concludes that there is high-quality evidence that workers are exposed to micro-sized
agglomerated nanoparticles and that exposure occurs mostly during handling tasks, cleaning
operations and machining of products. There was low-quality evidence of exposure to nanoscale
primary airborne nanoparticles in workplaces. There were no studies, and therefore there was no
evidence of exposures in LMI countries.

Implications for research

Longitudinal studies evaluating workers’ exposure over time are needed. Studies of workers'
exposure in LMI countries are also needed.

6.3.2. Use controls to reduce the level of exposure

Recommendation 9: The GDG recommends taking control measures
based on the principle of hierarchy of controls, meaning that the first
control measure should be to eliminate the source of exposure before
implementing control measures that are more dependent on worker
involvement, with PPE being used only as a last resort. According to this
principle, engineering controls should be used when there is a high level
of inhalation exposure or when there is no, or very little, toxicological
information available. In the absence of appropriate engineering
controls PPE should be used, especially respiratory protection, as part of
a respiratory protection programme that includes fit-testing (STRONG,
moderate-quality evidence).

Recommendation 10: The GDG suggests preventing dermal exposure by
occupational hygiene measures such as surface cleaning and the use of
appropriate gloves (CONDITIONAL, low-quality evidence).

Recommendation 11: When assessment and measurement by a
workplace safety expert is not available, the GDG suggests using control
banding for nanomaterials to select exposure control measures in the
workplace. Owing to a lack of studies, the GDG cannot recommend one
method of control banding over another (CONDITIONAL, very low-
quality evidence).
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The GDG considered that in the absence of toxicological information on MNMs, the most stringent
control measures should be applied to prevent workers from being exposed. This is also called a
no-exposure policy.

Control banding is an approach to risk management for SMEs that can be applied to prevent
worker exposures in cases of incomplete information about a nanomaterial. Control-banding
strategies are often found in toolkits with categories, or bands, of health hazards, that are
combined with exposure scenarios to determine the desired controls. This approach allows users
to make meaningful inferences about likely exposures and to make decisions about necessary
controls, reducing the exposures within four or five hazard bands (34).

When there is only limited toxicological information available for MNMs, or when analogies can
be made with hazard properties of similar materials in broad groups, this should lead to control
banding. When full toxicological information is available, this should lead to full risk assessment.
The GDG therefore notes that control banding does not replace risk assessment, but it can still be
beneficial for communication and better risk management.

From evidence to recommendation
Evidence

The evidence for these recommendations is based on two systematic reviews, both of which
were published as journal articles. The first, by Myojo, Nagata & Verbeek (2017), reviewed the
effects of control measures (35). The other, by Eastlake, Zumwalde & Geraci (2016), assessed the
effects of the control-banding approach (36). For the control measures varying levels of evidence
were found and therefore parts of the recommendation are conditional. Overall the risk of bias
across studies was low but precision was unclear. For PPE the quality of the evidence was further
downgraded because of indirectness, meaning that there were only laboratory studies and no
field studies. For control banding there were only two studies, with a high risk of bias.

Control-banding tools such as those listed in the systematic review (36) can be used proactively as
a low-cost intervention to reduce exposures to nanomaterials in the workplace.

Benefits and harms
There are clear benefits of preventing and decreasing exposure by engineering controls.
Values and preferences

The hierarchy of controls is a generally accepted concept in occupational hygiene, in which
increased value is given to what are known as “more preventive” solutions (see Hierarchy of
controls). Control banding is an approach that is well understood by employers and employees
and seems feasible with bulk materials (37).

Net benefits and costs

The costs for full enclosure or process change can be considerable but decrease with the hierarchy
of controls. The GDG attaches much weight to more preventive solutions. Control banding
requires training but no considerable investments (38).
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Strength of the recommendation

Based on the above considerations, the GDG makes a strong recommendation for control
measures for inhalation exposure but a conditional recommendation for full body protection to
prevent dermal exposure and a conditional recommendation for control banding.

Evidence summary of controls to reduce exposure to MNMs

Systematic review question: In workers or workplaces with exposure to MNMs, what is the
effect of workplace ventilation, PPE or organization of work aimed at reducing exposure, on the
level of exposure to MNMs compared to no controls or protective equipment based on studies
that compared a situation with the intervention to a situation without the intervention?

The effect of the controls was expressed as the protection factor (PF), which is defined as the
ratio of exposure level (either mass-based or particle-based) without the controls divided by the
exposure level with the controls. If the PF is >1 controls reduce exposure. A PF of 10 indicates that
controls reduce exposure by 90%.

Evidence summary
The systematic review by Myojo and Nagata (2017) was published as a journal article (35).
Number of studies and participants

There were 50 studies with 55 workplaces/participants. Of these studies, 27 were before-after
comparisons.

Controls evaluated in studies

There were 14 studies with 27 workplaces that evaluated ventilation, 19 studies with 23 partici-
pants evaluated PPE, 16 studies evaluated other control strategies: five on suppression with fluids,
two on automation of a process with five workplaces, eight on other organizational strategies,
and one on the use of SDS. All studies were about MNM exposure and 15 of these were on expo-
sure to carbon nanotubes.

Outcomes in studies
All outcomes were expressed as a PF.
Risk of bias in the included studies

The main limitations were no control group for the studies on engineering controls and no
fieldwork for the respiratory protection studies. Risk of bias in the studies was 2 to 3 on a scale that
ranged from —3 to 3, in which —3 meant a very high risk of bias and +3 a very low risk of bias.

Effects of exposure
For engineering controls, enclosure achieved the highest PFs of > 100 (seven cases).

For ventilation, PFs varied from 0.12 to 55 (20 cases) with 15 cases providing PFs >3. For ventilation
of fume cupboards, the PF was influenced by the face velocity of the air and the movements of
workers. Face velocity is the inward airflow velocity measured in several specific locations across
the plane of the fume cupboard sash opening.
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For process automation, the PFs varied between 2.5 and 8.2 (five cases) but, owing to interruption
of the process by handling material, one case yielded a PF of 0.073. The studies on dustiness and
fluid-dust suppression did not provide before-after measurements and did not allow for a PF
calculation.

For respiratory protection, masks rated at the protection level of N95 respirators provided a PF of
more than 10 in 11 cases. Higher rated P100 respirators provided higher PFs of around 100. One
study evaluated a cloth mask which yielded a PF of 1.1 to 1.35. One study reported on a loose-
fitting powered air-purifying respirator with PFs over 1.1 million. Most studies were performed
in the laboratory under ideal conditions with exposure to sodium chloride as a proxy for MNM
because of its size. However, it is unclear whether these results can be extrapolated to mask
performance in real workplaces.

Quality of the evidence

Risk of bias in the studies was low. Except for the respiratory protection studies the evidence was
direct. The results were consistent across studies. Precision of the effects was unclear because the
authors did not provide estimates of statistical precision. Publication bias can be expected, but
could not be assessed owing to a lack of data.

The rating of the evidence was defined as low quality at the outset because all studies were non-
randomized and non-controlled. The evidence was not upgraded or downgraded.

Implementation guidance, research recommendation
Implications for practice

The GDG concludes that there is only low-quality evidence that exposure to MNMs can be
decreased with engineering controls such as enclosure and ventilation, when the specific
exposure situations are taken into consideration. There is also only low-quality evidence that
respiratory protection can considerably decrease exposure, if the proper type is used and fit-
testing is performed for each wearer.

Implications for research

Field studies that evaluate dust control techniques, such as modification and suppression are
needed. In addition, studies on the effectiveness of respiratory protection under real workplace
conditions are needed.

Evidence summary: control banding for safe handling of manufactured
nanomaterials

Systematic review question: In workers or workplaces with potential exposure to MNM, what is
the effect of the use of a control-banding tool on controls in place or level of exposure compared
to no risk assessment tool or an alternative risk assessment tool based on any type of controlled
study?

Evidence summary

The full review was published by Eastlake, Zumwalde & Geraci (2016) as a journal article (36).
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Number of studies and participants

There were two studies that evaluated 32 different exposure situations. One study was conducted
in two MNM research laboratories with exposure to metal and ceramic nanoparticles and CNTs
in the United States. The other study reported an additional 27 cases of potential exposure to a
variety of MNMs, but did not provide details of the geographical location or the worksite.

Interventions in studies

Both studies were about evaluating potential exposure to a variety of MNMs using the control-
banding nanotool developed by Paik, Zalk & Swuste (38).

The use of the control-banding nanotool was compared to assessments performed by an
experienced occupational hygienist.

Outcomes in studies
The outcome in both studies was the recommendation of an engineering control.
Risk of bias in the included studies

The main limitations were that there was only a qualitative analysis and no exposure
measurements. One of the studies did not provide details of the work situations.

Effects of exposure

In the two studies, the recommendations provided using the control-banding nanotool concurred
with those of the occupational hygienist in 59% (19/32) of cases. The control-banding nanotool
recommended a lower level of control than the occupational hygienist in 28% (9/32) of cases.
The control-banding nanotool recommended a higher level of control than the occupational
hygienist in 13% (4/32) of cases.

No exposure assessment data were provided to verify that engineering controls recommended
by the occupational hygienist reduced exposure potential.

Quality of the evidence

According to GRADE, observational studies start as low-quality evidence, unless they can be
upgraded. Based on the limitations of the studies (qualitative analysis, no exposure assessment
data, no details about workplaces), the evidence found in this systematic review was downgraded
to very low quality.

Implementation guidance, research recommendation
Implications for practice

The GDG concludes that there is only very low-quality evidence that use of the control-banding
nanotool leads to similar control measures to those an experienced occupational hygienist would
recommend. Professionals, employers and workers would all need training to be able to use the
tool.

Implications for research

The low quality of evidence on the effectiveness of control-banding approaches to reduce worker
exposure to nanomaterials to safe levels, suggests that more research needs to be conducted
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in this area. Specifically, effectiveness of control banding to reduce exposures to MNMs should
be evaluated by carrying out measurements selected through the use of control-banding tools
(against more comprehensive risk assessment and risk management approaches). Control-
banding tools should be further evaluated for use with MNMs. Control-banding tools should be
calibrated against exposure measurements and guidance for selection of the appropriate tool for
specific situations should be developed.

6.4. HEALTH SURVEILLANCE

The GDG cannot make a recommendation for targeted MNM-specific health
surveillance programmes over existing health surveillance programmes that
are already in use, due to the lack of evidence.

The GDG further notes that existing occupational health surveillance systems could be
implemented to monitor health outcomes possibly associated with MNM exposure where there
are health concerns. Given that knowledge of MNMs and their adverse health effects is increasing
rapidly, this recommendation should be updated in five years to take into account new findings.

From evidence to recommendation
Evidence

The evidence for this recommendation is based on a small number of non-randomized studies at
high risk of bias that did not show the benefits of health examinations.

Benefits and harms

The benefits of health examinations could not be assessed. Setting up a health surveillance
system for workers exposed to MNMs would be costly. In addition, it would be difficult, with the
current lack of knowledge, to ascribe adverse health effects to MNM exposure.

Values and preferences

It is well known that general health examinations are highly valued by consumers and this is
probably also the case for workers (39).

Net benefits and costs

Since the GDG could not assess any benefits of health examinations that are specific for MNMs,
only considerable costs remain.

Strength of the recommendation

Based on the above considerations, there is no recommendation for specific health examinations.

Summary of findings: health examinations of workers exposed to MNMs

Systematic review question: In workers exposed to MNMs, what is the effect of health
surveillance on any adverse health outcome compared to no health surveillance or an alternative
form of health surveillance based on any study that described or evaluated health surveillance?

The systematic review was published by Gulumian et al. (2016) as a journal article (40).
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Number of studies and participants

There were seven studies of which six compared health indicators between exposed and
unexposed workers, with 1278 participants. One study described a programme, but did not
reportany health outcomes. Studies showed that workers were exposed to a mixture of MNMs (3),
CNTs (2), nanosilver (1) and TiO, (1).

Health examinations in studies

Studies reported on biomarkers from exhaled breath condensate, blood and urine such as
markers of oxidative stress and antioxidant enzymes; early health effects such as pulmonary and
neurobehavioural test results; and self-reported health outcomes.

Risk of bias in the included studies

The main limitations were that there were no controlled studies with a longitudinal design; all of
them were cross-sectional.

Effects of exposure

Two studies found biomarker levels (exhaled breath condensate concentrations of
malondialdehyde, 4-hydroxy hexenal (4-HHE) and n-hexanal/aldehyde) elevated in exposed
groups compared to unexposed groups.

Early health indicators (lung function parameters) did not deviate from physiologically normal
parameters or did not differ between groups.

The prevalence of allergic dermatitis and sneezing was higher among workers exposed to MNMs
in one study.

Quality of the evidence

According to GRADE, observational studies start as low-quality evidence unless they can be
upgraded. The evidence found in this systematic review was further downgraded because of
limitations in study design. There were no reasons to upgrade the evidence.

Implementation guidance, research recommendation
Implications for practice

The GDG concludes that there is only very low-quality evidence on whether targeted nanomaterial
health surveillance might reveal early signs of adverse health effects. There was no evidence on
specific items that should be included in a surveillance programme.

Implications for research

More research needs to be conducted to (i) identify biomarkers specific to nanomaterial
exposures; (i) identify potential early signs predicting potential long-term adverse health effects,
and (iii) validate current medical tests for use in asymptomatic nanomaterial-exposed workers. It is
important to emphasize to workers participating in health surveillance that these programmes at
this point are research efforts with unproven benefit and health significance to participants.

Exposure registry studies, based on which workers can be followed over time to validate candidate
biomarkers, are needed.
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6.5. TRAINING AND INVOLVEMENT OF WORKERS

The GDG considers training of workers and worker involvement in health and
safety issues to be best practice, but cannot recommend one form of training
of workers over another, or one form of worker involvement over another,
owing to the lack of studies available.

The GDG commissioned a systematic review to answer the question “what training should be
provided to workers?" The question was reformulated to look at the effects of additional training
and education on workers potentially exposed to MNMs. The systematic review by von Mering &
Schumacher (2017) was published by WHO (47). The GDG also conducted preliminary searches
to answer the question about worker participation in the workplace risk assessment and
management of MNMs. However, no studies were found on this topic.

Summary of findings: training and involvement of workers

Systematic review question: In workers exposed to MNMs, does specific training or education
on safe handling of MNMs have an effect on the level of exposure to MNMs or on the level of
controls (including PPE) implemented compared to no training, or an alternative form of training?

Evidence summary

The systematic review did not locate any studies on the effects of worker training. There were no
studies that established specific workers' training needs related to MNMs.

Research recommendation
Implications for research

The GDG recommends evaluating the effect of worker and employer training on the level of MNM
exposure and the installation of controls compared to alternative forms of training, preferably with
a controlled before—after design. Similarly, the GDG recommends evaluating the effect of different
forms of worker involvement on level of exposure and implementation of controls.
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1. IMPLEMENTATION

OF THE GUIDELINES

Given the current high exposures to MNMs documented in the exposure review, considerable
efforts are needed by all stakeholders to ensure country implementation of these guidelines with
a particular focus on LMI countries.

WHO will officially launch these guidelines with its partners from the Collaborating Centres for
Occupational Health and nongovernmental organizations in official relations with WHO, in
addition to presenting the guidelines for further distribution at diverse forums.

With regard to a corporate launch, discussions will be held internally with the Director Public
Health, Environmental and Social Determinants of Health, Department of Communication and
the WHO regions to devise a communications plan. This can be achieved through stakeholder
networks including those of GDG members and the WHO Global Network of Collaborating
Centres.

In addition to this document, simplified summaries will be prepared for employers and workers to
ease implementation and monitoring.
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8. UPDATING THE GUIDELINES

The field of MNM safety is evolving rapidly. A research agenda set by Stone et al. in collaboration
with stakeholders in 2014, foresaw considerable progress in validated measurement methods and
the assessment of routes of exposure and monitoring strategies in the short term (42). Therefore
the GDG proposes to update these guidelines in 2022.
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ANNEX 1:
LIST OF PROPOSED OCCUPATIONAL

EXPOSURE LIMIT (OEL)
VALUES FOR MNMS

TABLE A.1.1 OCCUPATIONAL EXPOSURE LIMIT VALUES AS PROPOSED FOR MNMS

Category Study Nanomaterials | OEL name Mass Particle Surface Derivation
reference and concentration | concentration | concentration approach
specifications pg/m? (particle/ml, (nm?/cm?)
fibres/cm?)

Inhalation exposure: general MNM approach

Guidotti Fine particulate g
MNM 2010 i e BOEL 30 ND ND Environmental
McGarr a/rAtiirctI)(;)sr ?ri)m e s
MNM Y p PCVs ND for more than ND Environmental
2013 nanotechnology h
30 minutes
processes

Inhalation exposure: categorical MNM approac

|

CMAR
CMAR BSI 2007 nanomaterials, BEL 0.1 x bulk WEL ND ND Bridging
NM
Acceptance
Non-entangled Il Bridging/
Fibres AGS 2013 J (default), ND 001 ND ging
fibrous NM ) grouping
respirable
fraction
Fibres BSI2007 |  Fibrous NM BEL ND 001 ND Bridging/
grouping
5 Stockmann- Carbon Bridging/
ik Juvala 2014 | nanofibres, CNFs CEL L2 GQl R grouping
Carbon
van nanotubes, CNTs, Bridaing/
Fibres Broekhuizen |  insoluble NM NRV ND 0.01 ND oo
2012 with high aspect grouping
ratio >3:1
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Category Study Nanomaterials | OEL name Mass Particle ‘ Surface Derivation
reference and concentration | concentration | concentration approach
specifications Hg/m? (particle/ml, (nm?/cm?)
fibres/cm?)

Inhalation exposure: categorical MNM approach

In operations
L i resoi%ble
GBP AGS 2013 nanosized GBP frarétion 500 ND ND Grouping
with no specific e It’
toxicity clad
No specific OEL
GBP AGS 2013 operations with respirable 1250 ND ND Grouping
NM: G fraction
Insoluble 0.066 x bulk i
GBP ‘ BSI 2007 ‘ i BEL WEL 20000 ‘ ND ‘ Bridging
0.5 pl PM
Pauluhn Inhaled poorly respirable/m?* Categorical
GBP 2011 soluble particles ONEL x agglomerate o o QRA/grouping
density
Metals and ‘
van metal oxides,
GBP Broekhuizen biopersistent NRV ND 20000 ND Grouping
2012 granular NM
>6000 kg/m?
Metals and
van metal oxides,
GBP Broekhuizen biopersistent NRV ND 40000 ND Grouping
2012 granular NM
<6000 kg/m?
300 (respirable
Low-toxicity | Stockmann- fraction), Bridging/
dust Juvala 2014 OFL 4000 (inhalable o o grouping
fraction)
TR Non-
Non- . biopersistent Applicable OEL, ——
biopersistent Eraekhuzen granular NM i WEL HD b Biaging
2012
1-100 nm
Solubl BSI 2007 ~oluble BEL 0.5 x bulk WEL ND ND Bridgi
olUDe nanomaterials S (8909
Inhalation exposure: specific MNM approach
Multi-walled
Carbon Aschietgr e INEL ! ND ND QRA
2011 nanotubes,
MWCNT 10 nm
Carbon ASTDEIOET | MWCNT 140nm | INEL 2 ND ND QRA
Gatbon No effect
Carbon Luizi 2009 concentra- 25 ND ND QRA
nanotubes, CNTs Py
tion in air
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Category Study

reference

Nanomaterials
and
specifications

Inhalation exposure: specific MNM approach

Nakanishi
Carbon 2015
Carbon NIOSH 2013
Pauluhn
Carbon 2010
Carbon Stone 2009
Kuempel
Carbon 2006
Kuempel
Carbon 2006
Aschberger
Carbon 2011
Shinohara
Carbon 2011
N Il Stockmann-
GRS e o
N ! Stockmann-
anociays Juvala 2014
2 Aschberger
Nanosilver 011
. Aschberger
Nanosilver 2011

Carbon nanotube
group, SWCNT,
DWCNT, MWCNT

All CNTs and
nanofibres

MWCNT
Baytubes®

MWCNT

Carbon black,
CB ultrafine

Carbon black,
CB ultrafine

Fullerenes, C60

Fullerenes, C60

Nanocellulose

Nanoclays

Nano Ag

Nano Ag

OEL name

OEL 15 years

REL
respirable
elemental

carbon

OEL,
inhalable
fraction

DNEL chronic
inhalation,
systemic
immune
effect

BMDL
45 years
(lung
dosimetry,
model 1)

BMDL
45 years
(lung
dosimetry,
model 2)

INEL

OEL (PL)
15 years

OEL

OEL

INEL lung
function

INEL lung
other effects

Mass
concentration

ug/m?

30

<1

50

067

120

240

74

390

ND

300
(respirable
fraction),
4000
(inhalable
fraction)

033

067

Particle
concentration
(particle/ml,
fibres/cm?)

ND

ND

ND

ND

ND

ND

ND

ND

0.01

ND

ND

ND

Surface
concentration
(nm?/cm?3)

ND

ND

ND

ND

ND

ND

ND

ND

ND

ND

ND

ND

Derivation
approach

QRA

QRA

QRA

QRA

QRA

QRA

QRA

QRA

Bridging

Bridging/

grouping

QRA

QRA
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Category

Study
reference

Nanomaterials
and

374

Mass Particle Surface Derivation
concentration | concentration | concentration approach

specifications Hg/m? (particle/ml, (nm?/cm?)
fibres/cm?)

Inhalation exposure: specific MNM approach

DNEL lung
. exposure,
Nanosilver Stone 2009 Nano Ag extrapolating 0.098 1200 22x106 QRA
factor 10
DNEL lung
Nanosilver Stone 2009 Nano Ag exposurg, 033 4000 7.2 x 106 QRA
extrapolating
factor 3
Nanosilver | Stone 2009 Nano Ag D'i%@grer 067 7000 12x107 QRA
A MAC-TWA
Nanosilver SW'g(\;\;IQSka Nano Ag inhalable 10 ND ND QRA
fraction
Silicon Stockmann- | Amorphous silica OFL
dioxide Juvala 2014 SiO, resplrgble 0 LE HD QR
: fraction
Titanium Aschberger y
dioxide 2011 TiO, INEL 117/ ND ND QRA
BMDL
N ) 45 years
Titanium Kuempel TiO,
dioxide 2006 ultrafine (l.ung = o L GRA
dosimetry,
model 1)
BMDL
o ; 45 years
Titanium Kuempel TiO
dioxide 2006 ultraﬁzne (I‘ung 140 N L2 e
dosimetry,
model 2)
- ' REL (up to
Titanium NIOSH 2011 Tio, 10h/day, 300 ND ND QRA
dioxide ultrafine
40 h/week)
Titanium § OEL (PL)
dioxide Ogura 2011 Tio, 15 years 610 ND ND QRA
— OEL
Titanium Stockmann- : .
dioxide Juvala 2014 Tio, respirable 100 ND ND QRA
fraction
Titanium Swidwinska ’ ‘ ‘
dioxide ‘ 2014 ‘ TiO, MAC 300 ND ND QRA
High surface
TNy |y sy | oA OEL 1000 ND ND QRA
dioxide anatase-rutile
nanoscale TiO,
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Category

Study
reference

Nanomaterials
and
specifications

Inhalation exposure: specific MNM approach

Titanium
dioxide

Titanium
dioxide

Warheit 2013

Warheit 2013

Low surface
reactivity
nanoscale TiO,

Pigment-grade
TiO,, particle
types

OEL name

OEL

OEL

Mass
concentration

ug/m?

2000

5000

Particle
concentration
(particle/ml,
fibres/cm?)

Surface
concentration
(nm?/cm?3)

375

Derivation
approach

QRA

QRA

Dermal exposure

Carbon

Carbon

Stone 2009

Stone 2009

MWCNT

MWCNT

DNEL dermal
chronic
exposure,
assessment
factor 3

DNEL dermal
chronic
exposure

5.9 ug/kg
body weight

17.7 ug/kg
body weight

QRA

Oral exposure

Carbon

Carbon

Acute short-te

Stone 2009

Stone 2009

rm exposure

Fullerite, mixture
of € #C.

Water-soluble C_,
polyalkyl-
sulfonated

DNEL oral
acute
exposure

DNEL oral
chronic
exposure

40 mg/kg
body weight

0.17 mg/kg
body weight

QRA

MNM

Carbon

Carbon

Carbon

McGarry
2013

Stone 2009

Aschberger
2010

Stone 2009
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Airborne
particles from
nanotechnology
processes

MWCNT

Fullerenes,
£

60

MWCNT

PCVs, single
short-term
measure-
ment

DNEL acute
inhalation,
systemic
immune
effect

INEL short-
term,
inhalable
fraction

DNEL acute

inhalation,

pulmonary
effect

402

201

5 times the
local particle
reference value

Environmental

QRA
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Category Study Nanomaterials | OEL name Mass Particle Surface Derivation
reference and concentration | concentration | concentration approach
specifications pg/m? (particle/ml, (nm?/cm?)
fibres/cm?)

Acute short-term exposure

DNEL dermal 106 La/k
Carbon Stone 2009 MWCNT acute HI/kg ND ND QRA
body weight
exposure
DNEL dermal
acute 355 ua/k
Carbon Stone 2009 MWCNT exposure, > HI/Kg ND ND QRA
body weight
assessment
factor 3

AGS: German Hazardous Substances Committee; BEL: benchmark exposure level; BMDL: benchmark dose lower (95%
confidence limit of the benchmark dose; BOEL: benchmark occupational exposure level; BSI: British Standards Institute;
CMAR: carcinogenic, mutagenic, asthmagenic or a reproductive toxin; CNF: carbon nanofibre; CNT: carbon nanotube;
DNEL: derived no-effect level; DWCNT: double-walled carbon nanotube; GBP: granular biopersistent particles; INEL:
indicative no-effect level; LBPC: local background particle concentration; MAC: maximum admissible concentration;
MAC-TWA: maximum admissible concentration time-weighted average; MNM: manufactured nanomaterial; MWCNT:
multi-walled carbon nanotube; ND: no data; NIOSH: National Institute for Occupational Safety and Health (United States);
NM: nanomaterial; NRV: nano reference value; OEL (PL): occupational exposure limit period-limited; OEL: occupational
exposure limit; PCVs: particle control values; QRA: traditional quantitative risk assessment; REL: recommended exposure
limit; SWCNT: single-walled carbon nanotube; WEL: workplace exposure limit.
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STEERING GROUP,
GUIDELINE DEVELOPMENT GROUP,
SYSTEMATIC REVIEW TEAMS

AND EXTERNAL REVIEW GROUP

TABLE A.2.1 WHO GUIDELINE STEERING GROUP

C N S

Vladimir MURASHOV Technical Adviser (Chair) National Institute for
Occupational Safety and Health,
Washington, DC, UNITED STATES

OF AMERICA (USA)
Evelyn KORTUM Steering Group Member and WHQO, Department of Public
WHO Focal Point Health, Environmental and

Social Determinants of Health,
Geneva, SWITZERLAND

Aida PONCE DEL CASTILLO Technical Adviser (Vice-Chair) European Trade Union Institute,
Brussels, BELGIUM
Richard BROWN Steering Group Member WHO, Department of Public

Health, Environmental and
Social Determinants of Health,
Geneva, SWITZERLAND

Angelika TRITSCHER Steering Group Member WHQO, Department of Food
Safety and Zoonoses, Geneva,
SWITZERLAND

Marco MARTUZZI Steering Group Member Environment and Health

Intelligence and Forecasting,
WHO Bonn Office, GERMANY

Jos VERBEEK Technical Advisor Finnish Institute of Occupational
(Methodologist) Health, Kuopio, FINLAND
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TABLE A.2.2 GUIDELINE DEVELOPMENT GROUP

Name | Affiliation

Delphine BARD

Derk BROUWER
Mahmoud GHAZI-KHANSARI

Mary GULUMIAN
Evelyn KORTUM
Naroo LEE

Yair Ray LIFSHITZ

Jaroslav MRAZ
Vladimir MURASHOV
Toshihiko MYOJO
Rolf PACKROFF

Aida PONCE DEL CASTILLO
Darius D SIVIN

Pieter VAN BROEKHUIZEN

Maria de Fatima Torres F VIEGAS
William WAISSMANN

Yuxin ZHENG

Arline Sydnéia Abel ARCURF
Bill KOJOLA=

Claude OSTIGUY=

Judy SNG*
Nathalie THIERIET?

Jeong-Sun YANG?

Health and Safety Executive, UNITED KINGDOM OF GREAT BRITAIN
AND NORTHERN IRELAND

University of Witwatersrand, SOUTH AFRICA

Tehran University of Medical Sciences (TUMS), ISLAMIC REPUBLIC
OF IRAN

Toxicology and Biochemistry Department, National Institute for
Occupational Health (NIOH), Johannesburg, SOUTH AFRICA

WHQO, Department of Public Health, Environmental and Social
Determinants of Health, Geneva, SWITZERLAND

Korea Occupational Safety and Health Agency (KOSHA), Ulsan,
REPUBLIC OF KOREA

Research Center for Ergonomics, Industrial Engineering and
Management, Technion — Israel Institute of Technology, Haifa,
ISRAEL

National Institute of Public Health, Center of Occupational Health,
Prague, CZECH REPUBLIC

National Institute for Occupational Safety and Health, Washington,
DC, USA

Institute of Industrial Ecological Sciences, University of
Occupational & Environmental Health (UOEH), Iseigaoka, JAPAN

Federal Institute for Occupational Safety and Health (BAUA),
Dortmund, GERMANY

European Trade Union Institute, Brussels, BELGIUM

International Union, UAW, Health & Safety Department,
Washington, DC, USA

[VAM, University of Amsterdam (UvA), Amsterdam, the
NETHERLANDS

FUNDACENTRO, Ministry of Labour and Social Security, Sdo Paulo,
BRAZIL

Sergio Arouca National School of Public Health, Fundacao
Oswaldo Cruz, Rio de Janeiro, BRAZIL

National Institute of Occupational Health, China Center for
Disease Control and Prevention, Beijing, CHINA

FUNDACENTRO/Ministry of Labour, Sao Paulo, BRAZIL

American Federation of Labor and Congress of Industrial
Organizations (AFL-CIO), Washington, DC, USA

Institute de Recherche Robert-Sauvé en Santé et en Sécurité de
Travail, Québec, CANADA

\ National University of Singapore, SINGAPORE

French Agency for Food, Environmental and Occupational Health
and Safety (ANSES), Paris, FRANCE

’ Korea Occupational Safety and Health Agency (KOSHA), Ulsan,
REPUBLIC OF KOREA

2 GDG members who resigned before the completion of these guidelines.
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TABLE A.2.3 SYSTEMATIC REVIEW TEAMS

Risks of MNMs

Specific hazard classes

Forms and routes of exposure

Typical exposure situations

Exposure measurement and
assessment

Occupational exposure limit
values

Control banding

Specific risk mitigation
techniques

Health surveillance to detect
and prevent risks from exposure

Training of workers to prevent
risks from exposure

Involvement of workers and
their representatives

Skaug V, Zienolddiny S, Mohr B.

Lee N, Lim CH, Kim T, Sohn EK,
Chung GS, Rho TJ, Lee SR, Yu 1.

Séanchez Jiménez A, Basinas |,
Galea K, van Tongeren M,
Hurley F.

Debia M, Bakhiyi B, Ostiguy C,
Verbeek J, Brouwer D,
Murashov V.

Boccuni F, Ferrante R,
Gagliardi D, lavicoli S,
Rondinone BM.

Mihalache R, Verbeek J,
Graczyk H, Murashov V,
van Broekhuizen P.

Eastlake A, Zumwalde R,
Geraci C.

Myojo T, NagataT.

Gulumian M, Verbeek J,
Andraos C, Sanabria N,
de Jager P

von Mering Y, Schumacher C.

Andrade, LRB.

Norwegian Institute of
Occupational Health, Oslo,
NORWAY

Korean Occupational Health and
Safety Agency, Ulsan, REPUBLIC
OF KOREA

Institute of Occupational
Medicine, Edinburgh,
SCOTLAND

Université de Montréal,
Département de Santé
Environnementale et Santé au
Travail, Montréal, CANADA

INAIL, Italian National Institute
for Insurance against Accidents
at Work, Rome, ITALY

Finnish Institute of Occupational
Health, Kuopio, FINLAND

National Institute for
Occupational Safety and Health,
Cincinatti, OH, USA

University of Occupational
and Environmental Health,
Kitakyushu, JAPAN

National Institute of
Occupational Health,
Johannesburg, SOUTH AFRICA

Institut flr Arbeitsschutz,
Deutsche Gesetzlichen
Unfallversicherung, Sankt-
Augustin, GERMANY

FUNDACENTRO, Impactos da
nanotecnologia na saude dos
trabalhadores e meio ambiente,
Ministerio do Trabalho, Sao
Paulo, BRAZIL

2The first person mentioned was the leader of the systematic review team.
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TABLE A.2.4 EXTERNAL REVIEW GROUP

Name Affiliation

Rob AITKEN

Jeremy ALLAN

Alba AVILA

Shahnaz BAKAND

Chunying CHEN

Kar CHOWDHURY

Nalin DE SILVA

Johan L DU PLESSIS

Stefan ENGEL

Michael FISCHMAN

Asun GALERA RODRIGO

Henri HEUSSEN

Jafariah JAAFAR

Eileen KUEMPEL

Tanasugarn LERSON

Bruce LIPPY

Filipe MUNOZ GERALDO

Ndeke MUSEE

Emmanuel ODJAM-AKUMATEY

Institute of Occupational Medicine Singapore, SafeNano,
SINGAPORE

Australian Nanotechnology Network, Centre for Applied
Philosophy and Public Ethics, Australian National University,
Canberra, AUSTRALIA

Department of Electrical and Electronics Engineering,
Universidad de los Andes, Bogota, COLOMBIA

School of Health & Society, University of Wollongong,
New South Wales, AUSTRALIA

Key Laboratory for Biomedical Effects of Nanomaterials and
Nano-safety, National Center for Nanoscience and Technology
of China, Beijing, CHINA

CSIR-Indian Institute of Toxicology Research, Uttar Pradesh,
INDIA

Sri Lanka Institute of Nanotechnology (SLINTEC), University of
Colombo, Colombo, SRI LANKA

Occupational Hygiene and Health Research Initiative (OHHRI),
Northwest University, Potchefstroom Campus, Potchefstroom,
SOUTH AFRICA

Industrial Hygiene and Hazardous Chemicals Management,
BASF, Ludwigshafen, GERMANY

a) Occupational & Environmental Medical Group,
Intel Corporation

b) Division of Occupational & Environmental Medicine,
University of California San Francisco, Walnut Creek (CA), USA

Department of Business Organization, Universitat Politécnica de
Catalunya, Barcelona, SPAIN

CTO Cosanta, Solutions for Chemical Risks, Amstelveen, the
NETHERLANDS

Department of Chemistry, Faculty of Science, Universiti
Teknologi Malaysia, Johor, MALAYSIA

Nanotechnology Research Center, National Institute for
Occupational Safety and Health, Cincinnati (OH), USA

Department of Biochemistry, Faculty of Science, Chulalongkorn
University, Bangkok, THAILAND

The Center for Construction Research and Training, Silver Spring
(MD), USA

Process Safety, Department of Chemical Engineering,
Universidad de los Andes, Bogota, COLOMBIA

Department of Chemical Engineering, University of Pretoria,
Pretoria, SOUTH AFRICA

Ecological Restorations, Accra, GHANA
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Michele OSTRAAT
Michael RIEDEKER

Chen Sau SOON

Helene STOCKMANN
Stephen THOMAS
Candice Stephen TSAI

Alexander TSOUKNIDAS
Andrew VINER

Aramco Services Company, Caltech Cambridge (MA), USA

Institute of Occupational Medicine Singapore, SafeNano,
SINGAPORE

Energy and Environment Flagship, SIRIM Industrial Research,
Selangor, MALAYSIA

Finnish Institute of Occupational Health, Helsinki, FINLAND
Innovative OHS Risk Solutions, Adelaide, AUSTRALIA

Department of Environmental and Radiological Health Science,
Colorado State University, Fort Collins, USA

CEO PLIN Nanotechnology, Thermi, GREECE

3M Personal Safety, 3M, North Carolina State University, Saint
Paul (M), USA
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SUMMARY OF EVIDENCE,
ROUTES OF EXPOSURE TO MNMS

TABLE A.3.1 ASSESSING INHALATION AND DERMAL EXPOSURE BY ACTIVITY SCENARIO AND TYPE
OF MNM

Inhalation | Dermal Inhalation | Dermal Inhalation Dermal
exposure | exposure® | exposure | exposure® | exposure | exposure?
0

Machining High 3202 | 14 3(2) 1 3(3)
and abrasion Medium 821 8 30) 1 403) 0
Low 4 3 0 0 0 1
Cleaning and High 7 ‘ 8 4 1 0 0
maintenance Medium 4 1 2 3 0 1
Low 0 2 0 2 1 0
Reaction High 18 17 1 1 i 4
s Medium 6 6 3 2 2 2
8 Low 3 4 0 1 2 5
€ Collection,  High 1 6 1 0 3 2
@ sortingand i 1 3 0 1 0 2
processing
Low 0 3 0 0 1 0
Handling and High 4 2 2 0 0 1
transfer of liquids | ,im 1 3 0 1 0 1
Low 3 3 1 2 2 0
Weighing and High 14 13 4 2 1 1
mixing Medium 2 3 1 2 1 3
Low 3 3 0 1 2 0
Handling and High 9(2) 9 1 1 4 4
transfer of Medium 4 4 0 0 0 0
powders
Low 2 0 0 0 1 1
Recycling High 2 0 0 0 0 0
Medium 0 0 0 0 0 0
Low 3 5 0 0 0 0
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exposure assessment situations

Other metal oxides
and mixtures

Inhalation Dermal Inhalation Dermal Inhalation Dermal Inhalation Dermal
exposure | exposure® | exposure | exposure® | exposure | exposure® | exposure | exposure®
33 | 0 0 0 3(3) 0 15

Metals Other MNMs

44(33)
1 | 0 0 0 33) 0 12(9) 9
0 \ 0 0 0 0 0 4 4
27 18 13 4 2 0 53 31
0 8 3 9 0 4 9 2%
0 1 0 3 2 0 3 8
2 | o 4 4 3 2 35 28
2 \ 2 1 3 0 0 14 15
1 \ 3 2 0 1 2 9 15
o | o 1 0 1 0 17 8
6 | o0 1 2 5 3 13 n
o | s 1 1 2 5 4 15
3 0 0 0 0 0 9 3
0 ! 0 0 0 0 1 6
0 2 0 0 0 0 6 7
3 | o 0 0 5 2 27 18
3 | 4 0 0 0 3 7 15
o | 2 1 1 2 2 8 9
3(1) 1 2(1) 1 4 1 23 17
0 ! 0 0 0 3 4 8
0 0 0 0 0 0 3 1
o | 1 0 0 101) 0 3(1) 1
o | o 0 0 0 0 0 0
1 | o 0 0 0 0 4 5
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assigned
CNTs and CNFs Si-based Tio,
Inhalation | Dermal nhalation | Dermal | Inhalation | Dermal
exposure | exposure® | exposure | exposure® | exposure | exposure®
1

Spraying and High 10(1) 4 4 1 0
g'r':ct's';g - clated | \edium 0 4 | 2 2 0
Low 0 1 0 2 1 2
Feedingintoa High 6 2 6 0 0 0
praces Medium 0 1 0 4 0 0
Low 0 3 0 2 0 0
Testing and High 3(1) 3 1 0 0 0
characterization Ve 5 2 0 g 9 0
Low 2 1 0 1 0 0
Extrusion/injection | High 2 1 0 0 0 0
Toing Medium 1 2 0 0 ] 0
Low 0 0 0 0 1 2
Packing High 1 1 4 3 3 3
Medium 2 1 0 0 1 0
1 0

Low 0 1 0 1

CNF: carbon nanofibres; CNT: carbon nanotubes; MNM: manufactured nanomaterials; Si-based: silicon-based; TIO,:
titanium dioxide.

2 Indicates that the likelihood for dermal and/or ingestion exposure is considered to be equal. The number of simulation
studies is given in parentheses.
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exposure assessment situations

Other metal oxides
ik VEETH 5 Total
and mixtures
Inhalation Dermal Inhalation Dermal Inhalation Dermal Inhalation Dermal
exposure | exposure® | exposure | exposure® | exposure | exposure® | exposure | exposure®
2 3

1 2 502) 1 24(3) 10
2 0 1 2 2 3 8 1
2 5 1 1 2 3 6 14
83) | 1 0 0 3(3) 0 23(6) 3
F | B 0 0 0 0 2 10
o | 0 0 0 0 0 6
0 0 1 1 2 1 7() 5
0 0 1 0 0 1 3 3
0 0 0 1 0 0 2 3
4@ | o0 0 0 5(3) 0 11(6) 1
0 \ 1 0 0 0 2 2 5
o | 0 0 0 1 1 2 3
2 1 1 1 5 0 16 9
0 1 1 1 2 3 6 6
0 0 0 0 0 4 0 7

77 (11) nm 37 61(15) 46 424 (53) 371
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