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What is risk? 
It came from Italian word: 
“riscare” that means: 
navigate  between 
hazardous rocks 
 

From Wikipedia ... 8 basic definitions ... 

Workplace: Product of the consequence and 
probability of a hazardous event or 
phenomenon. For example, the risk of 
developing cancer is estimated as the 
incremental probability of developing cancer 
over a lifetime as a result of exposure to 
potential carcinogens (cancer-causing 
substances). 

Oxford English Dictionary: (Exposure to) the 
possibility of loss, injury, or other adverse or 
unwelcome circumstance; a chance or 
situation involving such a possibility. (1655 AC) 
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http://en.wikipedia.org/wiki/Workplace


Risk perceptions 

Type  
of risks 

Virtual 
risk 

Straight 
risk  

perception 

Perceived 
 risk  

   from  
         science 

             approach 
Examples: 
- Parachute diving 
- Mountain climbing 
- Driving 

 

- Cholera contamination  
(microscope + trained person) 

- Risks with insufficient 
certainties due its complexity 
or lack of acknowledgement 

- Ex. Cellphone magnetic fields 
and health problems , global 
warming … 

nanotechnology 

(Vibrio cholerae) 
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Source: http://www.cdc.gov/vhf/ebola  
   

http://www.cdc.gov/vhf/ebola


NIOSH 10 critical topics … 
National Institute of Occupational Safety & Health 

University of São Paulo 

Source:  http://www.cdc.gov/niosh/topics/nanotech/critical.html   

http://www.cdc.gov/niosh/topics/nanotech/critical.html


DOE (Design Of Experiments): Type: 3k 

Possible 
Permutations: (6) 

 
R-N-H / H-N-R 
R-H-N / N-H-R 
H-R-N / N-R-H 

 
 

Nano 
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Risk 
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  (0) : lower level 
      Where: (1) : central level 
  (2) : higher level 
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Words search (permutations using different databases and search engines) 
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Bibliographic review:  
focussing on reports ~ last 10 years 

• Using DOE planning (Design of 
Experiments  choosing key words and its 
combinations  and permutations) and 
internet searching tools : 
 

• University databases : journals impact 
factor; citations, etc. 
 

• Words: risk, assessment, toxicology, 
nanotechnology, nanocarbons (graphene, 
CNT, SWNT, MWNT, DWNT, graphene, 
fullerene, carbon black, few layers 
graphene, etc.) …; 
 

• Agencies and countries:  ILO-UN, US-
OSHA, US-EPA, UN, EU, HSE/UK, 
Australia, Japan, Swiss, Netherlands, etc. 
 

University of São Paulo 



University of São Paulo http://www.hsenano.org;  
www.hsenano.com     
www.hsenano.info    (registered website domain under construction and  evaluation)  

Nano- (Health, Safety & Environment): 
 

- Basic information about 
nanotechnology 

- Repository of websites & HSE 
reports/standards 

- Survey area: Risk assessment & risk 
perception 

- Nanorisk assessment flow sheet & 
website links 

- Collaborative information feed 
(report and website links) 

- Public & free access  
- Bilingual (Portuguese & English). 

http://www.hsenano.org/
http://www.hsenano.com/
http://testslp.comli.com/
http://testslp.comli.com/


Date: 05/23/2014 – 19:33pm 

Chemical Abstracts Service 

Nanotech  
 
Nano-functionalization 
 
Combinations of chemicals  
in new products 
                                  (...) 

The next (un)solved problem ! 

… solved by Andrew Wiles 

How big is the nanomaterial 
 risk issue problem? 

OSHA Transitioning to safer chemicals 
(OSHA:  Occupational Safety & Health Administration) 

workers suffer more than 190,000 
illnesses and 50,000 deaths annually 
related to chemical exposures. 

Source: https://www.osha.gov/dsg/safer_chemicals/index.html  
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https://www.osha.gov/dsg/safer_chemicals/index.html


New materials , “new” risks … we need new 
approaches to deal with them ! 

http://2020science.org/2011/08/09/what-was-worrying-us-about-nanotechnology-safety-seven-years-ago 
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What is Control Banding (CB) and how it works  

IAHA (The American Industrial Hygiene Association): Control banding is a complementary 
approach to protecting worker health by utilizing finite resources to identify and 
implement exposure controls. Given the reality that appropriate occupational exposure 
limits cannot be established for every chemical in use, a chemical is assigned to a "band" 
for control measures, based on its hazard classification according to international criteria, 
the amount of chemical in use, and its volatility/dustiness 
 
There is no single such thing or methodology defined as  
“control banding” 
Frequently evaluation = air sampling 
Take a measurement & compare it to the  
exposure limit. 
 
if > PEL than  fix it ! 
if < PEL:  “not a problem”  
if no PEL:   ???? …  
 
Thousands of chemicals,  only 500 with PELs 
 
(*) PEL: Permissible Exposure Limits  
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Source:  https://www.osha.gov/dsg/annotated-pels/tablez-1.html  

https://www.osha.gov/dsg/annotated-pels/tablez-1.html


April 2013 

According to NIOSH, due to some residual risk 
at the REL (recommended exposure limit) and 
the uncertainty related to chronic health 
effects, exposures to CNT and CNF should be 
reduced "as much as possible"— below 1 
μg/m3 of respirable elemental carbon as an 8 
- hour TWA during a 40 - hour workweek. 

Currently (2014), there are no established 
regulatory occupational exposure limits (OELs) for  
nanomaterials in the United States; however, 
other countries have established standards  
for some nanomaterials, and some companies have 
supplied OELs for their products 

November  2013 
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Source: CDC / NIOSH 



Just remember ! 
For CNT (US-NIOSH): 

 
REL: 1µg/m3 

University of São Paulo 

Source: 

Remark: MWCNT-7 ; Multiwall carbon nanotube from Mitsui/Japan. 



The British Standard Institute has suggested benchmark 
exposure levels for four nanoparticle hazard types: 

 
- For insoluble nanomaterials a general benchmark 

level of 0.066 × OEL of the corresponding microsized 
bulk material (expressed as mass concentration) is 
proposed; 
 

- For fibrous nanomaterials the proposed benchmark 
level is 0.01 fibres/ml; 
 

- For highly soluble nanomaterials a benchmark of 0.5 × 
OEL is proposed; 
 

- For substances classified as carcinogenetic, 
mutagenic, asthmagenic or reproductive (CMAR) in 
their coarse form, the same hazards will be 
considered for the nano form and the suggested 
benchmark level is 0.1 × OEL (mass concentration) of 
the corresponding microsized material. 
 OEL: Occupational Exposure Level 

Multiplicative risk factors 

University of São Paulo 

Source: BSI/UK 



The German Institute for Occupational Safety and Health of the 
German Social Accident Insurance (IFA) has also developed 
recommendations for benchmark limits, using size and density of 
the nanoparticles as classification criteria. IFA proposed the 
following benchmark limits as increases over the background 
exposure to ultrafine particles during a 8-hour working shift, based 
upon its experience in measurement and the detection limits of the 
measurement methods currently employed: 
 
- For metals, metal oxides and other biopersistent granular 

nanomaterials with a density of > 6,000 kg/m3, a particle 
number concentration of 20,000 particles/cm³ in the range of 
measurement between 1 and 100 nm should not be exceeded. 
 

- For biopersistent granular nanomaterials with a density below 
6,000 kg/m3, a particle number concentration of 
40,000 particles/cm3 in the measured range between 1 and 
100 nm should not be exceeded. 
 

- For carbon nanotubes (CNTs) for which no manufacturer's 
declaration is available that the CNTs have been tested as safe 
against asbestos-like effects, a provisional fiber concentration of 
10,000 fibres/m3 is proposed for assessment, based upon the 
exposure risk ratio for asbestos. 

University of São Paulo 



6 online/web tools 

1 
2 
3 
4 
5 
6 
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Source: 



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

University of São Paulo 

Source: ANSES/ France 



USA:   
CDC (Centers for Disease Control and Prevention) 
NIOSH (National Institute for Occupational Safety and Health) 

University of São Paulo 

Sources:  CDC/NIOSH and LLN laboratory 



Canada: The Institut de Recherche Robert-Sauvé  
en Santé et en Sécurité du Travail                  

Legislation: Pest Control Products Act (PCPA) 
 
* Including nanomaterials 

University of São Paulo 

Sources: IRSST and Council of Canadian Academies /Canada 



Australia: Safe Work Australia Agency 
 
                   

University of São Paulo 

Source: Safe Work Australia 



Switzerland: The Federal Office of Public Health 
 (FOPH) - Federal Department of Home Affairs 

                   

University of São Paulo 

Source: FOPH / Swiss 



AHP 

Nanomaterials 

Improve the quality of hazards modeling:  
Quantitative control level  

University of São Paulo 

Source:  US EPA 



What is AHP and How it works? 

The AHP (Analytic Hierarchy Process) is a multicriteria method created by 
Thomas L. Saaty  (University of Pittsburgh) in   1971. The AHP has the 
following approach: 
 
- Decomposing a decision into smaller parts:  one overall goal on the top 

level, several decision alternatives on the bottom level and several criteria 
contributing to the goal 
 

- Pairwise comparisons on each level; Comparing pairs of alternatives with 
respect to each criterion and pairs of criteria with respect to the 
achievement of the overall goal. 
 

- Synthesizing judgments.:  Obtaining priority rankings of the alternatives 
with respect to each criterion and the overall priority ranking for the 
problem. 
 
 

University of São Paulo 



The human brain can deal only with 7 +/- 2 
things at the same time ! 
 
If you increase the number of pairs to 
compare  .. You will lose accuracy. 
 
Weber-Fechner law: M = a*log s + b; a≠0 
M – sensation and  s – stimuli. 

Pairwise comparisons: 

Pairwise Comparison Matrix : A = ( aij ) a33 a32 a31 Alternative 3  (A3) 

a32 a22 a21 Alternative 2  (A2) 

a13 a12 a11 Alternative 1  (A1) 

A3 A2 A1 to 

Values for aij : 
Numerical  

values 
Verbal judgement  of 

preferences 

1 equally important 

3 weakly more important 

5 strongly more important 

7 very strongly more 
important 

9 absolutely more important 

2,4,6,8  => 

reciprocals  => 

intermediate values 

reverse comparisons 

1 to 9 - scale 

(a)  aii = 1 
A comparison of criterion i with itself:        

 equally important 

(b)  aij = 1/ aji 
aji are reverse comparisons and must  

be the reciprocals of aij  

University of São Paulo 



e.g.  Let’s create a scale (rank) of preferences between colors: 
 
 

(3x3) pairwise comparison 
 matrix, n = 3 

Selecting 
of work-cloth color Goal 

Criteria 

Inital 
costs 

Costs of 
reposition 

Color 
durability 

Freshness & 
clean 

appearance 

Personal 
choice 

Sub-criteria 

Structuring a hierarchy: University of São Paulo 

RANK 
 
 
24.3 
 
 
8.8 
 
 
66.9 
 

 
          NB    AG     GY 
NB     1        3      1/3 
 

AG      1/3    1        7 
 

GY                         1 

Numerical  
values 

Verbal judgement  of preferences 

1 equally important 

3 weakly more important 

5 strongly more important 

7 very strongly more important 

9 absolutely more important 

NB x AG:     3      Someone likes (weakly more) NB than AG 
NB x GY :  1/3    Someone likes (weakly more) GY than NB 
AG x GY:      7      Someone likes (very strongly more) AG than GY 

NB AG GY 



Building a block diagram: risk assessment of carbon nanomaterials 

 Multicriteria method: AHP (Analytical Hierarchy Process) 

Control 
 Banding 

(Risk assessment) 

High quality 
(auditable) 

and simple as 
possible  (not 
simpler) risk 
assessment 
model/tool. 
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AHP & CB: nanocarbons 

University of São Paulo 



Structuring the hierarchy: 
Hazard 

Evaluation of  
Nanocarbons 

Goal 

Criteria 

 (workplace 
contamination route) 

Alternatives 

Dermal 
(Skin) 

Ingestion 
(food/water) 

Inhalation 
(Pulmonary) 
(Gast. Tract)  

Graphene 
GO  

and FLG 

Fullerenes 
(Quantum dots) 

Nano-carbon 
 blacks 

nano-graphite 

Intravenous 
(injection)  

ocular 
(air/skin)  

Carbon  
Nanotubes and  

nanofibres 

        0D                         1D                            2D                   3D 

Cont. route Inhalation Dermal (Skin) Ingestion Ocular (eyes) Intravenous Rank (%) 

Inhalation 1 4 7 6 9 52.7 

Dermal 1/4 1 7 5 8 25.5 

Ingestion 1/7 1/7 1 1/3 9 8.1 

Ocular 1/6 1/5 3 1 9 11.5 

Intravenous 1/9 1/8 1/9 1/9 1 2.2 

AHP pairwise comparison matrix example (workplace) 



Structuring a hierarchy: 

Hazards importance 
(Rank) Goal 

Criteria 
 (workplace: contamination 

& route) 

Alternatives 

Shape 
& 

Stiffness 

Surface 
area 

Size  

Graphene,    
GO (graphene 

oxide)  
and FLG 

Fullerenes 
carbon 

quantum  
dots 

Nano-carbon 
 blacks 

nano-graphite 
 

Sum (number) of particles  
(concentration unit) 

Surface 
 chemistry  

Carbon  
nanotubes 

and  
nanofibres 

University of São Paulo 

The “S” grouping multicriteria model. 



Size 

Size <10 
nm 

10-100 
 nm 

100-400 
 nm 

400-1000 
nm 

>1000 
nm 

RANK 
(%) 

<10 nm (TB), (AR) +(NPLR) 1 4 1/3 4 6 27.5 

10-100 nm  (NPLR) 1 1/5 3 5 13.0 

100-400 nm 1 5 7 48.1 

400 -1,000 nm 1 3 7.6 

>1,000 nm 1 3.8 

Fração de 
partículas 
depositadas 
(1 = 100%) 

http://www.tetisantesisat.com/air-filter-technology/air-filter-mechanisms  

Filtration collecting efficiency 

TB: tracheobronchial ; AR: alveolar region; NPLR: nasopharyngeal-laryngeal region. 

Workplace  ... If change the  
contamination pathway (like  
from food ingestion or medical 
          treatment)  ... 
       ... A new rank will be necessary 

University of São Paulo 

http://www.tetisantesisat.com/air-filter-technology/air-filter-mechanisms


Cell interaction with nanoparticles: 
the shape, size and stiffness aspects 
Carbon Materials:   

Dimension Size Shape Stiffness Examples 

0D Nano Spherical Low to high Carbon dots 
(*) Typically < 10 nm size 
materials 
 

1D Nano- 
millimeters 

Linear 
Aligned 
(Cylindrical) 
bundles 
  
Spherical 
 

High 
 

Carbon Nanotubes 
(SWCNT, DWCNT, MWCNT) 
Carbon Fibers 

2D Nano- 
millimeters 

Planar 
 

Super-High Graphene 

3D Nano-
millimeters 

Spherical, 
plates, etc. 
 

Low to high Nano-Graphite 
Nano-Carbon blacks 

University of São Paulo 



http://www.intechopen.com/books/modern-surface-engineering-
treatments/coating-technology-of-nuclear-fuel-kernels-a-multiscale-view 

Size, Shape and Stiffness & Cells 

https://www.beilstein-
journals.org/bjnano/single/articleFullText.htm?publicId=2190-4286-4-
14&vt=f&sso=C&tpn=2&bpn=authors 

Cell x nanoparticle interaction 
 

http://journals.cambridge.org/action/displayFulltext?typ
e=6&fid=8753679&jid=MRS&volumeId=37&issueId=12&
aid=8753678&bodyId=&membershipNumber=&societyE
TOCSession=&fulltextType=RA&fileId=S08837694120018
19#cjofig_fig4 

University of São Paulo 

http://www.gizmag.com/graphene-bad-for-
environment-toxic-for-humans/31851/ 



?     ... Fibers: > 15 microns 
      (conventional approach) 

High stiffness 
and linear geometry: 
Could promote wall  
cell rupture  

Intrinsic materials properties  and cell interaction need  
more scientific  investigation … 

Shape: same length,  same stiffness  
but different shape/symmetry … Promote a different biological response (frustrated phagocytosis). 

Physical length 
 similarity,  
however, 

 biological  
interaction  could 
 produce different  

amount  of particles  
(by splitting of fibers  or  de-
agglomeration process) and 

different toxicological response. 

University of São Paulo 
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Shape 

        0D                         1D                            2D                   3D 

Aligned Non-Aligned 

Shape 0D 1D 
 (aligned) 

1D 
 (non-aligned) 

2D 3D Rank 
(%) 

0D 1 1/7 1/3 1/3 6 8.3 

1D (Aligned) 1 6 7 8 62.2 

1D (Non-Aligned) 1 2 1/2 11.5 

2D 1 4 12.8 

3D 1 5.3 

http://www.gizmag.com/graphene-bad-for-
environment-toxic-for-humans/31851/ 

http://www.nanowerk.com/spotlight/spotid=1210.php 

Xinghua Shi, Annette von dem Bussche,  
•Robert H. Hurt, Agnes B. Kane & Huajian Gao 
Nature Nanotechnology,  6, 714–719,  (2011). 

http://www.nature.com.revproxy.brown.edu/nnano/journal/v6/n11/fig_tab/nnano.2011.151_F1.html%23auth-1
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http://www.nature.com.revproxy.brown.edu/nnano/journal/v6/n11/fig_tab/nnano.2011.151_F1.html%23auth-3
http://www.nature.com.revproxy.brown.edu/nnano/journal/v6/n11/fig_tab/nnano.2011.151_F1.html%23auth-4
http://www.nature.com.revproxy.brown.edu/nnano/journal/v6/n11/fig_tab/nnano.2011.151_F1.html%23auth-5


Size 
Shape 
Stiffness 
Specific chemical groups 
Solubility 
Surface area 
Surface electric charge, ... 

University of São Paulo 

Xinghua Shi, Annette von dem Bussche,  
•Robert H. Hurt, Agnes B. Kane & Huajian Gao 
Nature Nanotechnology,  6, 714–719,  (2011). 

A better understanding of material  
properties  and cell interaction is a 
 very important aspect to predict  

toxicity of cells. 

http://www.nature.com.revproxy.brown.edu/nnano/journal/v6/n11/fig_tab/nnano.2011.151_F1.html%23auth-1
http://www.nature.com.revproxy.brown.edu/nnano/journal/v6/n11/fig_tab/nnano.2011.151_F1.html%23auth-1
http://www.nature.com.revproxy.brown.edu/nnano/journal/v6/n11/fig_tab/nnano.2011.151_F1.html%23auth-1
http://www.nature.com.revproxy.brown.edu/nnano/journal/v6/n11/fig_tab/nnano.2011.151_F1.html%23auth-2
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http://www.nature.com.revproxy.brown.edu/nnano/journal/v6/n11/fig_tab/nnano.2011.151_F1.html%23auth-5


Size Shape Surface 
area 

Surface 
chemistry 

Sum of particles 
(concentration 
unit) 

 
Rank 
(%) 

Size 1 X1   X2 X3  X4  K1 

Shape 1/X1 1 Y2  Y3  Y4  K2 

Surface area 1/X2 1/Y2 1 Z3  Z4  K3 

Surface  chemistry 1/X3 1/Y3 1/Z3 1 W4  K4 

Sum of particles 
(concentration unit) 
(*) 

1/X4 1/Y4 1/Z4 1/W4 1 K5 

  
Numerical  

values 
Verbal judgement  of 

preferences 

1 equally important 

3 weakly more important 

5 strongly more important 

7 very strongly more 
important 

9 absolutely more important 

Decrease bias:  
- Multicultural  
- Multidisciplinary 
- Worldwide participation 
- Sample size, etc. 

University of São Paulo 

(*) e.g.   mass/m2;  mass/m3 , number of particles/h , etc. 



Surface  
chemistry 

Amount of 
oxygen (%) 

Solubility State of 
aggregation 

ROS (Reactive 
Oxygen Species) 

Rank 
(%) 

Amount of 
oxygen (%) 

1 X1   X2 X3  K1 

Solubility 1/X1 1 Y2  Y3  K2 

State of 
aggregation 

1/X2 1/Y2 1 Z3  K3 

ROS (Reactive 
Oxygen Species) 

1/X3 1/Y3 1/Z3 1 K4 

Numerical  
values 

Verbal judgement  of 
preferences 

1 equally important 

3 weakly more important 

5 strongly more important 

7 very strongly more 
important 

9 absolutely more important 

University of São Paulo 

Decrease bias:  
- Multicultural  
- Multidisciplinary 
- Worldwide participation 
- Sample size, etc. 



New tools  to improve risk assessment 
of carbon nanoparticles.  

HSEnano:  
 
Provide good, free access,  reliable 
information  and guidance. 

University of São Paulo 



CONCLUSIONS  
 

 
Building and using  multicriteria decision tools based on AHP and CB  
could provide a new way to evaluate and improve the quality of risk 
assessment of nanomaterials, also it could: 
 

- Improve the safety approach of laboratory and industry procedures; 
- Help on design safer products  and processes with a structured 
decisions  strategy; 
- Make/build a ranking  of different  types of nanocarbons  (and 
confirm this ranking supported by previous toxicological studies or 
new studies); 
- Integrate safety ranking with toxicological data from different nano 
raw materials; 
- Integrate different and multiple point of view from worldwide 
participants using web-platforms; 

University of São Paulo 



CONCLUSIONS  (Cont.) 
 
 

-The  sample size and expert judgment  is a crucial point to 
incorporate different backgrounds and perspectives; 
-Systematic studies covering intrinsic mechanical properties of 
different carbon nanotubes and physic-chemical properties such as 
length, aspect ration, shape, surface chemistry, stiffness, etc. must be 
done to improve the boundary conditions of risk assessment models; 
-Worldwide participation is mandatory to decrease bias issues of 
decision model  and create better mulicriteria risk assessment.  
 

-  Get involved  !!! 
 

-  We would like to invite you to participate in this project. 
 

-  Please answer the survey  and help us to improve the multicriteria 
risk assessment  model and send us suggestions and comments ! 

University of São Paulo 



Thanks 
Aloha 
Merci  
Gracias  
谢谢 
Danke 
Grazie 
Teşekkürler  
Obrigado 
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