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What are nanomaterials? 
Nanotechnology 

2 Source: : http://ec.europa.eu/environment/chemicals/nanotech/faq/definition_en.htm 

Materials containing particles with one or more dimensions 
in the size range of 1 nm – 100 nm. 
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By decreasing the size of a certain 
material, novel properties arise. As the 
result of particles getting smaller: 
• mobility in the free stage increases 
• specific surface area becomes 

enormous  
• quantum effects can occur 
 
Nano properties are simply different:  
− electrical (conducting electricity), 
− mechanical (stronger than steel), 
− thermal (conducting heat), 
− optical (color) etc.  
 

What makes nanomaterials so special? 
Nanotechnology 

3 Source: http://www.lloyds.com/~/media/lloyds/reports/emerging%20risk%20reports/er_nanotechnology_report.pdf 
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• As nanotechnology is increasingly 
perceived more as a risk than a benefit, 
applications of nanoparticles have 
become less visible and integrated in 
other technology fields (e.g. energy) 

• Applications for different particles are 
very distinct 
– commercial 
– potential  

• Safety assessments 
– life cycle of NMs 
– regulatory environment 
– hazard identification 
– risk assessment approach (NanoTool) 

What has changed since 2004? 
Nanotechnology 
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Published 2004 
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• Size matters  
A gold bar is not the same as nanogold particles 

 
• Impact 
Any incident in any industry, has an immediate effect on insurance 
companies  
 
• Emerging risk  
“Nano” is still on the emerging risk list of some insurance companies or 
associations for being potentially a “second asbestos” case 

 
• Knowledge gap 
Not many studies on human hazard / environmental hazard potentials 
available 

Nanomaterials 
Why should we assess them? 

2 
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• EPA (Environmental Protection Agency): Toxic Substance Control Act 
(TSCA) and Comprehensive Environmental Response Compensation 
and Liability Act (CERCLA) 
 

• NIOSH (National Institute for Occupational Safety), OSHA (Occupational 
Safety and Health Administration) and NTP (National Toxicological 
Program) 
 

• ECHA (European Chemical Agency): REACH (Registration, Evaluation, 
Authorization and Restriction of Chemicals)  
 

 

Nanomaterials 
Laws and regulations 

3 
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Toxicological evaluation is substance-based 
For a given substance, a corresponding classification / hazard class exists. LD50 
(lethal dose) value corresponds to concentration of the substance which leads to a 
50% probability of death. 
 
Examples  
Cyanide LD50= 140 mg (adult) 
Carbon monoxide LD50= 1.500 ppm (adult, more than 60 min) 
Chloroform LD50= 695 mg/kg (rat, oral) 
Ethanol LD50= 7.060 mg/kg (rat, oral; human being 3-4 ‰) 
BaCO3 LD50= 418 mg/kg (rat, oral) 
 

Toxicological evaluation 

4 
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This solely substance-based evaluation has already failed once ... 
 
 
 
 
 

 
 

• Asbestos was used from 1900 as a "miracle fibre" for a multitude of 
applications - especially as a building material 

• Composition: various silicates, particularly chrysotile: Mg3(Si2O5)(OH)4 
which possess a fibrous structure 

• For a long time, the general assumption existed that asbestos is 
completely safe as these silicates showed no toxicity 

Toxicological evaluation 

5 
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This solely substance-based evaluation has already failed once ... 
 
 
 
 
 

 
 

Problem: 
• μm-sized fibers enter the lungs easily where they cause severe damage 

to the lung tissue (called asbestosis);  
• After 10-15 years: fibrosis stage (formation of scar-like structures: 

shortness of breath, chronic cough);  
• After a long latency period: Often lung cancer or pleural cancer 
  General ban of asbestos in the 1990s 

Toxicological evaluation 

6 
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Can the same happen with Nanomaterials? 

7 
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Possible additional hazards through nano-properties: 
• Potential asbestos-like behavior (some materials) 
• Nanomaterials diversity (nanoparticles, nanorods, nanotubes etc.) 
• Finer particles favor the absorption into the body (NMs are small 

enough to enter the pulmonary alveoli  bloodstream  brain)  
 
Important considerations: 
 NMs synthesized in liquid phase are usually agglomerated   after 

drying their size is >500 nm  do not enter the bloodstream  
 Main source: gas phase based pyrolysis or physical processes 
 Main exposure: workplace and non-embedded products 
 

Toxicology of Nanomaterials 

8 
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• Providing detailed hazard and exposure assessment for number of 
nanomaterials 
 

• Identifying: 
– general information and hazard values for each NM of interest 

(based on scientific literature and publicly available data) 
– industries dealing with specific NM  
– workers / consumers exposure values 
– gradual / accidental environmental pollution exposure values 
 

• Main contributors: Zurich, Swiss Re, XL-Catlin and SIA 
 

• Out of scope: risk appetite, UW guidelines, exclusions etc. 

Motivation and Goals 
Nanomaterials: Risk assessment tool (NanoTool) 

9 
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NanoTool: NMs (to be) assessed 
 

10 

1st priority 
NMs used widely with 

potential EHS concerns 
(NanoTool evaluation)  

• Silver nanoparticles 
(Nanosilver) 

• Carbon nanotubes 
(CNTs) 

• Titanium dioxide 
(Titania) 

2nd priority 
NMs used widely with 

potential EHS concerns 

• Silicium dioxide 
nanoparticles (Silica) 

• Zinc oxide 
• Carbon black 
• Copper  
• Iron oxide 
• Cerium oxide 

3rd priority                      
NMs not yet widely used 

or no apparent EHS 
concerns  

• Quantum dots 
• Graphene 
• Gold nanoparticles 
• Fullerenes 
• Nanoclay 
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Silver nanoparticles (nano Ag) 
Identification of industries / existing applications 
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• 335 end products/product types 
• produced by 301 companies worldwide  
• 12 categories of applications identified 

Appliances 
13% 

Coating / 
Cross Cutting 

4% 

Cosmetics /  
Personal Care 

22% 

Cosmetics /  
Cleaning agents 

7% 

Electronics 
2% 

Air  
filtration 

6% 

Water  
filtration 

5% 

Food & 
Beverage 

8% 

Food packaging 
5% 

Health & Medicine 
3% 

Paints & Inks 
5% 

Textile & Apparel 
20% 

Application split* 

*This information is gathered form online sources. It is not meant to be a comprehensive list of all activities in this area.  
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• General information on production processes and existing / potential 
applications are summarized (based on publicly available sources) 

• For each of the assessed NMs, general production volume and spread 
are presented for informative purpose 

• Overview for all assessed NMs is shown below  

NanoTool: General information 
 

12 

Nanomaterial 
Global production volume in tpa Spread in No of 

products 
1 2 3 4 5 1 2 3 

100-1'000 1'000-10'000 10'000-100'000 100'000-
1'000'000 >1'000'000 <100 100-

1'000 >1'000 

silver   2         2   
CNTs 1           2   
titanium dioxide   2         2   
carbon black         5   2   
zinc oxide     3     1     
silica         5   2   
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•  humans 
•  

environment 

Hazard 
parameters 

•  over 
lifecycle 

•  per industry 
and LoB 

•  considering 
typical uses 

Exposure 
calculation 

per industry                 
(NAICS code) 

Risk 
calculation 

NanoTool: Risk assessment methodology 

13 

Additional information: 
• Most relevant applications 
• Wide spread use  
• Production volumes 
• Information sources 

Life 
Cycl

e 

Raw 
material 

production 

Material 
further 

Processing 

Use 

Disposal 
and 

Recycling 
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• toxicity (path: oral, inhalation, 
dermal ;     value: LD 50, 
PEL, MAK) 

• carcinogenicity (value IARC) 
• mutagenicity (value IARC) 
• reproductive toxicity      

(value IARC) 

Human Hazard 

• persistence / 
bioaccumulation 

• aquatic toxicity             
(value LC 50) 

• other (e.g. microbial 
resistance) 

Environmental 
Hazard 

NanoTool: Hazard parameters 

14 

Hazard category Value (LD 50) 
>2000 1 

>200-2000 2 
>25-200 3 

<=25 4 
Hazard category Value (IARC) 
probably not CMR  0 

not classifiable 2 
possibly or probably CMR 3 

CMR to humans 4 

Hazard category 
(PB) 

Hazard category 
(AT) Value 

no - 0 

equivocal 
1,2,3 0 

4 2 

yes 
1,2 2 
3,4 4 

Hazard category Value (LC 50 fish) 
>1000 1 

>100-1000 2 
>10-100 3 

<10 4 

IARC – International Association on Research for Cancer; LD50 – Lethal Dose; LC50 – Lethal concentration; PEL - permissible exposure limits;  
MAK – Maximale Arbeitsplatz-Konz. 
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NanoTool: Human hazard for nano Ag  

15 

• Carcinogenicity is a killer criteria  sum up goes to the maximum value  
• Additional penalty points may apply (carbon nanotubes for asbestos like behavior) 
• If LC 50 value does not exist, PEL value is taken instead (e.g. TiO2 nanoparticles) 
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NanoTool: Environmental hazard for nano Ag 
 

16 

• No killer criteria  
• Additional penalty points may apply (e.g. nano Ag for bacterial resistance) 
• Persistence/Bioaccumulation effect calculated in respect to aquatic toxicity 
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NanoTool: Human hazard, Environmental hazard 
and production volume 
 

17 
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PRODUCTION SITE  
• Workers (Probability for employee to be exposed to the nanomaterials) 
• Accidental release (Probability for NMs to be released to the third party property in case of 

an accident) and Gradual release (Probability that NMs are gradually released to the 
environment) 

 
FINAL PRODUCT 
• Product (Probability that consumers are exposed to NMs) 
• Gradual release (Probability that NMs are released to the environment during the product 

use) 
  
 
 

NanoTool: Exposure assessment methodology 

18 

Hazard category Value 

no exposure / no application 0 

low 1 

medium 2 

high 3 
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NanoTool: Exposure assessment for nano Ag 

19 
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NanoTool: Risk calculation for nano Ag  

20 
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Industries with highest risk potentials for nano Ag  
NanoTool: Outcome 

21 

Chemical manufacturing (325) Food manufacturing (311)

Beverage product  manufacturing (312)

Paper manufacturing (322)

Pharmaceut ical manufacturing (3254)

Soap, cleaning compound and toilet  
preparat ion manufacturing (3256)
Plast ics and rubber 
product  manufacturing (326)
Medical equipment  (3391)

Hospitals (622)

Text iles & apparels (313/314/315) Text iles & apparels (313/314/315)
Leather product  manufacturing (316) Pest icide & fert ilizer (3253)
Chemical manufacturing (325) Soap, cleaning compound and toilet  

preparat ion manufacturing (3256)

w orkers risk

environmental risk environmental risk

consumers risk

silver NPs
PRODUCTION PRODUCT 

50%

60%

50%

60%


Definition categories

		general information



				global production volume per year in tons

				Hazard category		Value

				-		Please insert a value

				100 - 1'000		1

				1'000 - 10'000		2

				10'000 - 100'000		3

				100'000 - 1'000'000		4

				>1'000'000		5



				spread

				number of products		Value

				-		Please insert a value

				<100		1

				101-1000		2

				>1000		3





		calculation of the human hazard



				human toxicity

				hazard category		oral LD50 for rats (ppm) 

				-		Please insert a value

				>2000		1

				>200-2000		2

				>25-200		3

				<=25		4

				hazard category 		MAK/PEL (ppm)

				-		Please insert a value

				>100		1

				>10-100		2

				>1-10		3

				<=1		4

				hazard category 		inhalation, LC50 value (mg/m3)

				-		Please insert a value

				>1000		1

				>100-1000		2

				>10-100		3

				<=10		4



				carcinogenicity

				hazard category		value (IARC)

				-		Please insert a value

				probably not carcinogenic 
to humans (GROUP 4) 		0

				not classifiable (GROUP 3)		2

				possibly or probably carcinogenic 
(GROUPS 2A and 2B)		3

				carcinogenic to humans 
(GROUP 1)		4



				mutagenicity

				hazard category		value (IARC)

				-		Please insert a value

				probably not mutagenic to humans 		0

				not classifiable		2

				possibly or probably mutagenic		3

				mutagenic to humans		4



				reproductive toxicity

				hazard category		value (IARC)

				-		Please insert a value

				probably not toxic for reproductive system		0

				not classifiable		2

				possibly or probably toxic for reproductive system		3

				toxic for reproductive system		4



				penalty points

				hazard category		points

				-		Please insert a value

				yes		2

				no		0





		calculation of the environmental hazard 



				aquatic toxicity

				hazard category		value, LC50 for fish (ppm)

				-		Please insert a value

				>1000		1

				>100-1000		2

				>10-100		3

				<10		4



				persistence/bioaccumulation		& aquatic toxicity

				hazard category		hazard category		points

				-

				no		-		0

				equivocal		1,2,3		0

						4		2

				yes		1,2		2

						3,4		4



				penalty points

				hazard category		points

				-		Please insert a value

				yes		2

				no		0





		calculation of the exposure



				workers exposure (production site)

				What is the probability that an employee is exposed to the nanoparticles during the production?

				hazard category		value

				-		Please insert a value

				no exposure / no application for this industry		0

				low		1

				medium		2

				high		3



				gradual and accidental environmental liability

				What is the probability that nanoparticles are gradually/accidentally released to the environment?

				hazard category		value

				-		Please insert a value

				no exposure / no application for this industry		0

				low		1

				medium		2

				high		3



				product liability 

				What is the probability that consumers are exposed to the nanoparticles by using the end product? 

				hazard category		value

				-		Please insert a value

				no exposure / no application for this industry		0

				low		1

				medium		2

				high		3



				gradual environmental liability 

				What is the probability that nanoparticles are released to the environment during the use of the end product?

				hazard category		value

				-		Please insert a value

				no exposure / no application for this industry		0

				low		1

				medium		2

				high		3



































































































































































































































































































































































































































































































































































































































































































































































































































1) Ag

				Silver NPs				NO GUARANTEE CAN BE GIVEN FOR COMPLETENESS OR CORRECTNESS OF THE DATA SHOWN IN THIS ASSESSMENT TOOL. THIS DOCUMENT IS THE INTELLECTUAL PROPERTY OF THE "SCHWEIZERISCHER VERSICHERUNGSVERBAND" (SVV).  ANY COPYING IS FORBIDDEN.



				GENERAL INFORMATION



				Silver in general is known to have antimicrobial effects (Sachverständigenrat für Umweltfragen, 2011). Therefore, it is often used where the presence of microbes is undesired, although these applications are controversial due to the development of microbial resistance (Friends of the Earth Australia, 2011). Silver is classified as "toxic" by the WHO and the EPA. It is not needed by humans as a micronutrient. Therefore, it is recommended not to take up silver supplements. Nanosilver can be produced by physical methods like milling, as well as with wet-chemistry methods (chemical reduction),  laser ablation, radiocatalysis, vacuum evaporation or electrocondensation. The wet-chemical production with reduction is probably the primary method as large quantities can be produced in a short time. However, production techniques seem to be patented and thus are secret. 

Nanosilver is used in the following industries (also see the table at the right from EPA (2012); Ziegler (2013)):
cosmetics & personal care: body lotions, toothpaste, deodorants, creams, brushes, soap, shampoo, hair products, masks, lip balm --> It is often promised that the products regenerate, clean, detox and rejuvenate the skin.
hygiene: cleaning products for homes, hospitals and other commercial settings
medicine: wound dressings, catheters
dietary supplements/alternative medicine: spray for nose/throat, drinks (--> colloidal silver is a liquid suspension of silver (that may or may not contain nanosilver) and has long been promoted as an over-the-counter health tonic)
textile & apparel: underwear, pillows, towels, socks, pullovers, shirts, gloves, sandals, matraces, curtains
food: food preparation equipment and surfaces, food storage containers, tableware, milk bottles, baby cups
appliances: washing machines, vacuum cleaners, refrigerators, curling irons, air filtration devices, humidifiers, brushes
industry: polymers, yarn, threads, powder
electronics: computer mice, keyboards, mobile phones, notebooks
other: chewing toys for babies, condoms, algaecide (pesticides), shoe inserts

Tests show that products can contain silver nanoparticles although they are not declared as such. On the other hand, products that should contain nanosilver often do not (Ziegler, 2013).

> EPA. 2012. ‘Nanomaterial Case Study: Nanoscale Silver in Disinfectant Spray’. http://ofmpub.epa.gov/eims/eimscomm.getfile?p_download_id=507239.
> Friends of the Earth Australia. 2011. ‘Nano-Silver: Policy Failure Puts Public Health at Risk’. http://www.foe.org/system/storage/877/e2/8/549/NanoSilverUS.pdf.
> Sachverständigenrat für Umweltfragen. 2011. Vorsorgestrategien Für Nanomaterialien - Sondergutachten. Berlin: Erich Schmidt Verlag. http://www.umweltrat.de/SharedDocs/Downloads/DE/02_Sondergutachten/2011_09_SG_Vorsorgestrategien%20f%C3%BCr%20Nanomaterialien.pdf?__blob=publicationFile.
> Ziegler, C. 2013. ‘Die Nano-Liste Der BG Bau’. http://nano.dguv.de/fileadmin/user_upload/documents/textfiles/BGBAU/DGUV_Forum_-_Nano-Liste.pdf.







						input		CATEGORY		COMMENT				REFERENCES

				GLOBAL PRODUCTION VOLUME (t/y)		1'000 - 10'000		2		There is various and contradictory information:
> 100'000-1'000'000 tpa silver in general (REACH, 2013)
> 1100 kg nanoparticles for biocidal application in Germany in 2007 (Sachverständigenrat für Umweltfragen, 2011)
> 320 tons in 2009 (Friends of the Earth Australia (2011) citing Gottschalk et al. (2010))
> 3000 kg/month alone in a factory in Korea (EPA, 2012)

It is expected that the second as well as the third number are underestimated. Therefore, the second category was chosen.				Friends of the Earth Australia. 2011. ‘Nano-Silver: Policy Failure Puts Public Health at Risk’. http://www.foe.org/system/storage/877/e2/8/549/NanoSilverUS.pdf.

Gottschalk, F., T. Sonderer, R.W. Scholz, and B. Nowack. 2010. ‘Possibilities and Limitations of Modeling Environmental Exposure to Engineered Nanomaterials by Probabilistic Material Flow Analysis’. Environmental Toxicology and Chemistry 29 (5): 1036–48.

EPA. 2012. ‘Nanomaterial Case Study: Nanoscale Silver in Disinfectant Spray’. http://ofmpub.epa.gov/eims/eimscomm.getfile?p_download_id=507239.

REACH. 2013. ‘Justification for the Selection of a Substance for CoRAP Inclusion - Silver’.

Sachverständigenrat für Umweltfragen. 2011. Vorsorgestrategien Für Nanomaterialien - Sondergutachten. Berlin: Erich Schmidt Verlag. http://www.umweltrat.de/SharedDocs/Downloads/DE/02_Sondergutachten/2011_09_SG_Vorsorgestrategien%20f%C3%BCr%20Nanomaterialien.pdf?__blob=publicationFile.



				SPREAD 
(number of products)		>1000		3		1303 products were identified (mostly cosmetics, appliances and filtration devices) taking into account all the sources. Some products are appearing several times, others could be classified in the same product category (13 product categories in total). Overall 410 end project categories produced by 341 companies worldwide were identified (see the Application split chart on the right side): 442 products are listed in the database of Woodrow Wilson (Nanotechproject, 2016), 296 in the Danish database (Nanodatabase, 2016), 58 in the German database (Nanoproduktdatenbank, 2016), 141 in the database of BEUC (ANEC/BEUC, 2013), 89 in the Food database (Nanotechnology in our Food, 2016) and 274 in the CTA-Petition database (CTA-Petition, 2016).
				ANEC/BEUC. 2013. ‘ANEC/ BEUC Inventory of Products Claiming to Contain Nano-Silver Particles Available on the EU Market’. http://www.beuc.eu/safety/nanotechnology.

The International Center for Technology Assessment. 2016. Petition Appendix A: Nano-silver products inventory.  Accessed Feburary 28, 2016. http://www.icta.org/files/2011/12/CTA-Petition-Appendix-A_nano-silver_product_inventory1.pdf

Nanodatabase. 2016. ‘Search Results for Nanosilver’. Accessed January 28, 2016. http://nanodb.dk/en/search-database/#pageno=&keyword=&fn.lp_m=2937&fn.d_cd_f=&fn.d_cd_t=.

Nanotechnology in our Food. 2016. 'Search results for Nanosilver". Accessed Feburary 28, 2016. http://salsa3.salsalabs.com/o/1881/p/salsa/web/common/public/content?content_item_KEY=14112%20

Nanotechproject. 2015. ‘Silver Database’. http://www.nanotechproject.org/process/assets/files/7039/silver_database_fauss_sept2_final.pdf. 

Nanoproduktdatenbank. 2016. ‘Search Results for Nanosilver’. http://www.bund.net/nc/themen_und_projekte/nanotechnologie/nanoproduktdatenbank/produktsuche/.

Nanotechproject. 2016. ‘Search Results for Nanosilver’. Accessed January 28. http://www.nanotechproject.org/cpi/search-products/?title=&asmSelect0=&date_created=&date_modified=&nanomaterials%5B%5D=1148&search-products_submit=Search&_submitKey=16%3Asearch-products%3A0.








				HAZARDS



								input		CATEGORY		COMMENT				REFERENCES

				HUMAN HAZARD		TOTAL		18		9		The range of the categories is 1-4. The final value for the human hazard is calculated by summing up all categories and penalty points. Therefore, the maximum value (without penalty points)  is 18. 

						toxicity (LD50 [ppm])
ORAL		>200-2000		2		The main uptake path for humans is via the skin or by ingestion (drinking/eating). Therefore, the oral LD50 was chosen to represent the specific toxicity of these nanoparticles:

The oral LD50 was 169/213/354/391.5 mg/kg in Elkhawass et al. (2015) (single dose administrations, observation for 14 days, 2 NPs sizes and two calculation methods).
The oral administration of 5000mg/kg (Maneewattanapinyo et al., 2011) produced neither mortality nor acute toxic signs throughout the observation period of 24h. 
Additionally, the oral LD50 in Amin et al. (2015) is 268 mg/kg  (oral administration for 28 days to mice). This value goes in line with Elkhawass et al. (2015).

The first and third source agree. Therefore, these values were implemented in this assessment. Additionally, in the second research paper the observation period was very short. The methods of all research papers differ. 				Amin Y.M., Hawas A.M., El-Batal A.I., Hassan H.M., and Elsayed M. E. 2015. ‘Evaluation of Acute and Subchronic Toxicity of Silver Nanoparticles in Normal and  Irradiated Animals’. British Journal of Pharmacology a Nd Toxicology. http://www.maxwellsci.com/print/bjpt/v6-22-38.pdf.

Elkhawass, E.A., M.E. Mohallal, and M.F. Soliman. 2014. ‘Acute Toxicity of Different Sizes of Silver Nanoparticles Intraperitonally Injected in BALB/C Mice Using Two Toxicological Methods’. International Journal of Pharmacy and Pharmaceutical Sciences 7 (2). http://innovareacademics.in/journals/index.php/ijpps/article/view/3776.

Maneewattanapinyo, P., W. Banlunara, Chuchaat Thammacharoen, S. Ekgasit, and T. Kaewamatawong. 2011. ‘An Evaluation of Acute Toxicity of Colloidal Silver Nanoparticles’. Journal of Veterinary Medical Science 73 (11): 1417–23.






						carcinogenicity		not classifiable (GROUP 3)		2		No scientific information was found. It is mentioned in Gressler et al. (2010)  that tumours can be promoted. However, no more information is given. On the other hand, nanosilver is used in cancer therapy by naturopaths (Welt im Wandel (2014) is a very unscientific source!).				Greßler, S., and R. Fries. 2010. Nanosilber in Kosmetika, Hygieneartikeln und Lebensmittelkontaktmaterialien Produkte, gesundheitliche und regulatorische Aspekte. Wien: Bundesmininsterium für Gesundheit, Sekt. II.

Welt im Wandel. 2014. ‘Borrelioseheilung Mit Kolloidalem Silber’. https://www.youtube.com/watch?v=RgmcMksRAVk.


						mutagenicity		not classifiable		2		There are several ways described in EPA (2012) how silver nanoparticles affect the DNA or the repair mechanisms of the latter. On the other hand, no mutagenicity was seen in Kim et al. (2010) in a cell experiment. More studies have to be done to make an assessment possible.				EPA. 2012. ‘Nanomaterial Case Study: Nanoscale Silver in Disinfectant Spray’. http://ofmpub.epa.gov/eims/eimscomm.getfile?p_download_id=507239.

Kim, Y-J., S.I. Yang, and J.-C. Ryu. 2010. ‘Cytotoxicity and Genotoxicity of Nano-Silver in Mammalian Cell Lines’. Molecular & Cellular Toxicology 6 (2): 119–25.



						reproductive toxicity		possibly or probably toxic for reproductive system		3		Abnormal fetal development in human correlates with silver concentration (not nano) in drinking water (Gressler et al., 2010). Zebrafish showed abnormal development in embryos when exposed to nanosilver (50% with 30 μg/ml) (Asharani et al., 2008).				Asharani, P.V., Y. Lian Wu, Z. Gong, and S. Valiyaveettil. 2008. ‘Toxicity of Silver Nanoparticles in Zebrafish Models’. Nanotechnology 19 (25): 255102. doi:10.1088/0957-4484/19/25/255102.

Greßler, S., and R. Fries. 2010. Nanosilber in Kosmetika, Hygieneartikeln und Lebensmittelkontaktmaterialien Produkte, gesundheitliche und regulatorische Aspekte. Wien: Bundesmininsterium für Gesundheit, Sekt. II.



						penalty points		no		0		no comment

				comments 


		> The main uptake path for humans is via the skin or by ingestion (drinking/eating). Therefore, the oral LD50 was chosen to represent the specific toxicity of these nanoparticles.





								input		CATEGORY		COMMENT				REFERENCES

				ENVIRONMENTAL HAZARD		TOTAL		10		6		The range of the categories is 1-4. The final value for the environmental hazard is calculated by summing up all categories and penalty points. Therefore, the maximum value (without penalty points)  is 10. 

						persistence/bioaccumulation
		no		0		Generally, naturally occuring silver is accumulated in the human body. Therefore, there are maximum concentrations for drinking water recommended by the EPA (Gressler et al., 2010). However, nanosilver does not have to accumulate in the environment. It can dissolve, diassemble, sorb to soil or sediment, undergo oxysulfidation, form complexes with organic matter or reform from ionic silver in the presence of humic and fulmic acids. Therefore, the persistence depends on the surface coating, the pH, the temperature and the presence of organic matter (EPA, 2012).				EPA. 2012. ‘Nanomaterial Case Study: Nanoscale Silver in Disinfectant Spray’. http://ofmpub.epa.gov/eims/eimscomm.getfile?p_download_id=507239.

Greßler, S., and R. Fries. 2010. Nanosilber in Kosmetika, Hygieneartikeln und Lebensmittelkontaktmaterialien Produkte, gesundheitliche und regulatorische Aspekte. Wien: Bundesmininsterium für Gesundheit, Sekt. II.





						aquatic toxicity 
(LC50 for fish [ppm]=[mg/l])		<10		4		LC50 values (48h) for fish of 7mg/l and 84 μg/l  were found in two different studies by Griffitt  et al. (2008) and Bilberg et al. (2012) mentioned in the paper of the European Commission (2014) and the Danish Protection Agency (2015).
				Bilberg, K., M.B. Hovgaards, F. Besenbacher, and E. Baatrup. 2012. ‘In Vivo Toxicity of Silver Nanoparticles and Silver Ions in Zebrafish (Danio Rerio)’. doi:10.1155/2012/293784.

European Commission, and Directorate General for Health & Consumers. 2014. Opininon on Nanosilver Safety, Health and Environmental Effects and Role in Antimicrobial Resistance. Luxembourg: [European Commission]. http://dx.publications.europa.eu/10.2772/76851.

Griffitt, R. J., J. Luo, J. Gao, J.-C. Bonzongo, and D. S. Barber. 2008. ‘Effects of Particle Composition and Species on Toxicity of Metallic Nanomaterials in Aquatic Organisms’. doi:10.1897/08-002.1.

Danish Environmental Protection Agency. 2015. ‘Environmental Effects of Engineered Nanomaterials - Estimation of Predicted No-Effect Concentrations (PNECs)’. Copenhagen. http://www2.mst.dk/Udgiv/publications/2015/09/978-87-93352-70-4.pdf.








						penalty points		yes		2		Research shows that bacterial resistences can develop when silver is used in small concentrations (European Commission, 2014; Friends of the Earth Australia, 2011; Gressler et al., 2010). 				European Commission, and Directorate General for Health & Consumers. 2014. Opininon on Nanosilver Safety, Health and Environmental Effects and Role in Antimicrobial Resistance. Luxembourg: [European Commission]. http://dx.publications.europa.eu/10.2772/76851.

Friends of the Earth Australia. 2011. ‘Nano-Silver: Policy Failure Puts Public Health at Risk’. http://www.foe.org/system/storage/877/e2/8/549/NanoSilverUS.pdf.

Greßler, S., and R. Fries. 2010. Nanosilber in Kosmetika, Hygieneartikeln und Lebensmittelkontaktmaterialien Produkte, gesundheitliche und regulatorische Aspekte. Wien: Bundesmininsterium für Gesundheit, Sekt. II.


				comments		no comment



				EXPOSURE
(probability that this exposure materializes)





										production site related
(raw material producing and further processing companies)				 final product related

				NAICS		INDUSTRY				workers exposure 3		gradual / accidental environmental exposure		consumer exposure 		gradual environmental exposure		products

				11		Agriculture,  Forestry, Fishing and Hunting				0		0		0		0

				21		Mining, Quarrying, and Oil and Gas Extraction				0		0		x		x

				22		Utilities				0		0		0		0

				236		Construction of Buildings				0		0		0		0

				311		Food Manufacturing				1		1		3		1		influence of plastic packaging containing silver NPs

				312		Beverage and Tobacco Product Manufacturing				1		1		3		2		colloidal silver; influence of beverage containers (plastic beer bottles)

				313/314/315		Textiles & Apparels				2		3		2		3		yarns, threads; textile mills

				316		Leather and Allied Product Manufacturing				2		3		2		1		leather treated with silver

				321		Wood Product Manufacturing				0		0		0		0

				322		Paper Manufacturing/Packaging				2		2		3		1		filters, masks, packaging material

				323		Printing and Related Support Activities				0		0		0		0

				324		Petroleum and Coal Products Manufacturing				0		0		0		0

				325/3251		Chemical Manufacturing (inlcuding Base Chemical Manufacturing)				3		3		x		x		1 raw material manufacturing (powder, solution/dispersion)

				3252		Resin, Synthetic Rubber, and Artificial Synthetic Fibers and Filaments Manufacturing				2		2		x		x		1,5 raw materials for food packaging etc.

				3253		Pesticide, Fertilizer, and Other Agricultural Chemical Manufacturing				2		2		2		3		algaecide (“NSPW-L30SS”/“Nanosilva”), 

				3254		Pharmaceutical and Medicine Manufacturing				1		1		3		2		4 acne cream

				3255		Paint, Coating, and Adhesive Manufacturing				2		2		2		2		coating sprays, antibacterial paints, inks for electronic boards

				3256		Soap, Cleaning Compound, and Toilet Preparation Manufacturing				2		2		3		3		body lotions, toothpaste, deodorants, creams, brushes, soap, shampoo, hair products, masks, lip balm, disinfectants

				32591		Printing Ink Manufacturing				0		0		0		0

				326		Plastics and Rubber Products Manufacturing				2		1		3		1		5 food preparation equipment, condoms, baby toys, food containers, milk storage bags, chopping boards, dishes, cutlery

				327		Nonmetallic Mineral Product Manufacturing				0		0		0		0

				331		Primary Metal Manufacturing				0		0		x		x

				332		Fabricated Metal Product Manufacturing				0		0		0		0

				333		Machinery Manufacturing				2		1		1		1		filtration (air), AC, humidifiers etc. 

				334		Computer and Electronic Product Manufacturing				2		1		2		1		mouse, keyboard, mobile phone, notebook; medical equipment and control instruments

				335		Electrical Equipment, Appliance, and Component Manufacturing				2		1		2		2		washing machine, vacuum cleaner, refrigerator, curling iron, air filtration devices, humidifier

				336		Transportation Equipment Manufacturing				0		0		0		0

				337		Furniture and Related Product Manufacturing				2		1		2		1		garden furniture, matraces

				339		Miscellaneous Manufacturing				2		1		2		1		jewelry, silverware; toys 

				3391		Medical Equipment and Supplies Manufacturing				1		1		3		1		wound dressings, catheters; medical devices coated

				622		Hospitals				1		1		3		1		6 wound dressings, catheters

				562		Administrative and Support and Waste Management and Remediation Services				2		2		x		x		1,2,7 waste management, recycling processes

				comments		> The categories were first set individually by every member of the working group and then discussed in a group meeting. 
> The probability of claims was not included in this assessment.
> Products in research but not on the market yet were not included here.
>1 As there are no end products but intermediate products only in chemical manufacturing, resin production, primary metal production and the waste management these fields cannot be filled (x). 
>2 The waste management part is neglected in all rows except the last one (waste water treatment plants, landfills, incineration). 
>3 As silver NPs are mainly produced in wet chemistry processes without dust production the exposure for workers was assessed to be "medium" except in the chemical manufacturing. 
>4 It is assumed that in the pharmaceutical sector the securitiy guidelines are high, leading to a "low" exposure. However, drugs with nanosilver were found to be in research but without current appliance except for the acne cream. 
>5 For plastic products it was assumed that silver is added in resins production and not later as a coating. 
>6 In hospitals the production part is related to the employees that (hopefully) don't get in contact with the equipment containing nanosilver. Therefore, the exposure there is negligible. The product part is related to the patient. 
> 7 For all of the assessed NPs, both workers and environmental exposure were rated as 2, because further information is necessary to assess the risk in more specific manner. Specific local regulation and protection measures might influence the final risk exposure evaluation heavily. 



				RISK 
(hazard and exposure multiplied; maximum number is 100)







				Nanosilver						production site related
(raw material producing and further processing companies)				 final product related

				NAICS		INDUSTRY				workers risk		gradual and accidental environmental risk		consumer risk		gradual environmental risk

				11		Agriculture,  Forestry, Fishing and Hunting				0		0		0		0

				21		Mining, Quarrying, and Oil and Gas Extraction				0		0		x		x

				22		Utilities				0		0		0		0

				236		Construction of Buildings				0		0		0		0

				311		Food Manufacturing				17		20		50		20

				312		Beverage and Tobacco Product Manufacturing				17		20		50		40

				313/314/315		Textiles & Apparels				33		60		33		60

				316		Leather and Allied Product Manufacturing				33		60		33		20

				321		Wood Product Manufacturing				0		0		0		0

				322		Paper Manufacturing				33		40		50		20

				323		Printing and Related Support Activities				0		0		0		0

				324		Petroleum and Coal Products Manufacturing				0		0		0		0

				325/3251		Chemical Manufacturing (inlcuding Base Chemical Manufacturing)				50		60		x		x

				3252		Resin, Synthetic Rubber, and Artificial Synthetic Fibers and Filaments Manufacturing				33		40		x		x

				3253		Pesticide, Fertilizer, and Other Agricultural Chemical Manufacturing				33		40		33		60

				3254		Pharmaceutical and Medicine Manufacturing				17		20		50		40

				3255		Paint, Coating, and Adhesive Manufacturing				33		40		33		40

				3256		Soap, Cleaning Compound, and Toilet Preparation Manufacturing				33		40		50		60

				32591		Printing Ink Manufacturing				0		0		0		0

				326		Plastics and Rubber Products Manufacturing				33		20		50		20

				327		Nonmetallic Mineral Product Manufacturing				0		0		0		0

				331		Primary Metal Manufacturing				0		0		x		x

				332		Fabricated Metal Product Manufacturing				0		0		0		0

				333		Machinery Manufacturing				33		20		17		20

				334		Computer and Electronic Product Manufacturing				33		20		33		20

				335		Electrical Equipment, Appliance, and Component Manufacturing				33		20		33		40

				336		Transportation Equipment Manufacturing				0		0		0		0

				337		Furniture and Related Product Manufacturing				33		20		33		20

				339		Miscellaneous Manufacturing				33		20		33		20

				3391		Medical Equipment and Supplies Manufacturing				17		20		50		20

				622		Hospitals				17		20		50		20

				562		Administrative and Support and Waste Management and Remediation Services				33		40		x		x

















































































































































































































































































































































































































































































































































































































2) CNT 

				Carbon Nanotubes (CNT)				NO GUARANTEE CAN BE GIVEN FOR COMPLETENESS OR CORRECTNESS OF THE DATA SHOWN IN THIS ASSESSMENT TOOL. THIS DOCUMENT IS THE INTELLECTUAL PROPERTY OF THE "SCHWEIZERISCHER VERSICHERUNGSVERBAND" (SVV).  ANY COPYING IS FORBIDDEN.



				GENERAL INFORMATION



				Carbon Nanotubes (CNTs) are graphite sheets of cylindrical structure (see figure at the right (Wikipedia, 2015)). CNTs usually have a diameter in the nanoscale and a length in the microscale, with an aspect ratio of 100 up to 1'000'000. These molecules have extraordinary properties such as high strength as well as high electrical and thermal conductivity. Due to these properties, CNTs have attracted widespread interest for commercial and industrial applications.
CNTs come in two principal forms, single-walled and multiple-walled CNTs, having different properties. However, most of the commercially available CNTs are multiple-walled.  CNTs can be produced differently, depending on their final application and purity requirements: By arc-discharge, by pulsed laser vaporisation or by chemical-vapor deposition process. All methods need a metal catalyst like iron, nickel, cobalt or molybdenum. Therefore, the CNTs do often contain metal impurities (Lam et al., 2006).

Products containing CNTs on the market are (partly from De Volder et al. (2013)):
medicine: drug delivery
sporting goods: running shoe sole, golf shafts, bicycles, baseball bat, archery arrows, tennis/badminton rackets
transport: parts for speedboats and yachts, composites for aerospace, automotive fuel line parts, side mirrors
electronics: microelectronics (FET, RFID/printable electronics with paste containing CNTs), EMI shielding, lightning protection, powder for batteries, touch screens (transparent electrodes produced from solution), conductors, field emission display, spark protection, sensors, computer hardware, interconnectors (switchers, TFT/thin film transistors (printed on polymer film in paste form) )
energy: wind turbine blades, film for solar cells, powder for battery electrodes
textile & apparel: armor vests (military), pants and jackets (antiflamatory abilities)
industry: fibers, yarns, sheets, plastics (antistatic CNT ESD shield), paints and coatings (e.g. antistatic, anticorrosion, flame retardant, antifouling)
other: filtration membranes, water purification systems

The main concern for CNTs is the exposure of the workers inhaling the fibers. The structure of the nanotubes is in the same scale as the asbestos fibers that cause severe lung damage. On the other hand, the exposure for the consumer is expected to be low, as most CNTs are bound in a matrix in the final product.
The material was developed in the 1990s and promised to show huge potential for future applications. There was a boom in 2005 for different products, followed by an increase of scientific research. However, the price of the material is still high in 2015 and the "future applications" are not as initially thought . Therefore, the market is still considered to be very small. Additionally, Bayer left the market and closed its production plant in 2013 (Printed Electronics World, 2015). However, keeping in mind outstanding mechanical and electrical properties, there is a high potential in the field of electronics (flexible OLED’s, supercapacitors etc). Passive applications of CNTs in plastic reinforcement, which is worth more than 100 million USD, should also not be underestimated. With relatively low quality CNTs (no spin orientation, low production price) the application requirements are already achieved. 

> De Volder, Michael FL, Sameh H. Tawfick, Ray H. Baughman, and A. John Hart. 2013. ‘Carbon Nanotubes: Present and Future Commercial Applications’. Science 339 (6119): 535–39.
> Lam, Chiu-wing, John T. James, Richard McCluskey, Sivaram Arepalli, and Robert L. Hunter. 2006. ‘A Review of Carbon Nanotube Toxicity and Assessment of Potential Occupational and Environmental Health Risks’. Critical Reviews in Toxicology 36 (3): 189–217. doi:10.1080/10408440600570233.
> Printed Electronics World. 2015. ‘Bayer Material Science Exits Carbon Nanotube Business’. Accessed December 3. http://www.printedelectronicsworld.com/articles/5436/bayer-materialscience-exits-carbon-nanotube-business.
> Wikipedia. 2015. ‘Carbon Nanotube’. Accessed November 16. https://en.wikipedia.org/wiki/Carbon_nanotube.





						input		CATEGORY		COMMENT				REFERENCES

				GLOBAL PRODUCTION VOLUME (t/y)		100 - 1'000		1		The tonnage is confidential, but estimated to be 200-250t in 2009 (Reach, 2015). This number is confirmed by the EU with "several hundreds of tons" (European Comission, 2014). Mostly multi-walled CNT are produced. The price was about 500$/g in 2005 (Lam et al., 2006) and has not changed considerably ever since (Sigma Aldrich, 2015). 				European Commission, and Directorate General for Health & Consumers. 2014. Opininon on Nanosilver Safety, Health and Environmental Effects and Role in Antimicrobial Resistance. Luxembourg: [European Commission]. http://dx.publications.europa.eu/10.2772/76851.

Lam, C.-W., J.T. James, R. McCluskey, S. Arepalli, and R.L. Hunter. 2006. ‘A Review of Carbon Nanotube Toxicity and Assessment of Potential Occupational and Environmental Health Risks’. Critical Reviews in Toxicology 36 (3): 189–217. doi:10.1080/10408440600570233.

REACH. 2015. ‘Justification for the Selection of a Substance for CoRAP Inclusion - Multiwalled Carbon Nanotubes’.

Sigma Aldrich. 2015. ‘Carbon Nanotubes - Carbon Nanomaterials’. Accessed November 16. http://www.sigmaaldrich.com/materials-science/material-science-products.html?TablePage=16376687.

				SPREAD 
(number of products)		101-1000		2		238 products were identified, mostly sporting goods or composite materials, taking into account all sources. Overall, 120 end products categories produced by 105 companies were found that are shown in the application split chart on the right side: 38 products are listed in Woodrow Willson (Nanotechproject, 2015), 59 products in the Danish database (Nanodatabase, 2016) and 44 products in the German database (Nanoproduktdatenbank, 2016). 76 products were found on other places, like in the paper of De Volder et al. (2013) or ANEC/BEUC (2013).				ANEC/BEUC. 2013. ‘ANEC/ BEUC Inventory of Products Claiming to Contain Nano-Silver Particles Available on the EU Market’. http://www.beuc.eu/safety/nanotechnology.

De Volder, M.F.L., S.H. Tawfick, R.H. Baughman, and A.J. Hart. 2013. ‘Carbon Nanotubes: Present and Future Commercial Applications’. Science 339 (6119): 535–39.

Nanodatabase. 2016. ‘Search Results for CNTs’. http://nanodb.dk/en/search-database/#pageno=&keyword=&fn.lp_m=2919&fn.d_cd_f=&fn.d_cd_t=.

Nanotechproject. 2015. ‘Search Results for CNTs’. Accessed November 16. http://www.nanotechproject.org/cpi/search-products/?title=&asmSelect0=&date_created=&date_modified=&nanomaterials%5B%5D=1129&search-products_submit=Search&_submitKey=16%3Asearch-products%3A0.

Nanoproduktdatenbank. 2016. ‘Search Results for CNTs’. http://www.bund.net/nc/themen_und_projekte/nanotechnologie/nanoproduktdatenbank/produktsuche/?offset=0&attribute=7&msb_product_submit=suchen.

						       Google trend for "Carbon nanotubes"





				HAZARDS



								input		CATEGORY		COMMENT				REFERENCES

				HUMAN HAZARD		TOTAL		18		11		The range of the categories is 1-4. The final value for the human hazard is calculated by summing up all categories and penalty points. Therefore, the maximum value (without penalty points)  is 18. 

						toxicity (PEL [ppm])
INHALATION		>1-10		3		There is a possibility to take up CNTs by ingestion, for example by patients in medical applications, or by inhalation, especially with regard to worker's exposure. As there are  only a few drugs on the current market the inhalation is emphasised and implemented in this assessment. Additionally, the oral uptake does not seem to be a big hazard:

ORAL:
The oral LD50 was assessed to be >1000mg/kg body weight for SWCNTs and >5000mg/kg for MWCNTs in oral acute tests (Safe Work Australia, 2012). This corresponds to category 1 with this assessment method. However, the availablility of research reports is very limited.

INHALATION:
An approximate value for the LC50 in air for workers' safety is >241mg/m3 for MWCNTs (Safe Work Australia, 2012). Again, the availability of research papers is very limited and this maximum dose value cannot be used for a proper hazard assessment. Therefore, it was looked for alternative values already implemented in reality:
The PEL (Permissible Exposure Limit) for synthetic graphite, the substitute for CNTs, and inhalation path is 5mg/m3 (CDC - NIOSH, 2015).
However, also this value is discussed. It would be better to have a value in [particles/m3]. Additionally, Shvedova (2005) argues that this value is too high for a working environment based on the findings in the study that showed inflammation with this concentration.
The "Institut für Arbeitsschutz der Deutschen Gesetzlichen Unfallversicherung" suggests a limit of 10'000 fibres/m3 (TÜV Süd, 2015). The NIOSH suggests a limit of 0.007 mg/m3 (NIOSH, 2010).

The only implemented value in reality is the PEL, therefore this number was used in the assessment. However, the limits have to be observed carefully in the future, as there is evidence for a damage of the lung even at the current PEL.


				CDC - NIOSH. 2015. ‘Pocket Guide to Chemical Hazards - Graphite (synthetic)’. Accessed December 3. http://www.cdc.gov/niosh/npg/npgd0307.html.

NIOSH. 2013. ‘Occupational Exposure to Carbon Nanotubes and Nanofibres’. Current Intelligence Bulletin 65. http://www.cdc.gov/niosh/docs/2013-145/pdfs/2013-145.pdf.

Safe Work Australia. 2012. Human Health Hazard Assessment and Classification of Carbon Nanotubes. www.safeworkaustralia.gov.au/sites/SWA/about/Publications/Documents/725/Human_Health_Hazard_Assessment_and_Classification_of_Carbon_%2520Nanotubes.DOC+&cd=3&hl=de&ct=clnk&gl=uk.

Shvedova, A. A. 2005. ‘Unusual Inflammatory and Fibrogenic Pulmonary Responses to Single-Walled Carbon Nanotubes in Mice’. AJP: Lung Cellular and Molecular Physiology 289 (5): L698–708. doi:10.1152/ajplung.00084.2005.

TÜV Süd. 2015. ‘Einzelrisikobewertung Und Zertifizierung von Unternehmen Mit Nano-Risiken’. In .





						carcinogenicity		not classifiable (GROUP 3)		2		Several studies show lung inflammation after inhalation experiments in animals (Lam et al., 2003; Safe Work Australia, 2012). However, to clearly identify carcinogenicity more studies are needed. Additionally, these studies need to be conducted in a way that satisfies international standards.
CNTs are also used in research for oral treatment in cancer therapy (Wikipedia, 2015; Ji et al., 2010; Kushwaha et al., 2013). However, it is mentioned in the papers that the toxicology of the material itself is not assessed yet. 
Therefore, the carcinogenicity cannot be classified. However, we give penalty points (see comment below) for possible lung inflammation.				 Ji, S.-R., C. Liu, B. Zhang, F. Yang, J. Xu, J. Long, Chen Jin, D.-L. Fu, Q.-X. Ni, and X.-J. Yu. 2010. ‘Carbon Nanotubes in Cancer Diagnosis and Therapy’. Biochimica et Biophysica Acta (BBA) - Reviews on Cancer 1806 (1): 29–35. doi:10.1016/j.bbcan.2010.02.004.

Kushwaha, S.K.S., S. Ghoshal, A.K. Rai, and S. Singh. 2013. ‘Carbon Nanotubes as a Novel Drug Delivery System for Anticancer Therapy: A Review’. Brazilian Journal of Pharmaceutical Sciences 49 (4): 629–43.
Lam, C.-W., J. T. James, R. McCluskey, and R. L. Hunter. 2004. ‘Pulmonary Toxicity of Single-Wall Carbon Nanotubes in Mice 7 and 90 Days After Intratracheal Instillation’. Toxicological Sciences 77 (1): 126–34. doi:10.1093/toxsci/kfg243.

Safe Work Australia. 2012. Human Health Hazard Assessment and Classification of Carbon Nanotubes. www.safeworkaustralia.gov.au/sites/SWA/about/Publications/Documents/725/Human_Health_Hazard_Assessment_and_Classification_of_Carbon_%2520Nanotubes.DOC+&cd=3&hl=de&ct=clnk&gl=uk.

Wikipedia. 2015. ‘Carbon Nanotubes in Medicine’. Accessed November 17. https://en.wikipedia.org/wiki/Carbon_nanotubes_in_medicine.






						mutagenicity		not classifiable		2		There are some in-vitro studies showing potential to cause DNA damage (Safe Work Australia, 2012). The same report states that, based on missing in vivo data, CNTs cannot be classified with regards to their mutagenicity potential. 
The mutagenicity can also come from impurities in the material, such as metals, and not from the nanotubes themselves: The Sachverständigenrat für Umweltfragen (2011) notes that studies with pure CNTs do not show mutagenicity in bacteria. However, studies with impure CNTs combined with an alternative testing system do show mutagenicity.				Sachverständigenrat für Umweltfragen. 2011. Vorsorgestrategien Für Nanomaterialien - Sondergutachten. Berlin: Erich Schmidt Verlag. http://www.umweltrat.de/SharedDocs/Downloads/DE/02_Sondergutachten/2011_09_SG_Vorsorgestrategien%20f%C3%BCr%20Nanomaterialien.pdf?__blob=publicationFile.

Safe Work Australia. 2012. Human Health Hazard Assessment and Classification of Carbon Nanotubes. www.safeworkaustralia.gov.au/sites/SWA/about/Publications/Documents/725/Human_Health_Hazard_Assessment_and_Classification_of_Carbon_%2520Nanotubes.DOC+&cd=3&hl=de&ct=clnk&gl=uk.




						reproductive toxicity		not classifiable		2		Xinglu et al. (2014) found that multi-walled CNTs of large size negatively influenced the embryo in a mice experiment: The particles crossed the blood-placenta barrier, restricted the development of fetuses and induced brain deformity.
Bai et al. (2010) injected multi-walled CNTs to mice repeatedly. The substance caused reversible testis damage without affecting the fertility. However, there are only these two studies somehow related to reproductive toxicity. More research is needed to make a clear statement (Safe Work Australia, 2012). 				Bai, Y., Y. Zhang, J. Zhang, Q. Mu, W. Zhang, E.R. Butch, S.E. Snyder, and B. Yan. 2010. ‘Repeated Administrations of Carbon Nanotubes in Male Mice Cause Reversible Testis Damage without Affecting Fertility’. Nature Nanotechnology 5 (9): 683–89. doi:10.1038/nnano.2010.153.

Safe Work Australia. 2012. Human Health Hazard Assessment and Classification of Carbon Nanotubes. www.safeworkaustralia.gov.au/sites/SWA/about/Publications/Documents/725/Human_Health_Hazard_Assessment_and_Classification_of_Carbon_%2520Nanotubes.DOC+&cd=3&hl=de&ct=clnk&gl=uk.

Xinglu, H., Z. Fan, S. Xiaolian, C. Ki Young, N. Gang, Z. Guofeng, G. Jinxia, L. Seulki, and C. Xiaoyuan. 2014. ‘The Genotype-Dependent Influence of Functionalized Multiwalled Carbon Nanotubes on Fetal Development’. Biomaterials 35(2): 856–65.



						penalty points		yes		2		A penalty point was added to the overall sum (+2) as there seems to be a high probability of inflamation in the lungs similar to asbestosis (Lam et al., 2004/2006; Safe Work Australia, 2012; Shvedova, 2005).
				Lam, C.-W., J. T. James, R. McCluskey, and R. L. Hunter. 2004. ‘Pulmonary Toxicity of Single-Wall Carbon Nanotubes in Mice 7 and 90 Days After Intratracheal Instillation’. Toxicological Sciences 77 (1): 126–34. doi:10.1093/toxsci/kfg243.

Lam, C.-W., J.T. James, R. McCluskey, S. Arepalli, and R.L. Hunter. 2006. ‘A Review of Carbon Nanotube Toxicity and Assessment of Potential Occupational and Environmental Health Risks’. Critical Reviews in Toxicology 36 (3): 189–217. doi:10.1080/10408440600570233.

Safe Work Australia. 2012. Human Health Hazard Assessment and Classification of Carbon Nanotubes. www.safeworkaustralia.gov.au/sites/SWA/about/Publications/Documents/725/Human_Health_Hazard_Assessment_and_Classification_of_Carbon_%2520Nanotubes.DOC+&cd=3&hl=de&ct=clnk&gl=uk.

Shvedova, A. A. 2005. ‘Unusual Inflammatory and Fibrogenic Pulmonary Responses to Single-Walled Carbon Nanotubes in Mice’. AJP: Lung Cellular and Molecular Physiology 289 (5): L698–708. doi:10.1152/ajplung.00084.2005.


				comments
(bodily injury; information about the path: inhalation, ingestion, dermal)
		An general assessment is difficult as properties like metallic residues, length of the fibre and number of walls seem to play an important role. Additionally, "non-engineered" CNTs probably already exist in the environment and are produced in forest fires or the combustion of fuel gas.
The main concern is that the CNT-fibres act similar to asbestos fibres and cause damage to workers in contact with the material through inhalation. Therefore, the LC50 was chosen instead of an LD50 for the assessment of the toxicity. However, new research progress in the field of medicine has to be assessed carefully in the future, as this could imply that LD50 values become important as well.

> Lam, C.-W., J. T. James, R. McCluskey, and R. L. Hunter. 2003. ‘Pulmonary Toxicity of Single-Wall Carbon Nanotubes in Mice 7 and 90 Days After Intratracheal Instillation’. Toxicological Sciences 77 (1): 126–34. doi:10.1093/toxsci/kfg243.
> Lam, C.-W., J.T. James, R. McCluskey, S. Arepalli, and R.L. Hunter. 2006. ‘A Review of Carbon Nanotube Toxicity and Assessment of Potential Occupational and Environmental Health Risks’. Critical Reviews in Toxicology 36 (3): 189–217. doi:10.1080/10408440600570233.
> Shvedova, A. A. 2005. ‘Unusual Inflammatory and Fibrogenic Pulmonary Responses to Single-Walled Carbon Nanotubes in Mice’. AJP: Lung Cellular and Molecular Physiology 289 (5): L698–708. doi:10.1152/ajplung.00084.2005.








								input		CATEGORY		COMMENT				REFERENCES

				ENVIRONMENTAL HAZARD		TOTAL		10		4		The range of the categories is 1-4. The final value for the environmental hazard is calculated by summing up all categories and penalty points. Therefore, the maximum value (without penalty points)  is 10. 

						persistence/bioaccumulation
		yes		2		CNTs can theoretically be degraded. In practice, CNTs are extremely persistent to high temperatures, strong acids and ozonation and photolytic attacks. Thus, they are more likely to accumulate than to disappear in the environment (REACH, 2015; Safe Work Australia, 2012). Lam et al. (2004) called CNTs "probably one of the most biologically nondegradable man-made materials".				Lam, C.-W., J. T. James, R. McCluskey, and R. L. Hunter. 2004. ‘Pulmonary Toxicity of Single-Wall Carbon Nanotubes in Mice 7 and 90 Days After Intratracheal Instillation’. Toxicological Sciences 77 (1): 126–34. doi:10.1093/toxsci/kfg243.

REACH. 2015. ‘Justification for the Selection of a Substance for CoRAP Inclusion - Multiwalled Carbon Nanotubes’.

Safe Work Australia. 2012. Human Health Hazard Assessment and Classification of Carbon Nanotubes. www.safeworkaustralia.gov.au/sites/SWA/about/Publications/Documents/725/Human_Health_Hazard_Assessment_and_Classification_of_Carbon_%2520Nanotubes.DOC+&cd=3&hl=de&ct=clnk&gl=uk.


						aquatic toxicity 
(LC50 for fish [ppm]=[mg/l])		>100-1000		2		Despite environmental regulations imposing industrial safeguards chemical contaminants from manufacturing processes are often deposited into the aquatic environment. However, at the moment this scenario does not seem to be relevant. Therefore, no LC50 for fish was found. There is one study for LC50 in daphnia that reports a value of 2 mg/l (Safe Work Australia, 2012). However, this data is not enough to define the fourth and thus highest category. In line with the assessment of the carcinogenicity, it was decided to set the category to 2 as there is not enough information.				Safe Work Australia. 2012. Human Health Hazard Assessment and Classification of Carbon Nanotubes. www.safeworkaustralia.gov.au/sites/SWA/about/Publications/Documents/725/Human_Health_Hazard_Assessment_and_Classification_of_Carbon_%2520Nanotubes.DOC+&cd=3&hl=de&ct=clnk&gl=uk.


						penalty points		no		0		no comment

				comments





				EXPOSURE
(probability that this exposure materializes)





										production site related
(raw material producing and further processing companies)				 final product related

				NAICS		INDUSTRY				workers exposure 9		gradual and accidental environmental exposure		consumer exposure 		gradual environmental exposure		products

				11		Agriculture,  Forestry, Fishing and Hunting				0		0		0		0

				21		Mining, Quarrying, and Oil and Gas Extraction				0		0		x		x

				22		Utilities				0		0		0		0

				236		Construction of Buildings				2		1		1		1		composite materials, epoxy resins, additives and master batches (up to 20wt%, usually 1 wt%), experimental cement (research level only 8)

				311		Food Manufacturing				0		1		1		1		food packaging (Kraft food)

				312		Beverage and Tobacco Product Manufacturing				0		1		1		1		beer bottles/food packaging (Coors brewing)

				313/314/315		Textiles & Apparels				2		1		1		1		5 composite yarns, plastics coating of specialized textile&apparel: armor vests, jackets, pants (flame retardant properties), shoe protector etc. 

				316		Leather and Allied Product Manufacturing				0		0		0		0

				321		Wood Product Manufacturing				0		0		0		0

				322		Paper Manufacturing				0		0		0		0

				323		Printing and Related Support Activities				0		0		0		0

				324		Petroleum and Coal Products Manufacturing				0		0		0		0

				325/3251		Chemical Manufacturing (inlcuding Base Chemical Manufacturing)				3		2		x		x		1 raw material manufacturing (powder, dispersion etc.)

				3252		Resin, Synthetic Rubber, and Artificial Synthetic Fibers and Filaments Manufacturing				3		2		x		x		1,3 CFRP (carbon fibre reinforced plastics): food packaging, composite yarns, fibers, sheets, filtration membranes, water purification systems, anti-fouling application

				3253		Pesticide, Fertilizer, and Other Agricultural Chemical Manufacturing				0		0		0		0

				3254		Pharmaceutical and Medicine Manufacturing				0		0		0		0		7 neurogrowth, gene therapy, drug delivery (research level only), scaffold for bone growth (research level only)

				3255		Paint, Coating, and Adhesive Manufacturing				3		2		1		1		paints and coatings: electrostatic painintg, powder coatings, anti-fouling paint

				3256		Soap, Cleaning Compound, and Toilet Preparation Manufacturing				0		0		0		0

				32591		Printing Ink Manufacturing				2		1		1		1		pigments and metallic printing inks, CNT inks

				326		Plastics and Rubber Products Manufacturing				2		1		1		1		3,5 plastic packaging and bottles, PU, PS; tires

				327		Nonmetallic Mineral Product Manufacturing				2		1		2		1		ceramic materials, membranes (water filtration) 10 , cement (research only)

				331		Primary Metal Manufacturing				2		1		x		x		1 CNT in metal (CNT-MMC)

				332		Fabricated Metal Product Manufacturing				2		1		1		1		EMI shielding (RF shielding), coating metal products with plastic (automotive and avio industry etc.); mainly intermediate products

				333		Machinery Manufacturing				2		1		0		1		wind turbine blades (no influence on consumers), AC filters (filtration/air) 10

				334		Computer and Electronic Product Manufacturing				1		1		0		1		4 microelectronics (FET, RFID), touch screens, computer hardware, field emission display, spark protection and testing instruments, interconnectors (switchers, transistors), sensors

				335		Electrical Equipment, Appliance, and Component Manufacturing				1		1		0		1		4 batteries (energy storage), electrodes (carbon and graphite), conductor connectors, lightning protection, 

				336		Transportation Equipment Manufacturing				2		1		1		1		marine: parts for speedboats and yachts; anti-fouling application; airspace: composites; automotive: fuel line parts, side mirrors since 1990 etc.; 
bicycles and parts manufacturing (racks etc.); fire resistance coatings for all transport industries (Nanocyl); air filters 10

				337		Furniture and Related Product Manufacturing				0		0		0		0

				339		Miscellaneous Manufacturing				2		1		1		1		tennis and badminton rackets, hockey equipment, golf balls, baseball bat etc.

				3391		Medical Equipment and Supplies Manufacturing				1		1		2		1		biotechnology (sensing, diagnostics: Nanomix, Nanointegris, GE etc.) 11  , stents

				622		Hospitals				1		1		2		1		6 medical equipment for sensing and diagnostics 11 , stents

				562		Administrative and Support and Waste Management and Remediation Services				2		2		x		x		1,2,9,12 waste management, recycling processes

				comments		> The categories were first set individually by every member of the working group and then discussed in a group meeting. 
> The probability of claims was not included in this assessment.
> Products in research but not on the market yet were not included here.
>1 As there are no end products but intermediate products only in chemical manufacturing, resin production, primary metal production and the waste management these fields cannot be filled (x). 
>2 The waste management part is neglected in all rows except the last one (waste water treatment plants, landfills, incineration). 
>3 For plastic products it was assumed that CNTs are used in resins production and not in a later stage.
>4 High safety standards and a high degree of automatisation was assumed in the electronic industry. Therefore, the exposure for workers is low.
>5 There can be abrasion of the final product in the textile industry (harm for workers) or related to tires with CNTs (high temperatures and harm for humans and environment). 
>6 In hospitals the production part is related to the employees. The product part is related to the patient. 
>7 Currently, there are no drugs containing CNTs on the market. However, it is expected that these drugs will be present on the market in the future. 
>8 The same applies to the construction industry: There is a cement with CNTs reinforcement in research that probably will be used in the future. Therefore, these two industries have to be followed up carefully by the working group.
>9 In general, the concentrations of CNT produced and used in the factories are very small at the time of this assessment. It was also assumed that therefore the amounts in the waste management systems are almost negligible at the moment.
>10 membranes: Seem to exist in combination with paper, ceramics and plastics. Examples for companies dealing with CNT membranes.
>11 It was assumed that the patient in the hospital has no direct contact with diagnostic tools. Thus, there is no exposure for consumers.
> 12 For all of the assessed NPs, both workers and environmental exposure were rated as 2, because further information is necessary to assess the risk in more specific manner. Specific local regulation and protection measures might influence the final risk exposure evaluation heavily. 

>  Porifera Inc. 2016. ‘Carbon Nanotube Membranes’. http://porifera.com/carbon-nanotube-ultrafiltration-membranes/.
> Seldon Water. 2016. ‘Carbon Nanotube Technology - Filtration’. http://seldonwater.com/technology/.
> NASA. 2016. ‘Filtering Water with Acoustics Nanotube Technology’. http://www.nasa.gov/centers/johnson/techtransfer/technology/MSC-24180-1_Water-Filtering-Device_prt.htm.







				RISK 
(hazard and exposure multiplied; maximum number is 100)







				CNTs						production site related
(raw material producing and further processing companies)				 final product related

				NAICS		INDUSTRY				workers risk		gradual and accidental environmental risk		consumer risk		gradual environmental risk

				11		Agriculture,  Forestry, Fishing and Hunting				0		0		0		0

				21		Mining, Quarrying, and Oil and Gas Extraction				0		0		x		x

				22		Utilities				0		0		0		0

				236		Construction of Buildings				41		13		20		13

				311		Food Manufacturing				0		13		20		13

				312		Beverage and Tobacco Product Manufacturing				0		13		20		13

				313/314/315		Textiles & Apparels				41		13		20		13

				316		Leather and Allied Product Manufacturing				0		0		0		0

				321		Wood Product Manufacturing				0		0		0		0

				322		Paper Manufacturing				0		0		0		0

				323		Printing and Related Support Activities				0		0		0		0

				324		Petroleum and Coal Products Manufacturing				0		0		0		0

				325/3251		Chemical Manufacturing (inlcuding Base Chemical Manufacturing)				61		27		x		x

				3252		Resin, Synthetic Rubber, and Artificial Synthetic Fibers and Filaments Manufacturing				61		27		x		x

				3253		Pesticide, Fertilizer, and Other Agricultural Chemical Manufacturing				0		0		0		0

				3254		Pharmaceutical and Medicine Manufacturing				0		0		0		0

				3255		Paint, Coating, and Adhesive Manufacturing				61		27		20		13

				3256		Soap, Cleaning Compound, and Toilet Preparation Manufacturing				0		0		0		0

				32591		Printing Ink Manufacturing				41		13		20		13

				326		Plastics and Rubber Products Manufacturing				41		13		20		13

				327		Nonmetallic Mineral Product Manufacturing				41		13		41		13

				331		Primary Metal Manufacturing				41		13		x		x

				332		Fabricated Metal Product Manufacturing				41		13		20		13

				333		Machinery Manufacturing				41		13		0		13

				334		Computer and Electronic Product Manufacturing				20		13		0		13

				335		Electrical Equipment, Appliance, and Component Manufacturing				20		13		0		13

				336		Transportation Equipment Manufacturing				41		13		20		13

				337		Furniture and Related Product Manufacturing				0		0		0		0

				339		Miscellaneous Manufacturing				41		13		20		13

				3391		Medical Equipment and Supplies Manufacturing				20		13		41		13

				622		Hospitals				20		13		41		13

				562		Administrative and Support and Waste Management and Remediation Services				41		27		x		x

















































































































































































































































































































































































































































































































































































































3) TiO2

				Titania NPs				NO GUARANTEE CAN BE GIVEN FOR COMPLETENESS OR CORRECTNESS OF THE DATA SHOWN IN THIS ASSESSMENT TOOL. THIS DOCUMENT IS THE INTELLECTUAL PROPERTY OF THE "SCHWEIZERISCHER VERSICHERUNGSVERBAND" (SVV).  ANY COPYING IS FORBIDDEN.



				GENERAL INFORMATION



				Titanium dioxide (also called "titania") in general is mainly used as an anticaking or whitening agent as well as a pigment in cosmetics and paints. Other uses are for its UV-light absorbing abilities. However, in its nanoform it possesses different physicochemical properties than the bulk form: Nanotitania is a colourless, solid and odourless powder (Sachverständigenrat für Umweltfragen, 2011). The protective effect against UV radiation is even better in the nanoform. Therefore, it is often used in sunscreens. Additionally, these creams are invisible and can be applied to the skin more easily than with larger particles, as the consistency of the cream is less pasty and sticky (DaNa, 2015). 
Titania is insoluble in water and organic solvents. It naturally exists in the anatase, rutile and brookite phase. Producers of the nanoform are DuPont, Nanophase, NanoFarm, Advanced Nanotech, Nanogate, Evonik Degussa and Altairnano. Various production methods are used, and some of them are proprietary processes: However, milling, an undisclosed plasma process, a hydrochloride process, physical vapour synthesis, laser pyrolysis and the sol-gel process can be used (Robichaud et al., 2009). In the latter,  the variation in morphology and size is controlled by the pH of the gel (IARC, 2010). TiO2-nanoparticles can be coated with aluminium, silicon or polymers to reach the desired properties (Weir et al., 2012).

Besides in sunscreens, titania nanoparticles were found in the following product categories: 
food: skittles, marshmallows, M&M's, doughnuts powder, chewing gum, dairy products, food additive E171 (not only nanoform): In food, the nanoform is not explicitely used. However, the products used most probably contain particles in the nanoscale (DaNa, 2015; Weir et al., 2012)
cosmetics & personal care: sunscreen, shampoo and conditioner, powder antitranspirant, deodorant, shaving foam, makeup foundation, nail polish, toothpaste, eye tint, gel bronzer, eye shadow, lip balm, color fixer, facial cream, whitening cream (medicinal purpose)
hygiene: disinfectant solution, cleaning solution, air purification spray, shoe impregnation spray
paints: paint, glue, coating spray
sporting goods: badminton racket, golf ball
appliances: fridge, air purifier machine, hair drier, hair straightening iron
industry: powders and coating preparations
construction: window sealant, self-cleaning glass, whirlpool
environmental remediation: nanoscale TiO2 has been shown to mineralise a variety of herbicides, insecticides, and pesticides via photocatalysis and can convert other contaminants to less toxic compounds. It was dealt for research.
electronics: computer mouse
other: automotive industry

> DaNa. 2015. ‘Titanium Dioxide Nanoparticles’. http://www.nanopartikel.info/en/nanoinfo/materials/titanium-dioxide.
> IARC, ed. 2010. Carbon Black, Titanium Dioxide, and Talc. IARC Monographs on the Evaluation of Carcinogenic Risks to Humans, v. 93. Lyon, France : Geneva: International Agency for Research on Cancer ; Distributed by WHO Press.
> Robichaud, C.O., A.E. Uyar, M.R. Darby, L.G. Zucker, and M.R. Wiesner. 2009. ‘Estimates of Upper Bounds and Trends in Nano-TiO2 Production as a Basis for Exposure Assessment’. Environmental Science & Technology 43 (12): 4227–33. doi:10.1021/es8032549.
> Sachverständigenrat für Umweltfragen. 2011. Vorsorgestrategien Für Nanomaterialien - Sondergutachten. Berlin: Erich Schmidt Verlag. http://www.umweltrat.de/SharedDocs/Downloads/DE/02_Sondergutachten/2011_09_SG_Vorsorgestrategien%20f%C3%BCr%20Nanomaterialien.pdf?__blob=publicationFile.
> Weir, A., P. Westerhoff, L. Fabricius, K. Hristovski, and N. von Goetz. 2012. ‘Titanium Dioxide Nanoparticles in Food and Personal Care Products’. Environmental Science & Technology 46 (4): 2242–50. doi:10.1021/es204168d.







						input		CATEGORY		COMMENT				REFERENCES

				GLOBAL PRODUCTION VOLUME (t/y)		10'000 - 100'000		3		According to REACH (2013) the worlwide and annual production of TiO2 is 1'000'000 to 10'000'000 tons. The amount of nanoscale TiO2 is less than 1%. The EU states a number of 10'000 tons of nano-TiO2 a year as well (European Commission, 2014). DaNa (2015) states a number of approximately 47'000 tons annually and worldwide. Contrary, the Sachverständigenrat für Umweltfragen (2011) suggests a worldwide annual production volume of 5000 tons.				DaNa. 2015. ‘What Quantities of Titanium Dioxide Nanoparticles Are Produced Annually Worldwide?’ http://www.nanopartikel.info/en/faq/450-what-quantities-of-titanium-dioxide-nanoparticles-are-produced-annually-worldwide.

European Commission, and Directorate General for Health & Consumers. 2014. Opininon on Nanosilver Safety, Health and Environmental Effects and Role in Antimicrobial Resistance. Luxembourg: [European Commission]. http://dx.publications.europa.eu/10.2772/76851.

REACH. 2013. ‘Justification for the Selection of a Candidate CoRAP Substance - Titanium Dioxide’.

Sachverständigenrat für Umweltfragen. 2011. Vorsorgestrategien Für Nanomaterialien - Sondergutachten. Berlin: Erich Schmidt Verlag. http://www.umweltrat.de/SharedDocs/Downloads/DE/02_Sondergutachten/2011_09_SG_Vorsorgestrategien%20f%C3%BCr%20Nanomaterialien.pdf?__blob=publicationFile.


				SPREAD 
(number of products)		101-1000		2		335 products were identified, mostly cosmetics and food supplements. Some products could be classified in the same product category (11 product categories in total). Overall, there are 162 end product categories produced by 144 companies (see the application split chart on the right side): 92 products are listed in Woodrow Wilson (Nanotechproject, 2015), 94 products in the Danish database (Nanodatabase, 2015),  78 in the Food database (Nanotechnology in our Food, 2016) and 71 in the German database (Nanoproduktdatenbank, 2016). There are about 1000 raw material producing companies in Alibaba,  mainly from Chinese producers (Alibaba, 2016). There is also a big number of consumers products. However these were not included in the application split chart, for considered to be not fully reliable. 				Alibaba. 2016. ‘Search Results for Nano TiO2’. http://www.alibaba.com/trade/search?fsb=y&IndexArea=product_en&CatId=&SearchText=titanium+dioxide+nano.

Nanodatabase. 2015. ‘Search Results for Titanium Dioxide’. http://nanodb.dk/en/search-database/#pageno=2&keyword=&fn.lp_m=2940&fn.d_cd_f=&fn.d_cd_t=.

Nanotechproject. 2015. ‘Seach Results for  Titanium Dioxide’. http://www.nanotechproject.org/cpi/search-products/?title=&asmSelect0=&date_created=&date_modified=&nanomaterials%5B%5D=1167&search-products_submit=Search&_submitKey=16%3Asearch-products%3A0.

Nanoproduktdatenbank. 2016. ‘Search Results for TiO2’. http://www.bund.net/nc/themen_und_projekte/nanotechnologie/nanoproduktdatenbank/produktsuche/.

Nanotechnology in our Food. 2016. ‘Search Results for TiO2’. Accessed Feburary 28, 2016. http://salsa3.salsalabs.com/o/1881/p/salsa/web/common/public/content?content_item_KEY=14112%20. 









				HAZARDS



								input		CATEGORY		COMMENT				REFERENCES

				HUMAN HAZARD		TOTAL		18		9		The range of the categories is 1-4. The final value for the human hazard is calculated by summing up all categories and penalty points. Therefore, the maximum value (without penalty points)  is 18. 

						toxicity (PEL [ppm])
INHALATION		>10-100		2		The oral LD50 is > 5000 mg/kg bw and no adverse effects from oral consumption are seen in the three studies summarised in Warheit (2015). Therefore, the inhalation path was chosen to represent the main hazard with this substance:
The Permissible Exposure Limit (PEL) for TiO2 is 15mg/m3 (CDC-NIOSH, 2015). This value is implemented in this assessment. However, NIOSH (2011) suggested a limit of 0.3 mg/m3 (TÜV Süd, 2015). A good overview of toxicological studies related to nano-TiO2 is seen in Shi et al. (2013). 
It is stated in NIOSH (2011) that the toxicity of the nano-TiO2 has been shown to increase after coating with carious substances. 

				CDC-NIOSH. 2015. ‘Pocket Guide to Chemical Hazards - Titanium Dioxide’. Accessed December 4. http://www.cdc.gov/niosh/npg/npgd0617.html.

NIOSH. 2011. ‘Occupational Exposure to Titanium Dioxide’. http://www.cdc.gov/niosh/docs/2011-160/pdfs/2011-160.pdf.

Shi, H., R. Magaye, V. Castranova, and J. Zhao. 2013. ‘Titanium Dioxide Nanoparticles: A Review of Current Toxicological Data’. Part Fibre Toxicol 10 (1): 15.

TÜV Süd. 2015. ‘Einzelrisikobewertung und Zertifizierung von Unternehmen mit Nano-Risiken’.

Warheit, D.B., S.C. Brown, and E.M. Donner. 2015. ‘Acute and Subchronic Oral Toxicity Studies in Rats with Nanoscale and Pigment Grade Titanium Dioxide Particles’. Food and Chemical Toxicology, no. 84: 208–24. doi:10.1016/j.fct.2015.08.026.



						carcinogenicity		possibly or probably carcinogenic 
(GROUPS 2A and 2B)		3		IARC (2010) and NIOSH (2011) classify nano-TiO2 as "possibly carcinogenic", as there is sufficient evidence in experimental animals and inadequate evidence of carcinogenicity in humans. This classification is based on various studies dealing with the inhalation of nano-TiO2-particles related to respiratory tract cancer. For example, Heinrich et. al. (1995) showed a statistically significant increase in lung cancer in rats exposed to ultrafine TiO2 at an average concentration of 10mg/m3. However, earlier studies by Boffetta et al. (2001, 2004) do not show an increased cancer rate in workers.
				Boffetta, P., V. Gaborieau, L. Nadon, M.F. Parent, E. Weiderpass, and J. Siemiatycki. 2001. ‘Exposure to Titanium Dioxide and Risk of Lung Cancer in a Population-Based Study from Montreal’. Scandinavian Journal of Work, Environment and Work, no. 27(4): 227–32.

Boffetta, P., A. Soutar, JW. Cherrie, F. Granath, A. Andersen, A. Anttila, M. Blettner, et al. 2004. ‘Mortality among Workers Employed in the Titanium Dioxide Production Industry in Europe’. http://apps.webofknowledge.com/full_record.do?product=UA&search_mode=GeneralSearch&qid=13&SID=R1u4AR9o4sKZBEcsetW&page=1&doc=1.

Heinrich, U., R. Fuhst, S. Rittinghausen, O. Creutzenberg, B. Bellmann, W. Koch, and K. Levsen. 1995. ‘Chronic Inhalation Exposure of Wistar Rats and Two Different Strains of Mice to Diesel Engine Exhaust, Carbon Black, and Titanium Dioxide’. Inhalation Toxicology: International Forum for Respiratory Research,  Volume 7: 533–56.

IARC, ed. 2010. Carbon Black, Titanium Dioxide, and Talc. IARC Monographs on the Evaluation of Carcinogenic Risks to Humans, v. 93. Lyon, France : Geneva: International Agency for Research on Cancer ; Distributed by WHO Press.

NIOSH. 2011. ‘Occupational Exposure to Titanium Dioxide’. http://www.cdc.gov/niosh/docs/2011-160/pdfs/2011-160.pdf.


						mutagenicity		not classifiable		2		TiO2-NPs can cause DNA damage indirectly through inflammation. However, this is the only study by Trouiller et al. (2009) showing this and therefore the information is insufficient. Additionally, this study was criticised not to be representative for all TiO2-nanoparticles (Titanium Dioxide Stewardship Council, 2010).				Titanium Dioxide Stewardship Council. 2010. ‘Answer on TiO2 Posing DNA Damage Paper’.

Trouiller, B., R. Reliene, A. Westbrook, P. Solaimani, and R. H. Schiestl. 2009. ‘Titanium Dioxide Nanoparticles Induce DNA Damage and Genetic Instability In Vivo in Mice’. Cancer Research 69 (22): 8784–89. doi:10.1158/0008-5472.CAN-09-2496.




						reproductive toxicity		not classifiable		2		In utero exposure of fetuses via the mother caused an increase in large deletions in offspring after oral exposure in rats (Trouiller, 2009). However, this is the first study showing reproductive toxicity and therefore the information is insufficient.				Shi, H., R. Magaye, V. Castranova, and J. Zhao. 2013. ‘Titanium Dioxide Nanoparticles: A Review of Current Toxicological Data’. Part Fibre Toxicol 10 (1): 15.

Trouiller, B., R. Reliene, A. Westbrook, P. Solaimani, and R. H. Schiestl. 2009. ‘Titanium Dioxide Nanoparticles Induce DNA Damage and Genetic Instability In Vivo in Mice’. Cancer Research 69 (22): 8784–89. doi:10.1158/0008-5472.CAN-09-2496.



						penalty points		no		0		No penalty points are added as the possible carcinogenicity is accounted above.

				comments

		> Possible pathways are the inhalation (mainly by workers) or the absorption through the skin, for example from sunscreen. No penetration of TiO2-NPs in sunscreen through healthy skin was observed (Sadrieh et al., 2010; Danish Environmental Protection Agency, 2015). Therefore, the LC50 value was considered here.


> Danish Environmental Protection Agency. 2015. ‘Dermal Absorption of Nanomaterials Titanium Dioxide and Zinc Oxide Based Sunscreen’. http://www2.mst.dk/Udgiv/publications/2015/08/978-87-93352-53-7.pdf.
> Sadrieh, N., A.M. Wokovich, N.V. Gopee, J. Zheng, D. Haines, D. Parmiter, P.H. Siitonen, et al. 2010. ‘Lack of Significant Dermal Penetration of Titanium Dioxide (TiO2) from Sunscreen Formulations Containing Nano-and Sub-Micron-Size TiO2 Particles’. Toxicological Sciences, kfq041.












								input		CATEGORY		COMMENT				REFERENCES

				ENVIRONMENTAL HAZARD		TOTAL		10		7		The range of the categories is 1-4. The final value for the environmental hazard is calculated by summing up all categories and penalty points. Therefore, the maximum value (without penalty points)  is 10. 

						persistence/bioaccumulation
		yes		4		Nanosilica is very resistant to chemical attacks, has a good thermal stability and resistance to UV degradation. (IARC, 2010)				IARC, ed. 2010. Carbon Black, Titanium Dioxide, and Talc. IARC Monographs on the Evaluation of Carcinogenic Risks to Humans, v. 93. Lyon, France : Geneva: International Agency for Research on Cancer ; Distributed by WHO Press.



						aquatic toxicity 
(LC50 for fish [ppm]=[mg/l])		>10-100		3		The Danish Environmental Protection Agency (2015) mentiones various papers related to aquatic toxicity and nano-TiO2. Grifftt (2008) found a LC50 of 10mg/l for the fish D.rerio. This value was implemented in this assessment.
Joner (2007) found a LC50 of 5.5 mg/l for daphnia. This seems realistic as the latter are gererally considered more susceptible than fish. More research has to be done to verify the category.				Griffitt, R. J., J. Luo, J. Gao, J.-C. Bonzongo, and D. S. Barber. 2008. ‘Effects of Particle Composition and Species on Toxicity of Metallic Nanomaterials in Aquatic Organisms’. doi:10.1897/08-002.1.

Joner, E.J., T. Hartnik, and C.E. Amundsen. 2007. ‘Environmental Fate and Ecotoxicity of Engineered Nanoparticles’. Norwegian Pollution Control Authority. http://www.bioforsk.no/ikbViewer/Content/49692/SFTs%20rapport.pdf.

The Danish Environmental Protection Agency. 2015. ‘Environmental Effects of Engineered Nanomaterials - Estimation of Predicted No-Effect Concentrations (PNECs)’. Copenhagen. http://www2.mst.dk/Udgiv/publications/2015/09/978-87-93352-70-4.pdf.






						penalty points		no		0		no comment

				comments		no comment



				EXPOSURE
(probability that this exposure materializes)





										production site related
(raw material producing and further processing companies)				 final product related

				NAICS		INDUSTRY				workers exposure		gradual and accidental environmental exposure		consumer exposure 		gradual environmental exposure		products

				11		Agriculture,  Forestry, Fishing and Hunting				0		0		0		0

				21		Mining, Quarrying, and Oil and Gas Extraction				2		1		x		x		1 DuPont has mines and produces ultrafine TiO2 (Robichaud et al., 2009).


				22		Utilities				0		0		0		0

				236		Construction of Buildings				1		1		1		1		window sealant, self cleaning glass, whirlpool 

				311		Food Manufacturing				2		1		3		2		skittles, mashmallows, M&M's, doughnuts powder, chocolate, chewing gum, mints

				312		Beverage and Tobacco Product Manufacturing				0		0		0		0

				313/314/315		Textiles & Apparels				0		0		0		0

				316		Leather and Allied Product Manufacturing				0		0		0		0

				321		Wood Product Manufacturing				0		0		0		0

				322		Paper Manufacturing				0		0		0		0

				323		Printing and Related Support Activities				0		0		0		0

				324		Petroleum and Coal Products Manufacturing				0		0		0		0

				325/3251		Chemical Manufacturing (inlcuding Base Chemical Manufacturing)				3		2		x		x		1 raw material manufacturing (powder, solution, dispersion etc.)

				3252		Resin, Synthetic Rubber, and Artificial Synthetic Fibers and Filaments Manufacturing				0		0		x		x

				3253		Pesticide, Fertilizer, and Other Agricultural Chemical Manufacturing				0		0		0		0

				3254		Pharmaceutical and Medicine Manufacturing				1		1		3		2		E171 as white substance in drugs

				3255		Paint, Coating, and Adhesive Manufacturing				2		1		1		2		paint, glue, coating spray

				3256		Soap, Cleaning Compound, and Toilet Preparation 
Manufacturing				3		2		3		3		sunscreens, shampoo and conditioner, powder antitranspirant, deodorant, shaving foam, makeup foundation, nail polish, toothpaste, 
desinfectant solution, cleaning solution, air purification spray, shoe impregnation spray, whitening cream

				32591		Printing Ink Manufacturing				0		0		0		0

				326		Plastics and Rubber Products Manufacturing				2		1		1		1		badminton racket, golf ball; building materials (window sealant)

				327		Nonmetallic Mineral Product Manufacturing				0		0		0		0		self cleaning glass, whirlpool 

				331		Primary Metal Manufacturing				0		0		x		x

				332		Fabricated Metal Product Manufacturing				0		0		0		0

				333		Machinery Manufacturing				0		0		0		0

				334		Computer and Electronic Product Manufacturing				0		0		0		0

				335		Electrical Equipment, Appliance, and Component Manufacturing				2		1		1		1		computer mouse, fridge, air purifier machine, hair drier, hair straightening iron (in plastic, whereas silver coating)

				336		Transportation Equipment Manufacturing				0		0		0		0

				337		Furniture and Related Product Manufacturing				0		0		0		0

				339		Miscellaneous Manufacturing				2		1		1		1		rackets, golf balls

				3391		Medical Equipment and Supplies Manufacturing				1		1		1		1		layering of medical devices with photocatalytic titania (Company: Plasmatreat)

				622		Hospitals				0		0		0		0

				562		Administrative and Support and Waste Management and Remediation Services				2		2		x		x		1,2,3 waste management, recycling processes

				comments		> The categories were first set individually by every member of the working group and then discussed in a group meeting. 
> The probability of claims was not included in this assessment.
> Products in research but not on the market yet were not included here.
>1 As there are no end products but intermediate products only in chemical manufacturing, resin production, primary metal production and the waste management these fields cannot be filled (x). 
>2 The waste management part is neglected in all rows except the last one (waste water treatment plants, landfills, incineration). 
>3 For all of the assessed NPs, both workers and environmental exposure were rated as 2, because further information is necessary to assess the risk in more specific manner. Specific local regulation and protection measures might influence the final risk exposure evaluation heavily. 

> Robichaud, C.O., A.E. Uyar, M.R. Darby, L.G. Zucker, and M.R. Wiesner. 2009. ‘Estimates of Upper Bounds and Trends in Nano-TiO2 Production as a Basis for Exposure Assessment’. Environmental Science & Technology 43 (12): 4227–33. doi:10.1021/es8032549.




				RISK 
(hazard and exposure multiplied; maximum number is 100)







				Titania NPs						production site related
(raw material producing and further processing companies)				 final product related

				NAICS		INDUSTRY				workers risk		gradual and accidental environmental risk		consumer risk		gradual environmental risk

				11		Agriculture,  Forestry, Fishing and Hunting				0		0		0		0

				21		Mining, Quarrying, and Oil and Gas Extraction				33		23		x		x

				22		Utilities				0		0		0		0

				236		Construction of Buildings				17		23		17		23

				311		Food Manufacturing				33		23		50		47

				312		Beverage and Tobacco Product Manufacturing				0		0		0		0

				313/314/315		Textiles & Apparels				0		0		0		0

				316		Leather and Allied Product Manufacturing				0		0		0		0

				321		Wood Product Manufacturing				0		0		0		0

				322		Paper Manufacturing				0		0		0		0

				323		Printing and Related Support Activities				0		0		0		0

				324		Petroleum and Coal Products Manufacturing				0		0		0		0

				325/3251		Chemical Manufacturing (inlcuding Base Chemical Manufacturing)				50		47		x		x

				3252		Resin, Synthetic Rubber, and Artificial Synthetic Fibers and Filaments Manufacturing				0		0		x		x

				3253		Pesticide, Fertilizer, and Other Agricultural Chemical Manufacturing				0		0		0		0

				3254		Pharmaceutical and Medicine Manufacturing				17		23		50		47

				3255		Paint, Coating, and Adhesive Manufacturing				33		23		17		47

				3256		Soap, Cleaning Compound, and Toilet Preparation Manufacturing				50		47		50		70

				32591		Printing Ink Manufacturing				0		0		0		0

				326		Plastics and Rubber Products Manufacturing				33		23		17		23

				327		Nonmetallic Mineral Product Manufacturing				0		0		0		0

				331		Primary Metal Manufacturing				0		0		x		x

				332		Fabricated Metal Product Manufacturing				0		0		0		0

				333		Machinery Manufacturing				0		0		0		0

				334		Computer and Electronic Product Manufacturing				0		0		0		0

				335		Electrical Equipment, Appliance, and Component Manufacturing				33		23		17		23

				336		Transportation Equipment Manufacturing				0		0		0		0

				337		Furniture and Related Product Manufacturing				0		0		0		0

				339		Miscellaneous Manufacturing				33		23		17		23

				3391		Medical Equipment and Supplies Manufacturing				17		23		17		23

				622		Hospitals				0		0		0		0

				562		Administrative and Support and Waste Management and Remediation Services				33		47		x		x

















































































































































































































































































































































































































































































































































































































4) carbon black

				Carbon black				NO GUARANTEE CAN BE GIVEN FOR COMPLETENESS OR CORRECTNESS OF THE DATA SHOWN IN THIS ASSESSMENT TOOL. THIS DOCUMENT IS THE INTELLECTUAL PROPERTY OF THE "SCHWEIZERISCHER VERSICHERUNGSVERBAND" (SVV).  ANY COPYING IS FORBIDDEN.



				GENERAL INFORMATION



				In contrast to black carbon, which is formed during the incomplete combustion of fossil fuels (soot), carbon black (German: "Industrieruss") is manufactured under defined conditions, for example in the controlled vapour phase pyrolysis. It consists of carbon (98-99.8%) and impurities, mainly polycyclic aromatic hydrocarbons (PAHs). Depending on the production process and use carbon black is also called acetylene black, gas black, channel black, furnace black, lampblack, thermal black or pigment black 6/7. It is insoluble in water and organic solvents. Carbon black is used in the plastic industry as a reinforcing filler, mainly in tires, or as a pigment in various materials like cement, paints, paper or fibres. It is available as a black powder or a liquid dispersion. (Wiley, 2012; Environment & Health Canada, 2013)

The following products containing carbon black were found:
cosmetics and hygiene: mascara, eye pencils, eye shadow, blushers, foundations, nail enamels, eyelash glue, hair removal wax, tanning products, spray hair dyes, soap
paints: coatings, dyes for leather & textiles, tattoo ink (for animal ear tags), paint protector
printing: printer toners and cartridges
electrics: electrodes, dry-cell batteries, carbon brush
plastics: tires, tubes, conveyor belts, cables, rubber profiles, rubber gaskets
construction: caulking, concrete repair and sealants, fibreglass insulation
food: food additive for example in steak seasoning, licorice products, ice cream, sandwich cream biscuits
medicine: It is licensed to be used in drugs for internal and external use in Canada, but not used in medicine. There are three licensed natural health products on the market containing carbon black as a pigment (Health Canada, 2016)
other: pipe seals, shoe polish

> Environment & Health Canada. 2013. ‘Screening Assessment for the Challenge Carbon Black’. https://www.ec.gc.ca/ese-ees/2CF34283-CD2B-4362-A5D6-AD439495D0D1/FSAR_B12%20-%201333-86-4%20%28Carbon%20Black%29_EN.pdf.
> Health Canada. 2016. ‘Drugs and Health Products Containing Carbon Black’. http://webprod5.hc-sc.gc.ca/lnhpd-bdpsnh/search-recherche.do?lang=eng&field_Champ2=&field_Champ3=&field_Champ4=&field_Champ5=&field_Champ6=&condition2=&condition3=&condition4=&condition5=&crit2=&crit3=&crit4=&crit5=&crit6=&op2=&op3=&op4=&op5=&op6=&productStatus_EtatProduit=2&field_Champ1=3&op1=0&crit1=carbon+black&condition1=0&dateOp2=0&monthLicensing_MoisHomologation=&yearLicensing_AnneeHomologation=&dateOp1=0&monthRevised_MoisModifiee=&yearRevised_AnneeModifiee=&action=Search.
> Wiley. 2012. ‘Carbon Black in the Form of Inhalable Dust’. http://onlinelibrary.wiley.com/store/10.1002/3527600418.mb133386e0018/asset/mb133386e0018.pdf?v=1&t=ijfsmfwf&s=27ad168fd07b53245a4424a9826f5739f9d7f2ea.
																Wiley (2012)





						input		CATEGORY		COMMENT				REFERENCES

				GLOBAL PRODUCTION VOLUME (t/y)		>1'000'000		5		Several numbers were found in the literature. All of them document a very high production volume of category 5:
>10 million tons in 2005 (European Commission, 2013).
> 9 million tons worldwide per year (Sachverständigenrat für Umweltfragen, 2011)
> 228'000 tons in Canada in 2006 (Environment and Health Canada, 2013)
> 6 million tons worldwide in 1993 (EPA, 2005)
> 8 million tons in 1996 worldwide (OECD, 2006) with:
     < North America: 1'815'000 tons
     < Western Europe: 1'310'000 tons
     < Eastern Europe: 1'545'000 tons
     < Asia: 2'630'000 tons
     < South America: 480'000 tons
     < Africa and Australia: 185'000 tons				Environment & Health Canada. 2013. ‘Screening Assessment for the Challenge Carbon Black’. https://www.ec.gc.ca/ese-ees/2CF34283-CD2B-4362-A5D6-AD439495D0D1/FSAR_B12%20-%201333-86-4%20%28Carbon%20Black%29_EN.pdf.

EPA. 2005. ‘Reassessment of One Exemption from the Requirement of a Tolerance for Carbon Black’. http://www.epa.gov/sites/production/files/2015-04/documents/carbonblack.pdf.

European Commission. 2013. Opinion on Carbon Black (nano-Form). Luxembourg: European Commission. http://dx.publications.europa.eu/10.2772/7205.

OECD. 2006. ‘Carbon Black, SIDS Initial Assessment Profile’. http://webnet.oecd.org/hpv/ui/handler.axd?id=b2394717-5545-46c3-9194-ae15f987df25.

Sachverständigenrat für Umweltfragen. 2011. Vorsorgestrategien Für Nanomaterialien - Sondergutachten. Berlin: Erich Schmidt Verlag. http://www.umweltrat.de/SharedDocs/Downloads/DE/02_Sondergutachten/2011_09_SG_Vorsorgestrategien%20f%C3%BCr%20Nanomaterialien.pdf?__blob=publicationFile.





				SPREAD 
(number of products)		101-1000		2		347 products were identified, mostly tires, coatings and sealants. Overall, 150 end product categories produced by 127 companies were found that are shown in the application split chart on the right side: 
> 241 products were found in the Household Products Database (2016)
> 16 products (mainly cosmetics) in the Nanodatabase (2016)
> 6 food related products found in Nanotechnology in our Food (2016)
> The Nanotechproject cannot be searched for "carbon black" but for "carbon" only. Therefore, no results are available there.
> No products found in the German database (Nanoproduktdatenbank, 2016)
> Carbon black is used in the production of tires. Thus, 77 tire producers (Wikipedia, 2016) are added. 				Nanoproduktdatenbank. 2016. ‘Search Results for “Carbon Black”’. http://www.bund.net/nc/themen_und_projekte/nanotechnologie/nanoproduktdatenbank/produktsuche/.

Nanotechnology in our Food 2016. ‘Search Results for Carbon’. Accessed February 26. http://salsa3.salsalabs.com/o/1881/p/salsa/web/common/public/content?content_item_KEY=14112%20

Household Products Database. 2016. ‘Health and Safety Information on Household Products Containing Carbon Black’. https://householdproducts.nlm.nih.gov/cgi-bin/household/brands?tbl=chem&id=208.

Nanodatabase. 2016. ‘Search Results for Carbon Black’. Accessed January 18. http://nanodb.dk/en/search-database/#pageno=&keyword=&fn.lp_m=2918&fn.d_cd_f=&fn.d_cd_t=.

Wikipedia. 2016. ‘Search Results for Tires producers’. Accessed February 26. https://en.wikipedia.org/wiki/List_of_tire_companies






				HAZARDS



								input		CATEGORY		COMMENT				REFERENCES

				HUMAN HAZARD		TOTAL		18		11		The range of the categories is 1-4. The final value for the human hazard is calculated by summing up all categories and penalty points. Therefore, the maximum value (without penalty points)  is 18. 

						toxicity (PEL)
INHALATION		>1-10		3		No effects have been reported after acute or chronic exposure via the oral or dermal routes (Environment & Health Canada, 2013; OECD, 2006): The lowest oral LD50 is >10g/kg bw in rats and the lowest dermal LD50 in rabbits is >3g/kg bw. Therefore, the main concern implemented in this assessment is the inhalation. An overview and discussion of various acute and chronic inhalation studies is shown in Appendix 3 of Environment & Health Canada (2013). For example, the subchronic NOEL was registered to be 1mg/m3 for hamster, rats and mice (Elder at al., 2005) and the chronic NOEL is 1.1mg/m3 (Driscoll et al., 1996). It is stated in OECD (2006) that, based on data from 19 production plants in 7 European countries, only minimal effects on lung function parameters are expected after 40 years exposure to 1 mg/m3. The PEL is 3.5mg/m3 (NIOSH, 1988). A MAK value is not available (Wiley, 1999).
The PEL value was implemented in this assessment. The limit elaborated in OECD (2006) is in accordance with this category.
				Driscoll, K.E., J.M. Carter, B.W. Howard, D.G. Hassenbein, W. Pepelko, R.B. Baggs, and G. Oberdoerster. 1996. ‘Pulmonary Inflammatory, Chemokine, and Mutagenic Responses in Rats after Subchronic Inhalation of Carbon Black’.

Elder, A., R. Gelein, J.N. Finkelstein, K.E. Driscoll, J. Harkema, and G. Oberdoerster. 2005. ‘Effects of Subchronically Inhaled Carbon Black in Three Species. I. Retention Kinetics, Lung Inflammation, and Histopathology’. Toxicological Sciences 88 (2): 614–29. doi:10.1093/toxsci/kfi327.

Environment & Health Canada. 2013. ‘Screening Assessment for the Challenge Carbon Black’. https://www.ec.gc.ca/ese-ees/2CF34283-CD2B-4362-A5D6-AD439495D0D1/FSAR_B12%20-%201333-86-4%20%28Carbon%20Black%29_EN.pdf.

NIOSH. 1988. ‘Occupational Safety and Health Guideline for Carbon Black - Potential Human Carcinogen’. http://www.cdc.gov/niosh/docs/81-123/pdfs/0102.pdf.

OECD. 2006. ‘Carbon Black, SIDS Initial Assessment Profile’. http://webnet.oecd.org/hpv/ui/handler.axd?id=b2394717-5545-46c3-9194-ae15f987df25.

Wiley. 1999. ‘Industrierusse (Carbon Black) in Form atembarer Stäube’. http://onlinelibrary.wiley.com/doi/10.1002/3527600418.mb133386stad0029/full.







						carcinogenicity		possibly or probably carcinogenic 
(GROUPS 2A and 2B)		3		The IARC (2010) classified the carcinogenicity as 2B (possibly carcinogenic) based on sufficient evidence in experimental animals and inadequate evidence from epidemiological studies. Lung tumours were seen in rats after inhalation of carbon black, for example in a study by Dasenbrock et al. (1996). This study is unavailable but cited in Environment & Health Canada (2013). Probably, the tumours are caused by an excessive lung burden due to impairment of clearance mechanisms. There is no evidence that indicates that carbon black has the potential to cause cancer via oral or dermal route of exposure. However, in observation studies with carbon black workers no clear dependency on lung tumours and exposure can be seen. Often, these studies are incomplete, for example as smoking data are not considered (Environment & Health Canada, 2013).
Another concern are the PAH impurities in the carbon black. NIOSH (1988) suggests to minimise these impurities and the exposure to them as far as possible. 				Environment & Health Canada. 2013. ‘Screening Assessment for the Challenge Carbon Black’. https://www.ec.gc.ca/ese-ees/2CF34283-CD2B-4362-A5D6-AD439495D0D1/FSAR_B12%20-%201333-86-4%20%28Carbon%20Black%29_EN.pdf.

IARC. 2010. Identification of Research Needs to Resolve the Carcinogenicity of High-Priority IARC Carcinogens. Lyon, France: International Agency for Research on Cancer. http://monographs.iarc.fr/ENG/Publications/techrep42/TR42-Full.pdf.

NIOSH. 1988. ‘Occupational Safety and Health Guideline for Carbon Black - Potential Human Carcinogen’. http://www.cdc.gov/niosh/docs/81-123/pdfs/0102.pdf.



						mutagenicity		possibly or probably mutagenic		3		The IARC (2010), OECD (2006) and the Canadian Assessment group (Environment & Health Canada, 2013) concluded that carbon black is not directly mutagenic. However, mutagenicity is secondary to oxidative stress and inflammatory processes.
Overall, mutagenicity cannot be tested with bacterial and in-vitro testing without the use of organic solvents that interfere with the testing (ICBA, 2004).				Environment & Health Canada. 2013. ‘Screening Assessment for the Challenge Carbon Black’. https://www.ec.gc.ca/ese-ees/2CF34283-CD2B-4362-A5D6-AD439495D0D1/FSAR_B12%20-%201333-86-4%20%28Carbon%20Black%29_EN.pdf.

IARC. 2010. Identification of Research Needs to Resolve the Carcinogenicity of High-Priority IARC Carcinogens. Lyon, France: International Agency for Research on Cancer. http://monographs.iarc.fr/ENG/Publications/techrep42/TR42-Full.pdf.

ICBA. 2004. ‘Carbon Black User’s Guide: Safety, Health, & Environmental Information’. http://www.cabotcorp.com/~/media/files/product-stewardship/industry-user-guides/international-carbon-black-association-icba-user-guide.pdf?la=en.

OECD. 2006. ‘Carbon Black, SIDS Initial Assessment Profile’. http://webnet.oecd.org/hpv/ui/handler.axd?id=b2394717-5545-46c3-9194-ae15f987df25.


						reproductive toxicity		not classifiable		2		Archibong et al. (2002) did not see any significant differences among control and treated rat groups in pups per litter, survival rate, pup weight or pup length after inhalation of carbon black during the pregnancy. However, only a small concentration was used. Yoshida et al. (2009) noticed a decreased sperm production in male mice. Overall, there is little evidence that carbon black is toxic for reproduction, but studies are missing (Environment & Health Canada, 2013).				> Archibong, A.E., F. Inyang, A. Ramesh, M. Greenwood, T. Nayyar, P. Kopsombut, D.B. Hood, and A.M. Nyanda. 2002. ‘Alteration of Pregnancy Related Hormones and Fetal Survival in F-344 Rats Exposed by Inhalation to Benzo(a)pyrene’. Reproductive Toxicology 16 (6): 801–8.

> Environment & Health Canada. 2013. ‘Screening Assessment for the Challenge Carbon Black’. https://www.ec.gc.ca/ese-ees/2CF34283-CD2B-4362-A5D6-AD439495D0D1/FSAR_B12%20-%201333-86-4%20%28Carbon%20Black%29_EN.pdf.

> Yoshida, S., K. Hiyoshi, T. Ichinose, H. Takano, S. Oshio, I. Sugawara, K. Takeda, and T. Shibamoto. 2009. ‘Effect of Nanoparticles on the Male Reproductive System of Mice’. International Journal of Andrology 32 (4): 1365–2605.

						penalty points		no		0		No penalty points are added as the possible carcinogenicity is accounted above.				-

				comments 

		> The main concern is the exposition of workers via inhalation. Therefore, this path was chosen to represent the toxicity in this assessment.






								input		CATEGORY		COMMENT				REFERENCES

				ENVIRONMENTAL HAZARD		TOTAL		10		3		The range of the categories is 1-4. The final value for the environmental hazard is calculated by summing up all categories and penalty points. Therefore, the maximum value (without penalty points)  is 10. 

						persistence/bioaccumulation
		yes		2		Carbon black is resistant to hydrolysis, photolysis and biodegradation, and thus can be found in the air, water bodies, but mainly in the soil and sediment. As an inorganic compound with the chemical structure "C", carbon black will not be further biodegraded by microorganisms. However, bioaccumulation is unlikely as the substance is insoluble in water and organic solvents and thus diffusion through gills or membranes of the aquatic organisms is not expected (Environment & Health Canada, 2013; OECD, 2013).				Environment & Health Canada. 2013. ‘Screening Assessment for the Challenge Carbon Black’. https://www.ec.gc.ca/ese-ees/2CF34283-CD2B-4362-A5D6-AD439495D0D1/FSAR_B12%20-%201333-86-4%20%28Carbon%20Black%29_EN.pdf.

OECD. 2006. ‘Carbon Black, SIDS Initial Assessment Profile’. http://webnet.oecd.org/hpv/ui/handler.axd?id=b2394717-5545-46c3-9194-ae15f987df25.


						aquatic toxicity 
(LC50 for fish [ppm])		>1000		1		Carbon black is epected to have a very low potential for toxicity in aquatic organisms: No effects were observed for both zebrafish and orfe fish at 1000mg/l (Environment & Health Canada, 2013). The LC50 for fish is reported to be >5g/L for aqueous suspensions and >10g/l for water accommodated filtrates. (OECD, 2006).
Additionally, carbon black is only present in the water column in low concentrations (except in rivers with high turbidity) as it settles due to the high density, low solubility and low volatility. Therefore, sediment-dwelling organisms could be exposed, but studies are missing. Also, the carbon black can decrease the pH of the solution and thus affect organisms indirectly. 
Most studies are done by Degussa (not published online), more studies for ecotoxicity are missing (Environment and Health Canada, 2013).				Environment & Health Canada. 2013. ‘Screening Assessment for the Challenge Carbon Black’. https://www.ec.gc.ca/ese-ees/2CF34283-CD2B-4362-A5D6-AD439495D0D1/FSAR_B12%20-%201333-86-4%20%28Carbon%20Black%29_EN.pdf.

OECD. 2006. ‘Carbon Black, SIDS Initial Assessment Profile’. http://webnet.oecd.org/hpv/ui/handler.axd?id=b2394717-5545-46c3-9194-ae15f987df25.


						penalty points		no		0		no comment

				comments: 
		10'000-100'000kg of carbon black was reported to be released to land, 10'000-100'000kg to air and 1'000-10'000kg to water in 2006 in Canada (Environment & Health Canada, 2013). Carbon black is not soluble and is estimated to eventually settle into sediments.

> Environment & Health Canada. 2013. ‘Screening Assessment for the Challenge Carbon Black’. https://www.ec.gc.ca/ese-ees/2CF34283-CD2B-4362-A5D6-AD439495D0D1/FSAR_B12%20-%201333-86-4%20%28Carbon%20Black%29_EN.pdf.



				EXPOSURE
(probability that this exposure materializes)





										production site related
(raw material producing and further processing companies)				 final product related

				NAICS		INDUSTRY				workers exposure 3		gradual and accidental environmental exposure		consumer exposure 		gradual environmental exposure		products

				11		Agriculture,  Forestry, Fishing and Hunting				0		0		0		0

				21		Mining, Quarrying, and Oil and Gas Extraction				0		0		x		x		1 It is assumed that there is no company extracting fossil fuels and producing carbon black.

				22		Utilities				0		0		0		0

				236		Construction of Buildings				2		1		1		2		cement, caulking, concrete repair and sealants, fibreglass insulation

				311		Food Manufacturing				1		1		2		1		6 steak seasoning, licorice products, ice cream, sandwich cream biscuits

				312		Beverage and Tobacco Product Manufacturing				0		0		0		0

				313/314/315		Textiles & Apparels				2		1		2		2		7 dyes for textiles, fibreglass weaving

				316		Leather and Allied Product Manufacturing				2		1		2		1		7 dyes for leather

				321		Wood Product Manufacturing				0		0		0		0

				322		Paper Manufacturing				1		1		1		1		9 pigment in paper

				323		Printing and Related Support Activities				0		0		0		0

				324		Petroleum and Coal Products Manufacturing				0		0		0		0		according to NAICS the base chemical production is 325130/80

				325/3251		Chemical Manufacturing (inlcuding Base Chemical Manufacturing)				3		2		x		x		1 production of carbon black

				3252		Resin, Synthetic Rubber, and Artificial Synthetic Fibers and Filaments Manufacturing				3		2		x		x		1 reinforcement and pigment in plastics

				3253		Pesticide, Fertilizer, and Other Agricultural Chemical Manufacturing				0		0		0		0

				3254		Pharmaceutical and Medicine Manufacturing				0		0		0		0		alternative drugs

				3255		Paint, Coating, and Adhesive Manufacturing				2		2		1		1		paint, coatings, varnishes, dyes for leather & textiles, tatoo ink (for animal ear tags), paint protector

				3256		Soap, Cleaning Compound, and Toilet Preparation Manufacturing				2		2		2		1		10 mascara, eye pencils eye shadow, blushers, foundations, nail enamels, eyelash glue, hair removal wax, tanning products, spray hair dyes, 
soap, shoe polish, diaper ointment

				32591		Printing Ink Manufacturing				3		2		3		2		printer toners and cartridges

				326		Plastics and Rubber Products Manufacturing				3		2		1		3		4 tires, tubes, conveyor belts, cables, rubber profiles, rubber gaskets, fibreglass

				327		Nonmetallic Mineral Product Manufacturing				1		1		1		1		fibreglass insulation

				331		Primary Metal Manufacturing				0		0		x		x

				332		Fabricated Metal Product Manufacturing				0		0		0		0

				333		Machinery Manufacturing				0		0		0		0

				334		Computer and Electronic Product Manufacturing				0		0		0		0

				335		Electrical Equipment, Appliance, and Component Manufacturing				1		1		1		1		electrodes, dry-cell batteries, carbon brush

				336		Transportation Equipment Manufacturing				0		0		0		0

				337		Furniture and Related Product Manufacturing				0		0		0		0

				339		Miscellaneous Manufacturing				1		0		0		0		pipe seals

				3391		Medical Equipment and Supplies Manufacturing				0		0		0		0

				622		Hospitals				0		0		0		0		8 alternative drugs

				562		Administrative and Support and Waste Management and Remediation Services				2		2		x		x		1,2,5,11 waste management, recycling processes

				comments		> The categories were first set individually by every member of the working group and then discussed in a group meeting. 
> The probability of claims was not included in this assessment.
> Products in research but not on the market yet were not included here.
>1 As there are no end products but intermediate products only in chemical manufacturing, resin production and the waste management these fields cannot be filled (x). 
>2 The waste management part is neglected in all rows except the last one (waste water treatment plants, landfills, incineration). 
>3 Workers exposure: The concentration decreased significantly in American and West European production plants (Wiley, 1999).
>4 It is assumed that the largest share of carbon black is used in the tire industy (70% according to Wikipedia (2016)). The material is inexpensive. The amount of carbon black in this industry influenced the exposure assessment. Additionally, it was assumed that there is no intermediate market for tires: Thus, the third column in this row relates to the car driver. 
>5 During car tire combustion, carbon black is not degraded as the degradation temperature (3652°C) is higher than the cement plant furnace temperature (up to 2200°C) (Environment & Health Canada, 2013)
>6 There are only very few products on the food market  (Environment & Health Canada, 2013).
>7 It is assumed that textiles are washed, but leather is not. Thus, contrary to leather, particles can be released from textiles into the environment.
>8 There are three drugs on the market. However, as this is only a very limited amount and these drugs seem to be alternative, this row was not assessed (Health Canada, 2016).
>9 The amount of black paper compared to white paper is negligible.
>10 Compared to TiO2 or ZnO the beauty products containing carbon black are only used on a small area of the skin. Therefore, the assessment classes here are lower compared to the other two substances mentioned.
>11 For all of the assessed NPs, both workers and environmental exposure were rated as 2, because further information is necessary to assess the risk in more specific manner. Specific local regulation and protection measures might influence the final risk exposure evaluation heavily. 

> Environment & Health Canada. 2013. ‘Screening Assessment for the Challenge Carbon Black’. https://www.ec.gc.ca/ese-ees/2CF34283-CD2B-4362-A5D6-AD439495D0D1/FSAR_B12%20-%201333-86-4%20%28Carbon%20Black%29_EN.pdf.
> Health Canada. 2016. ‘Drugs and Health Products Containing Carbon Black’. http://webprod5.hc-sc.gc.ca/lnhpd-bdpsnh/search-recherche.do?lang=eng&field_Champ2=&field_Champ3=&field_Champ4=&field_Champ5=&field_Champ6=&condition2=&condition3=&condition4=&condition5=&crit2=&crit3=&crit4=&crit5=&crit6=&op2=&op3=&op4=&op5=&op6=&productStatus_EtatProduit=2&field_Champ1=3&op1=0&crit1=carbon+black&condition1=0&dateOp2=0&monthLicensing_MoisHomologation=&yearLicensing_AnneeHomologation=&dateOp1=0&monthRevised_MoisModifiee=&yearRevised_AnneeModifiee=&action=Search.
> Wikipedia. 2016. ‘Carbon Black’. https://en.wikipedia.org/wiki/Carbon_black#Common_uses.
> Wiley. 1999. ‘Industrierusse (Carbon Black) in Form Atembarer Stäube’. http://onlinelibrary.wiley.com/doi/10.1002/3527600418.mb133386stad0029/full.




				RISK 
(hazard and exposure multiplied; maximum number is 100)







				Carbon black						production site related
(raw material producing and further processing companies)				 final product related

				NAICS		INDUSTRY				workers risk		gradual and accidental environmental risk		consumer risk		gradual environmental risk

				11		Agriculture,  Forestry, Fishing and Hunting				0		0		0		0

				21		Mining, Quarrying, and Oil and Gas Extraction				0		0		x		x

				22		Utilities				0		0		0		0

				236		Construction of Buildings				41		10		20		20

				311		Food Manufacturing				20		10		41		10

				312		Beverage and Tobacco Product Manufacturing				0		0		0		0

				313/314/315		Textiles & Apparels				41		10		41		20

				316		Leather and Allied Product Manufacturing				41		10		41		10

				321		Wood Product Manufacturing				0		0		0		0

				322		Paper Manufacturing				20		10		20		10

				323		Printing and Related Support Activities				0		0		0		0

				324		Petroleum and Coal Products Manufacturing				0		0		0		0

				325/3251		Chemical Manufacturing (inlcuding Base Chemical Manufacturing)				61		20		x		x

				3252		Resin, Synthetic Rubber, and Artificial Synthetic Fibers and Filaments Manufacturing				61		20		x		x

				3253		Pesticide, Fertilizer, and Other Agricultural Chemical Manufacturing				0		0		0		0

				3254		Pharmaceutical and Medicine Manufacturing				0		0		0		0

				3255		Paint, Coating, and Adhesive ManufacturingT				41		20		20		10

				3256		Soap, Cleaning Compound, and Toilet Preparation Manufacturing				41		20		41		10

				32591		Printing Ink Manufacturing				61		20		61		20

				326		Plastics and Rubber Products Manufacturing				61		20		20		30

				327		Nonmetallic Mineral Product Manufacturing				20		10		20		10

				331		Primary Metal Manufacturing				0		0		x		x

				332		Fabricated Metal Product Manufacturing				0		0		0		0

				333		Machinery Manufacturing				0		0		0		0

				334		Computer and Electronic Product Manufacturing				0		0		0		0

				335		Electrical Equipment, Appliance, and Component Manufacturing				20		10		20		10

				336		Transportation Equipment Manufacturing				0		0		0		0

				337		Furniture and Related Product Manufacturing				0		0		0		0

				339		Miscellaneous Manufacturing				20		0		0		0

				3391		Medical Equipment and Supplies Manufacturing				0		0		0		0

				622		Hospitals				0		0		0		0

				562		Administrative and Support and Waste Management and Remediation Services				41		20		x		x

















































































































































































































































































































































































































































































































































































































5) ZnO

				ZnO NPs				NO GUARANTEE CAN BE GIVEN FOR COMPLETENESS OR CORRECTNESS OF THE DATA SHOWN IN THIS ASSESSMENT TOOL. THIS DOCUMENT IS THE INTELLECTUAL PROPERTY OF THE "SCHWEIZERISCHER VERSICHERUNGSVERBAND" (SVV).  ANY COPYING IS FORBIDDEN.



				GENERAL INFORMATION



				ZnO nanoparticles are a colourless powder (European Commission, 2012) while particles of larger scale are white. The substance is used as an effective UV filter with a different spectrum than TiO2. Additionally, it has antimicrobial properties and is an active agent in self-cleaning products. As ZnO is able to absorb electromagnetic waves it can be used in military and commercial applications. ZnO is present in the earth crust as mineral zincite but most ZnO used commercially is produced synthetically. The different chemical synthesis methods of nano ZnO are described in Sabir et al. (2014): The most common way is the vapour transport synthesis. There is also a chemical reaction of zinc metal with alcohol, a precipitation method and a chemical reaction of zinc acetate dihydrate and NaOH. Alternatives using plants or microbials have been suggested. ZnO nanoparticles have a low solubility in water. Zinc ions can be released, what is relevant for the toxicity assessment (Sachverständigenrat für Umweltfragen, 2011 ; Vandebriel et al., 2012 ). Another mechanism for cytoxoticity seems to be the generation of reactive oxygen species (Rasmussen et al., 2010).

Following products were found to contain ZnO NPs:
cosmetics: sunscreens (transparent UV filter), moisturizing creams for face/feet/hands, deo spray, exfoliaters, foot deodorant powder and spray, makeup
paints: varnishes (UV-filter, self-cleaning agent), dispersions for wood/plastic/textiles, coating solutions
electronics: cooling fluids for automotive or electronics, semiconductors in electronics (TFT screens), solar cells (research only)
food: dietary supplements, plastic wrap for food 
textiles: socks, shoe insole
filters: shower filter against inpurities, chlorine and hardness of water  (Nanodatabase, 2016; Aqulic, 2016)
plastics: increasing abrasion resistance, preventing UV and bacterial degradation, tyres
medicine: cancer therapy, bactericide, nanosensors for diabetes (in research only  (Cash, 2010))

> Aqulic. 2016. ‘Aqulic Shower Filter: The Best Shower Filter in the World’. http://www.aqulic.com/product.aspx.
>  Cash, K. J., and H. A. Clark. 2010. ‘Nanosensors and Nanomaterials for Monitoring Glucose in Diabetes’. Trends in Molecular Medicine 16 (12): 584–93. doi:10.1016/j.molmed.2010.08.002.
>  European Commission. 2012. Types and Uses of Nanomaterials, Including Safety Aspects. Accompanying the Communication from the Commission to the European Parliament, the Council and the European Economic and Social Committee on the Second Regulatory Review on Nanomaterials. Brussels: Publications Office.
>  Nanodatabase. 2016. ‘IntelGadgets Shower Bath Tub Tap Water Filter’. http://nanodb.dk/en/product/?pid=3815.
> Rasmussen, J.W., E. Martinez, P. Louka, and D.G. Wingett. 2010. ‘Zinc Oxide Nanoparticles for Selective Destruction of Tumor Cells and Potential for Drug Delivery Applications’. Expert Opinion on Drug Delivery 7 (9): 1063–77. doi:10.1517/17425247.2010.502560.
> Sachverständigenrat für Umweltfragen. 2011. Vorsorgestrategien Für Nanomaterialien - Sondergutachten. Berlin: Erich Schmidt Verlag. http://www.umweltrat.de/SharedDocs/Downloads/DE/02_Sondergutachten/2011_09_SG_Vorsorgestrategien%20f%C3%BCr%20Nanomaterialien.pdf?__blob=publicationFile.
> Sabir, S., M. Arshad, and S. K. Chaudhari. 2014. ‘Zinc Oxide Nanoparticles for Revolutionizing Agriculture: Synthesis and Applications’. The Scientific World Journal. doi:doi:10.1155/2014/925494.
> Vandebriel, R., and W. De Jong. 2012. ‘A Review of Mammalian Toxicity of ZnO Nanoparticles’. Nanotechnology, Science and Applications, 61. doi:10.2147/NSA.S23932.








						input		CATEGORY		COMMENT				REFERENCES

				GLOBAL PRODUCTION VOLUME (t/y)		10'000 - 100'000		3		The global production is equal to several thousand tonnes per year (European Commission, 2012). In Alibaba, there are a lot of companies only selling amounts of 5 tons or more. 				European Commission. 2012. Types and Uses of Nanomaterials, Including Safety Aspects. Accompanying the Communication from the Commission to the European Parliament, the Council and the European Economic and Social Committee on the Second Regulatory Review on Nanomaterials. Brussels: Publications Office.

				SPREAD 
(number of products)		<100		1		67 products were identified, mostly cosmetics, taking into account all sources. Overall, 39 end products categories produced by 35 companies were found that are shown in the application split chart on the right side: There are 38 hits in the Nanotechproject of Woodrow Wilson (Nanotechproject, 2016). 20 products were found in the Nanodatabase (2016) and 7 in the German database (Nanoproduktdatenbank, 2016).				Nanodatabase. 2016. ‘Search Results for ZnO’. http://nanodb.dk/en/search-database/#pageno=&keyword=&fn.lp_m=2944&fn.d_cd_f=&fn.d_cd_t=.

Nanoproduktdatenbank. 2016. ‘Suchresultate Für ZnO’. http://www.bund.net/nc/themen_und_projekte/nanotechnologie/nanoproduktdatenbank/produktsuche/.

Nanotechproject. 2016. ‘Search Results for ZnO’. http://www.nanotechproject.org/cpi/search-products/?title=&asmSelect0=&date_created=&date_modified=&nanomaterials%5B%5D=1151&search-products_submit=Search&_submitKey=16%3Asearch-products%3A0.




				HAZARDS



								input		CATEGORY		COMMENT				REFERENCES

				HUMAN HAZARD		TOTAL		18		10		The range of the categories is 1-4. The final value for the human hazard is calculated by summing up all categories and penalty points. Therefore, the maximum value (without penalty points)  is 18. 

						toxicity (MAK [ppm])
INHALATION		>1-10		3		Compared to carbon black, single-walled CNTs and SiO2 nanoparticles the ZiO2 nanoparticles showed an increased toxicological potential in cell culture tests (Sachverständigenrat für Umweltfragen, 2011). This toxicity is supposed to result from dissolved Zn(ll) in the culture medium or inside cells (Vandebriel, 2012).

INHALATION:
Known responses of the inhalation of ZnO in human are temporary pulmonary inflammatory response and metal fume fever (European Commission, 2012; Sachverständigenrat für Umweltfragen, 2012). Therefore, this exposure path was chosen to represent the toxicity in the assessment. 
Gao et al (2013) noticed significant damages to the olfactory epithelium as well as inflammation reactions in mice after intranasal instillation. They concluded that caution should be taken during the use and disposal of ZnO NPs to prevent unintended public health impacts.
Liu et al. (2008) also noticed severe pulmonary inflammation, becoming more severe with increasing dose after intratracheal instillation in mice. Additional reactions were the thickening of alveolar walls, weight loss and anemia.
Sayes et al. (2007) made an in vivo experiment with rats by exposing them via a single intratracheal instillation (1 or 5 mg/kg). A cytotoxic response was apparent. However, the inflammation was reversible.
The MAK for zinc oxide fume is 1mg/m3 Luft (Sachverständigenrat für Umweltfragen, 2012), the PEL is 5 mg/m3 (OSHA, 2016). However, metal fume fever developed in workers exposed to 2.5 mg/m3 for two hours. Therefore, the PEL seems to be too high.

ORAL:
Zinc is an essential micronutrient for humans. The oral exposition of mice with nano zinc (5g/kg body weight) lead to renal damage and pathological lesions in the liver and heart tissue as well as slight stomach and intestinal inflammation (Wang et al., 2006).

DERMAL:
Dermal studies show that ZnO nanoparticles do not penetrate the skin (Prospect, 2012; Sachverständigenrat für Umweltfragen, 2011). However, Zn ions that are released from nanoparticles can penetrate the skin in small quantities (Cross et al, 2007; Gulson et al., 2010).
Long-term investigations with human beings are missing.				Cross, S.E., B. Innes, M.S. Roberts, T. Tsuzuki, T.A. Robertson, and P. McCormick. 2007. ‘Human Skin Penetration of Sunscreen Nanoparticles: In-Vitro Assessment of a Novel Micronized Zinc Oxide Formulation’. Skin Pharmacology and Physiology 20 (3): 148–54. doi:10.1159/000098701.

European Commission. 2012. Types and Uses of Nanomaterials, Including Safety Aspects. Accompanying the Communication from the Commission to the European Parliament, the Council and the European Economic and Social Committee on the Second Regulatory Review on Nanomaterials. Brussels: Publications Office.

Gao, L., S.-T. Yang, S. Li, Y. Meng, H. Wang, and H. Lei. 2013. ‘Acute Toxicity of Zinc Oxide Nanoparticles to the Rat Olfactory System after Intranasal Instillation: Acute Toxicity of Zinc Oxide Nanoparticles’. Journal of Applied Toxicology 33 (10): 1079–88. doi:10.1002/jat.2842.

Gulson, B., M. McCall, M. Korsch, L. Gomez, P. Casey, Y. Oytam, A. Taylor, L. Kinsley, and G. Greenoak. 2010. ‘Small Amounts of Zinc from Zinc Oxide Particles in Sunscreens Applied Outdoors Are Absorbed through Human Skin’. Toxicological Sciences. http://toxsci.oxfordjournals.org/content/early/2010/08/12/toxsci.kfq243.abstract.

Liu, ZH., X. Wang, HF. Wang, TC. Wang, YQ. Gu, L. Yan, ST. Yang, et al. 2008. ‘Acute Toxicity of Nano-Sized Zinc Oxide in ICR Mice via Intratracheal Instillation’. Journal of Environmental & Occupational Medicine 25 (4): 360–64.

OSHA. 2016. ‘Chemical Sampling Information, Zinc Oxide Fume’. Accessed January 14. https://www.osha.gov/dts/chemicalsampling/data/CH_277000.html.

PROSPECT. 2009. ‘Toxicological Review of Nano Zinc Oxide’. http://www.nanotechia.org/sites/default/files/files/PROSPECT_Nano-ZnO_Literature_Review.pdf.

Sachverständigenrat für Umweltfragen. 2011. Vorsorgestrategien Für Nanomaterialien - Sondergutachten. Berlin: Erich Schmidt Verlag. http://www.umweltrat.de/SharedDocs/Downloads/DE/02_Sondergutachten/2011_09_SG_Vorsorgestrategien%20f%C3%BCr%20Nanomaterialien.pdf?__blob=publicationFile.

Sayes, C. M., K. L. Reed, and D. B. Warheit. 2007. ‘Assessing Toxicity of Fine and Nanoparticles: Comparing In Vitro Measurements to In Vivo Pulmonary Toxicity Profiles’. Toxicological Sciences 97 (1): 163–80. doi:10.1093/toxsci/kfm018.

Vandebriel, R., and W. De Jong. 2012. ‘A Review of Mammalian Toxicity of ZnO Nanoparticles’. Nanotechnology, Science and Applications, 61. doi:10.2147/NSA.S23932.

Wang, B., W.-Y. Feng, T.-C. Wang, G. Jia, M. Wang, J.W. Shi, F. Zhang, Y. Zhao, and Z.-F. Chai. 2006. ‘Acute Toxicity of Nano- and Micro-Scale Zinc Powder in Healthy Adult Mice’. Toxicology Letters 161 (2): 115–23. doi:10.1016/j.toxlet.2005.08.007.





						carcinogenicity		not classifiable (GROUP 3)		2		There is not sufficient and contradictory information available. A good summary of the genotoxicity studies is shown in An et al. (2014). 				An, A.S.A., J.Y. Kwon, P. Koedrith, and Y.R. Seo. 2014. ‘Current Investigations into the Genotoxicity of Zinc Oxide and Silica Nanoparticles in Mammalian Models in Vitro and in Vivo: Carcinogenic/genotoxic Potential, Relevant Mechanisms and Biomarkers, Artifacts, and Limitations’. International Journal of Nanomedicine, December, 271. doi:10.2147/IJN.S57918.


						mutagenicity		not classifiable		2		No genetic toxicity is proven in vitro and in vivo (BASF reports cited in Prospect (2009)). Genotoxicity was only observed in in vitro studies, while in vivo studies were negative (Vandebriel et al., 2012). Therefore, no assessment of the mutagenicity can be done.				PROSPECT. 2009. ‘Toxicological Review of Nano Zinc Oxide’. http://www.nanotechia.org/sites/default/files/files/PROSPECT_Nano-ZnO_Literature_Review.pdf.

Vandebriel, R., and W. De Jong. 2012. ‘A Review of Mammalian Toxicity of ZnO Nanoparticles’. Nanotechnology, Science and Applications, 61. doi:10.2147/NSA.S23932.



						reproductive toxicity		possibly or probably toxic for reproductive system		3		Jo et al. (2013) showed the negative effect of the ZnO in rats. The latter were exposed to 500 mg/kg bw nano ZnO and showed reduced number of born and living pups, decreased body weight of pups and increased fetal resorption. 
Nano-sized ZnO caused reproductive effects in earthworms in artificial soil (Cañas et al., 2011). According to Zhao et al. (2013) the nano-ZnO shows a dose-dependent toxicity to zebrafish embryos and larvae, reducing the hatching rate and inducing malformation.				Cañas, J.E., B. Qi, S. Li, J.D. Maul, S.B. Cox, S. Das, and M.J. Green. 2011. ‘Acute and Reproductive Toxicity of Nano-Sized Metal Oxides (ZnO and TiO2) to Earthworms (Eisenia Fetida)’. Journal of Environmental Monitoring 13 (12): 3351. doi:10.1039/c1em10497g.

Jo, E., G. Seo, J.-T. Kwon, M. Lee, B.C. Lee, and I. Eom. 2013. ‘Exposure to Zinc Oxide Nanoparticles Affects Reproductive  Development and Biodistribution in Offspring Rats’. The Journal of Toxicological Sciences 38 (4): 525–30.

Zhao, X.S., S.T. Wang, Y. Wu, H. You, and L. Lv. 2013. ‘Acute ZnO Nanoparticles Exposure Induces Developmental Toxicity, Oxidative Stress and DNA Damage in Embryo-Larval Zebrafish’. AQUATIC TOXICOLOGY 136: 49–59. doi:10.1016/j.aquatox.2013.03.019.




						penalty points		no		0		no comment

				comments 

		> The main path was chosen to be the inhalation. 
> The Sachverständigenrat für Umweltfragen (2011) notes a small human toxicity and a middle environmental toxicity.


> Sachverständigenrat für Umweltfragen. 2011. Vorsorgestrategien Für Nanomaterialien - Sondergutachten. Berlin: Erich Schmidt Verlag. http://www.umweltrat.de/SharedDocs/Downloads/DE/02_Sondergutachten/2011_09_SG_Vorsorgestrategien%20f%C3%BCr%20Nanomaterialien.pdf?__blob=publicationFile.





								input		CATEGORY		COMMENT				REFERENCES

				ENVIRONMENTAL HAZARD		TOTAL		10		8		The range of the categories is 1-4. The final value for the environmental hazard is calculated by summing up all categories and penalty points. Therefore, the maximum value (without penalty points)  is 10. 

						persistence/bioaccumulation
		yes		4		ZnO nanoparticles show high persistence in soils (Gimbert et al., 2007): In the experiment, they were stable in the soil suspension for 14 days and did not go into solution and did not sorb. In water (at least tap water) ZnO nanoparticles agglomerate rapidly. It is not proven yet that the same happens in natural water bodies. (Sachverständigenrat für Umweltfragen. 2011; Stone et Hankin, 2009; Zhang et al., 2008).				Gimbert, L.J., R.E. Hamon, P.S. Casey, and P.J. Worsfold. 2007. ‘Partitioning and Stability of Engineered ZnO Nanoparticles in Soil Suspensions Using Flow Field-Flow Fractionation’. Environmental Chemistry 4: 8–10.

Sachverständigenrat für Umweltfragen. 2011. Vorsorgestrategien Für Nanomaterialien - Sondergutachten. Berlin: Erich Schmidt Verlag. http://www.umweltrat.de/SharedDocs/Downloads/DE/02_Sondergutachten/2011_09_SG_Vorsorgestrategien%20f%C3%BCr%20Nanomaterialien.pdf?__blob=publicationFile.

Stone, V., and S. Hankin. 2009. ‘Engineered Nanoparticles: Review of Health and Environmental Safety’. ENRHES.

Zhang, Y., Y. Chen, P. Westerhoff, K. Hristovski, and J.C. Crittenden. 2008. ‘Stability of Commercial Metal Oxide Nanoparticles in Water’. Water Research 42 (8-9): 2204–12. doi:10.1016/j.watres.2007.11.036.




						aquatic toxicity 
(LC50 for fish [ppm]=[mg/l])		<10		4		The bulk material was classified as "very toxic to aquatic life with long lasting effects" by the European Commission (2012).
The 96h-LC50 for zebrafish is 3.5-9.1 mg/l in Wehmas et al. (2015), 1.793 mg/l in Zhu et al. (2008) and 4.92 mg/l in Daowen et al. (2011). The LC50 value for daphnia is 3.2 mg/l according to Heinlaan et al. (2008). and 1.02 mg/l in Lopes et al. (2014) mentioned in The Danish Environmental Protection Agency (2015). This high toxicity probably emerges because Zn ions are released. 				Daowen, X., F. Tao, Y. Linpeng, S. Xiaofeng, and Z. Wentao. 2011. ‘Effects of Nano-Scale TiO2, ZnO and Their Bulk Counterparts on Zebrafish: Acute Toxicity, Oxidative Stress and Oxidative Damage.’ Science of The Total Environment 409 (8): 1444–52.

European Commission. 2012. Types and Uses of Nanomaterials, Including Safety Aspects. Accompanying the Communication from the Commission to the European Parliament, the Council and the European Economic and Social Committee on the Second Regulatory Review on Nanomaterials. Brussels: Publications Office.

Heinlaan, Margit, Angela Ivask, Irina Blinova, Henri-Charles Dubourguier, and Anne Kahru. 2008. ‘Toxicity of Nanosized and Bulk ZnO, CuO and TiO2 to Bacteria Vibrio Fischeri and Crustaceans Daphnia Magna and Thamnocephalus Platyurus’. Chemosphere 71 (7): 1308–16. doi:10.1016/j.chemosphere.2007.11.047.

Lopes, S., F. Ribeiro, J. Wojnarowicz, W. Łojkowski, K. Jurkschat, A. Crossley, A.M.V.M. Soares, and S. Loureiro. 2014. ‘Zinc Oxide Nanoparticles Toxicity to “Daphnia Magna”: Size-Dependent Effects and Dissolution: Effect of ZnO Nanoparticles on “Daphnia Magna”’. Environmental Toxicology and Chemistry 33 (1): 190–98. doi:10.1002/etc.2413.

The Danish Environmental Protection Agency. 2015. ‘Environmental Effects of Engineered Nanomaterials - Estimation of Predicted No-Effect Concentrations (PNECs)’. Copenhagen. http://www2.mst.dk/Udgiv/publications/2015/09/978-87-93352-70-4.pdf.

Wehmas, Leah C., Catherine Anders, Jordan Chess, Alex Punnoose, Cliff B. Pereira, Juliet A. Greenwood, and Robert L. Tanguay. 2015. ‘Comparative Metal Oxide Nanoparticle Toxicity Using Embryonic Zebrafish’. Toxicology Reports 2: 702–15. doi:10.1016/j.toxrep.2015.03.015.

Zhu, Xiaoshan, Lin Zhu, Zhenghua Duan, Ruiqi Qi, Yan Li, and Yupeng Lang. 2008. ‘Comparative Toxicity of Several Metal Oxide Nanoparticle Aqueous Suspensions to Zebrafish ( Danio Rerio ) Early Developmental Stage’. Journal of Environmental Science and Health, Part A 43 (3): 278–84. doi:10.1080/10934520701792779.








						penalty points		no		0		no comment

				comments		> Nano ZnO suspensions show significant growth inhibition in bacteria. 
> The Sachverständigenrat für Umweltfragen (2011) notes a small human toxicity and a middle environmental toxicity.

> Jones, N., B. Ray, K.T. Ranjit, and A.C. Manna. 2008. ‘Antibacterial activity of ZnO nanoparticle suspensions on a broad spectrum of microorganisms’. FEMS Microbiology Letters 279 (1): 71–76. doi:10.1111/j.1574-6968.2007.01012.x.
> Sachverständigenrat für Umweltfragen. 2011. Vorsorgestrategien Für Nanomaterialien - Sondergutachten. Berlin: Erich Schmidt Verlag. http://www.umweltrat.de/SharedDocs/Downloads/DE/02_Sondergutachten/2011_09_SG_Vorsorgestrategien%20f%C3%BCr%20Nanomaterialien.pdf?__blob=publicationFile.
> Zhang, L., Y. Jiang, Y. Ding, M. Povey, and D. York. 2007. ‘Investigation into the antibacterial behaviour of suspensions of ZnO nanoparticles (ZnO Nanofluids)’. Journal of Nanoparticle Research 9 (3): 479–89. doi:10.1007/s11051-006-9150-1.





				EXPOSURE
(probability that this exposure materializes)





										production site related
(raw material producing and further processing companies)				 final product related

				NAICS		INDUSTRY				workers exposure		gradual and accidental environmental exposure		consumer exposure 		gradual environmental exposure		products

				11		Agriculture,  Forestry, Fishing and Hunting				0		0		0		0

				21		Mining, Quarrying, and Oil and Gas Extraction				0		0		x		x

				22		Utilities				0		0		0		0

				236		Construction of Buildings				0		0		0		0

				311		Food Manufacturing				1		1		2		1		6 dietary supplements, plastic wrap for food

				312		Beverage and Tobacco Product Manufacturing				0		0		0		0

				313/314/315		Textiles & Apparels				1		1		2		1		socks, shoe insole

				316		Leather and Allied Product Manufacturing				0		0		0		0

				321		Wood Product Manufacturing				0		0		0		0

				322		Paper Manufacturing				0		0		0		0

				323		Printing and Related Support Activities				0		0		0		0

				324		Petroleum and Coal Products Manufacturing				0		0		0		0

				325/3251		Chemical Manufacturing (inlcuding Base Chemical Manufacturing)				2		2		x		x		1,7 raw material manufacturing

				3252		Resin, Synthetic Rubber, and Artificial Synthetic Fibers and Filaments Manufacturing				2		2		x		x		1 resin production

				3253		Pesticide, Fertilizer, and Other Agricultural Chemical Manufacturing				0		0		0		0

				3254		Pharmaceutical and Medicine Manufacturing				1		1		3		2		cancer drugs (Abraxane, Taxol, Myocet)

				3255		Paint, Coating, and Adhesive Manufacturing				2		1		2		2		paints, varnishes, dispersions for wood/plastic/textiles, coating solutions

				3256		Soap, Cleaning Compound, and Toilet Preparation Manufacturing				3		2		3		3		sunscreen, moisturizing creams for face/feet/hands, deo spray, exfoliaters, foot deodorant powder and spray, makeup

				32591		Printing Ink Manufacturing				0		0		0		0

				326		Plastics and Rubber Products Manufacturing				3		2		1		3		plastic wrap, filters, tires 

				327		Nonmetallic Mineral Product Manufacturing				0		0		0		0

				331		Primary Metal Manufacturing				0		0		x		x

				332		Fabricated Metal Product Manufacturing				0		0		0		0

				333		Machinery Manufacturing				0		0		0		0

				334		Computer and Electronic Product Manufacturing				0		0		0		0		5 -

				335		Electrical Equipment, Appliance, and Component Manufacturing				0		0		0		0		5 -

				336		Transportation Equipment Manufacturing				0		0		0		0

				337		Furniture and Related Product Manufacturing				0		0		0		0

				339		Miscellaneous Manufacturing				0		0		0		0

				3391		Medical Equipment and Supplies Manufacturing				0		0		0		0

				622		Hospitals				0		0		3		2		3 cancer drugs

				562		Administrative and Support and Waste Management and Remediation Services				2		2		x		x		1,2,8 waste management, recycling processes

				comments		> The categories were first set individually by every member of the working group and then discussed in a group meeting. 
> The probability of claims was not included in this assessment.
> Products in research but not on the market yet were not included here.
>1 As there are no end products but intermediate products only in chemical manufacturing, resin production and the waste management these fields cannot be filled (x). 
>2 The waste management part is neglected in all rows except the last one (waste water treatment plants, landfills, incineration). 
>3 In hospitals the production part is related to the employees that do not get in contact with the equipment or the drugs. Therefore, the exposure there is negligible. The product part is related to the patient. 
>4 It is assumed that the largest share of nano ZnO is used in the tire industy. However, in contrast to carbon black, ZnO in the tire industry is not only used as a filler but also as a promoter of vulcanisation.
>5 No specific products were found in electronics. However, products are mentioned in the literature (see introduction).
>6 In contrast to silver, the human body needs zinc. Therefore, the consumer exposure for humans and ZnO nanoparticles is lower than the one for silver nanoparticles.
>7 The production of nano ZnO is based on wet chemistry. This is assessed to be less harmfull than the production of a powder.
>8 For all of the assessed NPs, both workers and environmental exposure were rated as 2, because further information is necessary to assess the risk in more specific manner. Specific local regulation and protection measures might influence the final risk exposure evaluation heavily. 




				RISK 
(hazard and exposure multiplied; maximum number is 100)







				Zinc oxide						production site related
(raw material producing and further processing companies)				 final product related

				NAICS		INDUSTRY				workers risk		gradual and accidental environmental risk		consumer risk		gradual environmental risk

				11		Agriculture,  Forestry, Fishing and Hunting				0		0		0		0

				21		Mining, Quarrying, and Oil and Gas Extraction				0		0		x		x

				22		Utilities				0		0		0		0

				236		Construction of Buildings				0		0		0		0

				311		Food Manufacturing				19		27		37		27

				312		Beverage and Tobacco Product Manufacturing				0		0		0		0

				313/314/315		Textiles & Apparels				19		27		37		27

				316		Leather and Allied Product Manufacturing				0		0		0		0

				321		Wood Product Manufacturing				0		0		0		0

				322		Paper Manufacturing				0		0		0		0

				323		Printing and Related Support Activities				0		0		0		0

				324		Petroleum and Coal Products Manufacturing				0		0		0		0

				325/3251		Chemical Manufacturing (inlcuding Base Chemical Manufacturing)				37		53		x		x

				3252		Resin, Synthetic Rubber, and Artificial Synthetic Fibers and Filaments Manufacturing				37		53		x		x

				3253		Pesticide, Fertilizer, and Other Agricultural Chemical Manufacturing				0		0		0		0

				3254		Pharmaceutical and Medicine Manufacturing				19		27		56		53

				3255		Paint, Coating, and Adhesive ManufacturingT				37		27		37		53

				3256		Soap, Cleaning Compound, and Toilet Preparation Manufacturing				56		53		56		80

				32591		Printing Ink Manufacturing				0		0		0		0

				326		Plastics and Rubber Products Manufacturing				56		53		19		80

				327		Nonmetallic Mineral Product Manufacturing				0		0		0		0

				331		Primary Metal Manufacturing				0		0		x		x

				332		Fabricated Metal Product Manufacturing				0		0		0		0

				333		Machinery Manufacturing				0		0		0		0

				334		Computer and Electronic Product Manufacturing				0		0		0		0

				335		Electrical Equipment, Appliance, and Component Manufacturing				0		0		0		0

				336		Transportation Equipment Manufacturing				0		0		0		0

				337		Furniture and Related Product Manufacturing				0		0		0		0

				339		Miscellaneous Manufacturing				0		0		0		0

				3391		Medical Equipment and Supplies Manufacturing				0		0		0		0

				622		Hospitals				0		0		56		53

				562		Administrative and Support and Waste Management and Remediation Services				37		53		x		x

















































































































































































































































































































































































































































































































































































































6) SiO2

				Amorphous silica (silicon dioxide) NPs				NO GUARANTEE CAN BE GIVEN FOR COMPLETENESS OR CORRECTNESS OF THE DATA SHOWN IN THIS ASSESSMENT TOOL. THIS DOCUMENT IS THE INTELLECTUAL PROPERTY OF THE "SCHWEIZERISCHER VERSICHERUNGSVERBAND" (SVV).  ANY COPYING IS FORBIDDEN.



				GENERAL INFORMATION



				Silicon (Si) is the second most abundant chemical element in the earth crust after oxigen. It is present as a metal complex in the form of silicate minerals. The oxide of silicon is called silicon dioxide or silica (SiO2) (ECETOC, 2006). Silica can be split up in three groups: There is natural crystalline silica, natural amorphous silica and synthetic amorphous silica (Fruijtier-Pölloth, 2012; Sewan et al., 2014). In crystalline silica, the silicon and oxygen atoms are arranged in a fixed geometric pattern, while in amorphous silica no spatial ordering of the atoms is present (Merget et al., 2001). However, as engineered SiO2 nanoparticles are amorphous this assessment focuses on synthetic amorphous silica only. In the following, it is called "nanosilica".
Silica exists naturally but can also be produced artificially: The flame synthesis or pyrolysis is a dry process with high temperatures and is used in the industry for mass production of these nanoparticles. Smaller production volumes are generated by wet processes (precipitated silica and silica gels) (Al-Rawi et al., 2011; Sewan et al., 2014, Napierska et al., 2010; Merget at al., 2001). The final product is a powder for both methods. However, the intermediate product from the wet process has to be dried first. Silica nanoparticles are usually tailor-made to meet the requirements of the user (ECETOC, 2006). 

Following products containing nanosilica were found  (Sachverständigenrat für Umweltfragen, 2011; Al-Rawi et al., 2011):
electronics: precision polishing agent in the semiconductor industry, memory stick
plastics: additive used to control the elasticity or as a filler, tires
cement: at least in research (Sobolov et al., 2009)
paints and sealants: pigment, dye, varnish, glue, anti-graffiti paint
coating: impregnation spray for textiles and furniture, coating (for garden application or construction for antidirt purposes), sealant,
desiccant
fire extinguisher (Wikipedia, 2016)
cleaning and anti-fog products: for example SiO2 nanotech (2016) with VitreOx
sporting goods: skis, rackets (for longer life)
cosmetics: creams (nanosilica as filler or gelling agent), toothpaste 
pharmaceuticals: medical tests for cancer, for bioimaging and drug-delivery (at least in research according to Lu et al., 2007; Huang et al., 2005; Gemeinhart et al., 2008), dental restoration composite
food: colloidal solution as food additives, food packaging, PET bottles (Dekkers et al., 2011), anti-caking agent (E551)

A known base product is "Aerosil" (Evonik Industries, 2016).


> Al-Rawi, M., S. Diabaté, and C. Weiss. 2011. ‘Uptake and Intracellular Localization of Submicron and Nano-Sized SiO2 Particles in HeLa Cells’. Archives of Toxicology 85 (7): 813–26. doi:10.1007/s00204-010-0642-5.
> Dekkers, S., P. Krystek, R.J.B. Peters, D.P.K. Lankveld, B.G.H. Bokkers, P.H. van Hoeven-Arentzen, H. Bouwmeester, and A.G. Oomen. 2011. ‘Presence and Risks of Nanosilica in Food Products’. Nanotoxicology 5 (3). http://www.tandfonline.com/doi/full/10.3109/17435390.2010.519836.
> ECETOC. 2006. ‘Synthetic Amorphous Silica (CAS No. 7631-86-9)’. JACC No. 51. http://members.ecetoc.org/Documents/Document/JACC%20051.pdf.
> Evonik Industries. 2016. ‘AEROSIL® Fumed Silica - More than Just a Powder’. http://www.aerosil.com/product/aerosil/en/products/pages/default.aspx.
> Fruijtier-Pölloth, C. 2012. ‘The Toxicological Mode of Action and the Sagety of Synthetic Amorphous Silca - A Nanostructured Material’. Toxicology 294: 61–79.
> Gemeinhart, R.A., D. Luo, and W.M. Saltzman. 2008. ‘Cellular Fate of a Modular DNA Delivery System Mediated by Silica Nanoparticles’. Biotechnology Progress 21 (2): 532–37. doi:10.1021/bp049648w.
> Huang, D.-M., Y. Hung, B.-S. Ko, S.-C. Hsu, W.-L. Chen, C.L. Chien, C.-P. Tsai, et al. 2005. ‘Highly Efficient Cellular Labeling of Mesoporous Nanoparticles in Human Mesenchymal Stem Cells: Implication for Stem Cell Tracking’. The FASEB Journal 19 (14): 2014–16.
> Lu, J., M. Liong, S. Sherman, T. Xia, M. Kovochich, A.E. Nel, J.I. Zink, and F. Tamanoi. 2007. ‘Mesoporous Silica Nanoparticles for Cancer Therapy: Energy-Dependent Cellular Uptake and Delivery of Paclitaxel to Cancer Cells’. NanoBiotechnology 3 (2): 89–95. doi:10.1007/s12030-008-9003-3.
> Merget, R., T. Bauer, H.U. Küpper, S. Philippou, H.D. Bauer, R. Breitstadt, and T. Bruenig. 2001. ‘Health Hazards due to the Inhalation of Amorphous Silica’. Archives of Toxicology - Springer 75: 625–34.
> Napierska, D., L.C.J. Thomassen, D. Lison, J.A. Martens, and P.H. Hoet. 2010. ‘The Nanosilica Hazard: Another Variable Entity’. Particle and Fibre Toxicology 7 (1): 1.
> Sachverständigenrat für Umweltfragen. 2011. Vorsorgestrategien Für Nanomaterialien - Sondergutachten. Berlin: Erich Schmidt Verlag. http://www.umweltrat.de/SharedDocs/Downloads/DE/02_Sondergutachten/2011_09_SG_Vorsorgestrategien%20f%C3%BCr%20Nanomaterialien.pdf?__blob=publicationFile.
> Sewan, O. H., K. I. M. Boowook, and K. I. M. Hyunwook. 2014. ‘Comparison of Nanoparticle Exposures Between Fumed and Sol-Gel Nano-Silica Manufacturing Facilities’. Industrial Health 52 (3): 190.
> SiO2 nanotech. 2016. “VitreOx.” http://sio2nanotech.com/.
> Sobolev, K., I. Flores, L. M. Torres-Martinez, P. L. Valdez, E. Zarazua, and E. L. Cuellar. 2009. ‘Engineering of SiO2 Nanoparticles for Optimal Performance in Nano Cement-Based Materials’. In Nanotechnology in Construction 3, 139–48. Springer. http://link.springer.com/10.1007/978-3-642-00980-8_18.>
> Wikipedia. 2016. ‘Pyrogenes Siliciumdioxid’. https://de.wikipedia.org/wiki/Pyrogenes_Siliciumdioxid.









						input		CATEGORY		COMMENT				REFERENCES

				GLOBAL PRODUCTION VOLUME (t/y)		>1'000'000		5		Nanosilica seems to be one of the most abundantly produced nanomaterials in the world:  Sewan et al. (2014) visited two factories in Korea: One of them is producing 9000 tons nano-SiO2/y. In Switzerland, more than 10t are used annually (Piccinno et al., 2012). This research group made a survey that results in a global production volume of about 10'000-100'000 t/y worldwide. However, it is mentioned that obviously nobody knows much about the exact production volume. Merget et al. (2011) estimated the worldwide production of amorphous silica in 1995 to be about one million tons. According to ECETOC (2006) it was about 1'100'000 t in 1992 worldwide with an increasing trend.				ECETOC. 2006. ‘Synthetic Amorphous Silica (CAS No. 7631-86-9)’. JACC No. 51. http://members.ecetoc.org/Documents/Document/JACC%20051.pdf.

Merget, R., T. Bauer, H.U. Küpper, S. Philippou, H.D. Bauer, R. Breitstadt, and T. Bruenig. 2001. ‘Health Hazards due to the Inhalation of Amorphous Silica’. Archives of Toxicology - Springer 75: 625–34.

Piccinno, F., F. Gottschalk, S. Seeger, and B. Nowack. 2012. ‘Industrial Production Quantities and Uses of Ten Engineered Nanomaterials in Europe and the World’. Journal of Nanoparticle Research 14 (9). doi:10.1007/s11051-012-1109-9.

Sewan, O. H., K. I. M. Boowook, and K. I. M. Hyunwook. 2014. ‘Comparison of Nanoparticle Exposures Between Fumed and Sol-Gel Nano-Silica Manufacturing Facilities’. Industrial Health 52 (3): 190.





				SPREAD 
(number of products)		101-1000		2		149 products were identified, mostly cosmetics and food supplements, taking into account all sources. Overall, 73 end products categories produced by 64 companies were found that are shown in the application split chart on the right side: 43 products were found in the Nanotechproject database of Woodrow Wilson (Nanotechproject, 2016). 45 products were found in the Nanodatabase (Nanodatabase, 2016), 46 in the German database (Nanoproduktdatenbank, 2016) and 15 in the database of Nanotechnology in our Food (2016).				Nanodatabase. 2016. ‘Search Results for Silica NPs’. http://nanodb.dk/en/search-database/?keyword=silicium#pageno=&keyword=silicium&fn.lp_m=2934&fn.d_cd_f=&fn.d_cd_t=.

Nanoproduktdatenbank. 2016. ‘Search Results for SiO2’. Accessed January 29. http://www.bund.net/nc/themen_und_projekte/nanotechnologie/nanoproduktdatenbank/produktsuche/.

Nanotechnlogy in our Food, 2016. http://salsa3.salsalabs.com/o/1881/p/salsa/web/common/public/content?content_item_KEY=14112%20

Nanotechproject. 2016. ‘Search Results for SiO2’. http://www.nanotechproject.org/cpi/search-products/?title=&asmSelect0=&date_created=&date_modified=&nanomaterials%5B%5D=1147&search-products_submit=Search&_submitKey=16%3Asearch-products%3A0.





				HAZARDS



								input		CATEGORY		COMMENT				REFERENCES

				HUMAN HAZARD		TOTAL		18		5		The range of the categories is 1-4. The final value for the human hazard is calculated by summing up all categories and penalty points. Therefore, the maximum value (without penalty points)  is 18. 

						toxicity (MAK)
INHALATION		>1-10		3		Clearly, the main exposure route of nanosilica is the inhalation. There is concern in the literature about pneumoconiosis, chronic bronchitis, COPD, bronchiolitis obliterans and carcinoma. Napierska et al. (2010) as well as ECETOC (2006) collected and summarised in-vivo and in-vitro studies about the toxicity of nanosilica. The LC50 values range from 90-3'730 mg/m3 what corresponds to categories 1-3 in this assessment. However, the authors in ECETOC (2006) emphasize in their summary that the size of the particles used in the experiments is much smaller than the size of particles in commercial products. Therefore, the existing inhalation tests do not represent the toxicological behaviour of the products on the market. Taking into account this concern and the large range of LC50 values in the literature, the MAK/PEL values were considered for the assessment:

The MAK and the PEL respectively is 4 mg/m3 in Germany and 10 mg/m3 in the United States and in France (Merget et al. , 2001; Sachverständigenrat für Umweltfragen, 2011; ECETOC, 2006). This corresponds to category 3 in this assessment.

				ECETOC. 2006. ‘Synthetic Amorphous Silica (CAS No. 7631-86-9)’. JACC No. 51. http://members.ecetoc.org/Documents/Document/JACC%20051.pdf.

Merget, R., T. Bauer, H.U. Küpper, S. Philippou, H.D. Bauer, R. Breitstadt, and T. Bruenig. 2001. ‘Health Hazards due to the Inhalation of Amorphous Silica’. Archives of Toxicology - Springer 75: 625–34.

Napierska, D., L.C.J. Thomassen, D. Lison, J.A. Martens, and P.H. Hoet. 2010. ‘The Nanosilica Hazard: Another Variable Entity’. Particle and Fibre Toxicology 7 (1): 1.

Sachverständigenrat für Umweltfragen. 2011. Vorsorgestrategien Für Nanomaterialien - Sondergutachten. Berlin: Erich Schmidt Verlag. http://www.umweltrat.de/SharedDocs/Downloads/DE/02_Sondergutachten/2011_09_SG_Vorsorgestrategien%20f%C3%BCr%20Nanomaterialien.pdf?__blob=publicationFile.





						carcinogenicity		not classifiable (GROUP 3)		2		According to the IARC (2012) there is sufficient evidence in humans that crystalline SiO2 like quartz (not only the nanoform) leads to lung cancer after inhalation. Therefore, it is classified in group 1 (carcinogenic). 
On the other hand, amorphous silica is classified in group 3 and thus "not classifiable" regarding to its human carcinogenicity. However, there are some papers that indicate carcinogenicity in amorphous silica:
The carcinogenicity of crystalline as well as amorphous silica in rats mentioned in Roller (2010). Pott & Roller (2003) described the toxicity and the relation to fibrosis with amorphous and ultrafine silica, but they did not detect a clear relation to cancer. The same applies to the study of Johnston et al. (2000). 				IARC. 2012. ‘Silica Dust, Crystalline, in the Form of Quartz or Cristobalite’. http://www.ncbi.nlm.nih.gov/books/NBK304370/.

Johnston, C.J., K.E. Driscoll, J.N. Finkelstein, R. Baggs, M.A. O’Reilly, J. Carter, R. Gelein, and G. Oberdoerster. 2000. ‘Pulmonary Chemokine and Mutagenic Responses in Rats after Subchronic Inhalation of Amorphous and Crystalline Silica’. Toxicological Sciences 56: 405–13.

Pott, F., and M. Roller. 2003. ‘Untersuchungen zur Kanzerogenität granulärer Stäube an Ratten –   Ergebnisse und Interpretationen’. https://www.hfwu.de/fileadmin/user_upload/Arbeitssicherheit/Wissenswertes/Tonerstaub/Untersuchung_Kanzerogenitaet_granulaerer_Staeube.pdf.

Roller, M. 2010. Krebserzeugende Wirkung von Nanomaterialien Am Arbeitsplatz. Hans-Böckler-Stiftung. http://www.boeckler.de/pdf/p_arbp_221.pdf.



						mutagenicity		probably not mutagenic to humans 		0		Fruijtier-Pölloth (2012) concluded in their summary of studies dealing with mutagenicity caused by nanosilica that there is no evidence that the latter induces mutations in in vitro or in vivo. However, genotoxicity in vitro was observed, for example in Demir et al. (2013) that made cell experiments with various sizes of silica nanoparticles.				Demir, E., F. Turna, D. Burgucu, Z. Kılıç, E. Burunkaya, Ö. Kesmez, Z. Yeşil, M. Akarsu, and B. Kaya. 2013. ‘Genotoxicity of Different Nano-Sizes and Ions of Silica Nanoparticles’. Fresenius Environmental Bulletin 22 (10): 2901–9.

Fruijtier-Pölloth, C. 2012. ‘The Toxicological Mode of Action and the Sagety of Synthetic Amorphous Silca - A Nanostructured Material’. Toxicology 294: 61–79.



						reproductive toxicity		probably not toxic for reproductive system		0		There are two studies that both conclude that silica nanoparticles do not induce reproductive or developmental toxicity (Fruijtier-Pölloth, 2012): The FDA made experiments in 1973 (EPA, 2011) with oral administration of nanosilica in rabbits, hamsters, mice and rats (1600, 1600, 1340 and 1350 mg/kg bw respectively). Xue et al. (2006) studied the reproductive toxicity in mice by administration of an injection. The particles were excreted with the urine. 				EPA. 2011. ‘Screening-Level Hazard Characterization of Silane, Dichlorodimethyl-, Reaction Product with Silica’. https://pharosproject.net/uploads/files/cml/1350009409.pdf.

Fruijtier-Pölloth, C. 2012. ‘The Toxicological Mode of Action and the Sagety of Synthetic Amorphous Silca - A Nanostructured Material’. Toxicology 294: 61–79.

Xue, Z.-G., S.-H. Zhu, Q. Pan, D.-S. Liang, Y.-M. Li, X.-H. Liu, K. Xia, and J.-H. Xia. n.d. ‘Biotoxicology and Biodynamics of Silica Nanoparticles’. Medical Sciences 31: 6–8.


						penalty points		no		0		There are fears that nanosilica leads to lung damage. However, with exception of one study there is no evidence of intersititial pulmonary fibrosis. In the studies with a recovery time the pulmonary effects diminished with time. Therefore, no penalty points are given here for lung inflamation or even fibrosis.				ECETOC. 2006. ‘Synthetic Amorphous Silica (CAS No. 7631-86-9)’. JACC No. 51. http://members.ecetoc.org/Documents/Document/JACC%20051.pdf.


				comments 

		> The Sachverständigenrat für Umweltfragen (2011) reports that there is no relevant acute hazard for humans. This goes in line with the result of this assessment: The sum for the human hazard from nanosilica is low compared to the other substances.

> Sachverständigenrat für Umweltfragen. 2011. Vorsorgestrategien Für Nanomaterialien - Sondergutachten. Berlin: Erich Schmidt Verlag. http://www.umweltrat.de/SharedDocs/Downloads/DE/02_Sondergutachten/2011_09_SG_Vorsorgestrategien%20f%C3%BCr%20Nanomaterialien.pdf?__blob=publicationFile.





								input		CATEGORY		COMMENT				REFERENCES

				ENVIRONMENTAL HAZARD		TOTAL		10		1		The range of the categories is 1-4. The final value for the environmental hazard is calculated by summing up all categories and penalty points. Therefore, the maximum value (without penalty points)  is 10. 

						persistence/bioaccumulation
		no		0		Nanosilica is an inert substance (ECETOC, 2006). There is no bioaccumulation and in water particles may aggregate and sediment. However, this aggregation is influenced by pH, salinity, water hardness and the presence of organic matter. Biodegradation is not happening in water. (Fruijtier-Pölloth, 2012)				ECETOC. 2006. ‘Synthetic Amorphous Silica (CAS No. 7631-86-9)’. JACC No. 51. http://members.ecetoc.org/Documents/Document/JACC%20051.pdf.

Fruijtier-Pölloth, C. 2012. ‘The Toxicological Mode of Action and the Sagety of Synthetic Amorphous Silca - A Nanostructured Material’. Toxicology 294: 61–79.

						aquatic toxicity 
(LC50 for fish [ppm]=[mg/l])		>1000		1		In ECETOC (2006) a study from Degussa (1992, unpublished reports) is cited: There, the LC50 values for fish are >10'000 mg/l for hydrophilic silica. Another study showed 70% mortality with a suspension of 10 mg/l in daphnia magna. (Baun et al. (2008) citing Adams et al. (2006)). However, the citation is wrong as Adams et al. (2006) only researched bacteria and not daphnia.				Adams, L.K., D.Y. Lyon, and P.J.J. Alvarez. 2006. ‘Comparative Eco-Toxicity of Nanoscale TiO2, SiO2, and ZnO Water Suspensions’. Water Research 40 (19): 3527–32. doi:10.1016/j.watres.2006.08.004.

Baun, A., N. B. Hartmann, K. Grieger, and K. O. Kusk. 2008. ‘Ecotoxicity of Engineered Nanoparticles to Aquatic Invertebrates: A Brief Review and Recommendations for Future Toxicity Testing’. Ecotoxicology 17 (5): 387–95. doi:10.1007/s10646-008-0208-y.

ECETOC. 2006. ‘Synthetic Amorphous Silica (CAS No. 7631-86-9)’. JACC No. 51. http://members.ecetoc.org/Documents/Document/JACC%20051.pdf.





						penalty points		no		0		no comment

				comments		Silica in general has a low water solubility, that means 1.9-2.5 mmol/l = 114-151 mg/l. It is naturally present in rivers as dissolved silica from the weathering of rocks. The average dissolved silica concentration in rivers worldwide is 9mg SiO2/l (ECETOC, 2006).

> ECETOC. 2006. ‘Synthetic Amorphous Silica (CAS No. 7631-86-9)’. JACC No. 51. http://members.ecetoc.org/Documents/Document/JACC%20051.pdf.




				EXPOSURE
(probability that this exposure materializes)





										production site related
(raw material producing and further processing companies)				 final product related

				NAICS		INDUSTRY				workers exposure		gradual and accidental environmental exposure		consumer exposure 		gradual environmental exposure		products

				11		Agriculture,  Forestry, Fishing and Hunting				2		1		2		3		insecticide

				21		Mining, Quarrying, and Oil and Gas Extraction				0		0		x		x

				22		Utilities				0		0		0		0

				236		Construction of Buildings				3		1		1		2		3 Portland cement concrete, insulation (Aspen Aerogel) (Wikipedia, 2016), surface treatments/coatings

				311		Food Manufacturing				1		1		3		2		5 food supplement, food additive (E551), food packaging

				312		Beverage and Tobacco Product Manufacturing				1		1		2		1		beer and wine production (protein adsorption)

				313/314/315		Textiles & Apparels				2		1		2		2		silica defoamers, coatings

				316		Leather and Allied Product Manufacturing				2		1		2		2		coating and impregnation

				321		Wood Product Manufacturing				0		0		0		0

				322		Paper Manufacturing				2		1		1		1		silica defoamer

				323		Printing and Related Support Activities				2		1		1		1		coating for inject-paper

				324		Petroleum and Coal Products Manufacturing				0		0		0		0

				325/3251		Chemical Manufacturing (inlcuding Base Chemical Manufacturing)				3		2		x		x		1 production of synthetic silica, use of silica defoamers

				3252		Resin, Synthetic Rubber, and Artificial Synthetic Fibers and Filaments Manufacturing				3		2		x		x		1 plastic additive, bottles  and packaging production

				3253		Pesticide, Fertilizer, and Other Agricultural Chemical Manufacturing				2		1		2		3		insecticide

				3254		Pharmaceutical and Medicine Manufacturing				0		0		0		0		(research only)

				3255		Paint, Coating, and Adhesive Manufacturing				2		1		2		2		paint, varnish, glue, coating, use of defoamers, shoe impregnation, sealant

				3256		Soap, Cleaning Compound, and Toilet Preparation Manufacturing				2		1		3		3		cleaning products, skin conditioners and creams and washing products, toothpaste, make up (eye shadow, eye liner, mascara , lipgloss), body scrub, shampoo, hair colour

				32591		Printing Ink Manufacturing				0		0		0		0

				326		Plastics and Rubber Products Manufacturing				3		2		1		3		tires, shoe soles

				327		Nonmetallic Mineral Product Manufacturing				1		1		1		1		spy glass

				331		Primary Metal Manufacturing				0		0		x		x

				332		Fabricated Metal Product Manufacturing				0		0		0		0

				333		Machinery Manufacturing				0		0		0		0

				334		Computer and Electronic Product Manufacturing				1		1		1		1		memory stick

				335		Electrical Equipment, Appliance, and Component Manufacturing				1		1		1		1		precision polish, foils for battery separators

				336		Transportation Equipment Manufacturing				0		0		0		0

				337		Furniture and Related Product Manufacturing				0		0		0		0

				339		Miscellaneous Manufacturing				2		1		2		2		4 fire extinguisher, anti-fog products, sporting goods (skis, badminton and squash racket)

				3391		Medical Equipment and Supplies Manufacturing				1		1		3		1		dental restoration composite

				622		Hospitals				0		0		0		0

				562		Administrative and Support and Waste Management and Remediation Services				2		2		x		x		1,2,6 waste management, recycling processes

				comments		> The categories were first set individually by every member of the working group and then discussed in a group meeting. 
> The probability of claims was not included in this assessment.
> Products in research but not on the market yet were not included here.
>1 As there are no end products but intermediate products only in chemical manufacturing, resin production and the waste management these fields cannot be filled (x). 
>2 The waste management part is neglected in all rows except the last one (waste water treatment plants, landfills, incineration). 
>3 The construction material, for example insulation plates, can be cut by workers.
>4 This category is very heterogenous. It is assumed that fire extinguishers are rarely used. 
>5 It is assumed that the SiO2 from these filters do not end up in the beer or wine (European Patent Office, 1982).
>6 For all of the assessed NPs, both workers and environmental exposure were rated as 2, because further information is necessary to assess the risk in more specific manner. Specific local regulation and protection measures might influence the final risk exposure evaluation heavily. 

> European Patent Office. 1982. ‘Kieselsäure Für Die Filtration von Getränken, Insbesondere von Bier Sowie Verfahren Zur Herstellung’. https://patentimages.storage.googleapis.com/pdfs/e7972d73f711efe181d4/EP0064620B1.pdf.
> Wikipedia. 2016. ‘Pyrogenes Siliciumdioxid’. https://de.wikipedia.org/wiki/Pyrogenes_Siliciumdioxid.



				RISK 
(hazard and exposure multiplied; maximum number is 100)







										production site related
(raw material producing and further processing companies)				 final product related

				NAICS		INDUSTRY				workers risk		gradual and accidental environmental risk		consumer risk		gradual environmental risk

				11		Agriculture,  Forestry, Fishing and Hunting				19		3		19		10

				21		Mining, Quarrying, and Oil and Gas Extraction				0		0		x		x

				22		Utilities				0		0		0		0

				236		Construction of Buildings				28		3		9		7

				311		Food Manufacturing				9		3		28		7

				312		Beverage and Tobacco Product Manufacturing				9		3		19		3

				313/314/315		Textiles & Apparels				19		3		19		7

				316		Leather and Allied Product Manufacturing				19		3		19		7

				321		Wood Product Manufacturing				0		0		0		0

				322		Paper Manufacturing				19		3		9		3

				323		Printing and Related Support Activities				19		3		9		3

				324		Petroleum and Coal Products Manufacturing				0		0		0		0

				325/3251		Chemical Manufacturing (inlcuding Base Chemical Manufacturing)				28		7		x		x

				3252		Resin, Synthetic Rubber, and Artificial Synthetic Fibers and Filaments Manufacturing				28		7		x		x

				3253		Pesticide, Fertilizer, and Other Agricultural Chemical Manufacturing				19		3		19		10

				3254		Pharmaceutical and Medicine Manufacturing				0		0		0		0

				3255		Paint, Coating, and Adhesive ManufacturingT				19		3		19		7

				3256		Soap, Cleaning Compound, and Toilet Preparation Manufacturing				19		3		28		10

				32591		Printing Ink Manufacturing				0		0		0		0

				326		Plastics and Rubber Products Manufacturing				28		7		9		10

				327		Nonmetallic Mineral Product Manufacturing				9		3		9		3

				331		Primary Metal Manufacturing				0		0		x		x

				332		Fabricated Metal Product Manufacturing				0		0		0		0

				333		Machinery Manufacturing				0		0		0		0

				334		Computer and Electronic Product Manufacturing				9		3		9		3

				335		Electrical Equipment, Appliance, and Component Manufacturing				9		3		9		3

				336		Transportation Equipment Manufacturing				0		0		0		0

				337		Furniture and Related Product Manufacturing				0		0		0		0

				339		Miscellaneous Manufacturing				19		3		19		7

				3391		Medical Equipment and Supplies Manufacturing				9		3		28		3

				622		Hospitals				0		0		0		0

				562		Administrative and Support and Waste Management and Remediation Services				19		7		x		x

















































































































































































































































































































































































































































































































































































































evaluation hazard





						human 
[points]		environment 
[points]		human [%]		environment [%]		sum [%]		production volume

				silver NPs		9		6		50.0		60.0		110.0		2

				CNTs		11		4		61.1		40.0		101.1		1

				titanium dioxide NPs		9		7		50.0		70.0		120.0		3

				carbon black		11		3		61.1		30.0		91.1		5

				zinc oxide NPs		10		8		55.6		80.0		135.6		3

				amorphous silica NPs		5		1		27.8		10.0		37.8		5



				maximum hazard:

				human		18

				environment		10





















































human and environmental hazard of the 6 nanoparticles assessed

human [%	]	silver NPs	CNTs	titanium dioxide NPs	carbon black	zinc oxide NPs	amorphous silica NPs	50	61.111111111111114	50	61.111111111111114	55.555555555555557	27.777777777777779	environment [%	]	silver NPs	CNTs	titanium dioxide NPs	carbon black	zinc oxide NPs	amorphous silica NPs	60	40	70	30	80	10	

share from maximally possible value [%]





human and environmental hazard of the 6 nanoparticles 

assessed together with the estimated production volume

silver NPs	60	50	2	titanium dioxide NPs	70	50	3	carbon black	30	61.111111111111114	5	CNTs	40	61.111111111111114	1	zinc oxide NPs	80	55.555555555555557	3	amorphous silica NPs	10	27.777777777777779	5	environmental hazard [%]



human hazard [%]







evaluation exposure





										silver 
nanoparticles								CNTs								titanium dioxide 
nanoparticles								carbon black								zinc oxide 
nanoparticles								amorphous silica 
nanoparticles

				NAICS		INDUSTRY				1		2		3		4		1		2		3		4		1		2		3		4		1		2		3		4		1		2		3		4		1		2		3		4		MEAN		RANKING		MEAN WE		RANKING		MEAN EE		RANKING		MEAN CE		RANKING		MEAN EE		RANKING

				11		Agriculture,  Forestry, Fishing and Hunting				0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		2		1		2		3		0.33				0.33				0.17				0.33				0.50						highest exposure (mean)

				21		Mining, Quarrying, and Oil and Gas Extraction				0		0						0		0						2		1						0		0						0		0						0		0						0.25				0.33				0.17				0.00				0.00						Ranking		NAICS		Industry

				22		Utilities				0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0.00				0.00				0.00				0.00				0.00						1		325/3251		Chemical manufacturing 

				236		Construction of Buildings				0		0		0		0		2		1		1		1		1		1		1		1		2		1		1		2		0		0		0		0		3		1		1		2		0.92				1.33				0.67				0.67				1.00						2		562		Waste management  services

				311		Food Manufacturing				1		1		3		1		0		1		1		1		2		1		3		2		1		1		2		1		1		1		2		1		1		1		3		2		1.42				1.00				1.00		5		2.33		1		1.33		5				2		3256		Soap, cleaning compound and toilet 
preparation manufacturing

				312		Beverage and Tobacco Product Manufacturing				1		1		3		2		0		1		1		1		0		0		0		0		0		0		0		0		0		0		0		0		1		1		2		1		0.63				0.33				0.50				1.00				0.67						3		3252		Resin manufacturing

				313/314/315		Textiles & Apparels				2		3		2		3		2		1		1		1		0		0		0		0		2		1		2		2		1		1		2		1		2		1		2		2		1.42				1.50		5		1.17		4		1.50		2		1.50		4				4		326		Plastics and rubber products manufacturing

				316		Leather and Allied Product Manufacturing				2		3		2		1		0		0		0		0		0		0		0		0		2		1		2		1		0		0		0		0		2		1		2		2		0.88				1.00				0.83				1.00		4		0.67						5		3255		Paint, coating and adhesive manufacturing

				321		Wood Product Manufacturing				0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0.00				0.00				0.00				0.00				0.00

				322		Paper Manufacturing				2		2		3		1		0		0		0		0		0		0		0		0		1		1		1		1		0		0		0		0		2		1		1		1		0.71				0.83				0.67				0.83		5		0.50						workers exposure (1)														environmental exposure (2)

				323		Printing and Related Support Activities				0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		2		1		1		1		0.21				0.33				0.17				0.17				0.17						Ranking		NAICS		Industry										Ranking		NAICS		Industry

				324		Petroleum and Coal Products Manufacturing				0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0.00				0.00				0.00				0.00				0.00						1		325/3251		Chemical manufacturing 										1		325/3251		Chemical manufacturing 

				325/3251		Chemical Manufacturing (inlcuding Base Chemical Manufacturing)				3		3						3		2						3		2						3		2						2		2						3		2						2.50		1		2.83		1		2.17		1		0.00				0.00						2		326		Plastics and rubber products manufacturing										2		562		Waste management  services

				3252		Resin, Synthetic Rubber, and Artificial Synthetic Fibers and Filaments Manufacturing				2		2						3		2						0		0						3		2						2		2						3		2						1.92		3		2.17		3		1.67				0.00				0.00						3		3255		Paint, coating and adhesive manufacturing										3		326		Plastics and rubber products manufacturing

				3253		Pesticide, Fertilizer, and Other Agricultural Chemical Manufacturing				2		2		2		3		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		2		1		2		3		0.71				0.67				0.50				0.67				1.00						3		3252		Resin manufacturing										3		3256		Soap, cleaning compound and toilet 
preparation manufacturing

				3254		Pharmaceutical and Medicine Manufacturing				1		1		3		2		0		0		0		0		1		1		3		2		0		0		0		0		1		1		3		2		0		0		0		0		0.88				0.50				0.50				1.50		2		1.00						4		562		Waste management  services										3		3255		Paint, coating and adhesive manufacturing

				3255		Paint, Coating, and Adhesive Manufacturing				2		2		2		2		3		2		1		1		2		1		1		2		2		2		1		1		2		1		2		2		2		1		2		2		1.71		5		2.17		3		1.50		3		1.50		2		1.67		3				4		3256		Soap, cleaning compound and toilet 
preparation manufacturing										4		313/314/315		Textiles & apparels

				3256		Soap, Cleaning Compound, and Toilet Preparation Manufacturing				2		2		3		3		0		0		0		0		3		2		3		3		2		2		2		1		3		2		3		3		2		1		3		3		2.00		2		2.00		4		1.50		3		2.33		1		2.17		1				5		339		Miscellaneous manufacturing										5		311		Food manufacturing

				32591		Printing Ink Manufacturing				0		0		0		0		2		1		1		1		0		0		0		0		3		2		3		2		0		0		0		0		0		0		0		0		0.63				0.83				0.50				0.67				0.50						5		313/314/315		Textiles & apparels

				326		Plastics and Rubber Products Manufacturing				2		1		3		1		2		1		1		1		2		1		1		1		3		2		1		3		3		2		1		3		3		2		1		3		1.83		4		2.50		2		1.50		3		1.33		3		2.00		2

				327		Nonmetallic Mineral Product Manufacturing				0		0		0		0		2		1		2		1		0		0		0		0		1		1		1		1		0		0		0		0		1		1		1		1		0.58				0.67				0.50				0.67				0.50						consumer exposure (3)														environmental exposure (4)

				331		Primary Metal Manufacturing				0		0						2		1						0		0						0		0						0		0						0		0						0.25				0.33				0.17				0.00				0.00						Ranking		NAICS		Industry										Ranking		NAICS		Industry

				332		Fabricated Metal Product Manufacturing				0		0		0		0		2		1		1		1		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0.21				0.33				0.17				0.17				0.17						1		3256		Soap, cleaning compound and toilet 
preparation manufacturing										1		562		Waste management  services

				333		Machinery Manufacturing				2		1		1		1		2		1		0		1		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0.38				0.67				0.33				0.17				0.33						1		311		Food manufacturing										2		326		Plastics and rubber products manufacturing

				334		Computer and Electronic Product Manufacturing				2		1		2		1		1		1		0		1		0		0		0		0		0		0		0		0		0		0		0		0		1		1		1		1		0.54				0.67				0.50				0.50				0.50						2		313/314/315		Textiles & apparels										3		3255		Paint, coating and adhesive manufacturing

				335		Electrical Equipment, Appliance, and Component Manufacturing				2		1		2		2		1		1		0		1		2		1		1		1		1		1		1		1		0		0		0		0		1		1		1		1		0.96				1.17				0.83				0.83				1.00						2		3254		Pharmaceutical manufacturing										4		313/314/315		Textiles & apparels

				336		Transportation Equipment Manufacturing				0		0		0		0		2		1		1		1		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0.21				0.33				0.17				0.17				0.17						2		3255		Paint, coating and adhesive manufacturing										5		311		Food manufacturing

				337		Furniture and Related Product Manufacturing				2		1		2		1		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0.25				0.33				0.17				0.33				0.17						2		3391		Medical equipment manufacturing

				339		Miscellaneous Manufacturing				2		1		2		1		2		1		1		1		2		1		1		1		1		0		0		0		0		0		0		0		2		1		2		2		1.00				1.50		5		0.67				1.00		4		0.83						3		326		Plastics and rubber products manufacturing

				3391		Medical Equipment and Supplies Manufacturing				1		1		3		1		1		1		2		1		1		1		1		1		0		0		0		0		0		0		0		0		1		1		3		1		0.88				0.67				0.67				1.50		2		0.67						3		622		Hospitals

				622		Hospitals				1		1		3		1		1		1		2		1		0		0		0		0		0		0		0		0		0		0		3		2		0		0		0		0		0.67				0.33				0.33				1.33		3		0.67						4		316		Leather product manufacturing

				562		Administrative and Support and Waste Management and Remediation Services				2		2						2		2						2		2						2		2						2		2						2		2						2.00		2		2.00		4		2.00		2		0.00				0.00						4		339		Miscellaneous manufacturing

																																																																																5		322		Paper manufacturing



										average exposure:

										1		2		3		4

										1.391		1.016		1.205		1.054

































































































































































































































































































































































































































































































evaluation risks



										silver 
nanoparticles								CNTs								titanium dioxide 
nanoparticles								carbon black								zinc oxide 
nanoparticles								amorphous silica 
nanoparticles																																		PRODUCTION (average risk)						PRODUCT (average risk)

				NAICS		INDUSTRY				1		2		3		4		1		2		3		4		1		2		3		4		1		2		3		4		1		2		3		4		1		2		3		4																												workers risk		environmental risk				consumers risk														environmental risk																								silver NPs

				11		Agriculture,  Forestry, Fishing and Hunting				0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		19		3		19		10																										silver NPs		30.0		32.0		silver NPs		40.2														31.8																								PRODUCTION				PRODUCT 

				21		Mining, Quarrying, and Oil and Gas Extraction				0		0		x		x		0		0		x		x		33		23		x		x		0		0		x		x		0		0		x		x		0		0		x		x																										CNTs		39.6		16.0		CNTs		25.1														13.3																								workers risk				consumers risk

				22		Utilities				0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0																										titanium dioxide NPs		31.9		29.2		titanium dioxide NPs		27.8														36.3																								50%		Chemical manufacturing (325)
		50%		Food manufacturing (311)

				236		Construction of Buildings				0		0		0		0		41		13		20		13		17		23		17		23		41		10		20		20		0		0		0		0		28		3		9		7																										carbon black		39.4		15.0		carbon black		31.5														14.5																														Beverage product manufacturing (312)

				311		Food Manufacturing				17		20		50		20		0		13		20		13		33		23		50		47		20		10		41		10		19		27		37		27		9		3		28		7																										zinc oxide NPs		35.0		41.5		zinc oxide NPs		42.3														53.3																														Paper manufacturing (322)

				312		Beverage and Tobacco Product Manufacturing				17		20		50		40		0		13		20		13		0		0		0		0		0		0		0		0		0		0		0		0		9		3		19		3																										amorphous silica NPs		17.6		4.0		amorphous silica NPs		16.3														6.1																														Pharmaceutical manufacturing (3254)

				313/314/315		Textiles & Apparels				33		60		33		60		41		13		20		13		0		0		0		0		41		10		41		20		19		27		37		27		19		3		19		7																																																																														Soap, cleaning compound and toilet 
preparation manufacturing (3256)

				316		Leather and Allied Product Manufacturing				33		60		33		20		0		0		0		0		0		0		0		0		41		10		41		10		0		0		0		0		19		3		19		7																																																																														Plastics and rubber 
product manufacturing (326)

				321		Wood Product Manufacturing				0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0																																																																														Medical equipment (3391)

				322		Paper Manufacturing				33		40		50		20		0		0		0		0		0		0		0		0		20		10		20		10		0		0		0		0		19		3		9		3																																																																														Hospitals (622)

				323		Printing and Related Support Activities				0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		19		3		9		3																																																																								environmental risk				environmental risk

				324		Petroleum and Coal Products Manufacturing				0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0																																																																								60%		Textiles & apparels (313/314/315)		60%		Textiles & apparels (313/314/315)

				325/3251		Chemical Manufacturing (inlcuding Base Chemical Manufacturing)				50		60		x		x		61		27		x		x		50		47		x		x		61		20		x		x		37		53		x		x		28		7		x		x																																																																										Leather product manufacturing (316)				Pesticide & fertilizer (3253)

				3252		Resin, Synthetic Rubber, and Artificial Synthetic Fibers and Filaments Manufacturing				33		40		x		x		61		27		x		x		0		0		x		x		61		20		x		x		37		53		x		x		28		7		x		x																																																																										Chemical manufacturing (325)				Soap, cleaning compound and toilet 
preparation manufacturing (3256)

				3253		Pesticide, Fertilizer, and Other Agricultural Chemical Manufacturing				33		40		33		60		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		19		3		19		10

				3254		Pharmaceutical and Medicine Manufacturing				17		20		50		40		0		0		0		0		17		23		50		47		0		0		0		0		19		27		56		53		0		0		0		0																																																																								CNTs

				3255		Paint, Coating, and Adhesive Manufacturing				33		40		33		40		61		27		20		13		33		23		17		47		41		20		20		10		37		27		37		53		19		3		19		7																																																																								PRODUCTION				PRODUCT 

				3256		Soap, Cleaning Compound, and Toilet Preparation Manufacturing				33		40		50		60		0		0		0		0		50		47		50		70		41		20		41		10		56		53		56		80		19		3		28		10																																																																								workers risk				consumers risk

				32591		Printing Ink Manufacturing				0		0		0		0		41		13		20		13		0		0		0		0		61		20		61		20		0		0		0		0		0		0		0		0																																																																								61%		Chemical manufacturing (325)		41%		Nonmetallic mineral product 
manufacturing (327)

				326		Plastics and Rubber Products Manufacturing				33		20		50		20		41		13		20		13		33		23		17		23		61		20		20		30		56		53		19		80		28		7		9		10																																																																										Resin manufacturing (3252)				Medical equipment  
manufacturing (3391)

				327		Nonmetallic Mineral Product Manufacturing				0		0		0		0		41		13		41		13		0		0		0		0		20		10		20		10		0		0		0		0		9		3		9		3																																																																										Paint, coating and adhesive 
manufacturing (3255)				Hospitals (622)

				331		Primary Metal Manufacturing				0		0		x		x		41		13		x		x		0		0		x		x		0		0		x		x		0		0		x		x		0		0		x		x																																																																								environmental risk				environmental risk

				332		Fabricated Metal Product Manufacturing				0		0		0		0		41		13		20		13		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0																																																																								27%		Chemical manufacturing (325)				no industry more than 25%

				333		Machinery Manufacturing				33		20		17		20		41		13		0		13		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0																																																																										Resin manufacturing (3252)

				334		Computer and Electronic Product Manufacturing				33		20		33		20		20		13		0		13		0		0		0		0		0		0		0		0		0		0		0		0		9		3		9		3																																																																										Paint, coating and adhesive 
manufacturing (3255)

				335		Electrical Equipment, Appliance, and Component Manufacturing				33		20		33		40		20		13		0		13		33		23		17		23		20		10		20		10		0		0		0		0		9		3		9		3																																																																										Waste management services (562)

				336		Transportation Equipment Manufacturing				0		0		0		0		41		13		20		13		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0

				337		Furniture and Related Product Manufacturing				33		20		33		20		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0																																																																								titanium dioxide NPs

				339		Miscellaneous Manufacturing				33		20		33		20		41		13		20		13		33		23		17		23		20		0		0		0		0		0		0		0		19		3		19		7																																																																								PRODUCTION				PRODUCT 

				3391		Medical Equipment and Supplies Manufacturing				17		20		50		20		20		13		41		13		17		23		17		23		0		0		0		0		0		0		0		0		9		3		28		3																																																																								workers risk				consumers risk

				622		Hospitals				17		20		50		20		20		13		41		13		0		0		0		0		0		0		0		0		0		0		56		53		0		0		0		0																																																																								50%		Chemical manufacturing (325)		50%		Food manufacturing (311)

				562		Administrative and Support and Waste Management and Remediation Services				33		40		x		x		41		27		x		x		33		47		x		x		41		20		x		x		37		53		x		x		19		7		x		x																																																																										Soap, cleaning compound and toilet 
preparation manufacturing (3256)				Soap, cleaning compound and toilet 
preparation manufacturing (3256)

								Anzahl betroffener Industrien		20		20		17		17		18		20		13		16		12		12		9		9		15		14		11		11		9		9		7		7		20		20		17		17																																																																														Pharmaceutical manufacturing (3254)

								Summe der Punktzahl		600		640		683		540		713		320		326		213		383		350		250		327		591		210		346		160		315		373		296		373		352		80		278		103																																																																								environmental risk				environmental risk

								Mittelwert der Punktzahl		30.0		32.0		40.2		31.8		39.6		16.0		25.1		13.3		31.9		29.2		27.8		36.3		39.4		15.0		31.5		14.5		35.0		41.5		42.3		53.3		17.6		4.0		16.3		6.1																																																																								47%		Chemical manufacturing (325)		70%		Soap, cleaning compound and toilet 
preparation manufacturing (3256)

																																																																																																																																		Soap, cleaning compound and toilet 
preparation manufacturing (3256)		47%		Food manufacturing (311)

																																																																																																																																		Waste management services (562)				Pharmaceutical manufacturing (3254)

																																																																																																																																						Paint, coating and adhesive 
manufacturing (3255)



																																																																																																																																carbon black

																																																																																																																																PRODUCTION				PRODUCT 

																																																																																																																																workers risk				consumers risk

																																																																																																																																61%		Chemical manufacturing (325)		61%		Printing ink manufacturing (32591)

																																																																																																																																		Resin manufacturing (3252)		41%		Food manufacturing (311)

																																																																																																																																		Printing ink manufacturing (32591)				Textiles & apparels (313/314/315)

																																																																																																																																		Plastics and rubber 
product manufacturing (326)				Leather product manufacturing (316)

																																																																																																																																						Soap, cleaning compound and toilet 
preparation manufacturing (3256)

																																																																																																																																environmental risk				environmental risk

																																																																																																																																		no industry more than 25%		30%		Plastics and rubber 
product manufacturing (326)





																																																																																																																																zinc oxide NPs

																																																																																																																																PRODUCTION				PRODUCT 

																																																																																																																																workers risk				consumers risk

																																																																																																																																56%		Soap, cleaning compound and toilet 
preparation manufacturing (3256)		56%		Pharmaceutical manufacturing (3254)

																																																																																																																																		Plastics and rubber 
product manufacturing (326)				Soap, cleaning compound and toilet 
preparation manufacturing (3256)

																																																																																																																																						Hospitals (622)

																																																																																																																																environmental risk				environmental risk

																																																																																																																																53%		Chemical manufacturing (325)		80%		Soap, cleaning compound and toilet 
preparation manufacturing (3256)

																																																																																																																																		Resin manufacturing (3252)				Plastics and rubber 
product manufacturing (326)


																																																																																																																																		Soap, cleaning compound and toilet 
preparation manufacturing (3256)

																																																																																																																																		Plastics and rubber 
product manufacturing (326)

																																																																																																																																		Waste management services (562)



																																																																																																																																amorphous silica NPs

																																																																																																																																PRODUCTION				PRODUCT 

																																																																																																																																workers risk				consumers risk

																																																																																																																																28%		Construction of buildings (236)		28%		Food manufacturing (311)

																																																																																																																																		Chemical manufacturing (325)				Soap, cleaning compound and toilet 
preparation manufacturing (3256)

																																																																																																																																		Resin manufacturing (3252)				Medical equipment (3391)

																																																																																																																																		Plastics and rubber 
product manufacturing (326)

																																																																																																																																environmental risk				environmental risk

																																																																																																																																		no industry more than 25%				no industry more than 25%



																																																																																																																																general

																																																																																																																																PRODUCTION				PRODUCT 

																																																																																																																																workers risk				consumers risk

																																																																																																																																1.		Chemical manufacturing (325)		1.		Food manufacturing (311)

																																																																																																																																2.		Plastics and rubber 
product manufacturing (326)		2.		Soap, cleaning compound and toilet 
preparation manufacturing (3256)

																																																																																																																																3.		Paint, coating and adhesive 
manufacturing (3255)		3.		Pharmaceutical manufacturing (3254)

																																																																																																																																environmental risk				environmental risk

																																																																																																																																1.		Chemical manufacturing (325)		1.		Soap, cleaning compound and toilet 
preparation manufacturing (3256)

																																																																																																																																2.		Waste management services (562)		2.		Plastics and rubber 
product manufacturing (326)

																																																																																																																																3.		Soap, cleaning compound and toilet 
preparation manufacturing (3256)		3.		Paint, coating and adhesive 
manufacturing (3255)
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								NO GUARANTEE CAN BE GIVEN FOR COMPLETENESS OR CORRECTNESS OF THE DATA SHOWN IN THIS ASSESSMENT TOOL. THIS DOCUMENT IS THE INTELLECTUAL PROPERTY OF THE "SCHEIZERISCHER VERSICHERUNGSVERBAND" (SVV).  ANY COPYING IS FORBIDDEN.



				GENERAL INFORMATION



				blablabla





						input		CATEGORY		COMMENT				REFERENCES

				GLOBAL PRODUCTION VOLUME (t/y)		-		Please insert a value

				SPREAD 
(number of products)		-		Please insert a value



				HAZARDS



								input		CATEGORY		COMMENT				REFERENCES

				HUMAN HAZARD		TOTAL		18		2		The range of the categories is 1-4. The final value for the human hazard is calculated by summing up all categories and penalty points. Therefore, the maximum value (without penalty points)  is 18. 

						toxicity (LD50 [ppm] or LED [ppm])		>200-2000		2

						carcinogenicity		-		Please insert a value

						mutagenicity		-		Please insert a value

						reproductive toxicity		-		Please insert a value

						penalty points		-		Please insert a value

				comments 
(bodily injury; information about the path: inhalation, ingestion, dermal)






								input		CATEGORY		COMMENT				REFERENCES

				ENVIRONMENTAL HAZARD		TOTAL		10		0		The range of the categories is 1-4. The final value for the environmental hazard is calculated by summing up all categories and penalty points. Therefore, the maximum value (without penalty points)  is 10. 

						persistence/bioaccumulation
		-		Please insert a value

						aquatic toxicity 
(LC50 for fish [ppm]=[mg/l])		-		Please insert a value

						penalty points		-		Please insert a value

				comments



				EXPOSURE
(probability that this exposure materializes)





										production site related
(raw material producing and further processing companies)				 final product related

				NAICS		INDUSTRY				workers exposure		gradual and accidental environmental exposure		consumer exposure 		gradual environmental exposure		products

				11		Agriculture,  Forestry, Fishing and Hunting

				21		Mining, Quarrying, and Oil and Gas Extraction								x		x

				22		Utilities

				236		Construction of Buildings

				311		Food Manufacturing

				312		Beverage and Tobacco Product Manufacturing

				313/314/315		Textiles & Apparels

				316		Leather and Allied Product Manufacturing

				321		Wood Product Manufacturing

				322		Paper Manufacturing

				323		Printing and Related Support Activities

				324		Petroleum and Coal Products Manufacturing

				325/3251		Chemical Manufacturing (inlcuding Base Chemical Manufacturing)								x		x

				3252		Resin, Synthetic Rubber, and Artificial Synthetic Fibers and Filaments Manufacturing								x		x

				3253		Pesticide, Fertilizer, and Other Agricultural Chemical Manufacturing

				3254		Pharmaceutical and Medicine Manufacturing

				3255		Paint, Coating, and Adhesive Manufacturing

				3256		Soap, Cleaning Compound, and Toilet Preparation Manufacturing

				32591		Printing Ink Manufacturing

				326		Plastics and Rubber Products Manufacturing

				327		Nonmetallic Mineral Product Manufacturing

				331		Primary Metal Manufacturing								x		x

				332		Fabricated Metal Product Manufacturing

				333		Machinery Manufacturing

				334		Computer and Electronic Product Manufacturing

				335		Electrical Equipment, Appliance, and Component Manufacturing

				336		Transportation Equipment Manufacturing

				337		Furniture and Related Product Manufacturing

				339		Miscellaneous Manufacturing

				3391		Medical Equipment and Supplies Manufacturing

				622		Hospitals

				562		Administrative and Support and Waste Management and Remediation Services								x		x

				comments		The categories were first set individually by every member of the working group and then discussed in a group meeting. As there are no end products but intermediate products only in chemical manufacturing, resin production and the waste management these fields cannot be filled (x). The waste management part is neglected in all rows except the last one (waste water treatment plants, landfills, incineration). 



				RISK 
(hazard and exposure multiplied; maximum number is 100)







										production site related
(raw material producing and further processing companies)				 final product related

				NAICS		INDUSTRY				workers exposure		gradual and accidental environmental exposure		consumer exposure 		gradual environmental exposure

				11		Agriculture,  Forestry, Fishing and Hunting				0		0		0		0

				21		Mining, Quarrying, and Oil and Gas Extraction				0		0		x		x

				22		Utilities				0		0		0		0

				236		Construction of Buildings				0		0		0		0

				311		Food Manufacturing				0		0		0		0

				312		Beverage and Tobacco Product Manufacturing				0		0		0		0

				313/314/315		Textiles & Apparels				0		0		0		0

				316		Leather and Allied Product Manufacturing				0		0		0		0

				321		Wood Product Manufacturing				0		0		0		0

				322		Paper Manufacturing				0		0		0		0

				323		Printing and Related Support Activities				0		0		0		0

				324		Petroleum and Coal Products Manufacturing				0		0		0		0

				325/3251		Chemical Manufacturing (inlcuding Base Chemical Manufacturing)				0		0		x		x

				3252		Resin, Synthetic Rubber, and Artificial Synthetic Fibers and Filaments Manufacturing				0		0		x		x

				3253		Pesticide, Fertilizer, and Other Agricultural Chemical Manufacturing				0		0		0		0

				3254		Pharmaceutical and Medicine Manufacturing				0		0		0		0

				3255		Paint, Coating, and Adhesive ManufacturingT				0		0		0		0

				3256		Soap, Cleaning Compound, and Toilet Preparation Manufacturing				0		0		0		0

				32591		Printing Ink Manufacturing				0		0		0		0

				326		Plastics and Rubber Products Manufacturing				0		0		0		0

				327		Nonmetallic Mineral Product Manufacturing				0		0		0		0

				331		Primary Metal Manufacturing				0		0		x		x

				332		Fabricated Metal Product Manufacturing				0		0		0		0

				333		Machinery Manufacturing				0		0		0		0

				334		Computer and Electronic Product Manufacturing				0		0		0		0

				335		Electrical Equipment, Appliance, and Component Manufacturing				0		0		0		0

				336		Transportation Equipment Manufacturing				0		0		0		0

				337		Furniture and Related Product Manufacturing				0		0		0		0

				339		Miscellaneous Manufacturing				0		0		0		0

				3391		Medical Equipment and Supplies Manufacturing				0		0		0		0

				622		Hospitals				0		0		0		0

				562		Administrative and Support and Waste Management and Remediation Services				0		0		x		x
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Risk score overview per nanomaterial 
NanoTool: Outcome 

22 

w orkers risk environmental risk
silver NPs 30.0 32.0

CNTs 39.6 16.0

titanium dioxide NPs 31.9 29.2

carbon black 39.4 15.0

zinc oxide NPs 35.0 41.5

amorphous silica NPs 17.6 4.0

PRODUCTION (average risk)

silver NPs
CNTs
titanium dioxide NPs
carbon black
zinc oxide NPs
amorphous silica NPs

PRODUCT (average risk)

consumers risk environmental risk
40.2 31.8

13.3

36.3

14.5

53.3

6.1

25.1

27.8

31.5

42.3

16.3


Definition categories

		general information



				global production volume per year in tons

				Hazard category		Value

				-		Please insert a value

				100 - 1'000		1

				1'000 - 10'000		2

				10'000 - 100'000		3

				100'000 - 1'000'000		4

				>1'000'000		5



				spread

				number of products		Value

				-		Please insert a value

				<100		1

				101-1000		2

				>1000		3





		calculation of the human hazard



				human toxicity

				hazard category		oral LD50 for rats (ppm) 

				-		Please insert a value

				>2000		1

				>200-2000		2

				>25-200		3

				<=25		4

				hazard category 		MAK/PEL (ppm)

				-		Please insert a value

				>100		1

				>10-100		2

				>1-10		3

				<=1		4

				hazard category 		inhalation, LC50 value (mg/m3)

				-		Please insert a value

				>1000		1

				>100-1000		2

				>10-100		3

				<=10		4



				carcinogenicity

				hazard category		value (IARC)

				-		Please insert a value

				probably not carcinogenic 
to humans (GROUP 4) 		0

				not classifiable (GROUP 3)		2

				possibly or probably carcinogenic 
(GROUPS 2A and 2B)		3

				carcinogenic to humans 
(GROUP 1)		4



				mutagenicity

				hazard category		value (IARC)

				-		Please insert a value

				probably not mutagenic to humans 		0

				not classifiable		2

				possibly or probably mutagenic		3

				mutagenic to humans		4



				reproductive toxicity

				hazard category		value (IARC)

				-		Please insert a value

				probably not toxic for reproductive system		0

				not classifiable		2

				possibly or probably toxic for reproductive system		3

				toxic for reproductive system		4



				penalty points

				hazard category		points

				-		Please insert a value

				yes		2

				no		0





		calculation of the environmental hazard 



				aquatic toxicity

				hazard category		value, LC50 for fish (ppm)

				-		Please insert a value

				>1000		1

				>100-1000		2

				>10-100		3

				<10		4



				persistence/bioaccumulation		& aquatic toxicity

				hazard category		hazard category		points

				-

				no		-		0

				equivocal		1,2,3		0

						4		2

				yes		1,2		2

						3,4		4



				penalty points

				hazard category		points

				-		Please insert a value

				yes		2

				no		0





		calculation of the exposure



				workers exposure (production site)

				What is the probability that an employee is exposed to the nanoparticles during the production?

				hazard category		value

				-		Please insert a value

				no exposure / no application for this industry		0

				low		1

				medium		2

				high		3



				gradual and accidental environmental liability

				What is the probability that nanoparticles are gradually/accidentally released to the environment?

				hazard category		value

				-		Please insert a value

				no exposure / no application for this industry		0

				low		1

				medium		2

				high		3



				product liability 

				What is the probability that consumers are exposed to the nanoparticles by using the end product? 

				hazard category		value

				-		Please insert a value

				no exposure / no application for this industry		0

				low		1

				medium		2

				high		3



				gradual environmental liability 

				What is the probability that nanoparticles are released to the environment during the use of the end product?

				hazard category		value

				-		Please insert a value

				no exposure / no application for this industry		0

				low		1

				medium		2

				high		3



































































































































































































































































































































































































































































































































































































































































































































































































































1) Ag

				Silver NPs				NO GUARANTEE CAN BE GIVEN FOR COMPLETENESS OR CORRECTNESS OF THE DATA SHOWN IN THIS ASSESSMENT TOOL. THIS DOCUMENT IS THE INTELLECTUAL PROPERTY OF THE "SCHWEIZERISCHER VERSICHERUNGSVERBAND" (SVV).  ANY COPYING IS FORBIDDEN.



				GENERAL INFORMATION



				Silver in general is known to have antimicrobial effects (Sachverständigenrat für Umweltfragen, 2011). Therefore, it is often used where the presence of microbes is undesired, although these applications are controversial due to the development of microbial resistance (Friends of the Earth Australia, 2011). Silver is classified as "toxic" by the WHO and the EPA. It is not needed by humans as a micronutrient. Therefore, it is recommended not to take up silver supplements. Nanosilver can be produced by physical methods like milling, as well as with wet-chemistry methods (chemical reduction),  laser ablation, radiocatalysis, vacuum evaporation or electrocondensation. The wet-chemical production with reduction is probably the primary method as large quantities can be produced in a short time. However, production techniques seem to be patented and thus are secret. 

Nanosilver is used in the following industries (also see the table at the right from EPA (2012); Ziegler (2013)):
cosmetics & personal care: body lotions, toothpaste, deodorants, creams, brushes, soap, shampoo, hair products, masks, lip balm --> It is often promised that the products regenerate, clean, detox and rejuvenate the skin.
hygiene: cleaning products for homes, hospitals and other commercial settings
medicine: wound dressings, catheters
dietary supplements/alternative medicine: spray for nose/throat, drinks (--> colloidal silver is a liquid suspension of silver (that may or may not contain nanosilver) and has long been promoted as an over-the-counter health tonic)
textile & apparel: underwear, pillows, towels, socks, pullovers, shirts, gloves, sandals, matraces, curtains
food: food preparation equipment and surfaces, food storage containers, tableware, milk bottles, baby cups
appliances: washing machines, vacuum cleaners, refrigerators, curling irons, air filtration devices, humidifiers, brushes
industry: polymers, yarn, threads, powder
electronics: computer mice, keyboards, mobile phones, notebooks
other: chewing toys for babies, condoms, algaecide (pesticides), shoe inserts

Tests show that products can contain silver nanoparticles although they are not declared as such. On the other hand, products that should contain nanosilver often do not (Ziegler, 2013).

> EPA. 2012. ‘Nanomaterial Case Study: Nanoscale Silver in Disinfectant Spray’. http://ofmpub.epa.gov/eims/eimscomm.getfile?p_download_id=507239.
> Friends of the Earth Australia. 2011. ‘Nano-Silver: Policy Failure Puts Public Health at Risk’. http://www.foe.org/system/storage/877/e2/8/549/NanoSilverUS.pdf.
> Sachverständigenrat für Umweltfragen. 2011. Vorsorgestrategien Für Nanomaterialien - Sondergutachten. Berlin: Erich Schmidt Verlag. http://www.umweltrat.de/SharedDocs/Downloads/DE/02_Sondergutachten/2011_09_SG_Vorsorgestrategien%20f%C3%BCr%20Nanomaterialien.pdf?__blob=publicationFile.
> Ziegler, C. 2013. ‘Die Nano-Liste Der BG Bau’. http://nano.dguv.de/fileadmin/user_upload/documents/textfiles/BGBAU/DGUV_Forum_-_Nano-Liste.pdf.







						input		CATEGORY		COMMENT				REFERENCES

				GLOBAL PRODUCTION VOLUME (t/y)		1'000 - 10'000		2		There is various and contradictory information:
> 100'000-1'000'000 tpa silver in general (REACH, 2013)
> 1100 kg nanoparticles for biocidal application in Germany in 2007 (Sachverständigenrat für Umweltfragen, 2011)
> 320 tons in 2009 (Friends of the Earth Australia (2011) citing Gottschalk et al. (2010))
> 3000 kg/month alone in a factory in Korea (EPA, 2012)

It is expected that the second as well as the third number are underestimated. Therefore, the second category was chosen.				Friends of the Earth Australia. 2011. ‘Nano-Silver: Policy Failure Puts Public Health at Risk’. http://www.foe.org/system/storage/877/e2/8/549/NanoSilverUS.pdf.

Gottschalk, F., T. Sonderer, R.W. Scholz, and B. Nowack. 2010. ‘Possibilities and Limitations of Modeling Environmental Exposure to Engineered Nanomaterials by Probabilistic Material Flow Analysis’. Environmental Toxicology and Chemistry 29 (5): 1036–48.

EPA. 2012. ‘Nanomaterial Case Study: Nanoscale Silver in Disinfectant Spray’. http://ofmpub.epa.gov/eims/eimscomm.getfile?p_download_id=507239.

REACH. 2013. ‘Justification for the Selection of a Substance for CoRAP Inclusion - Silver’.

Sachverständigenrat für Umweltfragen. 2011. Vorsorgestrategien Für Nanomaterialien - Sondergutachten. Berlin: Erich Schmidt Verlag. http://www.umweltrat.de/SharedDocs/Downloads/DE/02_Sondergutachten/2011_09_SG_Vorsorgestrategien%20f%C3%BCr%20Nanomaterialien.pdf?__blob=publicationFile.



				SPREAD 
(number of products)		>1000		3		1303 products were identified (mostly cosmetics, appliances and filtration devices) taking into account all the sources. Some products are appearing several times, others could be classified in the same product category (13 product categories in total). Overall 410 end project categories produced by 341 companies worldwide were identified (see the Application split chart on the right side): 442 products are listed in the database of Woodrow Wilson (Nanotechproject, 2016), 296 in the Danish database (Nanodatabase, 2016), 58 in the German database (Nanoproduktdatenbank, 2016), 141 in the database of BEUC (ANEC/BEUC, 2013), 89 in the Food database (Nanotechnology in our Food, 2016) and 274 in the CTA-Petition database (CTA-Petition, 2016).
				ANEC/BEUC. 2013. ‘ANEC/ BEUC Inventory of Products Claiming to Contain Nano-Silver Particles Available on the EU Market’. http://www.beuc.eu/safety/nanotechnology.

The International Center for Technology Assessment. 2016. Petition Appendix A: Nano-silver products inventory.  Accessed Feburary 28, 2016. http://www.icta.org/files/2011/12/CTA-Petition-Appendix-A_nano-silver_product_inventory1.pdf

Nanodatabase. 2016. ‘Search Results for Nanosilver’. Accessed January 28, 2016. http://nanodb.dk/en/search-database/#pageno=&keyword=&fn.lp_m=2937&fn.d_cd_f=&fn.d_cd_t=.

Nanotechnology in our Food. 2016. 'Search results for Nanosilver". Accessed Feburary 28, 2016. http://salsa3.salsalabs.com/o/1881/p/salsa/web/common/public/content?content_item_KEY=14112%20

Nanotechproject. 2015. ‘Silver Database’. http://www.nanotechproject.org/process/assets/files/7039/silver_database_fauss_sept2_final.pdf. 

Nanoproduktdatenbank. 2016. ‘Search Results for Nanosilver’. http://www.bund.net/nc/themen_und_projekte/nanotechnologie/nanoproduktdatenbank/produktsuche/.

Nanotechproject. 2016. ‘Search Results for Nanosilver’. Accessed January 28. http://www.nanotechproject.org/cpi/search-products/?title=&asmSelect0=&date_created=&date_modified=&nanomaterials%5B%5D=1148&search-products_submit=Search&_submitKey=16%3Asearch-products%3A0.








				HAZARDS



								input		CATEGORY		COMMENT				REFERENCES

				HUMAN HAZARD		TOTAL		18		9		The range of the categories is 1-4. The final value for the human hazard is calculated by summing up all categories and penalty points. Therefore, the maximum value (without penalty points)  is 18. 

						toxicity (LD50 [ppm])
ORAL		>200-2000		2		The main uptake path for humans is via the skin or by ingestion (drinking/eating). Therefore, the oral LD50 was chosen to represent the specific toxicity of these nanoparticles:

The oral LD50 was 169/213/354/391.5 mg/kg in Elkhawass et al. (2015) (single dose administrations, observation for 14 days, 2 NPs sizes and two calculation methods).
The oral administration of 5000mg/kg (Maneewattanapinyo et al., 2011) produced neither mortality nor acute toxic signs throughout the observation period of 24h. 
Additionally, the oral LD50 in Amin et al. (2015) is 268 mg/kg  (oral administration for 28 days to mice). This value goes in line with Elkhawass et al. (2015).

The first and third source agree. Therefore, these values were implemented in this assessment. Additionally, in the second research paper the observation period was very short. The methods of all research papers differ. 				Amin Y.M., Hawas A.M., El-Batal A.I., Hassan H.M., and Elsayed M. E. 2015. ‘Evaluation of Acute and Subchronic Toxicity of Silver Nanoparticles in Normal and  Irradiated Animals’. British Journal of Pharmacology a Nd Toxicology. http://www.maxwellsci.com/print/bjpt/v6-22-38.pdf.

Elkhawass, E.A., M.E. Mohallal, and M.F. Soliman. 2014. ‘Acute Toxicity of Different Sizes of Silver Nanoparticles Intraperitonally Injected in BALB/C Mice Using Two Toxicological Methods’. International Journal of Pharmacy and Pharmaceutical Sciences 7 (2). http://innovareacademics.in/journals/index.php/ijpps/article/view/3776.

Maneewattanapinyo, P., W. Banlunara, Chuchaat Thammacharoen, S. Ekgasit, and T. Kaewamatawong. 2011. ‘An Evaluation of Acute Toxicity of Colloidal Silver Nanoparticles’. Journal of Veterinary Medical Science 73 (11): 1417–23.






						carcinogenicity		not classifiable (GROUP 3)		2		No scientific information was found. It is mentioned in Gressler et al. (2010)  that tumours can be promoted. However, no more information is given. On the other hand, nanosilver is used in cancer therapy by naturopaths (Welt im Wandel (2014) is a very unscientific source!).				Greßler, S., and R. Fries. 2010. Nanosilber in Kosmetika, Hygieneartikeln und Lebensmittelkontaktmaterialien Produkte, gesundheitliche und regulatorische Aspekte. Wien: Bundesmininsterium für Gesundheit, Sekt. II.

Welt im Wandel. 2014. ‘Borrelioseheilung Mit Kolloidalem Silber’. https://www.youtube.com/watch?v=RgmcMksRAVk.


						mutagenicity		not classifiable		2		There are several ways described in EPA (2012) how silver nanoparticles affect the DNA or the repair mechanisms of the latter. On the other hand, no mutagenicity was seen in Kim et al. (2010) in a cell experiment. More studies have to be done to make an assessment possible.				EPA. 2012. ‘Nanomaterial Case Study: Nanoscale Silver in Disinfectant Spray’. http://ofmpub.epa.gov/eims/eimscomm.getfile?p_download_id=507239.

Kim, Y-J., S.I. Yang, and J.-C. Ryu. 2010. ‘Cytotoxicity and Genotoxicity of Nano-Silver in Mammalian Cell Lines’. Molecular & Cellular Toxicology 6 (2): 119–25.



						reproductive toxicity		possibly or probably toxic for reproductive system		3		Abnormal fetal development in human correlates with silver concentration (not nano) in drinking water (Gressler et al., 2010). Zebrafish showed abnormal development in embryos when exposed to nanosilver (50% with 30 μg/ml) (Asharani et al., 2008).				Asharani, P.V., Y. Lian Wu, Z. Gong, and S. Valiyaveettil. 2008. ‘Toxicity of Silver Nanoparticles in Zebrafish Models’. Nanotechnology 19 (25): 255102. doi:10.1088/0957-4484/19/25/255102.

Greßler, S., and R. Fries. 2010. Nanosilber in Kosmetika, Hygieneartikeln und Lebensmittelkontaktmaterialien Produkte, gesundheitliche und regulatorische Aspekte. Wien: Bundesmininsterium für Gesundheit, Sekt. II.



						penalty points		no		0		no comment

				comments 


		> The main uptake path for humans is via the skin or by ingestion (drinking/eating). Therefore, the oral LD50 was chosen to represent the specific toxicity of these nanoparticles.





								input		CATEGORY		COMMENT				REFERENCES

				ENVIRONMENTAL HAZARD		TOTAL		10		6		The range of the categories is 1-4. The final value for the environmental hazard is calculated by summing up all categories and penalty points. Therefore, the maximum value (without penalty points)  is 10. 

						persistence/bioaccumulation
		no		0		Generally, naturally occuring silver is accumulated in the human body. Therefore, there are maximum concentrations for drinking water recommended by the EPA (Gressler et al., 2010). However, nanosilver does not have to accumulate in the environment. It can dissolve, diassemble, sorb to soil or sediment, undergo oxysulfidation, form complexes with organic matter or reform from ionic silver in the presence of humic and fulmic acids. Therefore, the persistence depends on the surface coating, the pH, the temperature and the presence of organic matter (EPA, 2012).				EPA. 2012. ‘Nanomaterial Case Study: Nanoscale Silver in Disinfectant Spray’. http://ofmpub.epa.gov/eims/eimscomm.getfile?p_download_id=507239.

Greßler, S., and R. Fries. 2010. Nanosilber in Kosmetika, Hygieneartikeln und Lebensmittelkontaktmaterialien Produkte, gesundheitliche und regulatorische Aspekte. Wien: Bundesmininsterium für Gesundheit, Sekt. II.





						aquatic toxicity 
(LC50 for fish [ppm]=[mg/l])		<10		4		LC50 values (48h) for fish of 7mg/l and 84 μg/l  were found in two different studies by Griffitt  et al. (2008) and Bilberg et al. (2012) mentioned in the paper of the European Commission (2014) and the Danish Protection Agency (2015).
				Bilberg, K., M.B. Hovgaards, F. Besenbacher, and E. Baatrup. 2012. ‘In Vivo Toxicity of Silver Nanoparticles and Silver Ions in Zebrafish (Danio Rerio)’. doi:10.1155/2012/293784.

European Commission, and Directorate General for Health & Consumers. 2014. Opininon on Nanosilver Safety, Health and Environmental Effects and Role in Antimicrobial Resistance. Luxembourg: [European Commission]. http://dx.publications.europa.eu/10.2772/76851.

Griffitt, R. J., J. Luo, J. Gao, J.-C. Bonzongo, and D. S. Barber. 2008. ‘Effects of Particle Composition and Species on Toxicity of Metallic Nanomaterials in Aquatic Organisms’. doi:10.1897/08-002.1.

Danish Environmental Protection Agency. 2015. ‘Environmental Effects of Engineered Nanomaterials - Estimation of Predicted No-Effect Concentrations (PNECs)’. Copenhagen. http://www2.mst.dk/Udgiv/publications/2015/09/978-87-93352-70-4.pdf.








						penalty points		yes		2		Research shows that bacterial resistences can develop when silver is used in small concentrations (European Commission, 2014; Friends of the Earth Australia, 2011; Gressler et al., 2010). 				European Commission, and Directorate General for Health & Consumers. 2014. Opininon on Nanosilver Safety, Health and Environmental Effects and Role in Antimicrobial Resistance. Luxembourg: [European Commission]. http://dx.publications.europa.eu/10.2772/76851.

Friends of the Earth Australia. 2011. ‘Nano-Silver: Policy Failure Puts Public Health at Risk’. http://www.foe.org/system/storage/877/e2/8/549/NanoSilverUS.pdf.

Greßler, S., and R. Fries. 2010. Nanosilber in Kosmetika, Hygieneartikeln und Lebensmittelkontaktmaterialien Produkte, gesundheitliche und regulatorische Aspekte. Wien: Bundesmininsterium für Gesundheit, Sekt. II.


				comments		no comment



				EXPOSURE
(probability that this exposure materializes)





										production site related
(raw material producing and further processing companies)				 final product related

				NAICS		INDUSTRY				workers exposure 3		gradual / accidental environmental exposure		consumer exposure 		gradual environmental exposure		products

				11		Agriculture,  Forestry, Fishing and Hunting				0		0		0		0

				21		Mining, Quarrying, and Oil and Gas Extraction				0		0		x		x

				22		Utilities				0		0		0		0

				236		Construction of Buildings				0		0		0		0

				311		Food Manufacturing				1		1		3		1		influence of plastic packaging containing silver NPs

				312		Beverage and Tobacco Product Manufacturing				1		1		3		2		colloidal silver; influence of beverage containers (plastic beer bottles)

				313/314/315		Textiles & Apparels				2		3		2		3		yarns, threads; textile mills

				316		Leather and Allied Product Manufacturing				2		3		2		1		leather treated with silver

				321		Wood Product Manufacturing				0		0		0		0

				322		Paper Manufacturing/Packaging				2		2		3		1		filters, masks, packaging material

				323		Printing and Related Support Activities				0		0		0		0

				324		Petroleum and Coal Products Manufacturing				0		0		0		0

				325/3251		Chemical Manufacturing (inlcuding Base Chemical Manufacturing)				3		3		x		x		1 raw material manufacturing (powder, solution/dispersion)

				3252		Resin, Synthetic Rubber, and Artificial Synthetic Fibers and Filaments Manufacturing				2		2		x		x		1,5 raw materials for food packaging etc.

				3253		Pesticide, Fertilizer, and Other Agricultural Chemical Manufacturing				2		2		2		3		algaecide (“NSPW-L30SS”/“Nanosilva”), 

				3254		Pharmaceutical and Medicine Manufacturing				1		1		3		2		4 acne cream

				3255		Paint, Coating, and Adhesive Manufacturing				2		2		2		2		coating sprays, antibacterial paints, inks for electronic boards

				3256		Soap, Cleaning Compound, and Toilet Preparation Manufacturing				2		2		3		3		body lotions, toothpaste, deodorants, creams, brushes, soap, shampoo, hair products, masks, lip balm, disinfectants

				32591		Printing Ink Manufacturing				0		0		0		0

				326		Plastics and Rubber Products Manufacturing				2		1		3		1		5 food preparation equipment, condoms, baby toys, food containers, milk storage bags, chopping boards, dishes, cutlery

				327		Nonmetallic Mineral Product Manufacturing				0		0		0		0

				331		Primary Metal Manufacturing				0		0		x		x

				332		Fabricated Metal Product Manufacturing				0		0		0		0

				333		Machinery Manufacturing				2		1		1		1		filtration (air), AC, humidifiers etc. 

				334		Computer and Electronic Product Manufacturing				2		1		2		1		mouse, keyboard, mobile phone, notebook; medical equipment and control instruments

				335		Electrical Equipment, Appliance, and Component Manufacturing				2		1		2		2		washing machine, vacuum cleaner, refrigerator, curling iron, air filtration devices, humidifier

				336		Transportation Equipment Manufacturing				0		0		0		0

				337		Furniture and Related Product Manufacturing				2		1		2		1		garden furniture, matraces

				339		Miscellaneous Manufacturing				2		1		2		1		jewelry, silverware; toys 

				3391		Medical Equipment and Supplies Manufacturing				1		1		3		1		wound dressings, catheters; medical devices coated

				622		Hospitals				1		1		3		1		6 wound dressings, catheters

				562		Administrative and Support and Waste Management and Remediation Services				2		2		x		x		1,2,7 waste management, recycling processes

				comments		> The categories were first set individually by every member of the working group and then discussed in a group meeting. 
> The probability of claims was not included in this assessment.
> Products in research but not on the market yet were not included here.
>1 As there are no end products but intermediate products only in chemical manufacturing, resin production, primary metal production and the waste management these fields cannot be filled (x). 
>2 The waste management part is neglected in all rows except the last one (waste water treatment plants, landfills, incineration). 
>3 As silver NPs are mainly produced in wet chemistry processes without dust production the exposure for workers was assessed to be "medium" except in the chemical manufacturing. 
>4 It is assumed that in the pharmaceutical sector the securitiy guidelines are high, leading to a "low" exposure. However, drugs with nanosilver were found to be in research but without current appliance except for the acne cream. 
>5 For plastic products it was assumed that silver is added in resins production and not later as a coating. 
>6 In hospitals the production part is related to the employees that (hopefully) don't get in contact with the equipment containing nanosilver. Therefore, the exposure there is negligible. The product part is related to the patient. 
> 7 For all of the assessed NPs, both workers and environmental exposure were rated as 2, because further information is necessary to assess the risk in more specific manner. Specific local regulation and protection measures might influence the final risk exposure evaluation heavily. 



				RISK 
(hazard and exposure multiplied; maximum number is 100)







				Nanosilver						production site related
(raw material producing and further processing companies)				 final product related

				NAICS		INDUSTRY				workers risk		gradual and accidental environmental risk		consumer risk		gradual environmental risk

				11		Agriculture,  Forestry, Fishing and Hunting				0		0		0		0

				21		Mining, Quarrying, and Oil and Gas Extraction				0		0		x		x

				22		Utilities				0		0		0		0

				236		Construction of Buildings				0		0		0		0

				311		Food Manufacturing				17		20		50		20

				312		Beverage and Tobacco Product Manufacturing				17		20		50		40

				313/314/315		Textiles & Apparels				33		60		33		60

				316		Leather and Allied Product Manufacturing				33		60		33		20

				321		Wood Product Manufacturing				0		0		0		0

				322		Paper Manufacturing				33		40		50		20

				323		Printing and Related Support Activities				0		0		0		0

				324		Petroleum and Coal Products Manufacturing				0		0		0		0

				325/3251		Chemical Manufacturing (inlcuding Base Chemical Manufacturing)				50		60		x		x

				3252		Resin, Synthetic Rubber, and Artificial Synthetic Fibers and Filaments Manufacturing				33		40		x		x

				3253		Pesticide, Fertilizer, and Other Agricultural Chemical Manufacturing				33		40		33		60

				3254		Pharmaceutical and Medicine Manufacturing				17		20		50		40

				3255		Paint, Coating, and Adhesive Manufacturing				33		40		33		40

				3256		Soap, Cleaning Compound, and Toilet Preparation Manufacturing				33		40		50		60

				32591		Printing Ink Manufacturing				0		0		0		0

				326		Plastics and Rubber Products Manufacturing				33		20		50		20

				327		Nonmetallic Mineral Product Manufacturing				0		0		0		0

				331		Primary Metal Manufacturing				0		0		x		x

				332		Fabricated Metal Product Manufacturing				0		0		0		0

				333		Machinery Manufacturing				33		20		17		20

				334		Computer and Electronic Product Manufacturing				33		20		33		20

				335		Electrical Equipment, Appliance, and Component Manufacturing				33		20		33		40

				336		Transportation Equipment Manufacturing				0		0		0		0

				337		Furniture and Related Product Manufacturing				33		20		33		20

				339		Miscellaneous Manufacturing				33		20		33		20

				3391		Medical Equipment and Supplies Manufacturing				17		20		50		20

				622		Hospitals				17		20		50		20

				562		Administrative and Support and Waste Management and Remediation Services				33		40		x		x

















































































































































































































































































































































































































































































































































































































2) CNT 

				Carbon Nanotubes (CNT)				NO GUARANTEE CAN BE GIVEN FOR COMPLETENESS OR CORRECTNESS OF THE DATA SHOWN IN THIS ASSESSMENT TOOL. THIS DOCUMENT IS THE INTELLECTUAL PROPERTY OF THE "SCHWEIZERISCHER VERSICHERUNGSVERBAND" (SVV).  ANY COPYING IS FORBIDDEN.



				GENERAL INFORMATION



				Carbon Nanotubes (CNTs) are graphite sheets of cylindrical structure (see figure at the right (Wikipedia, 2015)). CNTs usually have a diameter in the nanoscale and a length in the microscale, with an aspect ratio of 100 up to 1'000'000. These molecules have extraordinary properties such as high strength as well as high electrical and thermal conductivity. Due to these properties, CNTs have attracted widespread interest for commercial and industrial applications.
CNTs come in two principal forms, single-walled and multiple-walled CNTs, having different properties. However, most of the commercially available CNTs are multiple-walled.  CNTs can be produced differently, depending on their final application and purity requirements: By arc-discharge, by pulsed laser vaporisation or by chemical-vapor deposition process. All methods need a metal catalyst like iron, nickel, cobalt or molybdenum. Therefore, the CNTs do often contain metal impurities (Lam et al., 2006).

Products containing CNTs on the market are (partly from De Volder et al. (2013)):
medicine: drug delivery
sporting goods: running shoe sole, golf shafts, bicycles, baseball bat, archery arrows, tennis/badminton rackets
transport: parts for speedboats and yachts, composites for aerospace, automotive fuel line parts, side mirrors
electronics: microelectronics (FET, RFID/printable electronics with paste containing CNTs), EMI shielding, lightning protection, powder for batteries, touch screens (transparent electrodes produced from solution), conductors, field emission display, spark protection, sensors, computer hardware, interconnectors (switchers, TFT/thin film transistors (printed on polymer film in paste form) )
energy: wind turbine blades, film for solar cells, powder for battery electrodes
textile & apparel: armor vests (military), pants and jackets (antiflamatory abilities)
industry: fibers, yarns, sheets, plastics (antistatic CNT ESD shield), paints and coatings (e.g. antistatic, anticorrosion, flame retardant, antifouling)
other: filtration membranes, water purification systems

The main concern for CNTs is the exposure of the workers inhaling the fibers. The structure of the nanotubes is in the same scale as the asbestos fibers that cause severe lung damage. On the other hand, the exposure for the consumer is expected to be low, as most CNTs are bound in a matrix in the final product.
The material was developed in the 1990s and promised to show huge potential for future applications. There was a boom in 2005 for different products, followed by an increase of scientific research. However, the price of the material is still high in 2015 and the "future applications" are not as initially thought . Therefore, the market is still considered to be very small. Additionally, Bayer left the market and closed its production plant in 2013 (Printed Electronics World, 2015). However, keeping in mind outstanding mechanical and electrical properties, there is a high potential in the field of electronics (flexible OLED’s, supercapacitors etc). Passive applications of CNTs in plastic reinforcement, which is worth more than 100 million USD, should also not be underestimated. With relatively low quality CNTs (no spin orientation, low production price) the application requirements are already achieved. 

> De Volder, Michael FL, Sameh H. Tawfick, Ray H. Baughman, and A. John Hart. 2013. ‘Carbon Nanotubes: Present and Future Commercial Applications’. Science 339 (6119): 535–39.
> Lam, Chiu-wing, John T. James, Richard McCluskey, Sivaram Arepalli, and Robert L. Hunter. 2006. ‘A Review of Carbon Nanotube Toxicity and Assessment of Potential Occupational and Environmental Health Risks’. Critical Reviews in Toxicology 36 (3): 189–217. doi:10.1080/10408440600570233.
> Printed Electronics World. 2015. ‘Bayer Material Science Exits Carbon Nanotube Business’. Accessed December 3. http://www.printedelectronicsworld.com/articles/5436/bayer-materialscience-exits-carbon-nanotube-business.
> Wikipedia. 2015. ‘Carbon Nanotube’. Accessed November 16. https://en.wikipedia.org/wiki/Carbon_nanotube.





						input		CATEGORY		COMMENT				REFERENCES

				GLOBAL PRODUCTION VOLUME (t/y)		100 - 1'000		1		The tonnage is confidential, but estimated to be 200-250t in 2009 (Reach, 2015). This number is confirmed by the EU with "several hundreds of tons" (European Comission, 2014). Mostly multi-walled CNT are produced. The price was about 500$/g in 2005 (Lam et al., 2006) and has not changed considerably ever since (Sigma Aldrich, 2015). 				European Commission, and Directorate General for Health & Consumers. 2014. Opininon on Nanosilver Safety, Health and Environmental Effects and Role in Antimicrobial Resistance. Luxembourg: [European Commission]. http://dx.publications.europa.eu/10.2772/76851.

Lam, C.-W., J.T. James, R. McCluskey, S. Arepalli, and R.L. Hunter. 2006. ‘A Review of Carbon Nanotube Toxicity and Assessment of Potential Occupational and Environmental Health Risks’. Critical Reviews in Toxicology 36 (3): 189–217. doi:10.1080/10408440600570233.

REACH. 2015. ‘Justification for the Selection of a Substance for CoRAP Inclusion - Multiwalled Carbon Nanotubes’.

Sigma Aldrich. 2015. ‘Carbon Nanotubes - Carbon Nanomaterials’. Accessed November 16. http://www.sigmaaldrich.com/materials-science/material-science-products.html?TablePage=16376687.

				SPREAD 
(number of products)		101-1000		2		238 products were identified, mostly sporting goods or composite materials, taking into account all sources. Overall, 120 end products categories produced by 105 companies were found that are shown in the application split chart on the right side: 38 products are listed in Woodrow Willson (Nanotechproject, 2015), 59 products in the Danish database (Nanodatabase, 2016) and 44 products in the German database (Nanoproduktdatenbank, 2016). 76 products were found on other places, like in the paper of De Volder et al. (2013) or ANEC/BEUC (2013).				ANEC/BEUC. 2013. ‘ANEC/ BEUC Inventory of Products Claiming to Contain Nano-Silver Particles Available on the EU Market’. http://www.beuc.eu/safety/nanotechnology.

De Volder, M.F.L., S.H. Tawfick, R.H. Baughman, and A.J. Hart. 2013. ‘Carbon Nanotubes: Present and Future Commercial Applications’. Science 339 (6119): 535–39.

Nanodatabase. 2016. ‘Search Results for CNTs’. http://nanodb.dk/en/search-database/#pageno=&keyword=&fn.lp_m=2919&fn.d_cd_f=&fn.d_cd_t=.

Nanotechproject. 2015. ‘Search Results for CNTs’. Accessed November 16. http://www.nanotechproject.org/cpi/search-products/?title=&asmSelect0=&date_created=&date_modified=&nanomaterials%5B%5D=1129&search-products_submit=Search&_submitKey=16%3Asearch-products%3A0.

Nanoproduktdatenbank. 2016. ‘Search Results for CNTs’. http://www.bund.net/nc/themen_und_projekte/nanotechnologie/nanoproduktdatenbank/produktsuche/?offset=0&attribute=7&msb_product_submit=suchen.

						       Google trend for "Carbon nanotubes"





				HAZARDS



								input		CATEGORY		COMMENT				REFERENCES

				HUMAN HAZARD		TOTAL		18		11		The range of the categories is 1-4. The final value for the human hazard is calculated by summing up all categories and penalty points. Therefore, the maximum value (without penalty points)  is 18. 

						toxicity (PEL [ppm])
INHALATION		>1-10		3		There is a possibility to take up CNTs by ingestion, for example by patients in medical applications, or by inhalation, especially with regard to worker's exposure. As there are  only a few drugs on the current market the inhalation is emphasised and implemented in this assessment. Additionally, the oral uptake does not seem to be a big hazard:

ORAL:
The oral LD50 was assessed to be >1000mg/kg body weight for SWCNTs and >5000mg/kg for MWCNTs in oral acute tests (Safe Work Australia, 2012). This corresponds to category 1 with this assessment method. However, the availablility of research reports is very limited.

INHALATION:
An approximate value for the LC50 in air for workers' safety is >241mg/m3 for MWCNTs (Safe Work Australia, 2012). Again, the availability of research papers is very limited and this maximum dose value cannot be used for a proper hazard assessment. Therefore, it was looked for alternative values already implemented in reality:
The PEL (Permissible Exposure Limit) for synthetic graphite, the substitute for CNTs, and inhalation path is 5mg/m3 (CDC - NIOSH, 2015).
However, also this value is discussed. It would be better to have a value in [particles/m3]. Additionally, Shvedova (2005) argues that this value is too high for a working environment based on the findings in the study that showed inflammation with this concentration.
The "Institut für Arbeitsschutz der Deutschen Gesetzlichen Unfallversicherung" suggests a limit of 10'000 fibres/m3 (TÜV Süd, 2015). The NIOSH suggests a limit of 0.007 mg/m3 (NIOSH, 2010).

The only implemented value in reality is the PEL, therefore this number was used in the assessment. However, the limits have to be observed carefully in the future, as there is evidence for a damage of the lung even at the current PEL.


				CDC - NIOSH. 2015. ‘Pocket Guide to Chemical Hazards - Graphite (synthetic)’. Accessed December 3. http://www.cdc.gov/niosh/npg/npgd0307.html.

NIOSH. 2013. ‘Occupational Exposure to Carbon Nanotubes and Nanofibres’. Current Intelligence Bulletin 65. http://www.cdc.gov/niosh/docs/2013-145/pdfs/2013-145.pdf.

Safe Work Australia. 2012. Human Health Hazard Assessment and Classification of Carbon Nanotubes. www.safeworkaustralia.gov.au/sites/SWA/about/Publications/Documents/725/Human_Health_Hazard_Assessment_and_Classification_of_Carbon_%2520Nanotubes.DOC+&cd=3&hl=de&ct=clnk&gl=uk.

Shvedova, A. A. 2005. ‘Unusual Inflammatory and Fibrogenic Pulmonary Responses to Single-Walled Carbon Nanotubes in Mice’. AJP: Lung Cellular and Molecular Physiology 289 (5): L698–708. doi:10.1152/ajplung.00084.2005.

TÜV Süd. 2015. ‘Einzelrisikobewertung Und Zertifizierung von Unternehmen Mit Nano-Risiken’. In .





						carcinogenicity		not classifiable (GROUP 3)		2		Several studies show lung inflammation after inhalation experiments in animals (Lam et al., 2003; Safe Work Australia, 2012). However, to clearly identify carcinogenicity more studies are needed. Additionally, these studies need to be conducted in a way that satisfies international standards.
CNTs are also used in research for oral treatment in cancer therapy (Wikipedia, 2015; Ji et al., 2010; Kushwaha et al., 2013). However, it is mentioned in the papers that the toxicology of the material itself is not assessed yet. 
Therefore, the carcinogenicity cannot be classified. However, we give penalty points (see comment below) for possible lung inflammation.				 Ji, S.-R., C. Liu, B. Zhang, F. Yang, J. Xu, J. Long, Chen Jin, D.-L. Fu, Q.-X. Ni, and X.-J. Yu. 2010. ‘Carbon Nanotubes in Cancer Diagnosis and Therapy’. Biochimica et Biophysica Acta (BBA) - Reviews on Cancer 1806 (1): 29–35. doi:10.1016/j.bbcan.2010.02.004.

Kushwaha, S.K.S., S. Ghoshal, A.K. Rai, and S. Singh. 2013. ‘Carbon Nanotubes as a Novel Drug Delivery System for Anticancer Therapy: A Review’. Brazilian Journal of Pharmaceutical Sciences 49 (4): 629–43.
Lam, C.-W., J. T. James, R. McCluskey, and R. L. Hunter. 2004. ‘Pulmonary Toxicity of Single-Wall Carbon Nanotubes in Mice 7 and 90 Days After Intratracheal Instillation’. Toxicological Sciences 77 (1): 126–34. doi:10.1093/toxsci/kfg243.

Safe Work Australia. 2012. Human Health Hazard Assessment and Classification of Carbon Nanotubes. www.safeworkaustralia.gov.au/sites/SWA/about/Publications/Documents/725/Human_Health_Hazard_Assessment_and_Classification_of_Carbon_%2520Nanotubes.DOC+&cd=3&hl=de&ct=clnk&gl=uk.

Wikipedia. 2015. ‘Carbon Nanotubes in Medicine’. Accessed November 17. https://en.wikipedia.org/wiki/Carbon_nanotubes_in_medicine.






						mutagenicity		not classifiable		2		There are some in-vitro studies showing potential to cause DNA damage (Safe Work Australia, 2012). The same report states that, based on missing in vivo data, CNTs cannot be classified with regards to their mutagenicity potential. 
The mutagenicity can also come from impurities in the material, such as metals, and not from the nanotubes themselves: The Sachverständigenrat für Umweltfragen (2011) notes that studies with pure CNTs do not show mutagenicity in bacteria. However, studies with impure CNTs combined with an alternative testing system do show mutagenicity.				Sachverständigenrat für Umweltfragen. 2011. Vorsorgestrategien Für Nanomaterialien - Sondergutachten. Berlin: Erich Schmidt Verlag. http://www.umweltrat.de/SharedDocs/Downloads/DE/02_Sondergutachten/2011_09_SG_Vorsorgestrategien%20f%C3%BCr%20Nanomaterialien.pdf?__blob=publicationFile.

Safe Work Australia. 2012. Human Health Hazard Assessment and Classification of Carbon Nanotubes. www.safeworkaustralia.gov.au/sites/SWA/about/Publications/Documents/725/Human_Health_Hazard_Assessment_and_Classification_of_Carbon_%2520Nanotubes.DOC+&cd=3&hl=de&ct=clnk&gl=uk.




						reproductive toxicity		not classifiable		2		Xinglu et al. (2014) found that multi-walled CNTs of large size negatively influenced the embryo in a mice experiment: The particles crossed the blood-placenta barrier, restricted the development of fetuses and induced brain deformity.
Bai et al. (2010) injected multi-walled CNTs to mice repeatedly. The substance caused reversible testis damage without affecting the fertility. However, there are only these two studies somehow related to reproductive toxicity. More research is needed to make a clear statement (Safe Work Australia, 2012). 				Bai, Y., Y. Zhang, J. Zhang, Q. Mu, W. Zhang, E.R. Butch, S.E. Snyder, and B. Yan. 2010. ‘Repeated Administrations of Carbon Nanotubes in Male Mice Cause Reversible Testis Damage without Affecting Fertility’. Nature Nanotechnology 5 (9): 683–89. doi:10.1038/nnano.2010.153.

Safe Work Australia. 2012. Human Health Hazard Assessment and Classification of Carbon Nanotubes. www.safeworkaustralia.gov.au/sites/SWA/about/Publications/Documents/725/Human_Health_Hazard_Assessment_and_Classification_of_Carbon_%2520Nanotubes.DOC+&cd=3&hl=de&ct=clnk&gl=uk.

Xinglu, H., Z. Fan, S. Xiaolian, C. Ki Young, N. Gang, Z. Guofeng, G. Jinxia, L. Seulki, and C. Xiaoyuan. 2014. ‘The Genotype-Dependent Influence of Functionalized Multiwalled Carbon Nanotubes on Fetal Development’. Biomaterials 35(2): 856–65.



						penalty points		yes		2		A penalty point was added to the overall sum (+2) as there seems to be a high probability of inflamation in the lungs similar to asbestosis (Lam et al., 2004/2006; Safe Work Australia, 2012; Shvedova, 2005).
				Lam, C.-W., J. T. James, R. McCluskey, and R. L. Hunter. 2004. ‘Pulmonary Toxicity of Single-Wall Carbon Nanotubes in Mice 7 and 90 Days After Intratracheal Instillation’. Toxicological Sciences 77 (1): 126–34. doi:10.1093/toxsci/kfg243.

Lam, C.-W., J.T. James, R. McCluskey, S. Arepalli, and R.L. Hunter. 2006. ‘A Review of Carbon Nanotube Toxicity and Assessment of Potential Occupational and Environmental Health Risks’. Critical Reviews in Toxicology 36 (3): 189–217. doi:10.1080/10408440600570233.

Safe Work Australia. 2012. Human Health Hazard Assessment and Classification of Carbon Nanotubes. www.safeworkaustralia.gov.au/sites/SWA/about/Publications/Documents/725/Human_Health_Hazard_Assessment_and_Classification_of_Carbon_%2520Nanotubes.DOC+&cd=3&hl=de&ct=clnk&gl=uk.

Shvedova, A. A. 2005. ‘Unusual Inflammatory and Fibrogenic Pulmonary Responses to Single-Walled Carbon Nanotubes in Mice’. AJP: Lung Cellular and Molecular Physiology 289 (5): L698–708. doi:10.1152/ajplung.00084.2005.


				comments
(bodily injury; information about the path: inhalation, ingestion, dermal)
		An general assessment is difficult as properties like metallic residues, length of the fibre and number of walls seem to play an important role. Additionally, "non-engineered" CNTs probably already exist in the environment and are produced in forest fires or the combustion of fuel gas.
The main concern is that the CNT-fibres act similar to asbestos fibres and cause damage to workers in contact with the material through inhalation. Therefore, the LC50 was chosen instead of an LD50 for the assessment of the toxicity. However, new research progress in the field of medicine has to be assessed carefully in the future, as this could imply that LD50 values become important as well.

> Lam, C.-W., J. T. James, R. McCluskey, and R. L. Hunter. 2003. ‘Pulmonary Toxicity of Single-Wall Carbon Nanotubes in Mice 7 and 90 Days After Intratracheal Instillation’. Toxicological Sciences 77 (1): 126–34. doi:10.1093/toxsci/kfg243.
> Lam, C.-W., J.T. James, R. McCluskey, S. Arepalli, and R.L. Hunter. 2006. ‘A Review of Carbon Nanotube Toxicity and Assessment of Potential Occupational and Environmental Health Risks’. Critical Reviews in Toxicology 36 (3): 189–217. doi:10.1080/10408440600570233.
> Shvedova, A. A. 2005. ‘Unusual Inflammatory and Fibrogenic Pulmonary Responses to Single-Walled Carbon Nanotubes in Mice’. AJP: Lung Cellular and Molecular Physiology 289 (5): L698–708. doi:10.1152/ajplung.00084.2005.








								input		CATEGORY		COMMENT				REFERENCES

				ENVIRONMENTAL HAZARD		TOTAL		10		4		The range of the categories is 1-4. The final value for the environmental hazard is calculated by summing up all categories and penalty points. Therefore, the maximum value (without penalty points)  is 10. 

						persistence/bioaccumulation
		yes		2		CNTs can theoretically be degraded. In practice, CNTs are extremely persistent to high temperatures, strong acids and ozonation and photolytic attacks. Thus, they are more likely to accumulate than to disappear in the environment (REACH, 2015; Safe Work Australia, 2012). Lam et al. (2004) called CNTs "probably one of the most biologically nondegradable man-made materials".				Lam, C.-W., J. T. James, R. McCluskey, and R. L. Hunter. 2004. ‘Pulmonary Toxicity of Single-Wall Carbon Nanotubes in Mice 7 and 90 Days After Intratracheal Instillation’. Toxicological Sciences 77 (1): 126–34. doi:10.1093/toxsci/kfg243.

REACH. 2015. ‘Justification for the Selection of a Substance for CoRAP Inclusion - Multiwalled Carbon Nanotubes’.

Safe Work Australia. 2012. Human Health Hazard Assessment and Classification of Carbon Nanotubes. www.safeworkaustralia.gov.au/sites/SWA/about/Publications/Documents/725/Human_Health_Hazard_Assessment_and_Classification_of_Carbon_%2520Nanotubes.DOC+&cd=3&hl=de&ct=clnk&gl=uk.


						aquatic toxicity 
(LC50 for fish [ppm]=[mg/l])		>100-1000		2		Despite environmental regulations imposing industrial safeguards chemical contaminants from manufacturing processes are often deposited into the aquatic environment. However, at the moment this scenario does not seem to be relevant. Therefore, no LC50 for fish was found. There is one study for LC50 in daphnia that reports a value of 2 mg/l (Safe Work Australia, 2012). However, this data is not enough to define the fourth and thus highest category. In line with the assessment of the carcinogenicity, it was decided to set the category to 2 as there is not enough information.				Safe Work Australia. 2012. Human Health Hazard Assessment and Classification of Carbon Nanotubes. www.safeworkaustralia.gov.au/sites/SWA/about/Publications/Documents/725/Human_Health_Hazard_Assessment_and_Classification_of_Carbon_%2520Nanotubes.DOC+&cd=3&hl=de&ct=clnk&gl=uk.


						penalty points		no		0		no comment

				comments





				EXPOSURE
(probability that this exposure materializes)





										production site related
(raw material producing and further processing companies)				 final product related

				NAICS		INDUSTRY				workers exposure 9		gradual and accidental environmental exposure		consumer exposure 		gradual environmental exposure		products

				11		Agriculture,  Forestry, Fishing and Hunting				0		0		0		0

				21		Mining, Quarrying, and Oil and Gas Extraction				0		0		x		x

				22		Utilities				0		0		0		0

				236		Construction of Buildings				2		1		1		1		composite materials, epoxy resins, additives and master batches (up to 20wt%, usually 1 wt%), experimental cement (research level only 8)

				311		Food Manufacturing				0		1		1		1		food packaging (Kraft food)

				312		Beverage and Tobacco Product Manufacturing				0		1		1		1		beer bottles/food packaging (Coors brewing)

				313/314/315		Textiles & Apparels				2		1		1		1		5 composite yarns, plastics coating of specialized textile&apparel: armor vests, jackets, pants (flame retardant properties), shoe protector etc. 

				316		Leather and Allied Product Manufacturing				0		0		0		0

				321		Wood Product Manufacturing				0		0		0		0

				322		Paper Manufacturing				0		0		0		0

				323		Printing and Related Support Activities				0		0		0		0

				324		Petroleum and Coal Products Manufacturing				0		0		0		0

				325/3251		Chemical Manufacturing (inlcuding Base Chemical Manufacturing)				3		2		x		x		1 raw material manufacturing (powder, dispersion etc.)

				3252		Resin, Synthetic Rubber, and Artificial Synthetic Fibers and Filaments Manufacturing				3		2		x		x		1,3 CFRP (carbon fibre reinforced plastics): food packaging, composite yarns, fibers, sheets, filtration membranes, water purification systems, anti-fouling application

				3253		Pesticide, Fertilizer, and Other Agricultural Chemical Manufacturing				0		0		0		0

				3254		Pharmaceutical and Medicine Manufacturing				0		0		0		0		7 neurogrowth, gene therapy, drug delivery (research level only), scaffold for bone growth (research level only)

				3255		Paint, Coating, and Adhesive Manufacturing				3		2		1		1		paints and coatings: electrostatic painintg, powder coatings, anti-fouling paint

				3256		Soap, Cleaning Compound, and Toilet Preparation Manufacturing				0		0		0		0

				32591		Printing Ink Manufacturing				2		1		1		1		pigments and metallic printing inks, CNT inks

				326		Plastics and Rubber Products Manufacturing				2		1		1		1		3,5 plastic packaging and bottles, PU, PS; tires

				327		Nonmetallic Mineral Product Manufacturing				2		1		2		1		ceramic materials, membranes (water filtration) 10 , cement (research only)

				331		Primary Metal Manufacturing				2		1		x		x		1 CNT in metal (CNT-MMC)

				332		Fabricated Metal Product Manufacturing				2		1		1		1		EMI shielding (RF shielding), coating metal products with plastic (automotive and avio industry etc.); mainly intermediate products

				333		Machinery Manufacturing				2		1		0		1		wind turbine blades (no influence on consumers), AC filters (filtration/air) 10

				334		Computer and Electronic Product Manufacturing				1		1		0		1		4 microelectronics (FET, RFID), touch screens, computer hardware, field emission display, spark protection and testing instruments, interconnectors (switchers, transistors), sensors

				335		Electrical Equipment, Appliance, and Component Manufacturing				1		1		0		1		4 batteries (energy storage), electrodes (carbon and graphite), conductor connectors, lightning protection, 

				336		Transportation Equipment Manufacturing				2		1		1		1		marine: parts for speedboats and yachts; anti-fouling application; airspace: composites; automotive: fuel line parts, side mirrors since 1990 etc.; 
bicycles and parts manufacturing (racks etc.); fire resistance coatings for all transport industries (Nanocyl); air filters 10

				337		Furniture and Related Product Manufacturing				0		0		0		0

				339		Miscellaneous Manufacturing				2		1		1		1		tennis and badminton rackets, hockey equipment, golf balls, baseball bat etc.

				3391		Medical Equipment and Supplies Manufacturing				1		1		2		1		biotechnology (sensing, diagnostics: Nanomix, Nanointegris, GE etc.) 11  , stents

				622		Hospitals				1		1		2		1		6 medical equipment for sensing and diagnostics 11 , stents

				562		Administrative and Support and Waste Management and Remediation Services				2		2		x		x		1,2,9,12 waste management, recycling processes

				comments		> The categories were first set individually by every member of the working group and then discussed in a group meeting. 
> The probability of claims was not included in this assessment.
> Products in research but not on the market yet were not included here.
>1 As there are no end products but intermediate products only in chemical manufacturing, resin production, primary metal production and the waste management these fields cannot be filled (x). 
>2 The waste management part is neglected in all rows except the last one (waste water treatment plants, landfills, incineration). 
>3 For plastic products it was assumed that CNTs are used in resins production and not in a later stage.
>4 High safety standards and a high degree of automatisation was assumed in the electronic industry. Therefore, the exposure for workers is low.
>5 There can be abrasion of the final product in the textile industry (harm for workers) or related to tires with CNTs (high temperatures and harm for humans and environment). 
>6 In hospitals the production part is related to the employees. The product part is related to the patient. 
>7 Currently, there are no drugs containing CNTs on the market. However, it is expected that these drugs will be present on the market in the future. 
>8 The same applies to the construction industry: There is a cement with CNTs reinforcement in research that probably will be used in the future. Therefore, these two industries have to be followed up carefully by the working group.
>9 In general, the concentrations of CNT produced and used in the factories are very small at the time of this assessment. It was also assumed that therefore the amounts in the waste management systems are almost negligible at the moment.
>10 membranes: Seem to exist in combination with paper, ceramics and plastics. Examples for companies dealing with CNT membranes.
>11 It was assumed that the patient in the hospital has no direct contact with diagnostic tools. Thus, there is no exposure for consumers.
> 12 For all of the assessed NPs, both workers and environmental exposure were rated as 2, because further information is necessary to assess the risk in more specific manner. Specific local regulation and protection measures might influence the final risk exposure evaluation heavily. 

>  Porifera Inc. 2016. ‘Carbon Nanotube Membranes’. http://porifera.com/carbon-nanotube-ultrafiltration-membranes/.
> Seldon Water. 2016. ‘Carbon Nanotube Technology - Filtration’. http://seldonwater.com/technology/.
> NASA. 2016. ‘Filtering Water with Acoustics Nanotube Technology’. http://www.nasa.gov/centers/johnson/techtransfer/technology/MSC-24180-1_Water-Filtering-Device_prt.htm.







				RISK 
(hazard and exposure multiplied; maximum number is 100)







				CNTs						production site related
(raw material producing and further processing companies)				 final product related

				NAICS		INDUSTRY				workers risk		gradual and accidental environmental risk		consumer risk		gradual environmental risk

				11		Agriculture,  Forestry, Fishing and Hunting				0		0		0		0

				21		Mining, Quarrying, and Oil and Gas Extraction				0		0		x		x

				22		Utilities				0		0		0		0

				236		Construction of Buildings				41		13		20		13

				311		Food Manufacturing				0		13		20		13

				312		Beverage and Tobacco Product Manufacturing				0		13		20		13

				313/314/315		Textiles & Apparels				41		13		20		13

				316		Leather and Allied Product Manufacturing				0		0		0		0

				321		Wood Product Manufacturing				0		0		0		0

				322		Paper Manufacturing				0		0		0		0

				323		Printing and Related Support Activities				0		0		0		0

				324		Petroleum and Coal Products Manufacturing				0		0		0		0

				325/3251		Chemical Manufacturing (inlcuding Base Chemical Manufacturing)				61		27		x		x

				3252		Resin, Synthetic Rubber, and Artificial Synthetic Fibers and Filaments Manufacturing				61		27		x		x

				3253		Pesticide, Fertilizer, and Other Agricultural Chemical Manufacturing				0		0		0		0

				3254		Pharmaceutical and Medicine Manufacturing				0		0		0		0

				3255		Paint, Coating, and Adhesive Manufacturing				61		27		20		13

				3256		Soap, Cleaning Compound, and Toilet Preparation Manufacturing				0		0		0		0

				32591		Printing Ink Manufacturing				41		13		20		13

				326		Plastics and Rubber Products Manufacturing				41		13		20		13

				327		Nonmetallic Mineral Product Manufacturing				41		13		41		13

				331		Primary Metal Manufacturing				41		13		x		x

				332		Fabricated Metal Product Manufacturing				41		13		20		13

				333		Machinery Manufacturing				41		13		0		13

				334		Computer and Electronic Product Manufacturing				20		13		0		13

				335		Electrical Equipment, Appliance, and Component Manufacturing				20		13		0		13

				336		Transportation Equipment Manufacturing				41		13		20		13

				337		Furniture and Related Product Manufacturing				0		0		0		0

				339		Miscellaneous Manufacturing				41		13		20		13

				3391		Medical Equipment and Supplies Manufacturing				20		13		41		13

				622		Hospitals				20		13		41		13

				562		Administrative and Support and Waste Management and Remediation Services				41		27		x		x

















































































































































































































































































































































































































































































































































































































3) TiO2

				Titania NPs				NO GUARANTEE CAN BE GIVEN FOR COMPLETENESS OR CORRECTNESS OF THE DATA SHOWN IN THIS ASSESSMENT TOOL. THIS DOCUMENT IS THE INTELLECTUAL PROPERTY OF THE "SCHWEIZERISCHER VERSICHERUNGSVERBAND" (SVV).  ANY COPYING IS FORBIDDEN.



				GENERAL INFORMATION



				Titanium dioxide (also called "titania") in general is mainly used as an anticaking or whitening agent as well as a pigment in cosmetics and paints. Other uses are for its UV-light absorbing abilities. However, in its nanoform it possesses different physicochemical properties than the bulk form: Nanotitania is a colourless, solid and odourless powder (Sachverständigenrat für Umweltfragen, 2011). The protective effect against UV radiation is even better in the nanoform. Therefore, it is often used in sunscreens. Additionally, these creams are invisible and can be applied to the skin more easily than with larger particles, as the consistency of the cream is less pasty and sticky (DaNa, 2015). 
Titania is insoluble in water and organic solvents. It naturally exists in the anatase, rutile and brookite phase. Producers of the nanoform are DuPont, Nanophase, NanoFarm, Advanced Nanotech, Nanogate, Evonik Degussa and Altairnano. Various production methods are used, and some of them are proprietary processes: However, milling, an undisclosed plasma process, a hydrochloride process, physical vapour synthesis, laser pyrolysis and the sol-gel process can be used (Robichaud et al., 2009). In the latter,  the variation in morphology and size is controlled by the pH of the gel (IARC, 2010). TiO2-nanoparticles can be coated with aluminium, silicon or polymers to reach the desired properties (Weir et al., 2012).

Besides in sunscreens, titania nanoparticles were found in the following product categories: 
food: skittles, marshmallows, M&M's, doughnuts powder, chewing gum, dairy products, food additive E171 (not only nanoform): In food, the nanoform is not explicitely used. However, the products used most probably contain particles in the nanoscale (DaNa, 2015; Weir et al., 2012)
cosmetics & personal care: sunscreen, shampoo and conditioner, powder antitranspirant, deodorant, shaving foam, makeup foundation, nail polish, toothpaste, eye tint, gel bronzer, eye shadow, lip balm, color fixer, facial cream, whitening cream (medicinal purpose)
hygiene: disinfectant solution, cleaning solution, air purification spray, shoe impregnation spray
paints: paint, glue, coating spray
sporting goods: badminton racket, golf ball
appliances: fridge, air purifier machine, hair drier, hair straightening iron
industry: powders and coating preparations
construction: window sealant, self-cleaning glass, whirlpool
environmental remediation: nanoscale TiO2 has been shown to mineralise a variety of herbicides, insecticides, and pesticides via photocatalysis and can convert other contaminants to less toxic compounds. It was dealt for research.
electronics: computer mouse
other: automotive industry

> DaNa. 2015. ‘Titanium Dioxide Nanoparticles’. http://www.nanopartikel.info/en/nanoinfo/materials/titanium-dioxide.
> IARC, ed. 2010. Carbon Black, Titanium Dioxide, and Talc. IARC Monographs on the Evaluation of Carcinogenic Risks to Humans, v. 93. Lyon, France : Geneva: International Agency for Research on Cancer ; Distributed by WHO Press.
> Robichaud, C.O., A.E. Uyar, M.R. Darby, L.G. Zucker, and M.R. Wiesner. 2009. ‘Estimates of Upper Bounds and Trends in Nano-TiO2 Production as a Basis for Exposure Assessment’. Environmental Science & Technology 43 (12): 4227–33. doi:10.1021/es8032549.
> Sachverständigenrat für Umweltfragen. 2011. Vorsorgestrategien Für Nanomaterialien - Sondergutachten. Berlin: Erich Schmidt Verlag. http://www.umweltrat.de/SharedDocs/Downloads/DE/02_Sondergutachten/2011_09_SG_Vorsorgestrategien%20f%C3%BCr%20Nanomaterialien.pdf?__blob=publicationFile.
> Weir, A., P. Westerhoff, L. Fabricius, K. Hristovski, and N. von Goetz. 2012. ‘Titanium Dioxide Nanoparticles in Food and Personal Care Products’. Environmental Science & Technology 46 (4): 2242–50. doi:10.1021/es204168d.







						input		CATEGORY		COMMENT				REFERENCES

				GLOBAL PRODUCTION VOLUME (t/y)		10'000 - 100'000		3		According to REACH (2013) the worlwide and annual production of TiO2 is 1'000'000 to 10'000'000 tons. The amount of nanoscale TiO2 is less than 1%. The EU states a number of 10'000 tons of nano-TiO2 a year as well (European Commission, 2014). DaNa (2015) states a number of approximately 47'000 tons annually and worldwide. Contrary, the Sachverständigenrat für Umweltfragen (2011) suggests a worldwide annual production volume of 5000 tons.				DaNa. 2015. ‘What Quantities of Titanium Dioxide Nanoparticles Are Produced Annually Worldwide?’ http://www.nanopartikel.info/en/faq/450-what-quantities-of-titanium-dioxide-nanoparticles-are-produced-annually-worldwide.

European Commission, and Directorate General for Health & Consumers. 2014. Opininon on Nanosilver Safety, Health and Environmental Effects and Role in Antimicrobial Resistance. Luxembourg: [European Commission]. http://dx.publications.europa.eu/10.2772/76851.

REACH. 2013. ‘Justification for the Selection of a Candidate CoRAP Substance - Titanium Dioxide’.

Sachverständigenrat für Umweltfragen. 2011. Vorsorgestrategien Für Nanomaterialien - Sondergutachten. Berlin: Erich Schmidt Verlag. http://www.umweltrat.de/SharedDocs/Downloads/DE/02_Sondergutachten/2011_09_SG_Vorsorgestrategien%20f%C3%BCr%20Nanomaterialien.pdf?__blob=publicationFile.


				SPREAD 
(number of products)		101-1000		2		335 products were identified, mostly cosmetics and food supplements. Some products could be classified in the same product category (11 product categories in total). Overall, there are 162 end product categories produced by 144 companies (see the application split chart on the right side): 92 products are listed in Woodrow Wilson (Nanotechproject, 2015), 94 products in the Danish database (Nanodatabase, 2015),  78 in the Food database (Nanotechnology in our Food, 2016) and 71 in the German database (Nanoproduktdatenbank, 2016). There are about 1000 raw material producing companies in Alibaba,  mainly from Chinese producers (Alibaba, 2016). There is also a big number of consumers products. However these were not included in the application split chart, for considered to be not fully reliable. 				Alibaba. 2016. ‘Search Results for Nano TiO2’. http://www.alibaba.com/trade/search?fsb=y&IndexArea=product_en&CatId=&SearchText=titanium+dioxide+nano.

Nanodatabase. 2015. ‘Search Results for Titanium Dioxide’. http://nanodb.dk/en/search-database/#pageno=2&keyword=&fn.lp_m=2940&fn.d_cd_f=&fn.d_cd_t=.

Nanotechproject. 2015. ‘Seach Results for  Titanium Dioxide’. http://www.nanotechproject.org/cpi/search-products/?title=&asmSelect0=&date_created=&date_modified=&nanomaterials%5B%5D=1167&search-products_submit=Search&_submitKey=16%3Asearch-products%3A0.

Nanoproduktdatenbank. 2016. ‘Search Results for TiO2’. http://www.bund.net/nc/themen_und_projekte/nanotechnologie/nanoproduktdatenbank/produktsuche/.

Nanotechnology in our Food. 2016. ‘Search Results for TiO2’. Accessed Feburary 28, 2016. http://salsa3.salsalabs.com/o/1881/p/salsa/web/common/public/content?content_item_KEY=14112%20. 









				HAZARDS



								input		CATEGORY		COMMENT				REFERENCES

				HUMAN HAZARD		TOTAL		18		9		The range of the categories is 1-4. The final value for the human hazard is calculated by summing up all categories and penalty points. Therefore, the maximum value (without penalty points)  is 18. 

						toxicity (PEL [ppm])
INHALATION		>10-100		2		The oral LD50 is > 5000 mg/kg bw and no adverse effects from oral consumption are seen in the three studies summarised in Warheit (2015). Therefore, the inhalation path was chosen to represent the main hazard with this substance:
The Permissible Exposure Limit (PEL) for TiO2 is 15mg/m3 (CDC-NIOSH, 2015). This value is implemented in this assessment. However, NIOSH (2011) suggested a limit of 0.3 mg/m3 (TÜV Süd, 2015). A good overview of toxicological studies related to nano-TiO2 is seen in Shi et al. (2013). 
It is stated in NIOSH (2011) that the toxicity of the nano-TiO2 has been shown to increase after coating with carious substances. 

				CDC-NIOSH. 2015. ‘Pocket Guide to Chemical Hazards - Titanium Dioxide’. Accessed December 4. http://www.cdc.gov/niosh/npg/npgd0617.html.

NIOSH. 2011. ‘Occupational Exposure to Titanium Dioxide’. http://www.cdc.gov/niosh/docs/2011-160/pdfs/2011-160.pdf.

Shi, H., R. Magaye, V. Castranova, and J. Zhao. 2013. ‘Titanium Dioxide Nanoparticles: A Review of Current Toxicological Data’. Part Fibre Toxicol 10 (1): 15.

TÜV Süd. 2015. ‘Einzelrisikobewertung und Zertifizierung von Unternehmen mit Nano-Risiken’.

Warheit, D.B., S.C. Brown, and E.M. Donner. 2015. ‘Acute and Subchronic Oral Toxicity Studies in Rats with Nanoscale and Pigment Grade Titanium Dioxide Particles’. Food and Chemical Toxicology, no. 84: 208–24. doi:10.1016/j.fct.2015.08.026.



						carcinogenicity		possibly or probably carcinogenic 
(GROUPS 2A and 2B)		3		IARC (2010) and NIOSH (2011) classify nano-TiO2 as "possibly carcinogenic", as there is sufficient evidence in experimental animals and inadequate evidence of carcinogenicity in humans. This classification is based on various studies dealing with the inhalation of nano-TiO2-particles related to respiratory tract cancer. For example, Heinrich et. al. (1995) showed a statistically significant increase in lung cancer in rats exposed to ultrafine TiO2 at an average concentration of 10mg/m3. However, earlier studies by Boffetta et al. (2001, 2004) do not show an increased cancer rate in workers.
				Boffetta, P., V. Gaborieau, L. Nadon, M.F. Parent, E. Weiderpass, and J. Siemiatycki. 2001. ‘Exposure to Titanium Dioxide and Risk of Lung Cancer in a Population-Based Study from Montreal’. Scandinavian Journal of Work, Environment and Work, no. 27(4): 227–32.

Boffetta, P., A. Soutar, JW. Cherrie, F. Granath, A. Andersen, A. Anttila, M. Blettner, et al. 2004. ‘Mortality among Workers Employed in the Titanium Dioxide Production Industry in Europe’. http://apps.webofknowledge.com/full_record.do?product=UA&search_mode=GeneralSearch&qid=13&SID=R1u4AR9o4sKZBEcsetW&page=1&doc=1.

Heinrich, U., R. Fuhst, S. Rittinghausen, O. Creutzenberg, B. Bellmann, W. Koch, and K. Levsen. 1995. ‘Chronic Inhalation Exposure of Wistar Rats and Two Different Strains of Mice to Diesel Engine Exhaust, Carbon Black, and Titanium Dioxide’. Inhalation Toxicology: International Forum for Respiratory Research,  Volume 7: 533–56.

IARC, ed. 2010. Carbon Black, Titanium Dioxide, and Talc. IARC Monographs on the Evaluation of Carcinogenic Risks to Humans, v. 93. Lyon, France : Geneva: International Agency for Research on Cancer ; Distributed by WHO Press.

NIOSH. 2011. ‘Occupational Exposure to Titanium Dioxide’. http://www.cdc.gov/niosh/docs/2011-160/pdfs/2011-160.pdf.


						mutagenicity		not classifiable		2		TiO2-NPs can cause DNA damage indirectly through inflammation. However, this is the only study by Trouiller et al. (2009) showing this and therefore the information is insufficient. Additionally, this study was criticised not to be representative for all TiO2-nanoparticles (Titanium Dioxide Stewardship Council, 2010).				Titanium Dioxide Stewardship Council. 2010. ‘Answer on TiO2 Posing DNA Damage Paper’.

Trouiller, B., R. Reliene, A. Westbrook, P. Solaimani, and R. H. Schiestl. 2009. ‘Titanium Dioxide Nanoparticles Induce DNA Damage and Genetic Instability In Vivo in Mice’. Cancer Research 69 (22): 8784–89. doi:10.1158/0008-5472.CAN-09-2496.




						reproductive toxicity		not classifiable		2		In utero exposure of fetuses via the mother caused an increase in large deletions in offspring after oral exposure in rats (Trouiller, 2009). However, this is the first study showing reproductive toxicity and therefore the information is insufficient.				Shi, H., R. Magaye, V. Castranova, and J. Zhao. 2013. ‘Titanium Dioxide Nanoparticles: A Review of Current Toxicological Data’. Part Fibre Toxicol 10 (1): 15.

Trouiller, B., R. Reliene, A. Westbrook, P. Solaimani, and R. H. Schiestl. 2009. ‘Titanium Dioxide Nanoparticles Induce DNA Damage and Genetic Instability In Vivo in Mice’. Cancer Research 69 (22): 8784–89. doi:10.1158/0008-5472.CAN-09-2496.



						penalty points		no		0		No penalty points are added as the possible carcinogenicity is accounted above.

				comments

		> Possible pathways are the inhalation (mainly by workers) or the absorption through the skin, for example from sunscreen. No penetration of TiO2-NPs in sunscreen through healthy skin was observed (Sadrieh et al., 2010; Danish Environmental Protection Agency, 2015). Therefore, the LC50 value was considered here.


> Danish Environmental Protection Agency. 2015. ‘Dermal Absorption of Nanomaterials Titanium Dioxide and Zinc Oxide Based Sunscreen’. http://www2.mst.dk/Udgiv/publications/2015/08/978-87-93352-53-7.pdf.
> Sadrieh, N., A.M. Wokovich, N.V. Gopee, J. Zheng, D. Haines, D. Parmiter, P.H. Siitonen, et al. 2010. ‘Lack of Significant Dermal Penetration of Titanium Dioxide (TiO2) from Sunscreen Formulations Containing Nano-and Sub-Micron-Size TiO2 Particles’. Toxicological Sciences, kfq041.












								input		CATEGORY		COMMENT				REFERENCES

				ENVIRONMENTAL HAZARD		TOTAL		10		7		The range of the categories is 1-4. The final value for the environmental hazard is calculated by summing up all categories and penalty points. Therefore, the maximum value (without penalty points)  is 10. 

						persistence/bioaccumulation
		yes		4		Nanosilica is very resistant to chemical attacks, has a good thermal stability and resistance to UV degradation. (IARC, 2010)				IARC, ed. 2010. Carbon Black, Titanium Dioxide, and Talc. IARC Monographs on the Evaluation of Carcinogenic Risks to Humans, v. 93. Lyon, France : Geneva: International Agency for Research on Cancer ; Distributed by WHO Press.



						aquatic toxicity 
(LC50 for fish [ppm]=[mg/l])		>10-100		3		The Danish Environmental Protection Agency (2015) mentiones various papers related to aquatic toxicity and nano-TiO2. Grifftt (2008) found a LC50 of 10mg/l for the fish D.rerio. This value was implemented in this assessment.
Joner (2007) found a LC50 of 5.5 mg/l for daphnia. This seems realistic as the latter are gererally considered more susceptible than fish. More research has to be done to verify the category.				Griffitt, R. J., J. Luo, J. Gao, J.-C. Bonzongo, and D. S. Barber. 2008. ‘Effects of Particle Composition and Species on Toxicity of Metallic Nanomaterials in Aquatic Organisms’. doi:10.1897/08-002.1.

Joner, E.J., T. Hartnik, and C.E. Amundsen. 2007. ‘Environmental Fate and Ecotoxicity of Engineered Nanoparticles’. Norwegian Pollution Control Authority. http://www.bioforsk.no/ikbViewer/Content/49692/SFTs%20rapport.pdf.

The Danish Environmental Protection Agency. 2015. ‘Environmental Effects of Engineered Nanomaterials - Estimation of Predicted No-Effect Concentrations (PNECs)’. Copenhagen. http://www2.mst.dk/Udgiv/publications/2015/09/978-87-93352-70-4.pdf.






						penalty points		no		0		no comment

				comments		no comment



				EXPOSURE
(probability that this exposure materializes)





										production site related
(raw material producing and further processing companies)				 final product related

				NAICS		INDUSTRY				workers exposure		gradual and accidental environmental exposure		consumer exposure 		gradual environmental exposure		products

				11		Agriculture,  Forestry, Fishing and Hunting				0		0		0		0

				21		Mining, Quarrying, and Oil and Gas Extraction				2		1		x		x		1 DuPont has mines and produces ultrafine TiO2 (Robichaud et al., 2009).


				22		Utilities				0		0		0		0

				236		Construction of Buildings				1		1		1		1		window sealant, self cleaning glass, whirlpool 

				311		Food Manufacturing				2		1		3		2		skittles, mashmallows, M&M's, doughnuts powder, chocolate, chewing gum, mints

				312		Beverage and Tobacco Product Manufacturing				0		0		0		0

				313/314/315		Textiles & Apparels				0		0		0		0

				316		Leather and Allied Product Manufacturing				0		0		0		0

				321		Wood Product Manufacturing				0		0		0		0

				322		Paper Manufacturing				0		0		0		0

				323		Printing and Related Support Activities				0		0		0		0

				324		Petroleum and Coal Products Manufacturing				0		0		0		0

				325/3251		Chemical Manufacturing (inlcuding Base Chemical Manufacturing)				3		2		x		x		1 raw material manufacturing (powder, solution, dispersion etc.)

				3252		Resin, Synthetic Rubber, and Artificial Synthetic Fibers and Filaments Manufacturing				0		0		x		x

				3253		Pesticide, Fertilizer, and Other Agricultural Chemical Manufacturing				0		0		0		0

				3254		Pharmaceutical and Medicine Manufacturing				1		1		3		2		E171 as white substance in drugs

				3255		Paint, Coating, and Adhesive Manufacturing				2		1		1		2		paint, glue, coating spray

				3256		Soap, Cleaning Compound, and Toilet Preparation 
Manufacturing				3		2		3		3		sunscreens, shampoo and conditioner, powder antitranspirant, deodorant, shaving foam, makeup foundation, nail polish, toothpaste, 
desinfectant solution, cleaning solution, air purification spray, shoe impregnation spray, whitening cream

				32591		Printing Ink Manufacturing				0		0		0		0

				326		Plastics and Rubber Products Manufacturing				2		1		1		1		badminton racket, golf ball; building materials (window sealant)

				327		Nonmetallic Mineral Product Manufacturing				0		0		0		0		self cleaning glass, whirlpool 

				331		Primary Metal Manufacturing				0		0		x		x

				332		Fabricated Metal Product Manufacturing				0		0		0		0

				333		Machinery Manufacturing				0		0		0		0

				334		Computer and Electronic Product Manufacturing				0		0		0		0

				335		Electrical Equipment, Appliance, and Component Manufacturing				2		1		1		1		computer mouse, fridge, air purifier machine, hair drier, hair straightening iron (in plastic, whereas silver coating)

				336		Transportation Equipment Manufacturing				0		0		0		0

				337		Furniture and Related Product Manufacturing				0		0		0		0

				339		Miscellaneous Manufacturing				2		1		1		1		rackets, golf balls

				3391		Medical Equipment and Supplies Manufacturing				1		1		1		1		layering of medical devices with photocatalytic titania (Company: Plasmatreat)

				622		Hospitals				0		0		0		0

				562		Administrative and Support and Waste Management and Remediation Services				2		2		x		x		1,2,3 waste management, recycling processes

				comments		> The categories were first set individually by every member of the working group and then discussed in a group meeting. 
> The probability of claims was not included in this assessment.
> Products in research but not on the market yet were not included here.
>1 As there are no end products but intermediate products only in chemical manufacturing, resin production, primary metal production and the waste management these fields cannot be filled (x). 
>2 The waste management part is neglected in all rows except the last one (waste water treatment plants, landfills, incineration). 
>3 For all of the assessed NPs, both workers and environmental exposure were rated as 2, because further information is necessary to assess the risk in more specific manner. Specific local regulation and protection measures might influence the final risk exposure evaluation heavily. 

> Robichaud, C.O., A.E. Uyar, M.R. Darby, L.G. Zucker, and M.R. Wiesner. 2009. ‘Estimates of Upper Bounds and Trends in Nano-TiO2 Production as a Basis for Exposure Assessment’. Environmental Science & Technology 43 (12): 4227–33. doi:10.1021/es8032549.




				RISK 
(hazard and exposure multiplied; maximum number is 100)







				Titania NPs						production site related
(raw material producing and further processing companies)				 final product related

				NAICS		INDUSTRY				workers risk		gradual and accidental environmental risk		consumer risk		gradual environmental risk

				11		Agriculture,  Forestry, Fishing and Hunting				0		0		0		0

				21		Mining, Quarrying, and Oil and Gas Extraction				33		23		x		x

				22		Utilities				0		0		0		0

				236		Construction of Buildings				17		23		17		23

				311		Food Manufacturing				33		23		50		47

				312		Beverage and Tobacco Product Manufacturing				0		0		0		0

				313/314/315		Textiles & Apparels				0		0		0		0

				316		Leather and Allied Product Manufacturing				0		0		0		0

				321		Wood Product Manufacturing				0		0		0		0

				322		Paper Manufacturing				0		0		0		0

				323		Printing and Related Support Activities				0		0		0		0

				324		Petroleum and Coal Products Manufacturing				0		0		0		0

				325/3251		Chemical Manufacturing (inlcuding Base Chemical Manufacturing)				50		47		x		x

				3252		Resin, Synthetic Rubber, and Artificial Synthetic Fibers and Filaments Manufacturing				0		0		x		x

				3253		Pesticide, Fertilizer, and Other Agricultural Chemical Manufacturing				0		0		0		0

				3254		Pharmaceutical and Medicine Manufacturing				17		23		50		47

				3255		Paint, Coating, and Adhesive Manufacturing				33		23		17		47

				3256		Soap, Cleaning Compound, and Toilet Preparation Manufacturing				50		47		50		70

				32591		Printing Ink Manufacturing				0		0		0		0

				326		Plastics and Rubber Products Manufacturing				33		23		17		23

				327		Nonmetallic Mineral Product Manufacturing				0		0		0		0

				331		Primary Metal Manufacturing				0		0		x		x

				332		Fabricated Metal Product Manufacturing				0		0		0		0

				333		Machinery Manufacturing				0		0		0		0

				334		Computer and Electronic Product Manufacturing				0		0		0		0

				335		Electrical Equipment, Appliance, and Component Manufacturing				33		23		17		23

				336		Transportation Equipment Manufacturing				0		0		0		0

				337		Furniture and Related Product Manufacturing				0		0		0		0

				339		Miscellaneous Manufacturing				33		23		17		23

				3391		Medical Equipment and Supplies Manufacturing				17		23		17		23

				622		Hospitals				0		0		0		0

				562		Administrative and Support and Waste Management and Remediation Services				33		47		x		x

















































































































































































































































































































































































































































































































































































































4) carbon black

				Carbon black				NO GUARANTEE CAN BE GIVEN FOR COMPLETENESS OR CORRECTNESS OF THE DATA SHOWN IN THIS ASSESSMENT TOOL. THIS DOCUMENT IS THE INTELLECTUAL PROPERTY OF THE "SCHWEIZERISCHER VERSICHERUNGSVERBAND" (SVV).  ANY COPYING IS FORBIDDEN.



				GENERAL INFORMATION



				In contrast to black carbon, which is formed during the incomplete combustion of fossil fuels (soot), carbon black (German: "Industrieruss") is manufactured under defined conditions, for example in the controlled vapour phase pyrolysis. It consists of carbon (98-99.8%) and impurities, mainly polycyclic aromatic hydrocarbons (PAHs). Depending on the production process and use carbon black is also called acetylene black, gas black, channel black, furnace black, lampblack, thermal black or pigment black 6/7. It is insoluble in water and organic solvents. Carbon black is used in the plastic industry as a reinforcing filler, mainly in tires, or as a pigment in various materials like cement, paints, paper or fibres. It is available as a black powder or a liquid dispersion. (Wiley, 2012; Environment & Health Canada, 2013)

The following products containing carbon black were found:
cosmetics and hygiene: mascara, eye pencils, eye shadow, blushers, foundations, nail enamels, eyelash glue, hair removal wax, tanning products, spray hair dyes, soap
paints: coatings, dyes for leather & textiles, tattoo ink (for animal ear tags), paint protector
printing: printer toners and cartridges
electrics: electrodes, dry-cell batteries, carbon brush
plastics: tires, tubes, conveyor belts, cables, rubber profiles, rubber gaskets
construction: caulking, concrete repair and sealants, fibreglass insulation
food: food additive for example in steak seasoning, licorice products, ice cream, sandwich cream biscuits
medicine: It is licensed to be used in drugs for internal and external use in Canada, but not used in medicine. There are three licensed natural health products on the market containing carbon black as a pigment (Health Canada, 2016)
other: pipe seals, shoe polish

> Environment & Health Canada. 2013. ‘Screening Assessment for the Challenge Carbon Black’. https://www.ec.gc.ca/ese-ees/2CF34283-CD2B-4362-A5D6-AD439495D0D1/FSAR_B12%20-%201333-86-4%20%28Carbon%20Black%29_EN.pdf.
> Health Canada. 2016. ‘Drugs and Health Products Containing Carbon Black’. http://webprod5.hc-sc.gc.ca/lnhpd-bdpsnh/search-recherche.do?lang=eng&field_Champ2=&field_Champ3=&field_Champ4=&field_Champ5=&field_Champ6=&condition2=&condition3=&condition4=&condition5=&crit2=&crit3=&crit4=&crit5=&crit6=&op2=&op3=&op4=&op5=&op6=&productStatus_EtatProduit=2&field_Champ1=3&op1=0&crit1=carbon+black&condition1=0&dateOp2=0&monthLicensing_MoisHomologation=&yearLicensing_AnneeHomologation=&dateOp1=0&monthRevised_MoisModifiee=&yearRevised_AnneeModifiee=&action=Search.
> Wiley. 2012. ‘Carbon Black in the Form of Inhalable Dust’. http://onlinelibrary.wiley.com/store/10.1002/3527600418.mb133386e0018/asset/mb133386e0018.pdf?v=1&t=ijfsmfwf&s=27ad168fd07b53245a4424a9826f5739f9d7f2ea.
																Wiley (2012)





						input		CATEGORY		COMMENT				REFERENCES

				GLOBAL PRODUCTION VOLUME (t/y)		>1'000'000		5		Several numbers were found in the literature. All of them document a very high production volume of category 5:
>10 million tons in 2005 (European Commission, 2013).
> 9 million tons worldwide per year (Sachverständigenrat für Umweltfragen, 2011)
> 228'000 tons in Canada in 2006 (Environment and Health Canada, 2013)
> 6 million tons worldwide in 1993 (EPA, 2005)
> 8 million tons in 1996 worldwide (OECD, 2006) with:
     < North America: 1'815'000 tons
     < Western Europe: 1'310'000 tons
     < Eastern Europe: 1'545'000 tons
     < Asia: 2'630'000 tons
     < South America: 480'000 tons
     < Africa and Australia: 185'000 tons				Environment & Health Canada. 2013. ‘Screening Assessment for the Challenge Carbon Black’. https://www.ec.gc.ca/ese-ees/2CF34283-CD2B-4362-A5D6-AD439495D0D1/FSAR_B12%20-%201333-86-4%20%28Carbon%20Black%29_EN.pdf.

EPA. 2005. ‘Reassessment of One Exemption from the Requirement of a Tolerance for Carbon Black’. http://www.epa.gov/sites/production/files/2015-04/documents/carbonblack.pdf.

European Commission. 2013. Opinion on Carbon Black (nano-Form). Luxembourg: European Commission. http://dx.publications.europa.eu/10.2772/7205.

OECD. 2006. ‘Carbon Black, SIDS Initial Assessment Profile’. http://webnet.oecd.org/hpv/ui/handler.axd?id=b2394717-5545-46c3-9194-ae15f987df25.

Sachverständigenrat für Umweltfragen. 2011. Vorsorgestrategien Für Nanomaterialien - Sondergutachten. Berlin: Erich Schmidt Verlag. http://www.umweltrat.de/SharedDocs/Downloads/DE/02_Sondergutachten/2011_09_SG_Vorsorgestrategien%20f%C3%BCr%20Nanomaterialien.pdf?__blob=publicationFile.





				SPREAD 
(number of products)		101-1000		2		347 products were identified, mostly tires, coatings and sealants. Overall, 150 end product categories produced by 127 companies were found that are shown in the application split chart on the right side: 
> 241 products were found in the Household Products Database (2016)
> 16 products (mainly cosmetics) in the Nanodatabase (2016)
> 6 food related products found in Nanotechnology in our Food (2016)
> The Nanotechproject cannot be searched for "carbon black" but for "carbon" only. Therefore, no results are available there.
> No products found in the German database (Nanoproduktdatenbank, 2016)
> Carbon black is used in the production of tires. Thus, 77 tire producers (Wikipedia, 2016) are added. 				Nanoproduktdatenbank. 2016. ‘Search Results for “Carbon Black”’. http://www.bund.net/nc/themen_und_projekte/nanotechnologie/nanoproduktdatenbank/produktsuche/.

Nanotechnology in our Food 2016. ‘Search Results for Carbon’. Accessed February 26. http://salsa3.salsalabs.com/o/1881/p/salsa/web/common/public/content?content_item_KEY=14112%20

Household Products Database. 2016. ‘Health and Safety Information on Household Products Containing Carbon Black’. https://householdproducts.nlm.nih.gov/cgi-bin/household/brands?tbl=chem&id=208.

Nanodatabase. 2016. ‘Search Results for Carbon Black’. Accessed January 18. http://nanodb.dk/en/search-database/#pageno=&keyword=&fn.lp_m=2918&fn.d_cd_f=&fn.d_cd_t=.

Wikipedia. 2016. ‘Search Results for Tires producers’. Accessed February 26. https://en.wikipedia.org/wiki/List_of_tire_companies






				HAZARDS



								input		CATEGORY		COMMENT				REFERENCES

				HUMAN HAZARD		TOTAL		18		11		The range of the categories is 1-4. The final value for the human hazard is calculated by summing up all categories and penalty points. Therefore, the maximum value (without penalty points)  is 18. 

						toxicity (PEL)
INHALATION		>1-10		3		No effects have been reported after acute or chronic exposure via the oral or dermal routes (Environment & Health Canada, 2013; OECD, 2006): The lowest oral LD50 is >10g/kg bw in rats and the lowest dermal LD50 in rabbits is >3g/kg bw. Therefore, the main concern implemented in this assessment is the inhalation. An overview and discussion of various acute and chronic inhalation studies is shown in Appendix 3 of Environment & Health Canada (2013). For example, the subchronic NOEL was registered to be 1mg/m3 for hamster, rats and mice (Elder at al., 2005) and the chronic NOEL is 1.1mg/m3 (Driscoll et al., 1996). It is stated in OECD (2006) that, based on data from 19 production plants in 7 European countries, only minimal effects on lung function parameters are expected after 40 years exposure to 1 mg/m3. The PEL is 3.5mg/m3 (NIOSH, 1988). A MAK value is not available (Wiley, 1999).
The PEL value was implemented in this assessment. The limit elaborated in OECD (2006) is in accordance with this category.
				Driscoll, K.E., J.M. Carter, B.W. Howard, D.G. Hassenbein, W. Pepelko, R.B. Baggs, and G. Oberdoerster. 1996. ‘Pulmonary Inflammatory, Chemokine, and Mutagenic Responses in Rats after Subchronic Inhalation of Carbon Black’.

Elder, A., R. Gelein, J.N. Finkelstein, K.E. Driscoll, J. Harkema, and G. Oberdoerster. 2005. ‘Effects of Subchronically Inhaled Carbon Black in Three Species. I. Retention Kinetics, Lung Inflammation, and Histopathology’. Toxicological Sciences 88 (2): 614–29. doi:10.1093/toxsci/kfi327.

Environment & Health Canada. 2013. ‘Screening Assessment for the Challenge Carbon Black’. https://www.ec.gc.ca/ese-ees/2CF34283-CD2B-4362-A5D6-AD439495D0D1/FSAR_B12%20-%201333-86-4%20%28Carbon%20Black%29_EN.pdf.

NIOSH. 1988. ‘Occupational Safety and Health Guideline for Carbon Black - Potential Human Carcinogen’. http://www.cdc.gov/niosh/docs/81-123/pdfs/0102.pdf.

OECD. 2006. ‘Carbon Black, SIDS Initial Assessment Profile’. http://webnet.oecd.org/hpv/ui/handler.axd?id=b2394717-5545-46c3-9194-ae15f987df25.

Wiley. 1999. ‘Industrierusse (Carbon Black) in Form atembarer Stäube’. http://onlinelibrary.wiley.com/doi/10.1002/3527600418.mb133386stad0029/full.







						carcinogenicity		possibly or probably carcinogenic 
(GROUPS 2A and 2B)		3		The IARC (2010) classified the carcinogenicity as 2B (possibly carcinogenic) based on sufficient evidence in experimental animals and inadequate evidence from epidemiological studies. Lung tumours were seen in rats after inhalation of carbon black, for example in a study by Dasenbrock et al. (1996). This study is unavailable but cited in Environment & Health Canada (2013). Probably, the tumours are caused by an excessive lung burden due to impairment of clearance mechanisms. There is no evidence that indicates that carbon black has the potential to cause cancer via oral or dermal route of exposure. However, in observation studies with carbon black workers no clear dependency on lung tumours and exposure can be seen. Often, these studies are incomplete, for example as smoking data are not considered (Environment & Health Canada, 2013).
Another concern are the PAH impurities in the carbon black. NIOSH (1988) suggests to minimise these impurities and the exposure to them as far as possible. 				Environment & Health Canada. 2013. ‘Screening Assessment for the Challenge Carbon Black’. https://www.ec.gc.ca/ese-ees/2CF34283-CD2B-4362-A5D6-AD439495D0D1/FSAR_B12%20-%201333-86-4%20%28Carbon%20Black%29_EN.pdf.

IARC. 2010. Identification of Research Needs to Resolve the Carcinogenicity of High-Priority IARC Carcinogens. Lyon, France: International Agency for Research on Cancer. http://monographs.iarc.fr/ENG/Publications/techrep42/TR42-Full.pdf.

NIOSH. 1988. ‘Occupational Safety and Health Guideline for Carbon Black - Potential Human Carcinogen’. http://www.cdc.gov/niosh/docs/81-123/pdfs/0102.pdf.



						mutagenicity		possibly or probably mutagenic		3		The IARC (2010), OECD (2006) and the Canadian Assessment group (Environment & Health Canada, 2013) concluded that carbon black is not directly mutagenic. However, mutagenicity is secondary to oxidative stress and inflammatory processes.
Overall, mutagenicity cannot be tested with bacterial and in-vitro testing without the use of organic solvents that interfere with the testing (ICBA, 2004).				Environment & Health Canada. 2013. ‘Screening Assessment for the Challenge Carbon Black’. https://www.ec.gc.ca/ese-ees/2CF34283-CD2B-4362-A5D6-AD439495D0D1/FSAR_B12%20-%201333-86-4%20%28Carbon%20Black%29_EN.pdf.

IARC. 2010. Identification of Research Needs to Resolve the Carcinogenicity of High-Priority IARC Carcinogens. Lyon, France: International Agency for Research on Cancer. http://monographs.iarc.fr/ENG/Publications/techrep42/TR42-Full.pdf.

ICBA. 2004. ‘Carbon Black User’s Guide: Safety, Health, & Environmental Information’. http://www.cabotcorp.com/~/media/files/product-stewardship/industry-user-guides/international-carbon-black-association-icba-user-guide.pdf?la=en.

OECD. 2006. ‘Carbon Black, SIDS Initial Assessment Profile’. http://webnet.oecd.org/hpv/ui/handler.axd?id=b2394717-5545-46c3-9194-ae15f987df25.


						reproductive toxicity		not classifiable		2		Archibong et al. (2002) did not see any significant differences among control and treated rat groups in pups per litter, survival rate, pup weight or pup length after inhalation of carbon black during the pregnancy. However, only a small concentration was used. Yoshida et al. (2009) noticed a decreased sperm production in male mice. Overall, there is little evidence that carbon black is toxic for reproduction, but studies are missing (Environment & Health Canada, 2013).				> Archibong, A.E., F. Inyang, A. Ramesh, M. Greenwood, T. Nayyar, P. Kopsombut, D.B. Hood, and A.M. Nyanda. 2002. ‘Alteration of Pregnancy Related Hormones and Fetal Survival in F-344 Rats Exposed by Inhalation to Benzo(a)pyrene’. Reproductive Toxicology 16 (6): 801–8.

> Environment & Health Canada. 2013. ‘Screening Assessment for the Challenge Carbon Black’. https://www.ec.gc.ca/ese-ees/2CF34283-CD2B-4362-A5D6-AD439495D0D1/FSAR_B12%20-%201333-86-4%20%28Carbon%20Black%29_EN.pdf.

> Yoshida, S., K. Hiyoshi, T. Ichinose, H. Takano, S. Oshio, I. Sugawara, K. Takeda, and T. Shibamoto. 2009. ‘Effect of Nanoparticles on the Male Reproductive System of Mice’. International Journal of Andrology 32 (4): 1365–2605.

						penalty points		no		0		No penalty points are added as the possible carcinogenicity is accounted above.				-

				comments 

		> The main concern is the exposition of workers via inhalation. Therefore, this path was chosen to represent the toxicity in this assessment.






								input		CATEGORY		COMMENT				REFERENCES

				ENVIRONMENTAL HAZARD		TOTAL		10		3		The range of the categories is 1-4. The final value for the environmental hazard is calculated by summing up all categories and penalty points. Therefore, the maximum value (without penalty points)  is 10. 

						persistence/bioaccumulation
		yes		2		Carbon black is resistant to hydrolysis, photolysis and biodegradation, and thus can be found in the air, water bodies, but mainly in the soil and sediment. As an inorganic compound with the chemical structure "C", carbon black will not be further biodegraded by microorganisms. However, bioaccumulation is unlikely as the substance is insoluble in water and organic solvents and thus diffusion through gills or membranes of the aquatic organisms is not expected (Environment & Health Canada, 2013; OECD, 2013).				Environment & Health Canada. 2013. ‘Screening Assessment for the Challenge Carbon Black’. https://www.ec.gc.ca/ese-ees/2CF34283-CD2B-4362-A5D6-AD439495D0D1/FSAR_B12%20-%201333-86-4%20%28Carbon%20Black%29_EN.pdf.

OECD. 2006. ‘Carbon Black, SIDS Initial Assessment Profile’. http://webnet.oecd.org/hpv/ui/handler.axd?id=b2394717-5545-46c3-9194-ae15f987df25.


						aquatic toxicity 
(LC50 for fish [ppm])		>1000		1		Carbon black is epected to have a very low potential for toxicity in aquatic organisms: No effects were observed for both zebrafish and orfe fish at 1000mg/l (Environment & Health Canada, 2013). The LC50 for fish is reported to be >5g/L for aqueous suspensions and >10g/l for water accommodated filtrates. (OECD, 2006).
Additionally, carbon black is only present in the water column in low concentrations (except in rivers with high turbidity) as it settles due to the high density, low solubility and low volatility. Therefore, sediment-dwelling organisms could be exposed, but studies are missing. Also, the carbon black can decrease the pH of the solution and thus affect organisms indirectly. 
Most studies are done by Degussa (not published online), more studies for ecotoxicity are missing (Environment and Health Canada, 2013).				Environment & Health Canada. 2013. ‘Screening Assessment for the Challenge Carbon Black’. https://www.ec.gc.ca/ese-ees/2CF34283-CD2B-4362-A5D6-AD439495D0D1/FSAR_B12%20-%201333-86-4%20%28Carbon%20Black%29_EN.pdf.

OECD. 2006. ‘Carbon Black, SIDS Initial Assessment Profile’. http://webnet.oecd.org/hpv/ui/handler.axd?id=b2394717-5545-46c3-9194-ae15f987df25.


						penalty points		no		0		no comment

				comments: 
		10'000-100'000kg of carbon black was reported to be released to land, 10'000-100'000kg to air and 1'000-10'000kg to water in 2006 in Canada (Environment & Health Canada, 2013). Carbon black is not soluble and is estimated to eventually settle into sediments.

> Environment & Health Canada. 2013. ‘Screening Assessment for the Challenge Carbon Black’. https://www.ec.gc.ca/ese-ees/2CF34283-CD2B-4362-A5D6-AD439495D0D1/FSAR_B12%20-%201333-86-4%20%28Carbon%20Black%29_EN.pdf.



				EXPOSURE
(probability that this exposure materializes)





										production site related
(raw material producing and further processing companies)				 final product related

				NAICS		INDUSTRY				workers exposure 3		gradual and accidental environmental exposure		consumer exposure 		gradual environmental exposure		products

				11		Agriculture,  Forestry, Fishing and Hunting				0		0		0		0

				21		Mining, Quarrying, and Oil and Gas Extraction				0		0		x		x		1 It is assumed that there is no company extracting fossil fuels and producing carbon black.

				22		Utilities				0		0		0		0

				236		Construction of Buildings				2		1		1		2		cement, caulking, concrete repair and sealants, fibreglass insulation

				311		Food Manufacturing				1		1		2		1		6 steak seasoning, licorice products, ice cream, sandwich cream biscuits

				312		Beverage and Tobacco Product Manufacturing				0		0		0		0

				313/314/315		Textiles & Apparels				2		1		2		2		7 dyes for textiles, fibreglass weaving

				316		Leather and Allied Product Manufacturing				2		1		2		1		7 dyes for leather

				321		Wood Product Manufacturing				0		0		0		0

				322		Paper Manufacturing				1		1		1		1		9 pigment in paper

				323		Printing and Related Support Activities				0		0		0		0

				324		Petroleum and Coal Products Manufacturing				0		0		0		0		according to NAICS the base chemical production is 325130/80

				325/3251		Chemical Manufacturing (inlcuding Base Chemical Manufacturing)				3		2		x		x		1 production of carbon black

				3252		Resin, Synthetic Rubber, and Artificial Synthetic Fibers and Filaments Manufacturing				3		2		x		x		1 reinforcement and pigment in plastics

				3253		Pesticide, Fertilizer, and Other Agricultural Chemical Manufacturing				0		0		0		0

				3254		Pharmaceutical and Medicine Manufacturing				0		0		0		0		alternative drugs

				3255		Paint, Coating, and Adhesive Manufacturing				2		2		1		1		paint, coatings, varnishes, dyes for leather & textiles, tatoo ink (for animal ear tags), paint protector

				3256		Soap, Cleaning Compound, and Toilet Preparation Manufacturing				2		2		2		1		10 mascara, eye pencils eye shadow, blushers, foundations, nail enamels, eyelash glue, hair removal wax, tanning products, spray hair dyes, 
soap, shoe polish, diaper ointment

				32591		Printing Ink Manufacturing				3		2		3		2		printer toners and cartridges

				326		Plastics and Rubber Products Manufacturing				3		2		1		3		4 tires, tubes, conveyor belts, cables, rubber profiles, rubber gaskets, fibreglass

				327		Nonmetallic Mineral Product Manufacturing				1		1		1		1		fibreglass insulation

				331		Primary Metal Manufacturing				0		0		x		x

				332		Fabricated Metal Product Manufacturing				0		0		0		0

				333		Machinery Manufacturing				0		0		0		0

				334		Computer and Electronic Product Manufacturing				0		0		0		0

				335		Electrical Equipment, Appliance, and Component Manufacturing				1		1		1		1		electrodes, dry-cell batteries, carbon brush

				336		Transportation Equipment Manufacturing				0		0		0		0

				337		Furniture and Related Product Manufacturing				0		0		0		0

				339		Miscellaneous Manufacturing				1		0		0		0		pipe seals

				3391		Medical Equipment and Supplies Manufacturing				0		0		0		0

				622		Hospitals				0		0		0		0		8 alternative drugs

				562		Administrative and Support and Waste Management and Remediation Services				2		2		x		x		1,2,5,11 waste management, recycling processes

				comments		> The categories were first set individually by every member of the working group and then discussed in a group meeting. 
> The probability of claims was not included in this assessment.
> Products in research but not on the market yet were not included here.
>1 As there are no end products but intermediate products only in chemical manufacturing, resin production and the waste management these fields cannot be filled (x). 
>2 The waste management part is neglected in all rows except the last one (waste water treatment plants, landfills, incineration). 
>3 Workers exposure: The concentration decreased significantly in American and West European production plants (Wiley, 1999).
>4 It is assumed that the largest share of carbon black is used in the tire industy (70% according to Wikipedia (2016)). The material is inexpensive. The amount of carbon black in this industry influenced the exposure assessment. Additionally, it was assumed that there is no intermediate market for tires: Thus, the third column in this row relates to the car driver. 
>5 During car tire combustion, carbon black is not degraded as the degradation temperature (3652°C) is higher than the cement plant furnace temperature (up to 2200°C) (Environment & Health Canada, 2013)
>6 There are only very few products on the food market  (Environment & Health Canada, 2013).
>7 It is assumed that textiles are washed, but leather is not. Thus, contrary to leather, particles can be released from textiles into the environment.
>8 There are three drugs on the market. However, as this is only a very limited amount and these drugs seem to be alternative, this row was not assessed (Health Canada, 2016).
>9 The amount of black paper compared to white paper is negligible.
>10 Compared to TiO2 or ZnO the beauty products containing carbon black are only used on a small area of the skin. Therefore, the assessment classes here are lower compared to the other two substances mentioned.
>11 For all of the assessed NPs, both workers and environmental exposure were rated as 2, because further information is necessary to assess the risk in more specific manner. Specific local regulation and protection measures might influence the final risk exposure evaluation heavily. 

> Environment & Health Canada. 2013. ‘Screening Assessment for the Challenge Carbon Black’. https://www.ec.gc.ca/ese-ees/2CF34283-CD2B-4362-A5D6-AD439495D0D1/FSAR_B12%20-%201333-86-4%20%28Carbon%20Black%29_EN.pdf.
> Health Canada. 2016. ‘Drugs and Health Products Containing Carbon Black’. http://webprod5.hc-sc.gc.ca/lnhpd-bdpsnh/search-recherche.do?lang=eng&field_Champ2=&field_Champ3=&field_Champ4=&field_Champ5=&field_Champ6=&condition2=&condition3=&condition4=&condition5=&crit2=&crit3=&crit4=&crit5=&crit6=&op2=&op3=&op4=&op5=&op6=&productStatus_EtatProduit=2&field_Champ1=3&op1=0&crit1=carbon+black&condition1=0&dateOp2=0&monthLicensing_MoisHomologation=&yearLicensing_AnneeHomologation=&dateOp1=0&monthRevised_MoisModifiee=&yearRevised_AnneeModifiee=&action=Search.
> Wikipedia. 2016. ‘Carbon Black’. https://en.wikipedia.org/wiki/Carbon_black#Common_uses.
> Wiley. 1999. ‘Industrierusse (Carbon Black) in Form Atembarer Stäube’. http://onlinelibrary.wiley.com/doi/10.1002/3527600418.mb133386stad0029/full.




				RISK 
(hazard and exposure multiplied; maximum number is 100)







				Carbon black						production site related
(raw material producing and further processing companies)				 final product related

				NAICS		INDUSTRY				workers risk		gradual and accidental environmental risk		consumer risk		gradual environmental risk

				11		Agriculture,  Forestry, Fishing and Hunting				0		0		0		0

				21		Mining, Quarrying, and Oil and Gas Extraction				0		0		x		x

				22		Utilities				0		0		0		0

				236		Construction of Buildings				41		10		20		20

				311		Food Manufacturing				20		10		41		10

				312		Beverage and Tobacco Product Manufacturing				0		0		0		0

				313/314/315		Textiles & Apparels				41		10		41		20

				316		Leather and Allied Product Manufacturing				41		10		41		10

				321		Wood Product Manufacturing				0		0		0		0

				322		Paper Manufacturing				20		10		20		10

				323		Printing and Related Support Activities				0		0		0		0

				324		Petroleum and Coal Products Manufacturing				0		0		0		0

				325/3251		Chemical Manufacturing (inlcuding Base Chemical Manufacturing)				61		20		x		x

				3252		Resin, Synthetic Rubber, and Artificial Synthetic Fibers and Filaments Manufacturing				61		20		x		x

				3253		Pesticide, Fertilizer, and Other Agricultural Chemical Manufacturing				0		0		0		0

				3254		Pharmaceutical and Medicine Manufacturing				0		0		0		0

				3255		Paint, Coating, and Adhesive ManufacturingT				41		20		20		10

				3256		Soap, Cleaning Compound, and Toilet Preparation Manufacturing				41		20		41		10

				32591		Printing Ink Manufacturing				61		20		61		20

				326		Plastics and Rubber Products Manufacturing				61		20		20		30

				327		Nonmetallic Mineral Product Manufacturing				20		10		20		10

				331		Primary Metal Manufacturing				0		0		x		x

				332		Fabricated Metal Product Manufacturing				0		0		0		0

				333		Machinery Manufacturing				0		0		0		0

				334		Computer and Electronic Product Manufacturing				0		0		0		0

				335		Electrical Equipment, Appliance, and Component Manufacturing				20		10		20		10

				336		Transportation Equipment Manufacturing				0		0		0		0

				337		Furniture and Related Product Manufacturing				0		0		0		0

				339		Miscellaneous Manufacturing				20		0		0		0

				3391		Medical Equipment and Supplies Manufacturing				0		0		0		0

				622		Hospitals				0		0		0		0

				562		Administrative and Support and Waste Management and Remediation Services				41		20		x		x

















































































































































































































































































































































































































































































































































































































5) ZnO

				ZnO NPs				NO GUARANTEE CAN BE GIVEN FOR COMPLETENESS OR CORRECTNESS OF THE DATA SHOWN IN THIS ASSESSMENT TOOL. THIS DOCUMENT IS THE INTELLECTUAL PROPERTY OF THE "SCHWEIZERISCHER VERSICHERUNGSVERBAND" (SVV).  ANY COPYING IS FORBIDDEN.



				GENERAL INFORMATION



				ZnO nanoparticles are a colourless powder (European Commission, 2012) while particles of larger scale are white. The substance is used as an effective UV filter with a different spectrum than TiO2. Additionally, it has antimicrobial properties and is an active agent in self-cleaning products. As ZnO is able to absorb electromagnetic waves it can be used in military and commercial applications. ZnO is present in the earth crust as mineral zincite but most ZnO used commercially is produced synthetically. The different chemical synthesis methods of nano ZnO are described in Sabir et al. (2014): The most common way is the vapour transport synthesis. There is also a chemical reaction of zinc metal with alcohol, a precipitation method and a chemical reaction of zinc acetate dihydrate and NaOH. Alternatives using plants or microbials have been suggested. ZnO nanoparticles have a low solubility in water. Zinc ions can be released, what is relevant for the toxicity assessment (Sachverständigenrat für Umweltfragen, 2011 ; Vandebriel et al., 2012 ). Another mechanism for cytoxoticity seems to be the generation of reactive oxygen species (Rasmussen et al., 2010).

Following products were found to contain ZnO NPs:
cosmetics: sunscreens (transparent UV filter), moisturizing creams for face/feet/hands, deo spray, exfoliaters, foot deodorant powder and spray, makeup
paints: varnishes (UV-filter, self-cleaning agent), dispersions for wood/plastic/textiles, coating solutions
electronics: cooling fluids for automotive or electronics, semiconductors in electronics (TFT screens), solar cells (research only)
food: dietary supplements, plastic wrap for food 
textiles: socks, shoe insole
filters: shower filter against inpurities, chlorine and hardness of water  (Nanodatabase, 2016; Aqulic, 2016)
plastics: increasing abrasion resistance, preventing UV and bacterial degradation, tyres
medicine: cancer therapy, bactericide, nanosensors for diabetes (in research only  (Cash, 2010))

> Aqulic. 2016. ‘Aqulic Shower Filter: The Best Shower Filter in the World’. http://www.aqulic.com/product.aspx.
>  Cash, K. J., and H. A. Clark. 2010. ‘Nanosensors and Nanomaterials for Monitoring Glucose in Diabetes’. Trends in Molecular Medicine 16 (12): 584–93. doi:10.1016/j.molmed.2010.08.002.
>  European Commission. 2012. Types and Uses of Nanomaterials, Including Safety Aspects. Accompanying the Communication from the Commission to the European Parliament, the Council and the European Economic and Social Committee on the Second Regulatory Review on Nanomaterials. Brussels: Publications Office.
>  Nanodatabase. 2016. ‘IntelGadgets Shower Bath Tub Tap Water Filter’. http://nanodb.dk/en/product/?pid=3815.
> Rasmussen, J.W., E. Martinez, P. Louka, and D.G. Wingett. 2010. ‘Zinc Oxide Nanoparticles for Selective Destruction of Tumor Cells and Potential for Drug Delivery Applications’. Expert Opinion on Drug Delivery 7 (9): 1063–77. doi:10.1517/17425247.2010.502560.
> Sachverständigenrat für Umweltfragen. 2011. Vorsorgestrategien Für Nanomaterialien - Sondergutachten. Berlin: Erich Schmidt Verlag. http://www.umweltrat.de/SharedDocs/Downloads/DE/02_Sondergutachten/2011_09_SG_Vorsorgestrategien%20f%C3%BCr%20Nanomaterialien.pdf?__blob=publicationFile.
> Sabir, S., M. Arshad, and S. K. Chaudhari. 2014. ‘Zinc Oxide Nanoparticles for Revolutionizing Agriculture: Synthesis and Applications’. The Scientific World Journal. doi:doi:10.1155/2014/925494.
> Vandebriel, R., and W. De Jong. 2012. ‘A Review of Mammalian Toxicity of ZnO Nanoparticles’. Nanotechnology, Science and Applications, 61. doi:10.2147/NSA.S23932.








						input		CATEGORY		COMMENT				REFERENCES

				GLOBAL PRODUCTION VOLUME (t/y)		10'000 - 100'000		3		The global production is equal to several thousand tonnes per year (European Commission, 2012). In Alibaba, there are a lot of companies only selling amounts of 5 tons or more. 				European Commission. 2012. Types and Uses of Nanomaterials, Including Safety Aspects. Accompanying the Communication from the Commission to the European Parliament, the Council and the European Economic and Social Committee on the Second Regulatory Review on Nanomaterials. Brussels: Publications Office.

				SPREAD 
(number of products)		<100		1		67 products were identified, mostly cosmetics, taking into account all sources. Overall, 39 end products categories produced by 35 companies were found that are shown in the application split chart on the right side: There are 38 hits in the Nanotechproject of Woodrow Wilson (Nanotechproject, 2016). 20 products were found in the Nanodatabase (2016) and 7 in the German database (Nanoproduktdatenbank, 2016).				Nanodatabase. 2016. ‘Search Results for ZnO’. http://nanodb.dk/en/search-database/#pageno=&keyword=&fn.lp_m=2944&fn.d_cd_f=&fn.d_cd_t=.

Nanoproduktdatenbank. 2016. ‘Suchresultate Für ZnO’. http://www.bund.net/nc/themen_und_projekte/nanotechnologie/nanoproduktdatenbank/produktsuche/.

Nanotechproject. 2016. ‘Search Results for ZnO’. http://www.nanotechproject.org/cpi/search-products/?title=&asmSelect0=&date_created=&date_modified=&nanomaterials%5B%5D=1151&search-products_submit=Search&_submitKey=16%3Asearch-products%3A0.




				HAZARDS



								input		CATEGORY		COMMENT				REFERENCES

				HUMAN HAZARD		TOTAL		18		10		The range of the categories is 1-4. The final value for the human hazard is calculated by summing up all categories and penalty points. Therefore, the maximum value (without penalty points)  is 18. 

						toxicity (MAK [ppm])
INHALATION		>1-10		3		Compared to carbon black, single-walled CNTs and SiO2 nanoparticles the ZiO2 nanoparticles showed an increased toxicological potential in cell culture tests (Sachverständigenrat für Umweltfragen, 2011). This toxicity is supposed to result from dissolved Zn(ll) in the culture medium or inside cells (Vandebriel, 2012).

INHALATION:
Known responses of the inhalation of ZnO in human are temporary pulmonary inflammatory response and metal fume fever (European Commission, 2012; Sachverständigenrat für Umweltfragen, 2012). Therefore, this exposure path was chosen to represent the toxicity in the assessment. 
Gao et al (2013) noticed significant damages to the olfactory epithelium as well as inflammation reactions in mice after intranasal instillation. They concluded that caution should be taken during the use and disposal of ZnO NPs to prevent unintended public health impacts.
Liu et al. (2008) also noticed severe pulmonary inflammation, becoming more severe with increasing dose after intratracheal instillation in mice. Additional reactions were the thickening of alveolar walls, weight loss and anemia.
Sayes et al. (2007) made an in vivo experiment with rats by exposing them via a single intratracheal instillation (1 or 5 mg/kg). A cytotoxic response was apparent. However, the inflammation was reversible.
The MAK for zinc oxide fume is 1mg/m3 Luft (Sachverständigenrat für Umweltfragen, 2012), the PEL is 5 mg/m3 (OSHA, 2016). However, metal fume fever developed in workers exposed to 2.5 mg/m3 for two hours. Therefore, the PEL seems to be too high.

ORAL:
Zinc is an essential micronutrient for humans. The oral exposition of mice with nano zinc (5g/kg body weight) lead to renal damage and pathological lesions in the liver and heart tissue as well as slight stomach and intestinal inflammation (Wang et al., 2006).

DERMAL:
Dermal studies show that ZnO nanoparticles do not penetrate the skin (Prospect, 2012; Sachverständigenrat für Umweltfragen, 2011). However, Zn ions that are released from nanoparticles can penetrate the skin in small quantities (Cross et al, 2007; Gulson et al., 2010).
Long-term investigations with human beings are missing.				Cross, S.E., B. Innes, M.S. Roberts, T. Tsuzuki, T.A. Robertson, and P. McCormick. 2007. ‘Human Skin Penetration of Sunscreen Nanoparticles: In-Vitro Assessment of a Novel Micronized Zinc Oxide Formulation’. Skin Pharmacology and Physiology 20 (3): 148–54. doi:10.1159/000098701.

European Commission. 2012. Types and Uses of Nanomaterials, Including Safety Aspects. Accompanying the Communication from the Commission to the European Parliament, the Council and the European Economic and Social Committee on the Second Regulatory Review on Nanomaterials. Brussels: Publications Office.

Gao, L., S.-T. Yang, S. Li, Y. Meng, H. Wang, and H. Lei. 2013. ‘Acute Toxicity of Zinc Oxide Nanoparticles to the Rat Olfactory System after Intranasal Instillation: Acute Toxicity of Zinc Oxide Nanoparticles’. Journal of Applied Toxicology 33 (10): 1079–88. doi:10.1002/jat.2842.

Gulson, B., M. McCall, M. Korsch, L. Gomez, P. Casey, Y. Oytam, A. Taylor, L. Kinsley, and G. Greenoak. 2010. ‘Small Amounts of Zinc from Zinc Oxide Particles in Sunscreens Applied Outdoors Are Absorbed through Human Skin’. Toxicological Sciences. http://toxsci.oxfordjournals.org/content/early/2010/08/12/toxsci.kfq243.abstract.

Liu, ZH., X. Wang, HF. Wang, TC. Wang, YQ. Gu, L. Yan, ST. Yang, et al. 2008. ‘Acute Toxicity of Nano-Sized Zinc Oxide in ICR Mice via Intratracheal Instillation’. Journal of Environmental & Occupational Medicine 25 (4): 360–64.

OSHA. 2016. ‘Chemical Sampling Information, Zinc Oxide Fume’. Accessed January 14. https://www.osha.gov/dts/chemicalsampling/data/CH_277000.html.

PROSPECT. 2009. ‘Toxicological Review of Nano Zinc Oxide’. http://www.nanotechia.org/sites/default/files/files/PROSPECT_Nano-ZnO_Literature_Review.pdf.

Sachverständigenrat für Umweltfragen. 2011. Vorsorgestrategien Für Nanomaterialien - Sondergutachten. Berlin: Erich Schmidt Verlag. http://www.umweltrat.de/SharedDocs/Downloads/DE/02_Sondergutachten/2011_09_SG_Vorsorgestrategien%20f%C3%BCr%20Nanomaterialien.pdf?__blob=publicationFile.

Sayes, C. M., K. L. Reed, and D. B. Warheit. 2007. ‘Assessing Toxicity of Fine and Nanoparticles: Comparing In Vitro Measurements to In Vivo Pulmonary Toxicity Profiles’. Toxicological Sciences 97 (1): 163–80. doi:10.1093/toxsci/kfm018.

Vandebriel, R., and W. De Jong. 2012. ‘A Review of Mammalian Toxicity of ZnO Nanoparticles’. Nanotechnology, Science and Applications, 61. doi:10.2147/NSA.S23932.

Wang, B., W.-Y. Feng, T.-C. Wang, G. Jia, M. Wang, J.W. Shi, F. Zhang, Y. Zhao, and Z.-F. Chai. 2006. ‘Acute Toxicity of Nano- and Micro-Scale Zinc Powder in Healthy Adult Mice’. Toxicology Letters 161 (2): 115–23. doi:10.1016/j.toxlet.2005.08.007.





						carcinogenicity		not classifiable (GROUP 3)		2		There is not sufficient and contradictory information available. A good summary of the genotoxicity studies is shown in An et al. (2014). 				An, A.S.A., J.Y. Kwon, P. Koedrith, and Y.R. Seo. 2014. ‘Current Investigations into the Genotoxicity of Zinc Oxide and Silica Nanoparticles in Mammalian Models in Vitro and in Vivo: Carcinogenic/genotoxic Potential, Relevant Mechanisms and Biomarkers, Artifacts, and Limitations’. International Journal of Nanomedicine, December, 271. doi:10.2147/IJN.S57918.


						mutagenicity		not classifiable		2		No genetic toxicity is proven in vitro and in vivo (BASF reports cited in Prospect (2009)). Genotoxicity was only observed in in vitro studies, while in vivo studies were negative (Vandebriel et al., 2012). Therefore, no assessment of the mutagenicity can be done.				PROSPECT. 2009. ‘Toxicological Review of Nano Zinc Oxide’. http://www.nanotechia.org/sites/default/files/files/PROSPECT_Nano-ZnO_Literature_Review.pdf.

Vandebriel, R., and W. De Jong. 2012. ‘A Review of Mammalian Toxicity of ZnO Nanoparticles’. Nanotechnology, Science and Applications, 61. doi:10.2147/NSA.S23932.



						reproductive toxicity		possibly or probably toxic for reproductive system		3		Jo et al. (2013) showed the negative effect of the ZnO in rats. The latter were exposed to 500 mg/kg bw nano ZnO and showed reduced number of born and living pups, decreased body weight of pups and increased fetal resorption. 
Nano-sized ZnO caused reproductive effects in earthworms in artificial soil (Cañas et al., 2011). According to Zhao et al. (2013) the nano-ZnO shows a dose-dependent toxicity to zebrafish embryos and larvae, reducing the hatching rate and inducing malformation.				Cañas, J.E., B. Qi, S. Li, J.D. Maul, S.B. Cox, S. Das, and M.J. Green. 2011. ‘Acute and Reproductive Toxicity of Nano-Sized Metal Oxides (ZnO and TiO2) to Earthworms (Eisenia Fetida)’. Journal of Environmental Monitoring 13 (12): 3351. doi:10.1039/c1em10497g.

Jo, E., G. Seo, J.-T. Kwon, M. Lee, B.C. Lee, and I. Eom. 2013. ‘Exposure to Zinc Oxide Nanoparticles Affects Reproductive  Development and Biodistribution in Offspring Rats’. The Journal of Toxicological Sciences 38 (4): 525–30.

Zhao, X.S., S.T. Wang, Y. Wu, H. You, and L. Lv. 2013. ‘Acute ZnO Nanoparticles Exposure Induces Developmental Toxicity, Oxidative Stress and DNA Damage in Embryo-Larval Zebrafish’. AQUATIC TOXICOLOGY 136: 49–59. doi:10.1016/j.aquatox.2013.03.019.




						penalty points		no		0		no comment

				comments 

		> The main path was chosen to be the inhalation. 
> The Sachverständigenrat für Umweltfragen (2011) notes a small human toxicity and a middle environmental toxicity.


> Sachverständigenrat für Umweltfragen. 2011. Vorsorgestrategien Für Nanomaterialien - Sondergutachten. Berlin: Erich Schmidt Verlag. http://www.umweltrat.de/SharedDocs/Downloads/DE/02_Sondergutachten/2011_09_SG_Vorsorgestrategien%20f%C3%BCr%20Nanomaterialien.pdf?__blob=publicationFile.





								input		CATEGORY		COMMENT				REFERENCES

				ENVIRONMENTAL HAZARD		TOTAL		10		8		The range of the categories is 1-4. The final value for the environmental hazard is calculated by summing up all categories and penalty points. Therefore, the maximum value (without penalty points)  is 10. 

						persistence/bioaccumulation
		yes		4		ZnO nanoparticles show high persistence in soils (Gimbert et al., 2007): In the experiment, they were stable in the soil suspension for 14 days and did not go into solution and did not sorb. In water (at least tap water) ZnO nanoparticles agglomerate rapidly. It is not proven yet that the same happens in natural water bodies. (Sachverständigenrat für Umweltfragen. 2011; Stone et Hankin, 2009; Zhang et al., 2008).				Gimbert, L.J., R.E. Hamon, P.S. Casey, and P.J. Worsfold. 2007. ‘Partitioning and Stability of Engineered ZnO Nanoparticles in Soil Suspensions Using Flow Field-Flow Fractionation’. Environmental Chemistry 4: 8–10.

Sachverständigenrat für Umweltfragen. 2011. Vorsorgestrategien Für Nanomaterialien - Sondergutachten. Berlin: Erich Schmidt Verlag. http://www.umweltrat.de/SharedDocs/Downloads/DE/02_Sondergutachten/2011_09_SG_Vorsorgestrategien%20f%C3%BCr%20Nanomaterialien.pdf?__blob=publicationFile.

Stone, V., and S. Hankin. 2009. ‘Engineered Nanoparticles: Review of Health and Environmental Safety’. ENRHES.

Zhang, Y., Y. Chen, P. Westerhoff, K. Hristovski, and J.C. Crittenden. 2008. ‘Stability of Commercial Metal Oxide Nanoparticles in Water’. Water Research 42 (8-9): 2204–12. doi:10.1016/j.watres.2007.11.036.




						aquatic toxicity 
(LC50 for fish [ppm]=[mg/l])		<10		4		The bulk material was classified as "very toxic to aquatic life with long lasting effects" by the European Commission (2012).
The 96h-LC50 for zebrafish is 3.5-9.1 mg/l in Wehmas et al. (2015), 1.793 mg/l in Zhu et al. (2008) and 4.92 mg/l in Daowen et al. (2011). The LC50 value for daphnia is 3.2 mg/l according to Heinlaan et al. (2008). and 1.02 mg/l in Lopes et al. (2014) mentioned in The Danish Environmental Protection Agency (2015). This high toxicity probably emerges because Zn ions are released. 				Daowen, X., F. Tao, Y. Linpeng, S. Xiaofeng, and Z. Wentao. 2011. ‘Effects of Nano-Scale TiO2, ZnO and Their Bulk Counterparts on Zebrafish: Acute Toxicity, Oxidative Stress and Oxidative Damage.’ Science of The Total Environment 409 (8): 1444–52.

European Commission. 2012. Types and Uses of Nanomaterials, Including Safety Aspects. Accompanying the Communication from the Commission to the European Parliament, the Council and the European Economic and Social Committee on the Second Regulatory Review on Nanomaterials. Brussels: Publications Office.

Heinlaan, Margit, Angela Ivask, Irina Blinova, Henri-Charles Dubourguier, and Anne Kahru. 2008. ‘Toxicity of Nanosized and Bulk ZnO, CuO and TiO2 to Bacteria Vibrio Fischeri and Crustaceans Daphnia Magna and Thamnocephalus Platyurus’. Chemosphere 71 (7): 1308–16. doi:10.1016/j.chemosphere.2007.11.047.

Lopes, S., F. Ribeiro, J. Wojnarowicz, W. Łojkowski, K. Jurkschat, A. Crossley, A.M.V.M. Soares, and S. Loureiro. 2014. ‘Zinc Oxide Nanoparticles Toxicity to “Daphnia Magna”: Size-Dependent Effects and Dissolution: Effect of ZnO Nanoparticles on “Daphnia Magna”’. Environmental Toxicology and Chemistry 33 (1): 190–98. doi:10.1002/etc.2413.

The Danish Environmental Protection Agency. 2015. ‘Environmental Effects of Engineered Nanomaterials - Estimation of Predicted No-Effect Concentrations (PNECs)’. Copenhagen. http://www2.mst.dk/Udgiv/publications/2015/09/978-87-93352-70-4.pdf.

Wehmas, Leah C., Catherine Anders, Jordan Chess, Alex Punnoose, Cliff B. Pereira, Juliet A. Greenwood, and Robert L. Tanguay. 2015. ‘Comparative Metal Oxide Nanoparticle Toxicity Using Embryonic Zebrafish’. Toxicology Reports 2: 702–15. doi:10.1016/j.toxrep.2015.03.015.

Zhu, Xiaoshan, Lin Zhu, Zhenghua Duan, Ruiqi Qi, Yan Li, and Yupeng Lang. 2008. ‘Comparative Toxicity of Several Metal Oxide Nanoparticle Aqueous Suspensions to Zebrafish ( Danio Rerio ) Early Developmental Stage’. Journal of Environmental Science and Health, Part A 43 (3): 278–84. doi:10.1080/10934520701792779.








						penalty points		no		0		no comment

				comments		> Nano ZnO suspensions show significant growth inhibition in bacteria. 
> The Sachverständigenrat für Umweltfragen (2011) notes a small human toxicity and a middle environmental toxicity.

> Jones, N., B. Ray, K.T. Ranjit, and A.C. Manna. 2008. ‘Antibacterial activity of ZnO nanoparticle suspensions on a broad spectrum of microorganisms’. FEMS Microbiology Letters 279 (1): 71–76. doi:10.1111/j.1574-6968.2007.01012.x.
> Sachverständigenrat für Umweltfragen. 2011. Vorsorgestrategien Für Nanomaterialien - Sondergutachten. Berlin: Erich Schmidt Verlag. http://www.umweltrat.de/SharedDocs/Downloads/DE/02_Sondergutachten/2011_09_SG_Vorsorgestrategien%20f%C3%BCr%20Nanomaterialien.pdf?__blob=publicationFile.
> Zhang, L., Y. Jiang, Y. Ding, M. Povey, and D. York. 2007. ‘Investigation into the antibacterial behaviour of suspensions of ZnO nanoparticles (ZnO Nanofluids)’. Journal of Nanoparticle Research 9 (3): 479–89. doi:10.1007/s11051-006-9150-1.





				EXPOSURE
(probability that this exposure materializes)





										production site related
(raw material producing and further processing companies)				 final product related

				NAICS		INDUSTRY				workers exposure		gradual and accidental environmental exposure		consumer exposure 		gradual environmental exposure		products

				11		Agriculture,  Forestry, Fishing and Hunting				0		0		0		0

				21		Mining, Quarrying, and Oil and Gas Extraction				0		0		x		x

				22		Utilities				0		0		0		0

				236		Construction of Buildings				0		0		0		0

				311		Food Manufacturing				1		1		2		1		6 dietary supplements, plastic wrap for food

				312		Beverage and Tobacco Product Manufacturing				0		0		0		0

				313/314/315		Textiles & Apparels				1		1		2		1		socks, shoe insole

				316		Leather and Allied Product Manufacturing				0		0		0		0

				321		Wood Product Manufacturing				0		0		0		0

				322		Paper Manufacturing				0		0		0		0

				323		Printing and Related Support Activities				0		0		0		0

				324		Petroleum and Coal Products Manufacturing				0		0		0		0

				325/3251		Chemical Manufacturing (inlcuding Base Chemical Manufacturing)				2		2		x		x		1,7 raw material manufacturing

				3252		Resin, Synthetic Rubber, and Artificial Synthetic Fibers and Filaments Manufacturing				2		2		x		x		1 resin production

				3253		Pesticide, Fertilizer, and Other Agricultural Chemical Manufacturing				0		0		0		0

				3254		Pharmaceutical and Medicine Manufacturing				1		1		3		2		cancer drugs (Abraxane, Taxol, Myocet)

				3255		Paint, Coating, and Adhesive Manufacturing				2		1		2		2		paints, varnishes, dispersions for wood/plastic/textiles, coating solutions

				3256		Soap, Cleaning Compound, and Toilet Preparation Manufacturing				3		2		3		3		sunscreen, moisturizing creams for face/feet/hands, deo spray, exfoliaters, foot deodorant powder and spray, makeup

				32591		Printing Ink Manufacturing				0		0		0		0

				326		Plastics and Rubber Products Manufacturing				3		2		1		3		plastic wrap, filters, tires 

				327		Nonmetallic Mineral Product Manufacturing				0		0		0		0

				331		Primary Metal Manufacturing				0		0		x		x

				332		Fabricated Metal Product Manufacturing				0		0		0		0

				333		Machinery Manufacturing				0		0		0		0

				334		Computer and Electronic Product Manufacturing				0		0		0		0		5 -

				335		Electrical Equipment, Appliance, and Component Manufacturing				0		0		0		0		5 -

				336		Transportation Equipment Manufacturing				0		0		0		0

				337		Furniture and Related Product Manufacturing				0		0		0		0

				339		Miscellaneous Manufacturing				0		0		0		0

				3391		Medical Equipment and Supplies Manufacturing				0		0		0		0

				622		Hospitals				0		0		3		2		3 cancer drugs

				562		Administrative and Support and Waste Management and Remediation Services				2		2		x		x		1,2,8 waste management, recycling processes

				comments		> The categories were first set individually by every member of the working group and then discussed in a group meeting. 
> The probability of claims was not included in this assessment.
> Products in research but not on the market yet were not included here.
>1 As there are no end products but intermediate products only in chemical manufacturing, resin production and the waste management these fields cannot be filled (x). 
>2 The waste management part is neglected in all rows except the last one (waste water treatment plants, landfills, incineration). 
>3 In hospitals the production part is related to the employees that do not get in contact with the equipment or the drugs. Therefore, the exposure there is negligible. The product part is related to the patient. 
>4 It is assumed that the largest share of nano ZnO is used in the tire industy. However, in contrast to carbon black, ZnO in the tire industry is not only used as a filler but also as a promoter of vulcanisation.
>5 No specific products were found in electronics. However, products are mentioned in the literature (see introduction).
>6 In contrast to silver, the human body needs zinc. Therefore, the consumer exposure for humans and ZnO nanoparticles is lower than the one for silver nanoparticles.
>7 The production of nano ZnO is based on wet chemistry. This is assessed to be less harmfull than the production of a powder.
>8 For all of the assessed NPs, both workers and environmental exposure were rated as 2, because further information is necessary to assess the risk in more specific manner. Specific local regulation and protection measures might influence the final risk exposure evaluation heavily. 




				RISK 
(hazard and exposure multiplied; maximum number is 100)







				Zinc oxide						production site related
(raw material producing and further processing companies)				 final product related

				NAICS		INDUSTRY				workers risk		gradual and accidental environmental risk		consumer risk		gradual environmental risk

				11		Agriculture,  Forestry, Fishing and Hunting				0		0		0		0

				21		Mining, Quarrying, and Oil and Gas Extraction				0		0		x		x

				22		Utilities				0		0		0		0

				236		Construction of Buildings				0		0		0		0

				311		Food Manufacturing				19		27		37		27

				312		Beverage and Tobacco Product Manufacturing				0		0		0		0

				313/314/315		Textiles & Apparels				19		27		37		27

				316		Leather and Allied Product Manufacturing				0		0		0		0

				321		Wood Product Manufacturing				0		0		0		0

				322		Paper Manufacturing				0		0		0		0

				323		Printing and Related Support Activities				0		0		0		0

				324		Petroleum and Coal Products Manufacturing				0		0		0		0

				325/3251		Chemical Manufacturing (inlcuding Base Chemical Manufacturing)				37		53		x		x

				3252		Resin, Synthetic Rubber, and Artificial Synthetic Fibers and Filaments Manufacturing				37		53		x		x

				3253		Pesticide, Fertilizer, and Other Agricultural Chemical Manufacturing				0		0		0		0

				3254		Pharmaceutical and Medicine Manufacturing				19		27		56		53

				3255		Paint, Coating, and Adhesive ManufacturingT				37		27		37		53

				3256		Soap, Cleaning Compound, and Toilet Preparation Manufacturing				56		53		56		80

				32591		Printing Ink Manufacturing				0		0		0		0

				326		Plastics and Rubber Products Manufacturing				56		53		19		80

				327		Nonmetallic Mineral Product Manufacturing				0		0		0		0

				331		Primary Metal Manufacturing				0		0		x		x

				332		Fabricated Metal Product Manufacturing				0		0		0		0

				333		Machinery Manufacturing				0		0		0		0

				334		Computer and Electronic Product Manufacturing				0		0		0		0

				335		Electrical Equipment, Appliance, and Component Manufacturing				0		0		0		0

				336		Transportation Equipment Manufacturing				0		0		0		0

				337		Furniture and Related Product Manufacturing				0		0		0		0

				339		Miscellaneous Manufacturing				0		0		0		0

				3391		Medical Equipment and Supplies Manufacturing				0		0		0		0

				622		Hospitals				0		0		56		53

				562		Administrative and Support and Waste Management and Remediation Services				37		53		x		x

















































































































































































































































































































































































































































































































































































































6) SiO2

				Amorphous silica (silicon dioxide) NPs				NO GUARANTEE CAN BE GIVEN FOR COMPLETENESS OR CORRECTNESS OF THE DATA SHOWN IN THIS ASSESSMENT TOOL. THIS DOCUMENT IS THE INTELLECTUAL PROPERTY OF THE "SCHWEIZERISCHER VERSICHERUNGSVERBAND" (SVV).  ANY COPYING IS FORBIDDEN.



				GENERAL INFORMATION



				Silicon (Si) is the second most abundant chemical element in the earth crust after oxigen. It is present as a metal complex in the form of silicate minerals. The oxide of silicon is called silicon dioxide or silica (SiO2) (ECETOC, 2006). Silica can be split up in three groups: There is natural crystalline silica, natural amorphous silica and synthetic amorphous silica (Fruijtier-Pölloth, 2012; Sewan et al., 2014). In crystalline silica, the silicon and oxygen atoms are arranged in a fixed geometric pattern, while in amorphous silica no spatial ordering of the atoms is present (Merget et al., 2001). However, as engineered SiO2 nanoparticles are amorphous this assessment focuses on synthetic amorphous silica only. In the following, it is called "nanosilica".
Silica exists naturally but can also be produced artificially: The flame synthesis or pyrolysis is a dry process with high temperatures and is used in the industry for mass production of these nanoparticles. Smaller production volumes are generated by wet processes (precipitated silica and silica gels) (Al-Rawi et al., 2011; Sewan et al., 2014, Napierska et al., 2010; Merget at al., 2001). The final product is a powder for both methods. However, the intermediate product from the wet process has to be dried first. Silica nanoparticles are usually tailor-made to meet the requirements of the user (ECETOC, 2006). 

Following products containing nanosilica were found  (Sachverständigenrat für Umweltfragen, 2011; Al-Rawi et al., 2011):
electronics: precision polishing agent in the semiconductor industry, memory stick
plastics: additive used to control the elasticity or as a filler, tires
cement: at least in research (Sobolov et al., 2009)
paints and sealants: pigment, dye, varnish, glue, anti-graffiti paint
coating: impregnation spray for textiles and furniture, coating (for garden application or construction for antidirt purposes), sealant,
desiccant
fire extinguisher (Wikipedia, 2016)
cleaning and anti-fog products: for example SiO2 nanotech (2016) with VitreOx
sporting goods: skis, rackets (for longer life)
cosmetics: creams (nanosilica as filler or gelling agent), toothpaste 
pharmaceuticals: medical tests for cancer, for bioimaging and drug-delivery (at least in research according to Lu et al., 2007; Huang et al., 2005; Gemeinhart et al., 2008), dental restoration composite
food: colloidal solution as food additives, food packaging, PET bottles (Dekkers et al., 2011), anti-caking agent (E551)

A known base product is "Aerosil" (Evonik Industries, 2016).


> Al-Rawi, M., S. Diabaté, and C. Weiss. 2011. ‘Uptake and Intracellular Localization of Submicron and Nano-Sized SiO2 Particles in HeLa Cells’. Archives of Toxicology 85 (7): 813–26. doi:10.1007/s00204-010-0642-5.
> Dekkers, S., P. Krystek, R.J.B. Peters, D.P.K. Lankveld, B.G.H. Bokkers, P.H. van Hoeven-Arentzen, H. Bouwmeester, and A.G. Oomen. 2011. ‘Presence and Risks of Nanosilica in Food Products’. Nanotoxicology 5 (3). http://www.tandfonline.com/doi/full/10.3109/17435390.2010.519836.
> ECETOC. 2006. ‘Synthetic Amorphous Silica (CAS No. 7631-86-9)’. JACC No. 51. http://members.ecetoc.org/Documents/Document/JACC%20051.pdf.
> Evonik Industries. 2016. ‘AEROSIL® Fumed Silica - More than Just a Powder’. http://www.aerosil.com/product/aerosil/en/products/pages/default.aspx.
> Fruijtier-Pölloth, C. 2012. ‘The Toxicological Mode of Action and the Sagety of Synthetic Amorphous Silca - A Nanostructured Material’. Toxicology 294: 61–79.
> Gemeinhart, R.A., D. Luo, and W.M. Saltzman. 2008. ‘Cellular Fate of a Modular DNA Delivery System Mediated by Silica Nanoparticles’. Biotechnology Progress 21 (2): 532–37. doi:10.1021/bp049648w.
> Huang, D.-M., Y. Hung, B.-S. Ko, S.-C. Hsu, W.-L. Chen, C.L. Chien, C.-P. Tsai, et al. 2005. ‘Highly Efficient Cellular Labeling of Mesoporous Nanoparticles in Human Mesenchymal Stem Cells: Implication for Stem Cell Tracking’. The FASEB Journal 19 (14): 2014–16.
> Lu, J., M. Liong, S. Sherman, T. Xia, M. Kovochich, A.E. Nel, J.I. Zink, and F. Tamanoi. 2007. ‘Mesoporous Silica Nanoparticles for Cancer Therapy: Energy-Dependent Cellular Uptake and Delivery of Paclitaxel to Cancer Cells’. NanoBiotechnology 3 (2): 89–95. doi:10.1007/s12030-008-9003-3.
> Merget, R., T. Bauer, H.U. Küpper, S. Philippou, H.D. Bauer, R. Breitstadt, and T. Bruenig. 2001. ‘Health Hazards due to the Inhalation of Amorphous Silica’. Archives of Toxicology - Springer 75: 625–34.
> Napierska, D., L.C.J. Thomassen, D. Lison, J.A. Martens, and P.H. Hoet. 2010. ‘The Nanosilica Hazard: Another Variable Entity’. Particle and Fibre Toxicology 7 (1): 1.
> Sachverständigenrat für Umweltfragen. 2011. Vorsorgestrategien Für Nanomaterialien - Sondergutachten. Berlin: Erich Schmidt Verlag. http://www.umweltrat.de/SharedDocs/Downloads/DE/02_Sondergutachten/2011_09_SG_Vorsorgestrategien%20f%C3%BCr%20Nanomaterialien.pdf?__blob=publicationFile.
> Sewan, O. H., K. I. M. Boowook, and K. I. M. Hyunwook. 2014. ‘Comparison of Nanoparticle Exposures Between Fumed and Sol-Gel Nano-Silica Manufacturing Facilities’. Industrial Health 52 (3): 190.
> SiO2 nanotech. 2016. “VitreOx.” http://sio2nanotech.com/.
> Sobolev, K., I. Flores, L. M. Torres-Martinez, P. L. Valdez, E. Zarazua, and E. L. Cuellar. 2009. ‘Engineering of SiO2 Nanoparticles for Optimal Performance in Nano Cement-Based Materials’. In Nanotechnology in Construction 3, 139–48. Springer. http://link.springer.com/10.1007/978-3-642-00980-8_18.>
> Wikipedia. 2016. ‘Pyrogenes Siliciumdioxid’. https://de.wikipedia.org/wiki/Pyrogenes_Siliciumdioxid.









						input		CATEGORY		COMMENT				REFERENCES

				GLOBAL PRODUCTION VOLUME (t/y)		>1'000'000		5		Nanosilica seems to be one of the most abundantly produced nanomaterials in the world:  Sewan et al. (2014) visited two factories in Korea: One of them is producing 9000 tons nano-SiO2/y. In Switzerland, more than 10t are used annually (Piccinno et al., 2012). This research group made a survey that results in a global production volume of about 10'000-100'000 t/y worldwide. However, it is mentioned that obviously nobody knows much about the exact production volume. Merget et al. (2011) estimated the worldwide production of amorphous silica in 1995 to be about one million tons. According to ECETOC (2006) it was about 1'100'000 t in 1992 worldwide with an increasing trend.				ECETOC. 2006. ‘Synthetic Amorphous Silica (CAS No. 7631-86-9)’. JACC No. 51. http://members.ecetoc.org/Documents/Document/JACC%20051.pdf.

Merget, R., T. Bauer, H.U. Küpper, S. Philippou, H.D. Bauer, R. Breitstadt, and T. Bruenig. 2001. ‘Health Hazards due to the Inhalation of Amorphous Silica’. Archives of Toxicology - Springer 75: 625–34.

Piccinno, F., F. Gottschalk, S. Seeger, and B. Nowack. 2012. ‘Industrial Production Quantities and Uses of Ten Engineered Nanomaterials in Europe and the World’. Journal of Nanoparticle Research 14 (9). doi:10.1007/s11051-012-1109-9.

Sewan, O. H., K. I. M. Boowook, and K. I. M. Hyunwook. 2014. ‘Comparison of Nanoparticle Exposures Between Fumed and Sol-Gel Nano-Silica Manufacturing Facilities’. Industrial Health 52 (3): 190.





				SPREAD 
(number of products)		101-1000		2		149 products were identified, mostly cosmetics and food supplements, taking into account all sources. Overall, 73 end products categories produced by 64 companies were found that are shown in the application split chart on the right side: 43 products were found in the Nanotechproject database of Woodrow Wilson (Nanotechproject, 2016). 45 products were found in the Nanodatabase (Nanodatabase, 2016), 46 in the German database (Nanoproduktdatenbank, 2016) and 15 in the database of Nanotechnology in our Food (2016).				Nanodatabase. 2016. ‘Search Results for Silica NPs’. http://nanodb.dk/en/search-database/?keyword=silicium#pageno=&keyword=silicium&fn.lp_m=2934&fn.d_cd_f=&fn.d_cd_t=.

Nanoproduktdatenbank. 2016. ‘Search Results for SiO2’. Accessed January 29. http://www.bund.net/nc/themen_und_projekte/nanotechnologie/nanoproduktdatenbank/produktsuche/.

Nanotechnlogy in our Food, 2016. http://salsa3.salsalabs.com/o/1881/p/salsa/web/common/public/content?content_item_KEY=14112%20

Nanotechproject. 2016. ‘Search Results for SiO2’. http://www.nanotechproject.org/cpi/search-products/?title=&asmSelect0=&date_created=&date_modified=&nanomaterials%5B%5D=1147&search-products_submit=Search&_submitKey=16%3Asearch-products%3A0.





				HAZARDS



								input		CATEGORY		COMMENT				REFERENCES

				HUMAN HAZARD		TOTAL		18		5		The range of the categories is 1-4. The final value for the human hazard is calculated by summing up all categories and penalty points. Therefore, the maximum value (without penalty points)  is 18. 

						toxicity (MAK)
INHALATION		>1-10		3		Clearly, the main exposure route of nanosilica is the inhalation. There is concern in the literature about pneumoconiosis, chronic bronchitis, COPD, bronchiolitis obliterans and carcinoma. Napierska et al. (2010) as well as ECETOC (2006) collected and summarised in-vivo and in-vitro studies about the toxicity of nanosilica. The LC50 values range from 90-3'730 mg/m3 what corresponds to categories 1-3 in this assessment. However, the authors in ECETOC (2006) emphasize in their summary that the size of the particles used in the experiments is much smaller than the size of particles in commercial products. Therefore, the existing inhalation tests do not represent the toxicological behaviour of the products on the market. Taking into account this concern and the large range of LC50 values in the literature, the MAK/PEL values were considered for the assessment:

The MAK and the PEL respectively is 4 mg/m3 in Germany and 10 mg/m3 in the United States and in France (Merget et al. , 2001; Sachverständigenrat für Umweltfragen, 2011; ECETOC, 2006). This corresponds to category 3 in this assessment.

				ECETOC. 2006. ‘Synthetic Amorphous Silica (CAS No. 7631-86-9)’. JACC No. 51. http://members.ecetoc.org/Documents/Document/JACC%20051.pdf.

Merget, R., T. Bauer, H.U. Küpper, S. Philippou, H.D. Bauer, R. Breitstadt, and T. Bruenig. 2001. ‘Health Hazards due to the Inhalation of Amorphous Silica’. Archives of Toxicology - Springer 75: 625–34.

Napierska, D., L.C.J. Thomassen, D. Lison, J.A. Martens, and P.H. Hoet. 2010. ‘The Nanosilica Hazard: Another Variable Entity’. Particle and Fibre Toxicology 7 (1): 1.

Sachverständigenrat für Umweltfragen. 2011. Vorsorgestrategien Für Nanomaterialien - Sondergutachten. Berlin: Erich Schmidt Verlag. http://www.umweltrat.de/SharedDocs/Downloads/DE/02_Sondergutachten/2011_09_SG_Vorsorgestrategien%20f%C3%BCr%20Nanomaterialien.pdf?__blob=publicationFile.





						carcinogenicity		not classifiable (GROUP 3)		2		According to the IARC (2012) there is sufficient evidence in humans that crystalline SiO2 like quartz (not only the nanoform) leads to lung cancer after inhalation. Therefore, it is classified in group 1 (carcinogenic). 
On the other hand, amorphous silica is classified in group 3 and thus "not classifiable" regarding to its human carcinogenicity. However, there are some papers that indicate carcinogenicity in amorphous silica:
The carcinogenicity of crystalline as well as amorphous silica in rats mentioned in Roller (2010). Pott & Roller (2003) described the toxicity and the relation to fibrosis with amorphous and ultrafine silica, but they did not detect a clear relation to cancer. The same applies to the study of Johnston et al. (2000). 				IARC. 2012. ‘Silica Dust, Crystalline, in the Form of Quartz or Cristobalite’. http://www.ncbi.nlm.nih.gov/books/NBK304370/.

Johnston, C.J., K.E. Driscoll, J.N. Finkelstein, R. Baggs, M.A. O’Reilly, J. Carter, R. Gelein, and G. Oberdoerster. 2000. ‘Pulmonary Chemokine and Mutagenic Responses in Rats after Subchronic Inhalation of Amorphous and Crystalline Silica’. Toxicological Sciences 56: 405–13.

Pott, F., and M. Roller. 2003. ‘Untersuchungen zur Kanzerogenität granulärer Stäube an Ratten –   Ergebnisse und Interpretationen’. https://www.hfwu.de/fileadmin/user_upload/Arbeitssicherheit/Wissenswertes/Tonerstaub/Untersuchung_Kanzerogenitaet_granulaerer_Staeube.pdf.

Roller, M. 2010. Krebserzeugende Wirkung von Nanomaterialien Am Arbeitsplatz. Hans-Böckler-Stiftung. http://www.boeckler.de/pdf/p_arbp_221.pdf.



						mutagenicity		probably not mutagenic to humans 		0		Fruijtier-Pölloth (2012) concluded in their summary of studies dealing with mutagenicity caused by nanosilica that there is no evidence that the latter induces mutations in in vitro or in vivo. However, genotoxicity in vitro was observed, for example in Demir et al. (2013) that made cell experiments with various sizes of silica nanoparticles.				Demir, E., F. Turna, D. Burgucu, Z. Kılıç, E. Burunkaya, Ö. Kesmez, Z. Yeşil, M. Akarsu, and B. Kaya. 2013. ‘Genotoxicity of Different Nano-Sizes and Ions of Silica Nanoparticles’. Fresenius Environmental Bulletin 22 (10): 2901–9.

Fruijtier-Pölloth, C. 2012. ‘The Toxicological Mode of Action and the Sagety of Synthetic Amorphous Silca - A Nanostructured Material’. Toxicology 294: 61–79.



						reproductive toxicity		probably not toxic for reproductive system		0		There are two studies that both conclude that silica nanoparticles do not induce reproductive or developmental toxicity (Fruijtier-Pölloth, 2012): The FDA made experiments in 1973 (EPA, 2011) with oral administration of nanosilica in rabbits, hamsters, mice and rats (1600, 1600, 1340 and 1350 mg/kg bw respectively). Xue et al. (2006) studied the reproductive toxicity in mice by administration of an injection. The particles were excreted with the urine. 				EPA. 2011. ‘Screening-Level Hazard Characterization of Silane, Dichlorodimethyl-, Reaction Product with Silica’. https://pharosproject.net/uploads/files/cml/1350009409.pdf.

Fruijtier-Pölloth, C. 2012. ‘The Toxicological Mode of Action and the Sagety of Synthetic Amorphous Silca - A Nanostructured Material’. Toxicology 294: 61–79.

Xue, Z.-G., S.-H. Zhu, Q. Pan, D.-S. Liang, Y.-M. Li, X.-H. Liu, K. Xia, and J.-H. Xia. n.d. ‘Biotoxicology and Biodynamics of Silica Nanoparticles’. Medical Sciences 31: 6–8.


						penalty points		no		0		There are fears that nanosilica leads to lung damage. However, with exception of one study there is no evidence of intersititial pulmonary fibrosis. In the studies with a recovery time the pulmonary effects diminished with time. Therefore, no penalty points are given here for lung inflamation or even fibrosis.				ECETOC. 2006. ‘Synthetic Amorphous Silica (CAS No. 7631-86-9)’. JACC No. 51. http://members.ecetoc.org/Documents/Document/JACC%20051.pdf.


				comments 

		> The Sachverständigenrat für Umweltfragen (2011) reports that there is no relevant acute hazard for humans. This goes in line with the result of this assessment: The sum for the human hazard from nanosilica is low compared to the other substances.

> Sachverständigenrat für Umweltfragen. 2011. Vorsorgestrategien Für Nanomaterialien - Sondergutachten. Berlin: Erich Schmidt Verlag. http://www.umweltrat.de/SharedDocs/Downloads/DE/02_Sondergutachten/2011_09_SG_Vorsorgestrategien%20f%C3%BCr%20Nanomaterialien.pdf?__blob=publicationFile.





								input		CATEGORY		COMMENT				REFERENCES

				ENVIRONMENTAL HAZARD		TOTAL		10		1		The range of the categories is 1-4. The final value for the environmental hazard is calculated by summing up all categories and penalty points. Therefore, the maximum value (without penalty points)  is 10. 

						persistence/bioaccumulation
		no		0		Nanosilica is an inert substance (ECETOC, 2006). There is no bioaccumulation and in water particles may aggregate and sediment. However, this aggregation is influenced by pH, salinity, water hardness and the presence of organic matter. Biodegradation is not happening in water. (Fruijtier-Pölloth, 2012)				ECETOC. 2006. ‘Synthetic Amorphous Silica (CAS No. 7631-86-9)’. JACC No. 51. http://members.ecetoc.org/Documents/Document/JACC%20051.pdf.

Fruijtier-Pölloth, C. 2012. ‘The Toxicological Mode of Action and the Sagety of Synthetic Amorphous Silca - A Nanostructured Material’. Toxicology 294: 61–79.

						aquatic toxicity 
(LC50 for fish [ppm]=[mg/l])		>1000		1		In ECETOC (2006) a study from Degussa (1992, unpublished reports) is cited: There, the LC50 values for fish are >10'000 mg/l for hydrophilic silica. Another study showed 70% mortality with a suspension of 10 mg/l in daphnia magna. (Baun et al. (2008) citing Adams et al. (2006)). However, the citation is wrong as Adams et al. (2006) only researched bacteria and not daphnia.				Adams, L.K., D.Y. Lyon, and P.J.J. Alvarez. 2006. ‘Comparative Eco-Toxicity of Nanoscale TiO2, SiO2, and ZnO Water Suspensions’. Water Research 40 (19): 3527–32. doi:10.1016/j.watres.2006.08.004.

Baun, A., N. B. Hartmann, K. Grieger, and K. O. Kusk. 2008. ‘Ecotoxicity of Engineered Nanoparticles to Aquatic Invertebrates: A Brief Review and Recommendations for Future Toxicity Testing’. Ecotoxicology 17 (5): 387–95. doi:10.1007/s10646-008-0208-y.

ECETOC. 2006. ‘Synthetic Amorphous Silica (CAS No. 7631-86-9)’. JACC No. 51. http://members.ecetoc.org/Documents/Document/JACC%20051.pdf.





						penalty points		no		0		no comment

				comments		Silica in general has a low water solubility, that means 1.9-2.5 mmol/l = 114-151 mg/l. It is naturally present in rivers as dissolved silica from the weathering of rocks. The average dissolved silica concentration in rivers worldwide is 9mg SiO2/l (ECETOC, 2006).

> ECETOC. 2006. ‘Synthetic Amorphous Silica (CAS No. 7631-86-9)’. JACC No. 51. http://members.ecetoc.org/Documents/Document/JACC%20051.pdf.




				EXPOSURE
(probability that this exposure materializes)





										production site related
(raw material producing and further processing companies)				 final product related

				NAICS		INDUSTRY				workers exposure		gradual and accidental environmental exposure		consumer exposure 		gradual environmental exposure		products

				11		Agriculture,  Forestry, Fishing and Hunting				2		1		2		3		insecticide

				21		Mining, Quarrying, and Oil and Gas Extraction				0		0		x		x

				22		Utilities				0		0		0		0

				236		Construction of Buildings				3		1		1		2		3 Portland cement concrete, insulation (Aspen Aerogel) (Wikipedia, 2016), surface treatments/coatings

				311		Food Manufacturing				1		1		3		2		5 food supplement, food additive (E551), food packaging

				312		Beverage and Tobacco Product Manufacturing				1		1		2		1		beer and wine production (protein adsorption)

				313/314/315		Textiles & Apparels				2		1		2		2		silica defoamers, coatings

				316		Leather and Allied Product Manufacturing				2		1		2		2		coating and impregnation

				321		Wood Product Manufacturing				0		0		0		0

				322		Paper Manufacturing				2		1		1		1		silica defoamer

				323		Printing and Related Support Activities				2		1		1		1		coating for inject-paper

				324		Petroleum and Coal Products Manufacturing				0		0		0		0

				325/3251		Chemical Manufacturing (inlcuding Base Chemical Manufacturing)				3		2		x		x		1 production of synthetic silica, use of silica defoamers

				3252		Resin, Synthetic Rubber, and Artificial Synthetic Fibers and Filaments Manufacturing				3		2		x		x		1 plastic additive, bottles  and packaging production

				3253		Pesticide, Fertilizer, and Other Agricultural Chemical Manufacturing				2		1		2		3		insecticide

				3254		Pharmaceutical and Medicine Manufacturing				0		0		0		0		(research only)

				3255		Paint, Coating, and Adhesive Manufacturing				2		1		2		2		paint, varnish, glue, coating, use of defoamers, shoe impregnation, sealant

				3256		Soap, Cleaning Compound, and Toilet Preparation Manufacturing				2		1		3		3		cleaning products, skin conditioners and creams and washing products, toothpaste, make up (eye shadow, eye liner, mascara , lipgloss), body scrub, shampoo, hair colour

				32591		Printing Ink Manufacturing				0		0		0		0

				326		Plastics and Rubber Products Manufacturing				3		2		1		3		tires, shoe soles

				327		Nonmetallic Mineral Product Manufacturing				1		1		1		1		spy glass

				331		Primary Metal Manufacturing				0		0		x		x

				332		Fabricated Metal Product Manufacturing				0		0		0		0

				333		Machinery Manufacturing				0		0		0		0

				334		Computer and Electronic Product Manufacturing				1		1		1		1		memory stick

				335		Electrical Equipment, Appliance, and Component Manufacturing				1		1		1		1		precision polish, foils for battery separators

				336		Transportation Equipment Manufacturing				0		0		0		0

				337		Furniture and Related Product Manufacturing				0		0		0		0

				339		Miscellaneous Manufacturing				2		1		2		2		4 fire extinguisher, anti-fog products, sporting goods (skis, badminton and squash racket)

				3391		Medical Equipment and Supplies Manufacturing				1		1		3		1		dental restoration composite

				622		Hospitals				0		0		0		0

				562		Administrative and Support and Waste Management and Remediation Services				2		2		x		x		1,2,6 waste management, recycling processes

				comments		> The categories were first set individually by every member of the working group and then discussed in a group meeting. 
> The probability of claims was not included in this assessment.
> Products in research but not on the market yet were not included here.
>1 As there are no end products but intermediate products only in chemical manufacturing, resin production and the waste management these fields cannot be filled (x). 
>2 The waste management part is neglected in all rows except the last one (waste water treatment plants, landfills, incineration). 
>3 The construction material, for example insulation plates, can be cut by workers.
>4 This category is very heterogenous. It is assumed that fire extinguishers are rarely used. 
>5 It is assumed that the SiO2 from these filters do not end up in the beer or wine (European Patent Office, 1982).
>6 For all of the assessed NPs, both workers and environmental exposure were rated as 2, because further information is necessary to assess the risk in more specific manner. Specific local regulation and protection measures might influence the final risk exposure evaluation heavily. 

> European Patent Office. 1982. ‘Kieselsäure Für Die Filtration von Getränken, Insbesondere von Bier Sowie Verfahren Zur Herstellung’. https://patentimages.storage.googleapis.com/pdfs/e7972d73f711efe181d4/EP0064620B1.pdf.
> Wikipedia. 2016. ‘Pyrogenes Siliciumdioxid’. https://de.wikipedia.org/wiki/Pyrogenes_Siliciumdioxid.



				RISK 
(hazard and exposure multiplied; maximum number is 100)







										production site related
(raw material producing and further processing companies)				 final product related

				NAICS		INDUSTRY				workers risk		gradual and accidental environmental risk		consumer risk		gradual environmental risk

				11		Agriculture,  Forestry, Fishing and Hunting				19		3		19		10

				21		Mining, Quarrying, and Oil and Gas Extraction				0		0		x		x

				22		Utilities				0		0		0		0

				236		Construction of Buildings				28		3		9		7

				311		Food Manufacturing				9		3		28		7

				312		Beverage and Tobacco Product Manufacturing				9		3		19		3

				313/314/315		Textiles & Apparels				19		3		19		7

				316		Leather and Allied Product Manufacturing				19		3		19		7

				321		Wood Product Manufacturing				0		0		0		0

				322		Paper Manufacturing				19		3		9		3

				323		Printing and Related Support Activities				19		3		9		3

				324		Petroleum and Coal Products Manufacturing				0		0		0		0

				325/3251		Chemical Manufacturing (inlcuding Base Chemical Manufacturing)				28		7		x		x

				3252		Resin, Synthetic Rubber, and Artificial Synthetic Fibers and Filaments Manufacturing				28		7		x		x

				3253		Pesticide, Fertilizer, and Other Agricultural Chemical Manufacturing				19		3		19		10

				3254		Pharmaceutical and Medicine Manufacturing				0		0		0		0

				3255		Paint, Coating, and Adhesive ManufacturingT				19		3		19		7

				3256		Soap, Cleaning Compound, and Toilet Preparation Manufacturing				19		3		28		10

				32591		Printing Ink Manufacturing				0		0		0		0

				326		Plastics and Rubber Products Manufacturing				28		7		9		10

				327		Nonmetallic Mineral Product Manufacturing				9		3		9		3

				331		Primary Metal Manufacturing				0		0		x		x

				332		Fabricated Metal Product Manufacturing				0		0		0		0

				333		Machinery Manufacturing				0		0		0		0

				334		Computer and Electronic Product Manufacturing				9		3		9		3

				335		Electrical Equipment, Appliance, and Component Manufacturing				9		3		9		3

				336		Transportation Equipment Manufacturing				0		0		0		0

				337		Furniture and Related Product Manufacturing				0		0		0		0

				339		Miscellaneous Manufacturing				19		3		19		7

				3391		Medical Equipment and Supplies Manufacturing				9		3		28		3

				622		Hospitals				0		0		0		0

				562		Administrative and Support and Waste Management and Remediation Services				19		7		x		x

















































































































































































































































































































































































































































































































































































































evaluation hazard





						human 
[points]		environment 
[points]		human [%]		environment [%]		sum [%]		production volume

				silver NPs		9		6		50.0		60.0		110.0		2

				CNTs		11		4		61.1		40.0		101.1		1

				titanium dioxide NPs		9		7		50.0		70.0		120.0		3

				carbon black		11		3		61.1		30.0		91.1		5

				zinc oxide NPs		10		8		55.6		80.0		135.6		3

				amorphous silica NPs		5		1		27.8		10.0		37.8		5



				maximum hazard:

				human		18

				environment		10





















































human and environmental hazard of the 6 nanoparticles assessed

human [%	]	silver NPs	CNTs	titanium dioxide NPs	carbon black	zinc oxide NPs	amorphous silica NPs	50	61.111111111111114	50	61.111111111111114	55.555555555555557	27.777777777777779	environment [%	]	silver NPs	CNTs	titanium dioxide NPs	carbon black	zinc oxide NPs	amorphous silica NPs	60	40	70	30	80	10	

share from maximally possible value [%]





human and environmental hazard of the 6 nanoparticles 

assessed together with the estimated production volume

silver NPs	60	50	2	titanium dioxide NPs	70	50	3	carbon black	30	61.111111111111114	5	CNTs	40	61.111111111111114	1	zinc oxide NPs	80	55.555555555555557	3	amorphous silica NPs	10	27.777777777777779	5	environmental hazard [%]



human hazard [%]







evaluation exposure





										silver 
nanoparticles								CNTs								titanium dioxide 
nanoparticles								carbon black								zinc oxide 
nanoparticles								amorphous silica 
nanoparticles

				NAICS		INDUSTRY				1		2		3		4		1		2		3		4		1		2		3		4		1		2		3		4		1		2		3		4		1		2		3		4		MEAN		RANKING		MEAN WE		RANKING		MEAN EE		RANKING		MEAN CE		RANKING		MEAN EE		RANKING

				11		Agriculture,  Forestry, Fishing and Hunting				0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		2		1		2		3		0.33				0.33				0.17				0.33				0.50						highest exposure (mean)

				21		Mining, Quarrying, and Oil and Gas Extraction				0		0						0		0						2		1						0		0						0		0						0		0						0.25				0.33				0.17				0.00				0.00						Ranking		NAICS		Industry

				22		Utilities				0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0.00				0.00				0.00				0.00				0.00						1		325/3251		Chemical manufacturing 

				236		Construction of Buildings				0		0		0		0		2		1		1		1		1		1		1		1		2		1		1		2		0		0		0		0		3		1		1		2		0.92				1.33				0.67				0.67				1.00						2		562		Waste management  services

				311		Food Manufacturing				1		1		3		1		0		1		1		1		2		1		3		2		1		1		2		1		1		1		2		1		1		1		3		2		1.42				1.00				1.00		5		2.33		1		1.33		5				2		3256		Soap, cleaning compound and toilet 
preparation manufacturing

				312		Beverage and Tobacco Product Manufacturing				1		1		3		2		0		1		1		1		0		0		0		0		0		0		0		0		0		0		0		0		1		1		2		1		0.63				0.33				0.50				1.00				0.67						3		3252		Resin manufacturing

				313/314/315		Textiles & Apparels				2		3		2		3		2		1		1		1		0		0		0		0		2		1		2		2		1		1		2		1		2		1		2		2		1.42				1.50		5		1.17		4		1.50		2		1.50		4				4		326		Plastics and rubber products manufacturing

				316		Leather and Allied Product Manufacturing				2		3		2		1		0		0		0		0		0		0		0		0		2		1		2		1		0		0		0		0		2		1		2		2		0.88				1.00				0.83				1.00		4		0.67						5		3255		Paint, coating and adhesive manufacturing

				321		Wood Product Manufacturing				0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0.00				0.00				0.00				0.00				0.00

				322		Paper Manufacturing				2		2		3		1		0		0		0		0		0		0		0		0		1		1		1		1		0		0		0		0		2		1		1		1		0.71				0.83				0.67				0.83		5		0.50						workers exposure (1)														environmental exposure (2)

				323		Printing and Related Support Activities				0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		2		1		1		1		0.21				0.33				0.17				0.17				0.17						Ranking		NAICS		Industry										Ranking		NAICS		Industry

				324		Petroleum and Coal Products Manufacturing				0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0.00				0.00				0.00				0.00				0.00						1		325/3251		Chemical manufacturing 										1		325/3251		Chemical manufacturing 

				325/3251		Chemical Manufacturing (inlcuding Base Chemical Manufacturing)				3		3						3		2						3		2						3		2						2		2						3		2						2.50		1		2.83		1		2.17		1		0.00				0.00						2		326		Plastics and rubber products manufacturing										2		562		Waste management  services

				3252		Resin, Synthetic Rubber, and Artificial Synthetic Fibers and Filaments Manufacturing				2		2						3		2						0		0						3		2						2		2						3		2						1.92		3		2.17		3		1.67				0.00				0.00						3		3255		Paint, coating and adhesive manufacturing										3		326		Plastics and rubber products manufacturing

				3253		Pesticide, Fertilizer, and Other Agricultural Chemical Manufacturing				2		2		2		3		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		2		1		2		3		0.71				0.67				0.50				0.67				1.00						3		3252		Resin manufacturing										3		3256		Soap, cleaning compound and toilet 
preparation manufacturing

				3254		Pharmaceutical and Medicine Manufacturing				1		1		3		2		0		0		0		0		1		1		3		2		0		0		0		0		1		1		3		2		0		0		0		0		0.88				0.50				0.50				1.50		2		1.00						4		562		Waste management  services										3		3255		Paint, coating and adhesive manufacturing

				3255		Paint, Coating, and Adhesive Manufacturing				2		2		2		2		3		2		1		1		2		1		1		2		2		2		1		1		2		1		2		2		2		1		2		2		1.71		5		2.17		3		1.50		3		1.50		2		1.67		3				4		3256		Soap, cleaning compound and toilet 
preparation manufacturing										4		313/314/315		Textiles & apparels

				3256		Soap, Cleaning Compound, and Toilet Preparation Manufacturing				2		2		3		3		0		0		0		0		3		2		3		3		2		2		2		1		3		2		3		3		2		1		3		3		2.00		2		2.00		4		1.50		3		2.33		1		2.17		1				5		339		Miscellaneous manufacturing										5		311		Food manufacturing

				32591		Printing Ink Manufacturing				0		0		0		0		2		1		1		1		0		0		0		0		3		2		3		2		0		0		0		0		0		0		0		0		0.63				0.83				0.50				0.67				0.50						5		313/314/315		Textiles & apparels

				326		Plastics and Rubber Products Manufacturing				2		1		3		1		2		1		1		1		2		1		1		1		3		2		1		3		3		2		1		3		3		2		1		3		1.83		4		2.50		2		1.50		3		1.33		3		2.00		2

				327		Nonmetallic Mineral Product Manufacturing				0		0		0		0		2		1		2		1		0		0		0		0		1		1		1		1		0		0		0		0		1		1		1		1		0.58				0.67				0.50				0.67				0.50						consumer exposure (3)														environmental exposure (4)

				331		Primary Metal Manufacturing				0		0						2		1						0		0						0		0						0		0						0		0						0.25				0.33				0.17				0.00				0.00						Ranking		NAICS		Industry										Ranking		NAICS		Industry

				332		Fabricated Metal Product Manufacturing				0		0		0		0		2		1		1		1		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0.21				0.33				0.17				0.17				0.17						1		3256		Soap, cleaning compound and toilet 
preparation manufacturing										1		562		Waste management  services

				333		Machinery Manufacturing				2		1		1		1		2		1		0		1		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0.38				0.67				0.33				0.17				0.33						1		311		Food manufacturing										2		326		Plastics and rubber products manufacturing

				334		Computer and Electronic Product Manufacturing				2		1		2		1		1		1		0		1		0		0		0		0		0		0		0		0		0		0		0		0		1		1		1		1		0.54				0.67				0.50				0.50				0.50						2		313/314/315		Textiles & apparels										3		3255		Paint, coating and adhesive manufacturing

				335		Electrical Equipment, Appliance, and Component Manufacturing				2		1		2		2		1		1		0		1		2		1		1		1		1		1		1		1		0		0		0		0		1		1		1		1		0.96				1.17				0.83				0.83				1.00						2		3254		Pharmaceutical manufacturing										4		313/314/315		Textiles & apparels

				336		Transportation Equipment Manufacturing				0		0		0		0		2		1		1		1		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0.21				0.33				0.17				0.17				0.17						2		3255		Paint, coating and adhesive manufacturing										5		311		Food manufacturing

				337		Furniture and Related Product Manufacturing				2		1		2		1		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0.25				0.33				0.17				0.33				0.17						2		3391		Medical equipment manufacturing

				339		Miscellaneous Manufacturing				2		1		2		1		2		1		1		1		2		1		1		1		1		0		0		0		0		0		0		0		2		1		2		2		1.00				1.50		5		0.67				1.00		4		0.83						3		326		Plastics and rubber products manufacturing

				3391		Medical Equipment and Supplies Manufacturing				1		1		3		1		1		1		2		1		1		1		1		1		0		0		0		0		0		0		0		0		1		1		3		1		0.88				0.67				0.67				1.50		2		0.67						3		622		Hospitals

				622		Hospitals				1		1		3		1		1		1		2		1		0		0		0		0		0		0		0		0		0		0		3		2		0		0		0		0		0.67				0.33				0.33				1.33		3		0.67						4		316		Leather product manufacturing

				562		Administrative and Support and Waste Management and Remediation Services				2		2						2		2						2		2						2		2						2		2						2		2						2.00		2		2.00		4		2.00		2		0.00				0.00						4		339		Miscellaneous manufacturing

																																																																																5		322		Paper manufacturing



										average exposure:

										1		2		3		4

										1.391		1.016		1.205		1.054

































































































































































































































































































































































































































































































evaluation risks



										silver 
nanoparticles								CNTs								titanium dioxide 
nanoparticles								carbon black								zinc oxide 
nanoparticles								amorphous silica 
nanoparticles																																		PRODUCTION (average risk)						PRODUCT (average risk)

				NAICS		INDUSTRY				1		2		3		4		1		2		3		4		1		2		3		4		1		2		3		4		1		2		3		4		1		2		3		4																												workers risk		environmental risk				consumers risk														environmental risk																								silver NPs

				11		Agriculture,  Forestry, Fishing and Hunting				0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		19		3		19		10																										silver NPs		30.0		32.0		silver NPs		40.2														31.8																								PRODUCTION				PRODUCT 

				21		Mining, Quarrying, and Oil and Gas Extraction				0		0		x		x		0		0		x		x		33		23		x		x		0		0		x		x		0		0		x		x		0		0		x		x																										CNTs		39.6		16.0		CNTs		25.1														13.3																								workers risk				consumers risk

				22		Utilities				0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0																										titanium dioxide NPs		31.9		29.2		titanium dioxide NPs		27.8														36.3																								50%		Chemical manufacturing (325)
		50%		Food manufacturing (311)

				236		Construction of Buildings				0		0		0		0		41		13		20		13		17		23		17		23		41		10		20		20		0		0		0		0		28		3		9		7																										carbon black		39.4		15.0		carbon black		31.5														14.5																														Beverage product manufacturing (312)

				311		Food Manufacturing				17		20		50		20		0		13		20		13		33		23		50		47		20		10		41		10		19		27		37		27		9		3		28		7																										zinc oxide NPs		35.0		41.5		zinc oxide NPs		42.3														53.3																														Paper manufacturing (322)

				312		Beverage and Tobacco Product Manufacturing				17		20		50		40		0		13		20		13		0		0		0		0		0		0		0		0		0		0		0		0		9		3		19		3																										amorphous silica NPs		17.6		4.0		amorphous silica NPs		16.3														6.1																														Pharmaceutical manufacturing (3254)

				313/314/315		Textiles & Apparels				33		60		33		60		41		13		20		13		0		0		0		0		41		10		41		20		19		27		37		27		19		3		19		7																																																																														Soap, cleaning compound and toilet 
preparation manufacturing (3256)

				316		Leather and Allied Product Manufacturing				33		60		33		20		0		0		0		0		0		0		0		0		41		10		41		10		0		0		0		0		19		3		19		7																																																																														Plastics and rubber 
product manufacturing (326)

				321		Wood Product Manufacturing				0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0																																																																														Medical equipment (3391)

				322		Paper Manufacturing				33		40		50		20		0		0		0		0		0		0		0		0		20		10		20		10		0		0		0		0		19		3		9		3																																																																														Hospitals (622)

				323		Printing and Related Support Activities				0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		19		3		9		3																																																																								environmental risk				environmental risk

				324		Petroleum and Coal Products Manufacturing				0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0																																																																								60%		Textiles & apparels (313/314/315)		60%		Textiles & apparels (313/314/315)

				325/3251		Chemical Manufacturing (inlcuding Base Chemical Manufacturing)				50		60		x		x		61		27		x		x		50		47		x		x		61		20		x		x		37		53		x		x		28		7		x		x																																																																										Leather product manufacturing (316)				Pesticide & fertilizer (3253)

				3252		Resin, Synthetic Rubber, and Artificial Synthetic Fibers and Filaments Manufacturing				33		40		x		x		61		27		x		x		0		0		x		x		61		20		x		x		37		53		x		x		28		7		x		x																																																																										Chemical manufacturing (325)				Soap, cleaning compound and toilet 
preparation manufacturing (3256)

				3253		Pesticide, Fertilizer, and Other Agricultural Chemical Manufacturing				33		40		33		60		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		19		3		19		10

				3254		Pharmaceutical and Medicine Manufacturing				17		20		50		40		0		0		0		0		17		23		50		47		0		0		0		0		19		27		56		53		0		0		0		0																																																																								CNTs

				3255		Paint, Coating, and Adhesive Manufacturing				33		40		33		40		61		27		20		13		33		23		17		47		41		20		20		10		37		27		37		53		19		3		19		7																																																																								PRODUCTION				PRODUCT 

				3256		Soap, Cleaning Compound, and Toilet Preparation Manufacturing				33		40		50		60		0		0		0		0		50		47		50		70		41		20		41		10		56		53		56		80		19		3		28		10																																																																								workers risk				consumers risk

				32591		Printing Ink Manufacturing				0		0		0		0		41		13		20		13		0		0		0		0		61		20		61		20		0		0		0		0		0		0		0		0																																																																								61%		Chemical manufacturing (325)		41%		Nonmetallic mineral product 
manufacturing (327)

				326		Plastics and Rubber Products Manufacturing				33		20		50		20		41		13		20		13		33		23		17		23		61		20		20		30		56		53		19		80		28		7		9		10																																																																										Resin manufacturing (3252)				Medical equipment  
manufacturing (3391)

				327		Nonmetallic Mineral Product Manufacturing				0		0		0		0		41		13		41		13		0		0		0		0		20		10		20		10		0		0		0		0		9		3		9		3																																																																										Paint, coating and adhesive 
manufacturing (3255)				Hospitals (622)

				331		Primary Metal Manufacturing				0		0		x		x		41		13		x		x		0		0		x		x		0		0		x		x		0		0		x		x		0		0		x		x																																																																								environmental risk				environmental risk

				332		Fabricated Metal Product Manufacturing				0		0		0		0		41		13		20		13		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0																																																																								27%		Chemical manufacturing (325)				no industry more than 25%

				333		Machinery Manufacturing				33		20		17		20		41		13		0		13		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0																																																																										Resin manufacturing (3252)

				334		Computer and Electronic Product Manufacturing				33		20		33		20		20		13		0		13		0		0		0		0		0		0		0		0		0		0		0		0		9		3		9		3																																																																										Paint, coating and adhesive 
manufacturing (3255)

				335		Electrical Equipment, Appliance, and Component Manufacturing				33		20		33		40		20		13		0		13		33		23		17		23		20		10		20		10		0		0		0		0		9		3		9		3																																																																										Waste management services (562)

				336		Transportation Equipment Manufacturing				0		0		0		0		41		13		20		13		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0

				337		Furniture and Related Product Manufacturing				33		20		33		20		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0																																																																								titanium dioxide NPs

				339		Miscellaneous Manufacturing				33		20		33		20		41		13		20		13		33		23		17		23		20		0		0		0		0		0		0		0		19		3		19		7																																																																								PRODUCTION				PRODUCT 

				3391		Medical Equipment and Supplies Manufacturing				17		20		50		20		20		13		41		13		17		23		17		23		0		0		0		0		0		0		0		0		9		3		28		3																																																																								workers risk				consumers risk

				622		Hospitals				17		20		50		20		20		13		41		13		0		0		0		0		0		0		0		0		0		0		56		53		0		0		0		0																																																																								50%		Chemical manufacturing (325)		50%		Food manufacturing (311)

				562		Administrative and Support and Waste Management and Remediation Services				33		40		x		x		41		27		x		x		33		47		x		x		41		20		x		x		37		53		x		x		19		7		x		x																																																																										Soap, cleaning compound and toilet 
preparation manufacturing (3256)				Soap, cleaning compound and toilet 
preparation manufacturing (3256)

								Anzahl betroffener Industrien		20		20		17		17		18		20		13		16		12		12		9		9		15		14		11		11		9		9		7		7		20		20		17		17																																																																														Pharmaceutical manufacturing (3254)

								Summe der Punktzahl		600		640		683		540		713		320		326		213		383		350		250		327		591		210		346		160		315		373		296		373		352		80		278		103																																																																								environmental risk				environmental risk

								Mittelwert der Punktzahl		30.0		32.0		40.2		31.8		39.6		16.0		25.1		13.3		31.9		29.2		27.8		36.3		39.4		15.0		31.5		14.5		35.0		41.5		42.3		53.3		17.6		4.0		16.3		6.1																																																																								47%		Chemical manufacturing (325)		70%		Soap, cleaning compound and toilet 
preparation manufacturing (3256)

																																																																																																																																		Soap, cleaning compound and toilet 
preparation manufacturing (3256)		47%		Food manufacturing (311)

																																																																																																																																		Waste management services (562)				Pharmaceutical manufacturing (3254)

																																																																																																																																						Paint, coating and adhesive 
manufacturing (3255)



																																																																																																																																carbon black

																																																																																																																																PRODUCTION				PRODUCT 

																																																																																																																																workers risk				consumers risk

																																																																																																																																61%		Chemical manufacturing (325)		61%		Printing ink manufacturing (32591)

																																																																																																																																		Resin manufacturing (3252)		41%		Food manufacturing (311)

																																																																																																																																		Printing ink manufacturing (32591)				Textiles & apparels (313/314/315)

																																																																																																																																		Plastics and rubber 
product manufacturing (326)				Leather product manufacturing (316)

																																																																																																																																						Soap, cleaning compound and toilet 
preparation manufacturing (3256)

																																																																																																																																environmental risk				environmental risk

																																																																																																																																		no industry more than 25%		30%		Plastics and rubber 
product manufacturing (326)





																																																																																																																																zinc oxide NPs

																																																																																																																																PRODUCTION				PRODUCT 

																																																																																																																																workers risk				consumers risk

																																																																																																																																56%		Soap, cleaning compound and toilet 
preparation manufacturing (3256)		56%		Pharmaceutical manufacturing (3254)

																																																																																																																																		Plastics and rubber 
product manufacturing (326)				Soap, cleaning compound and toilet 
preparation manufacturing (3256)

																																																																																																																																						Hospitals (622)

																																																																																																																																environmental risk				environmental risk

																																																																																																																																53%		Chemical manufacturing (325)		80%		Soap, cleaning compound and toilet 
preparation manufacturing (3256)

																																																																																																																																		Resin manufacturing (3252)				Plastics and rubber 
product manufacturing (326)


																																																																																																																																		Soap, cleaning compound and toilet 
preparation manufacturing (3256)

																																																																																																																																		Plastics and rubber 
product manufacturing (326)

																																																																																																																																		Waste management services (562)



																																																																																																																																amorphous silica NPs

																																																																																																																																PRODUCTION				PRODUCT 

																																																																																																																																workers risk				consumers risk

																																																																																																																																28%		Construction of buildings (236)		28%		Food manufacturing (311)

																																																																																																																																		Chemical manufacturing (325)				Soap, cleaning compound and toilet 
preparation manufacturing (3256)

																																																																																																																																		Resin manufacturing (3252)				Medical equipment (3391)

																																																																																																																																		Plastics and rubber 
product manufacturing (326)

																																																																																																																																environmental risk				environmental risk

																																																																																																																																		no industry more than 25%				no industry more than 25%



																																																																																																																																general

																																																																																																																																PRODUCTION				PRODUCT 

																																																																																																																																workers risk				consumers risk

																																																																																																																																1.		Chemical manufacturing (325)		1.		Food manufacturing (311)

																																																																																																																																2.		Plastics and rubber 
product manufacturing (326)		2.		Soap, cleaning compound and toilet 
preparation manufacturing (3256)

																																																																																																																																3.		Paint, coating and adhesive 
manufacturing (3255)		3.		Pharmaceutical manufacturing (3254)

																																																																																																																																environmental risk				environmental risk

																																																																																																																																1.		Chemical manufacturing (325)		1.		Soap, cleaning compound and toilet 
preparation manufacturing (3256)

																																																																																																																																2.		Waste management services (562)		2.		Plastics and rubber 
product manufacturing (326)

																																																																																																																																3.		Soap, cleaning compound and toilet 
preparation manufacturing (3256)		3.		Paint, coating and adhesive 
manufacturing (3255)
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								NO GUARANTEE CAN BE GIVEN FOR COMPLETENESS OR CORRECTNESS OF THE DATA SHOWN IN THIS ASSESSMENT TOOL. THIS DOCUMENT IS THE INTELLECTUAL PROPERTY OF THE "SCHEIZERISCHER VERSICHERUNGSVERBAND" (SVV).  ANY COPYING IS FORBIDDEN.



				GENERAL INFORMATION



				blablabla





						input		CATEGORY		COMMENT				REFERENCES

				GLOBAL PRODUCTION VOLUME (t/y)		-		Please insert a value

				SPREAD 
(number of products)		-		Please insert a value



				HAZARDS



								input		CATEGORY		COMMENT				REFERENCES

				HUMAN HAZARD		TOTAL		18		2		The range of the categories is 1-4. The final value for the human hazard is calculated by summing up all categories and penalty points. Therefore, the maximum value (without penalty points)  is 18. 

						toxicity (LD50 [ppm] or LED [ppm])		>200-2000		2

						carcinogenicity		-		Please insert a value

						mutagenicity		-		Please insert a value

						reproductive toxicity		-		Please insert a value

						penalty points		-		Please insert a value

				comments 
(bodily injury; information about the path: inhalation, ingestion, dermal)






								input		CATEGORY		COMMENT				REFERENCES

				ENVIRONMENTAL HAZARD		TOTAL		10		0		The range of the categories is 1-4. The final value for the environmental hazard is calculated by summing up all categories and penalty points. Therefore, the maximum value (without penalty points)  is 10. 

						persistence/bioaccumulation
		-		Please insert a value

						aquatic toxicity 
(LC50 for fish [ppm]=[mg/l])		-		Please insert a value

						penalty points		-		Please insert a value

				comments



				EXPOSURE
(probability that this exposure materializes)





										production site related
(raw material producing and further processing companies)				 final product related

				NAICS		INDUSTRY				workers exposure		gradual and accidental environmental exposure		consumer exposure 		gradual environmental exposure		products

				11		Agriculture,  Forestry, Fishing and Hunting

				21		Mining, Quarrying, and Oil and Gas Extraction								x		x

				22		Utilities

				236		Construction of Buildings

				311		Food Manufacturing

				312		Beverage and Tobacco Product Manufacturing

				313/314/315		Textiles & Apparels

				316		Leather and Allied Product Manufacturing

				321		Wood Product Manufacturing

				322		Paper Manufacturing

				323		Printing and Related Support Activities

				324		Petroleum and Coal Products Manufacturing

				325/3251		Chemical Manufacturing (inlcuding Base Chemical Manufacturing)								x		x

				3252		Resin, Synthetic Rubber, and Artificial Synthetic Fibers and Filaments Manufacturing								x		x

				3253		Pesticide, Fertilizer, and Other Agricultural Chemical Manufacturing

				3254		Pharmaceutical and Medicine Manufacturing

				3255		Paint, Coating, and Adhesive Manufacturing

				3256		Soap, Cleaning Compound, and Toilet Preparation Manufacturing

				32591		Printing Ink Manufacturing

				326		Plastics and Rubber Products Manufacturing

				327		Nonmetallic Mineral Product Manufacturing

				331		Primary Metal Manufacturing								x		x

				332		Fabricated Metal Product Manufacturing

				333		Machinery Manufacturing

				334		Computer and Electronic Product Manufacturing

				335		Electrical Equipment, Appliance, and Component Manufacturing

				336		Transportation Equipment Manufacturing

				337		Furniture and Related Product Manufacturing

				339		Miscellaneous Manufacturing

				3391		Medical Equipment and Supplies Manufacturing

				622		Hospitals

				562		Administrative and Support and Waste Management and Remediation Services								x		x

				comments		The categories were first set individually by every member of the working group and then discussed in a group meeting. As there are no end products but intermediate products only in chemical manufacturing, resin production and the waste management these fields cannot be filled (x). The waste management part is neglected in all rows except the last one (waste water treatment plants, landfills, incineration). 



				RISK 
(hazard and exposure multiplied; maximum number is 100)







										production site related
(raw material producing and further processing companies)				 final product related

				NAICS		INDUSTRY				workers exposure		gradual and accidental environmental exposure		consumer exposure 		gradual environmental exposure

				11		Agriculture,  Forestry, Fishing and Hunting				0		0		0		0

				21		Mining, Quarrying, and Oil and Gas Extraction				0		0		x		x

				22		Utilities				0		0		0		0

				236		Construction of Buildings				0		0		0		0

				311		Food Manufacturing				0		0		0		0

				312		Beverage and Tobacco Product Manufacturing				0		0		0		0

				313/314/315		Textiles & Apparels				0		0		0		0

				316		Leather and Allied Product Manufacturing				0		0		0		0

				321		Wood Product Manufacturing				0		0		0		0

				322		Paper Manufacturing				0		0		0		0

				323		Printing and Related Support Activities				0		0		0		0

				324		Petroleum and Coal Products Manufacturing				0		0		0		0

				325/3251		Chemical Manufacturing (inlcuding Base Chemical Manufacturing)				0		0		x		x

				3252		Resin, Synthetic Rubber, and Artificial Synthetic Fibers and Filaments Manufacturing				0		0		x		x

				3253		Pesticide, Fertilizer, and Other Agricultural Chemical Manufacturing				0		0		0		0

				3254		Pharmaceutical and Medicine Manufacturing				0		0		0		0

				3255		Paint, Coating, and Adhesive ManufacturingT				0		0		0		0

				3256		Soap, Cleaning Compound, and Toilet Preparation Manufacturing				0		0		0		0

				32591		Printing Ink Manufacturing				0		0		0		0

				326		Plastics and Rubber Products Manufacturing				0		0		0		0

				327		Nonmetallic Mineral Product Manufacturing				0		0		0		0

				331		Primary Metal Manufacturing				0		0		x		x

				332		Fabricated Metal Product Manufacturing				0		0		0		0

				333		Machinery Manufacturing				0		0		0		0

				334		Computer and Electronic Product Manufacturing				0		0		0		0

				335		Electrical Equipment, Appliance, and Component Manufacturing				0		0		0		0

				336		Transportation Equipment Manufacturing				0		0		0		0

				337		Furniture and Related Product Manufacturing				0		0		0		0

				339		Miscellaneous Manufacturing				0		0		0		0

				3391		Medical Equipment and Supplies Manufacturing				0		0		0		0

				622		Hospitals				0		0		0		0

				562		Administrative and Support and Waste Management and Remediation Services				0		0		x		x
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Definition categories

		general information



				global production volume per year in tons

				Hazard category		Value

				-		Please insert a value

				100 - 1'000		1

				1'000 - 10'000		2

				10'000 - 100'000		3

				100'000 - 1'000'000		4

				>1'000'000		5



				spread

				number of products		Value

				-		Please insert a value

				<100		1

				101-1000		2

				>1000		3





		calculation of the human hazard



				human toxicity

				hazard category		oral LD50 for rats (ppm) 

				-		Please insert a value

				>2000		1

				>200-2000		2

				>25-200		3

				<=25		4

				hazard category 		MAK/PEL (ppm)

				-		Please insert a value

				>100		1

				>10-100		2

				>1-10		3

				<=1		4

				hazard category 		inhalation, LC50 value (mg/m3)

				-		Please insert a value

				>1000		1

				>100-1000		2

				>10-100		3

				<=10		4



				carcinogenicity

				hazard category		value (IARC)

				-		Please insert a value

				probably not carcinogenic 
to humans (GROUP 4) 		0

				not classifiable (GROUP 3)		2

				possibly or probably carcinogenic 
(GROUPS 2A and 2B)		3

				carcinogenic to humans 
(GROUP 1)		4



				mutagenicity

				hazard category		value (IARC)

				-		Please insert a value

				probably not mutagenic to humans 		0

				not classifiable		2

				possibly or probably mutagenic		3

				mutagenic to humans		4



				reproductive toxicity

				hazard category		value (IARC)

				-		Please insert a value

				probably not toxic for reproductive system		0

				not classifiable		2

				possibly or probably toxic for reproductive system		3

				toxic for reproductive system		4



				penalty points

				hazard category		points

				-		Please insert a value

				yes		2

				no		0





		calculation of the environmental hazard 



				aquatic toxicity

				hazard category		value, LC50 for fish (ppm)

				-		Please insert a value

				>1000		1

				>100-1000		2

				>10-100		3

				<10		4



				persistence/bioaccumulation		& aquatic toxicity

				hazard category		hazard category		points

				-

				no		-		0

				equivocal		1,2,3		0

						4		2

				yes		1,2		2

						3,4		4



				penalty points

				hazard category		points

				-		Please insert a value

				yes		2

				no		0





		calculation of the exposure



				workers exposure (production site)

				What is the probability that an employee is exposed to the nanoparticles during the production?

				hazard category		value

				-		Please insert a value

				no exposure / no application for this industry		0

				low		1

				medium		2

				high		3



				gradual and accidental environmental liability

				What is the probability that nanoparticles are gradually/accidentally released to the environment?

				hazard category		value

				-		Please insert a value

				no exposure / no application for this industry		0

				low		1

				medium		2

				high		3



				product liability 

				What is the probability that consumers are exposed to the nanoparticles by using the end product? 

				hazard category		value

				-		Please insert a value

				no exposure / no application for this industry		0

				low		1

				medium		2

				high		3



				gradual environmental liability 

				What is the probability that nanoparticles are released to the environment during the use of the end product?

				hazard category		value

				-		Please insert a value

				no exposure / no application for this industry		0

				low		1

				medium		2

				high		3



































































































































































































































































































































































































































































































































































































































































































































































































































1) Ag

				Silver NPs				NO GUARANTEE CAN BE GIVEN FOR COMPLETENESS OR CORRECTNESS OF THE DATA SHOWN IN THIS ASSESSMENT TOOL. THIS DOCUMENT IS THE INTELLECTUAL PROPERTY OF THE "SCHWEIZERISCHER VERSICHERUNGSVERBAND" (SVV).  ANY COPYING IS FORBIDDEN.



				GENERAL INFORMATION



				Silver in general is known to have antimicrobial effects (Sachverständigenrat für Umweltfragen, 2011). Therefore, it is often used where the presence of microbes is undesired, although these applications are controversial due to the development of microbial resistance (Friends of the Earth Australia, 2011). Silver is classified as "toxic" by the WHO and the EPA. It is not needed by humans as a micronutrient. Therefore, it is recommended not to take up silver supplements. Nanosilver can be produced by physical methods like milling, as well as with wet-chemistry methods (chemical reduction),  laser ablation, radiocatalysis, vacuum evaporation or electrocondensation. The wet-chemical production with reduction is probably the primary method as large quantities can be produced in a short time. However, production techniques seem to be patented and thus are secret. 

Nanosilver is used in the following industries (also see the table at the right from EPA (2012); Ziegler (2013)):
cosmetics & personal care: body lotions, toothpaste, deodorants, creams, brushes, soap, shampoo, hair products, masks, lip balm --> It is often promised that the products regenerate, clean, detox and rejuvenate the skin.
hygiene: cleaning products for homes, hospitals and other commercial settings
medicine: wound dressings, catheters
dietary supplements/alternative medicine: spray for nose/throat, drinks (--> colloidal silver is a liquid suspension of silver (that may or may not contain nanosilver) and has long been promoted as an over-the-counter health tonic)
textile & apparel: underwear, pillows, towels, socks, pullovers, shirts, gloves, sandals, matraces, curtains
food: food preparation equipment and surfaces, food storage containers, tableware, milk bottles, baby cups
appliances: washing machines, vacuum cleaners, refrigerators, curling irons, air filtration devices, humidifiers, brushes
industry: polymers, yarn, threads, powder
electronics: computer mice, keyboards, mobile phones, notebooks
other: chewing toys for babies, condoms, algaecide (pesticides), shoe inserts

Tests show that products can contain silver nanoparticles although they are not declared as such. On the other hand, products that should contain nanosilver often do not (Ziegler, 2013).

> EPA. 2012. ‘Nanomaterial Case Study: Nanoscale Silver in Disinfectant Spray’. http://ofmpub.epa.gov/eims/eimscomm.getfile?p_download_id=507239.
> Friends of the Earth Australia. 2011. ‘Nano-Silver: Policy Failure Puts Public Health at Risk’. http://www.foe.org/system/storage/877/e2/8/549/NanoSilverUS.pdf.
> Sachverständigenrat für Umweltfragen. 2011. Vorsorgestrategien Für Nanomaterialien - Sondergutachten. Berlin: Erich Schmidt Verlag. http://www.umweltrat.de/SharedDocs/Downloads/DE/02_Sondergutachten/2011_09_SG_Vorsorgestrategien%20f%C3%BCr%20Nanomaterialien.pdf?__blob=publicationFile.
> Ziegler, C. 2013. ‘Die Nano-Liste Der BG Bau’. http://nano.dguv.de/fileadmin/user_upload/documents/textfiles/BGBAU/DGUV_Forum_-_Nano-Liste.pdf.







						input		CATEGORY		COMMENT				REFERENCES

				GLOBAL PRODUCTION VOLUME (t/y)		1'000 - 10'000		2		There is various and contradictory information:
> 100'000-1'000'000 tpa silver in general (REACH, 2013)
> 1100 kg nanoparticles for biocidal application in Germany in 2007 (Sachverständigenrat für Umweltfragen, 2011)
> 320 tons in 2009 (Friends of the Earth Australia (2011) citing Gottschalk et al. (2010))
> 3000 kg/month alone in a factory in Korea (EPA, 2012)

It is expected that the second as well as the third number are underestimated. Therefore, the second category was chosen.				Friends of the Earth Australia. 2011. ‘Nano-Silver: Policy Failure Puts Public Health at Risk’. http://www.foe.org/system/storage/877/e2/8/549/NanoSilverUS.pdf.

Gottschalk, F., T. Sonderer, R.W. Scholz, and B. Nowack. 2010. ‘Possibilities and Limitations of Modeling Environmental Exposure to Engineered Nanomaterials by Probabilistic Material Flow Analysis’. Environmental Toxicology and Chemistry 29 (5): 1036–48.

EPA. 2012. ‘Nanomaterial Case Study: Nanoscale Silver in Disinfectant Spray’. http://ofmpub.epa.gov/eims/eimscomm.getfile?p_download_id=507239.

REACH. 2013. ‘Justification for the Selection of a Substance for CoRAP Inclusion - Silver’.

Sachverständigenrat für Umweltfragen. 2011. Vorsorgestrategien Für Nanomaterialien - Sondergutachten. Berlin: Erich Schmidt Verlag. http://www.umweltrat.de/SharedDocs/Downloads/DE/02_Sondergutachten/2011_09_SG_Vorsorgestrategien%20f%C3%BCr%20Nanomaterialien.pdf?__blob=publicationFile.



				SPREAD 
(number of products)		>1000		3		1303 products were identified (mostly cosmetics, appliances and filtration devices) taking into account all the sources. Some products are appearing several times, others could be classified in the same product category (13 product categories in total). Overall 410 end project categories produced by 341 companies worldwide were identified (see the Application split chart on the right side): 442 products are listed in the database of Woodrow Wilson (Nanotechproject, 2016), 296 in the Danish database (Nanodatabase, 2016), 58 in the German database (Nanoproduktdatenbank, 2016), 141 in the database of BEUC (ANEC/BEUC, 2013), 89 in the Food database (Nanotechnology in our Food, 2016) and 274 in the CTA-Petition database (CTA-Petition, 2016).
				ANEC/BEUC. 2013. ‘ANEC/ BEUC Inventory of Products Claiming to Contain Nano-Silver Particles Available on the EU Market’. http://www.beuc.eu/safety/nanotechnology.

The International Center for Technology Assessment. 2016. Petition Appendix A: Nano-silver products inventory.  Accessed Feburary 28, 2016. http://www.icta.org/files/2011/12/CTA-Petition-Appendix-A_nano-silver_product_inventory1.pdf

Nanodatabase. 2016. ‘Search Results for Nanosilver’. Accessed January 28, 2016. http://nanodb.dk/en/search-database/#pageno=&keyword=&fn.lp_m=2937&fn.d_cd_f=&fn.d_cd_t=.

Nanotechnology in our Food. 2016. 'Search results for Nanosilver". Accessed Feburary 28, 2016. http://salsa3.salsalabs.com/o/1881/p/salsa/web/common/public/content?content_item_KEY=14112%20

Nanotechproject. 2015. ‘Silver Database’. http://www.nanotechproject.org/process/assets/files/7039/silver_database_fauss_sept2_final.pdf. 

Nanoproduktdatenbank. 2016. ‘Search Results for Nanosilver’. http://www.bund.net/nc/themen_und_projekte/nanotechnologie/nanoproduktdatenbank/produktsuche/.

Nanotechproject. 2016. ‘Search Results for Nanosilver’. Accessed January 28. http://www.nanotechproject.org/cpi/search-products/?title=&asmSelect0=&date_created=&date_modified=&nanomaterials%5B%5D=1148&search-products_submit=Search&_submitKey=16%3Asearch-products%3A0.








				HAZARDS



								input		CATEGORY		COMMENT				REFERENCES

				HUMAN HAZARD		TOTAL		18		9		The range of the categories is 1-4. The final value for the human hazard is calculated by summing up all categories and penalty points. Therefore, the maximum value (without penalty points)  is 18. 

						toxicity (LD50 [ppm])
ORAL		>200-2000		2		The main uptake path for humans is via the skin or by ingestion (drinking/eating). Therefore, the oral LD50 was chosen to represent the specific toxicity of these nanoparticles:

The oral LD50 was 169/213/354/391.5 mg/kg in Elkhawass et al. (2015) (single dose administrations, observation for 14 days, 2 NPs sizes and two calculation methods).
The oral administration of 5000mg/kg (Maneewattanapinyo et al., 2011) produced neither mortality nor acute toxic signs throughout the observation period of 24h. 
Additionally, the oral LD50 in Amin et al. (2015) is 268 mg/kg  (oral administration for 28 days to mice). This value goes in line with Elkhawass et al. (2015).

The first and third source agree. Therefore, these values were implemented in this assessment. Additionally, in the second research paper the observation period was very short. The methods of all research papers differ. 				Amin Y.M., Hawas A.M., El-Batal A.I., Hassan H.M., and Elsayed M. E. 2015. ‘Evaluation of Acute and Subchronic Toxicity of Silver Nanoparticles in Normal and  Irradiated Animals’. British Journal of Pharmacology a Nd Toxicology. http://www.maxwellsci.com/print/bjpt/v6-22-38.pdf.

Elkhawass, E.A., M.E. Mohallal, and M.F. Soliman. 2014. ‘Acute Toxicity of Different Sizes of Silver Nanoparticles Intraperitonally Injected in BALB/C Mice Using Two Toxicological Methods’. International Journal of Pharmacy and Pharmaceutical Sciences 7 (2). http://innovareacademics.in/journals/index.php/ijpps/article/view/3776.

Maneewattanapinyo, P., W. Banlunara, Chuchaat Thammacharoen, S. Ekgasit, and T. Kaewamatawong. 2011. ‘An Evaluation of Acute Toxicity of Colloidal Silver Nanoparticles’. Journal of Veterinary Medical Science 73 (11): 1417–23.






						carcinogenicity		not classifiable (GROUP 3)		2		No scientific information was found. It is mentioned in Gressler et al. (2010)  that tumours can be promoted. However, no more information is given. On the other hand, nanosilver is used in cancer therapy by naturopaths (Welt im Wandel (2014) is a very unscientific source!).				Greßler, S., and R. Fries. 2010. Nanosilber in Kosmetika, Hygieneartikeln und Lebensmittelkontaktmaterialien Produkte, gesundheitliche und regulatorische Aspekte. Wien: Bundesmininsterium für Gesundheit, Sekt. II.

Welt im Wandel. 2014. ‘Borrelioseheilung Mit Kolloidalem Silber’. https://www.youtube.com/watch?v=RgmcMksRAVk.


						mutagenicity		not classifiable		2		There are several ways described in EPA (2012) how silver nanoparticles affect the DNA or the repair mechanisms of the latter. On the other hand, no mutagenicity was seen in Kim et al. (2010) in a cell experiment. More studies have to be done to make an assessment possible.				EPA. 2012. ‘Nanomaterial Case Study: Nanoscale Silver in Disinfectant Spray’. http://ofmpub.epa.gov/eims/eimscomm.getfile?p_download_id=507239.

Kim, Y-J., S.I. Yang, and J.-C. Ryu. 2010. ‘Cytotoxicity and Genotoxicity of Nano-Silver in Mammalian Cell Lines’. Molecular & Cellular Toxicology 6 (2): 119–25.



						reproductive toxicity		possibly or probably toxic for reproductive system		3		Abnormal fetal development in human correlates with silver concentration (not nano) in drinking water (Gressler et al., 2010). Zebrafish showed abnormal development in embryos when exposed to nanosilver (50% with 30 μg/ml) (Asharani et al., 2008).				Asharani, P.V., Y. Lian Wu, Z. Gong, and S. Valiyaveettil. 2008. ‘Toxicity of Silver Nanoparticles in Zebrafish Models’. Nanotechnology 19 (25): 255102. doi:10.1088/0957-4484/19/25/255102.

Greßler, S., and R. Fries. 2010. Nanosilber in Kosmetika, Hygieneartikeln und Lebensmittelkontaktmaterialien Produkte, gesundheitliche und regulatorische Aspekte. Wien: Bundesmininsterium für Gesundheit, Sekt. II.



						penalty points		no		0		no comment

				comments 


		> The main uptake path for humans is via the skin or by ingestion (drinking/eating). Therefore, the oral LD50 was chosen to represent the specific toxicity of these nanoparticles.





								input		CATEGORY		COMMENT				REFERENCES

				ENVIRONMENTAL HAZARD		TOTAL		10		6		The range of the categories is 1-4. The final value for the environmental hazard is calculated by summing up all categories and penalty points. Therefore, the maximum value (without penalty points)  is 10. 

						persistence/bioaccumulation
		no		0		Generally, naturally occuring silver is accumulated in the human body. Therefore, there are maximum concentrations for drinking water recommended by the EPA (Gressler et al., 2010). However, nanosilver does not have to accumulate in the environment. It can dissolve, diassemble, sorb to soil or sediment, undergo oxysulfidation, form complexes with organic matter or reform from ionic silver in the presence of humic and fulmic acids. Therefore, the persistence depends on the surface coating, the pH, the temperature and the presence of organic matter (EPA, 2012).				EPA. 2012. ‘Nanomaterial Case Study: Nanoscale Silver in Disinfectant Spray’. http://ofmpub.epa.gov/eims/eimscomm.getfile?p_download_id=507239.

Greßler, S., and R. Fries. 2010. Nanosilber in Kosmetika, Hygieneartikeln und Lebensmittelkontaktmaterialien Produkte, gesundheitliche und regulatorische Aspekte. Wien: Bundesmininsterium für Gesundheit, Sekt. II.





						aquatic toxicity 
(LC50 for fish [ppm]=[mg/l])		<10		4		LC50 values (48h) for fish of 7mg/l and 84 μg/l  were found in two different studies by Griffitt  et al. (2008) and Bilberg et al. (2012) mentioned in the paper of the European Commission (2014) and the Danish Protection Agency (2015).
				Bilberg, K., M.B. Hovgaards, F. Besenbacher, and E. Baatrup. 2012. ‘In Vivo Toxicity of Silver Nanoparticles and Silver Ions in Zebrafish (Danio Rerio)’. doi:10.1155/2012/293784.

European Commission, and Directorate General for Health & Consumers. 2014. Opininon on Nanosilver Safety, Health and Environmental Effects and Role in Antimicrobial Resistance. Luxembourg: [European Commission]. http://dx.publications.europa.eu/10.2772/76851.

Griffitt, R. J., J. Luo, J. Gao, J.-C. Bonzongo, and D. S. Barber. 2008. ‘Effects of Particle Composition and Species on Toxicity of Metallic Nanomaterials in Aquatic Organisms’. doi:10.1897/08-002.1.

Danish Environmental Protection Agency. 2015. ‘Environmental Effects of Engineered Nanomaterials - Estimation of Predicted No-Effect Concentrations (PNECs)’. Copenhagen. http://www2.mst.dk/Udgiv/publications/2015/09/978-87-93352-70-4.pdf.








						penalty points		yes		2		Research shows that bacterial resistences can develop when silver is used in small concentrations (European Commission, 2014; Friends of the Earth Australia, 2011; Gressler et al., 2010). 				European Commission, and Directorate General for Health & Consumers. 2014. Opininon on Nanosilver Safety, Health and Environmental Effects and Role in Antimicrobial Resistance. Luxembourg: [European Commission]. http://dx.publications.europa.eu/10.2772/76851.

Friends of the Earth Australia. 2011. ‘Nano-Silver: Policy Failure Puts Public Health at Risk’. http://www.foe.org/system/storage/877/e2/8/549/NanoSilverUS.pdf.

Greßler, S., and R. Fries. 2010. Nanosilber in Kosmetika, Hygieneartikeln und Lebensmittelkontaktmaterialien Produkte, gesundheitliche und regulatorische Aspekte. Wien: Bundesmininsterium für Gesundheit, Sekt. II.


				comments		no comment



				EXPOSURE
(probability that this exposure materializes)





										production site related
(raw material producing and further processing companies)				 final product related

				NAICS		INDUSTRY				workers exposure 3		gradual / accidental environmental exposure		consumer exposure 		gradual environmental exposure		products

				11		Agriculture,  Forestry, Fishing and Hunting				0		0		0		0

				21		Mining, Quarrying, and Oil and Gas Extraction				0		0		x		x

				22		Utilities				0		0		0		0

				236		Construction of Buildings				0		0		0		0

				311		Food Manufacturing				1		1		3		1		influence of plastic packaging containing silver NPs

				312		Beverage and Tobacco Product Manufacturing				1		1		3		2		colloidal silver; influence of beverage containers (plastic beer bottles)

				313/314/315		Textiles & Apparels				2		3		2		3		yarns, threads; textile mills

				316		Leather and Allied Product Manufacturing				2		3		2		1		leather treated with silver

				321		Wood Product Manufacturing				0		0		0		0

				322		Paper Manufacturing/Packaging				2		2		3		1		filters, masks, packaging material

				323		Printing and Related Support Activities				0		0		0		0

				324		Petroleum and Coal Products Manufacturing				0		0		0		0

				325/3251		Chemical Manufacturing (inlcuding Base Chemical Manufacturing)				3		3		x		x		1 raw material manufacturing (powder, solution/dispersion)

				3252		Resin, Synthetic Rubber, and Artificial Synthetic Fibers and Filaments Manufacturing				2		2		x		x		1,5 raw materials for food packaging etc.

				3253		Pesticide, Fertilizer, and Other Agricultural Chemical Manufacturing				2		2		2		3		algaecide (“NSPW-L30SS”/“Nanosilva”), 

				3254		Pharmaceutical and Medicine Manufacturing				1		1		3		2		4 acne cream

				3255		Paint, Coating, and Adhesive Manufacturing				2		2		2		2		coating sprays, antibacterial paints, inks for electronic boards

				3256		Soap, Cleaning Compound, and Toilet Preparation Manufacturing				2		2		3		3		body lotions, toothpaste, deodorants, creams, brushes, soap, shampoo, hair products, masks, lip balm, disinfectants

				32591		Printing Ink Manufacturing				0		0		0		0

				326		Plastics and Rubber Products Manufacturing				2		1		3		1		5 food preparation equipment, condoms, baby toys, food containers, milk storage bags, chopping boards, dishes, cutlery

				327		Nonmetallic Mineral Product Manufacturing				0		0		0		0

				331		Primary Metal Manufacturing				0		0		x		x

				332		Fabricated Metal Product Manufacturing				0		0		0		0

				333		Machinery Manufacturing				2		1		1		1		filtration (air), AC, humidifiers etc. 

				334		Computer and Electronic Product Manufacturing				2		1		2		1		mouse, keyboard, mobile phone, notebook; medical equipment and control instruments

				335		Electrical Equipment, Appliance, and Component Manufacturing				2		1		2		2		washing machine, vacuum cleaner, refrigerator, curling iron, air filtration devices, humidifier

				336		Transportation Equipment Manufacturing				0		0		0		0

				337		Furniture and Related Product Manufacturing				2		1		2		1		garden furniture, matraces

				339		Miscellaneous Manufacturing				2		1		2		1		jewelry, silverware; toys 

				3391		Medical Equipment and Supplies Manufacturing				1		1		3		1		wound dressings, catheters; medical devices coated

				622		Hospitals				1		1		3		1		6 wound dressings, catheters

				562		Administrative and Support and Waste Management and Remediation Services				2		2		x		x		1,2,7 waste management, recycling processes

				comments		> The categories were first set individually by every member of the working group and then discussed in a group meeting. 
> The probability of claims was not included in this assessment.
> Products in research but not on the market yet were not included here.
>1 As there are no end products but intermediate products only in chemical manufacturing, resin production, primary metal production and the waste management these fields cannot be filled (x). 
>2 The waste management part is neglected in all rows except the last one (waste water treatment plants, landfills, incineration). 
>3 As silver NPs are mainly produced in wet chemistry processes without dust production the exposure for workers was assessed to be "medium" except in the chemical manufacturing. 
>4 It is assumed that in the pharmaceutical sector the securitiy guidelines are high, leading to a "low" exposure. However, drugs with nanosilver were found to be in research but without current appliance except for the acne cream. 
>5 For plastic products it was assumed that silver is added in resins production and not later as a coating. 
>6 In hospitals the production part is related to the employees that (hopefully) don't get in contact with the equipment containing nanosilver. Therefore, the exposure there is negligible. The product part is related to the patient. 
> 7 For all of the assessed NPs, both workers and environmental exposure were rated as 2, because further information is necessary to assess the risk in more specific manner. Specific local regulation and protection measures might influence the final risk exposure evaluation heavily. 



				RISK 
(hazard and exposure multiplied; maximum number is 100)







				Nanosilver						production site related
(raw material producing and further processing companies)				 final product related

				NAICS		INDUSTRY				workers risk		gradual and accidental environmental risk		consumer risk		gradual environmental risk

				11		Agriculture,  Forestry, Fishing and Hunting				0		0		0		0

				21		Mining, Quarrying, and Oil and Gas Extraction				0		0		x		x

				22		Utilities				0		0		0		0

				236		Construction of Buildings				0		0		0		0

				311		Food Manufacturing				17		20		50		20

				312		Beverage and Tobacco Product Manufacturing				17		20		50		40

				313/314/315		Textiles & Apparels				33		60		33		60

				316		Leather and Allied Product Manufacturing				33		60		33		20

				321		Wood Product Manufacturing				0		0		0		0

				322		Paper Manufacturing				33		40		50		20

				323		Printing and Related Support Activities				0		0		0		0

				324		Petroleum and Coal Products Manufacturing				0		0		0		0

				325/3251		Chemical Manufacturing (inlcuding Base Chemical Manufacturing)				50		60		x		x

				3252		Resin, Synthetic Rubber, and Artificial Synthetic Fibers and Filaments Manufacturing				33		40		x		x

				3253		Pesticide, Fertilizer, and Other Agricultural Chemical Manufacturing				33		40		33		60

				3254		Pharmaceutical and Medicine Manufacturing				17		20		50		40

				3255		Paint, Coating, and Adhesive Manufacturing				33		40		33		40

				3256		Soap, Cleaning Compound, and Toilet Preparation Manufacturing				33		40		50		60

				32591		Printing Ink Manufacturing				0		0		0		0

				326		Plastics and Rubber Products Manufacturing				33		20		50		20

				327		Nonmetallic Mineral Product Manufacturing				0		0		0		0

				331		Primary Metal Manufacturing				0		0		x		x

				332		Fabricated Metal Product Manufacturing				0		0		0		0

				333		Machinery Manufacturing				33		20		17		20

				334		Computer and Electronic Product Manufacturing				33		20		33		20

				335		Electrical Equipment, Appliance, and Component Manufacturing				33		20		33		40

				336		Transportation Equipment Manufacturing				0		0		0		0

				337		Furniture and Related Product Manufacturing				33		20		33		20

				339		Miscellaneous Manufacturing				33		20		33		20

				3391		Medical Equipment and Supplies Manufacturing				17		20		50		20

				622		Hospitals				17		20		50		20

				562		Administrative and Support and Waste Management and Remediation Services				33		40		x		x

















































































































































































































































































































































































































































































































































































































2) CNT 

				Carbon Nanotubes (CNT)				NO GUARANTEE CAN BE GIVEN FOR COMPLETENESS OR CORRECTNESS OF THE DATA SHOWN IN THIS ASSESSMENT TOOL. THIS DOCUMENT IS THE INTELLECTUAL PROPERTY OF THE "SCHWEIZERISCHER VERSICHERUNGSVERBAND" (SVV).  ANY COPYING IS FORBIDDEN.



				GENERAL INFORMATION



				Carbon Nanotubes (CNTs) are graphite sheets of cylindrical structure (see figure at the right (Wikipedia, 2015)). CNTs usually have a diameter in the nanoscale and a length in the microscale, with an aspect ratio of 100 up to 1'000'000. These molecules have extraordinary properties such as high strength as well as high electrical and thermal conductivity. Due to these properties, CNTs have attracted widespread interest for commercial and industrial applications.
CNTs come in two principal forms, single-walled and multiple-walled CNTs, having different properties. However, most of the commercially available CNTs are multiple-walled.  CNTs can be produced differently, depending on their final application and purity requirements: By arc-discharge, by pulsed laser vaporisation or by chemical-vapor deposition process. All methods need a metal catalyst like iron, nickel, cobalt or molybdenum. Therefore, the CNTs do often contain metal impurities (Lam et al., 2006).

Products containing CNTs on the market are (partly from De Volder et al. (2013)):
medicine: drug delivery
sporting goods: running shoe sole, golf shafts, bicycles, baseball bat, archery arrows, tennis/badminton rackets
transport: parts for speedboats and yachts, composites for aerospace, automotive fuel line parts, side mirrors
electronics: microelectronics (FET, RFID/printable electronics with paste containing CNTs), EMI shielding, lightning protection, powder for batteries, touch screens (transparent electrodes produced from solution), conductors, field emission display, spark protection, sensors, computer hardware, interconnectors (switchers, TFT/thin film transistors (printed on polymer film in paste form) )
energy: wind turbine blades, film for solar cells, powder for battery electrodes
textile & apparel: armor vests (military), pants and jackets (antiflamatory abilities)
industry: fibers, yarns, sheets, plastics (antistatic CNT ESD shield), paints and coatings (e.g. antistatic, anticorrosion, flame retardant, antifouling)
other: filtration membranes, water purification systems

The main concern for CNTs is the exposure of the workers inhaling the fibers. The structure of the nanotubes is in the same scale as the asbestos fibers that cause severe lung damage. On the other hand, the exposure for the consumer is expected to be low, as most CNTs are bound in a matrix in the final product.
The material was developed in the 1990s and promised to show huge potential for future applications. There was a boom in 2005 for different products, followed by an increase of scientific research. However, the price of the material is still high in 2015 and the "future applications" are not as initially thought . Therefore, the market is still considered to be very small. Additionally, Bayer left the market and closed its production plant in 2013 (Printed Electronics World, 2015). However, keeping in mind outstanding mechanical and electrical properties, there is a high potential in the field of electronics (flexible OLED’s, supercapacitors etc). Passive applications of CNTs in plastic reinforcement, which is worth more than 100 million USD, should also not be underestimated. With relatively low quality CNTs (no spin orientation, low production price) the application requirements are already achieved. 

> De Volder, Michael FL, Sameh H. Tawfick, Ray H. Baughman, and A. John Hart. 2013. ‘Carbon Nanotubes: Present and Future Commercial Applications’. Science 339 (6119): 535–39.
> Lam, Chiu-wing, John T. James, Richard McCluskey, Sivaram Arepalli, and Robert L. Hunter. 2006. ‘A Review of Carbon Nanotube Toxicity and Assessment of Potential Occupational and Environmental Health Risks’. Critical Reviews in Toxicology 36 (3): 189–217. doi:10.1080/10408440600570233.
> Printed Electronics World. 2015. ‘Bayer Material Science Exits Carbon Nanotube Business’. Accessed December 3. http://www.printedelectronicsworld.com/articles/5436/bayer-materialscience-exits-carbon-nanotube-business.
> Wikipedia. 2015. ‘Carbon Nanotube’. Accessed November 16. https://en.wikipedia.org/wiki/Carbon_nanotube.





						input		CATEGORY		COMMENT				REFERENCES

				GLOBAL PRODUCTION VOLUME (t/y)		100 - 1'000		1		The tonnage is confidential, but estimated to be 200-250t in 2009 (Reach, 2015). This number is confirmed by the EU with "several hundreds of tons" (European Comission, 2014). Mostly multi-walled CNT are produced. The price was about 500$/g in 2005 (Lam et al., 2006) and has not changed considerably ever since (Sigma Aldrich, 2015). 				European Commission, and Directorate General for Health & Consumers. 2014. Opininon on Nanosilver Safety, Health and Environmental Effects and Role in Antimicrobial Resistance. Luxembourg: [European Commission]. http://dx.publications.europa.eu/10.2772/76851.

Lam, C.-W., J.T. James, R. McCluskey, S. Arepalli, and R.L. Hunter. 2006. ‘A Review of Carbon Nanotube Toxicity and Assessment of Potential Occupational and Environmental Health Risks’. Critical Reviews in Toxicology 36 (3): 189–217. doi:10.1080/10408440600570233.

REACH. 2015. ‘Justification for the Selection of a Substance for CoRAP Inclusion - Multiwalled Carbon Nanotubes’.

Sigma Aldrich. 2015. ‘Carbon Nanotubes - Carbon Nanomaterials’. Accessed November 16. http://www.sigmaaldrich.com/materials-science/material-science-products.html?TablePage=16376687.

				SPREAD 
(number of products)		101-1000		2		238 products were identified, mostly sporting goods or composite materials, taking into account all sources. Overall, 120 end products categories produced by 105 companies were found that are shown in the application split chart on the right side: 38 products are listed in Woodrow Willson (Nanotechproject, 2015), 59 products in the Danish database (Nanodatabase, 2016) and 44 products in the German database (Nanoproduktdatenbank, 2016). 76 products were found on other places, like in the paper of De Volder et al. (2013) or ANEC/BEUC (2013).				ANEC/BEUC. 2013. ‘ANEC/ BEUC Inventory of Products Claiming to Contain Nano-Silver Particles Available on the EU Market’. http://www.beuc.eu/safety/nanotechnology.

De Volder, M.F.L., S.H. Tawfick, R.H. Baughman, and A.J. Hart. 2013. ‘Carbon Nanotubes: Present and Future Commercial Applications’. Science 339 (6119): 535–39.

Nanodatabase. 2016. ‘Search Results for CNTs’. http://nanodb.dk/en/search-database/#pageno=&keyword=&fn.lp_m=2919&fn.d_cd_f=&fn.d_cd_t=.

Nanotechproject. 2015. ‘Search Results for CNTs’. Accessed November 16. http://www.nanotechproject.org/cpi/search-products/?title=&asmSelect0=&date_created=&date_modified=&nanomaterials%5B%5D=1129&search-products_submit=Search&_submitKey=16%3Asearch-products%3A0.

Nanoproduktdatenbank. 2016. ‘Search Results for CNTs’. http://www.bund.net/nc/themen_und_projekte/nanotechnologie/nanoproduktdatenbank/produktsuche/?offset=0&attribute=7&msb_product_submit=suchen.

						       Google trend for "Carbon nanotubes"





				HAZARDS



								input		CATEGORY		COMMENT				REFERENCES

				HUMAN HAZARD		TOTAL		18		11		The range of the categories is 1-4. The final value for the human hazard is calculated by summing up all categories and penalty points. Therefore, the maximum value (without penalty points)  is 18. 

						toxicity (PEL [ppm])
INHALATION		>1-10		3		There is a possibility to take up CNTs by ingestion, for example by patients in medical applications, or by inhalation, especially with regard to worker's exposure. As there are  only a few drugs on the current market the inhalation is emphasised and implemented in this assessment. Additionally, the oral uptake does not seem to be a big hazard:

ORAL:
The oral LD50 was assessed to be >1000mg/kg body weight for SWCNTs and >5000mg/kg for MWCNTs in oral acute tests (Safe Work Australia, 2012). This corresponds to category 1 with this assessment method. However, the availablility of research reports is very limited.

INHALATION:
An approximate value for the LC50 in air for workers' safety is >241mg/m3 for MWCNTs (Safe Work Australia, 2012). Again, the availability of research papers is very limited and this maximum dose value cannot be used for a proper hazard assessment. Therefore, it was looked for alternative values already implemented in reality:
The PEL (Permissible Exposure Limit) for synthetic graphite, the substitute for CNTs, and inhalation path is 5mg/m3 (CDC - NIOSH, 2015).
However, also this value is discussed. It would be better to have a value in [particles/m3]. Additionally, Shvedova (2005) argues that this value is too high for a working environment based on the findings in the study that showed inflammation with this concentration.
The "Institut für Arbeitsschutz der Deutschen Gesetzlichen Unfallversicherung" suggests a limit of 10'000 fibres/m3 (TÜV Süd, 2015). The NIOSH suggests a limit of 0.007 mg/m3 (NIOSH, 2010).

The only implemented value in reality is the PEL, therefore this number was used in the assessment. However, the limits have to be observed carefully in the future, as there is evidence for a damage of the lung even at the current PEL.


				CDC - NIOSH. 2015. ‘Pocket Guide to Chemical Hazards - Graphite (synthetic)’. Accessed December 3. http://www.cdc.gov/niosh/npg/npgd0307.html.

NIOSH. 2013. ‘Occupational Exposure to Carbon Nanotubes and Nanofibres’. Current Intelligence Bulletin 65. http://www.cdc.gov/niosh/docs/2013-145/pdfs/2013-145.pdf.

Safe Work Australia. 2012. Human Health Hazard Assessment and Classification of Carbon Nanotubes. www.safeworkaustralia.gov.au/sites/SWA/about/Publications/Documents/725/Human_Health_Hazard_Assessment_and_Classification_of_Carbon_%2520Nanotubes.DOC+&cd=3&hl=de&ct=clnk&gl=uk.

Shvedova, A. A. 2005. ‘Unusual Inflammatory and Fibrogenic Pulmonary Responses to Single-Walled Carbon Nanotubes in Mice’. AJP: Lung Cellular and Molecular Physiology 289 (5): L698–708. doi:10.1152/ajplung.00084.2005.

TÜV Süd. 2015. ‘Einzelrisikobewertung Und Zertifizierung von Unternehmen Mit Nano-Risiken’. In .





						carcinogenicity		not classifiable (GROUP 3)		2		Several studies show lung inflammation after inhalation experiments in animals (Lam et al., 2003; Safe Work Australia, 2012). However, to clearly identify carcinogenicity more studies are needed. Additionally, these studies need to be conducted in a way that satisfies international standards.
CNTs are also used in research for oral treatment in cancer therapy (Wikipedia, 2015; Ji et al., 2010; Kushwaha et al., 2013). However, it is mentioned in the papers that the toxicology of the material itself is not assessed yet. 
Therefore, the carcinogenicity cannot be classified. However, we give penalty points (see comment below) for possible lung inflammation.				 Ji, S.-R., C. Liu, B. Zhang, F. Yang, J. Xu, J. Long, Chen Jin, D.-L. Fu, Q.-X. Ni, and X.-J. Yu. 2010. ‘Carbon Nanotubes in Cancer Diagnosis and Therapy’. Biochimica et Biophysica Acta (BBA) - Reviews on Cancer 1806 (1): 29–35. doi:10.1016/j.bbcan.2010.02.004.

Kushwaha, S.K.S., S. Ghoshal, A.K. Rai, and S. Singh. 2013. ‘Carbon Nanotubes as a Novel Drug Delivery System for Anticancer Therapy: A Review’. Brazilian Journal of Pharmaceutical Sciences 49 (4): 629–43.
Lam, C.-W., J. T. James, R. McCluskey, and R. L. Hunter. 2004. ‘Pulmonary Toxicity of Single-Wall Carbon Nanotubes in Mice 7 and 90 Days After Intratracheal Instillation’. Toxicological Sciences 77 (1): 126–34. doi:10.1093/toxsci/kfg243.
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						mutagenicity		not classifiable		2		There are some in-vitro studies showing potential to cause DNA damage (Safe Work Australia, 2012). The same report states that, based on missing in vivo data, CNTs cannot be classified with regards to their mutagenicity potential. 
The mutagenicity can also come from impurities in the material, such as metals, and not from the nanotubes themselves: The Sachverständigenrat für Umweltfragen (2011) notes that studies with pure CNTs do not show mutagenicity in bacteria. However, studies with impure CNTs combined with an alternative testing system do show mutagenicity.				Sachverständigenrat für Umweltfragen. 2011. Vorsorgestrategien Für Nanomaterialien - Sondergutachten. Berlin: Erich Schmidt Verlag. http://www.umweltrat.de/SharedDocs/Downloads/DE/02_Sondergutachten/2011_09_SG_Vorsorgestrategien%20f%C3%BCr%20Nanomaterialien.pdf?__blob=publicationFile.

Safe Work Australia. 2012. Human Health Hazard Assessment and Classification of Carbon Nanotubes. www.safeworkaustralia.gov.au/sites/SWA/about/Publications/Documents/725/Human_Health_Hazard_Assessment_and_Classification_of_Carbon_%2520Nanotubes.DOC+&cd=3&hl=de&ct=clnk&gl=uk.




						reproductive toxicity		not classifiable		2		Xinglu et al. (2014) found that multi-walled CNTs of large size negatively influenced the embryo in a mice experiment: The particles crossed the blood-placenta barrier, restricted the development of fetuses and induced brain deformity.
Bai et al. (2010) injected multi-walled CNTs to mice repeatedly. The substance caused reversible testis damage without affecting the fertility. However, there are only these two studies somehow related to reproductive toxicity. More research is needed to make a clear statement (Safe Work Australia, 2012). 				Bai, Y., Y. Zhang, J. Zhang, Q. Mu, W. Zhang, E.R. Butch, S.E. Snyder, and B. Yan. 2010. ‘Repeated Administrations of Carbon Nanotubes in Male Mice Cause Reversible Testis Damage without Affecting Fertility’. Nature Nanotechnology 5 (9): 683–89. doi:10.1038/nnano.2010.153.

Safe Work Australia. 2012. Human Health Hazard Assessment and Classification of Carbon Nanotubes. www.safeworkaustralia.gov.au/sites/SWA/about/Publications/Documents/725/Human_Health_Hazard_Assessment_and_Classification_of_Carbon_%2520Nanotubes.DOC+&cd=3&hl=de&ct=clnk&gl=uk.

Xinglu, H., Z. Fan, S. Xiaolian, C. Ki Young, N. Gang, Z. Guofeng, G. Jinxia, L. Seulki, and C. Xiaoyuan. 2014. ‘The Genotype-Dependent Influence of Functionalized Multiwalled Carbon Nanotubes on Fetal Development’. Biomaterials 35(2): 856–65.



						penalty points		yes		2		A penalty point was added to the overall sum (+2) as there seems to be a high probability of inflamation in the lungs similar to asbestosis (Lam et al., 2004/2006; Safe Work Australia, 2012; Shvedova, 2005).
				Lam, C.-W., J. T. James, R. McCluskey, and R. L. Hunter. 2004. ‘Pulmonary Toxicity of Single-Wall Carbon Nanotubes in Mice 7 and 90 Days After Intratracheal Instillation’. Toxicological Sciences 77 (1): 126–34. doi:10.1093/toxsci/kfg243.

Lam, C.-W., J.T. James, R. McCluskey, S. Arepalli, and R.L. Hunter. 2006. ‘A Review of Carbon Nanotube Toxicity and Assessment of Potential Occupational and Environmental Health Risks’. Critical Reviews in Toxicology 36 (3): 189–217. doi:10.1080/10408440600570233.

Safe Work Australia. 2012. Human Health Hazard Assessment and Classification of Carbon Nanotubes. www.safeworkaustralia.gov.au/sites/SWA/about/Publications/Documents/725/Human_Health_Hazard_Assessment_and_Classification_of_Carbon_%2520Nanotubes.DOC+&cd=3&hl=de&ct=clnk&gl=uk.

Shvedova, A. A. 2005. ‘Unusual Inflammatory and Fibrogenic Pulmonary Responses to Single-Walled Carbon Nanotubes in Mice’. AJP: Lung Cellular and Molecular Physiology 289 (5): L698–708. doi:10.1152/ajplung.00084.2005.


				comments
(bodily injury; information about the path: inhalation, ingestion, dermal)
		An general assessment is difficult as properties like metallic residues, length of the fibre and number of walls seem to play an important role. Additionally, "non-engineered" CNTs probably already exist in the environment and are produced in forest fires or the combustion of fuel gas.
The main concern is that the CNT-fibres act similar to asbestos fibres and cause damage to workers in contact with the material through inhalation. Therefore, the LC50 was chosen instead of an LD50 for the assessment of the toxicity. However, new research progress in the field of medicine has to be assessed carefully in the future, as this could imply that LD50 values become important as well.

> Lam, C.-W., J. T. James, R. McCluskey, and R. L. Hunter. 2003. ‘Pulmonary Toxicity of Single-Wall Carbon Nanotubes in Mice 7 and 90 Days After Intratracheal Instillation’. Toxicological Sciences 77 (1): 126–34. doi:10.1093/toxsci/kfg243.
> Lam, C.-W., J.T. James, R. McCluskey, S. Arepalli, and R.L. Hunter. 2006. ‘A Review of Carbon Nanotube Toxicity and Assessment of Potential Occupational and Environmental Health Risks’. Critical Reviews in Toxicology 36 (3): 189–217. doi:10.1080/10408440600570233.
> Shvedova, A. A. 2005. ‘Unusual Inflammatory and Fibrogenic Pulmonary Responses to Single-Walled Carbon Nanotubes in Mice’. AJP: Lung Cellular and Molecular Physiology 289 (5): L698–708. doi:10.1152/ajplung.00084.2005.








								input		CATEGORY		COMMENT				REFERENCES

				ENVIRONMENTAL HAZARD		TOTAL		10		4		The range of the categories is 1-4. The final value for the environmental hazard is calculated by summing up all categories and penalty points. Therefore, the maximum value (without penalty points)  is 10. 

						persistence/bioaccumulation
		yes		2		CNTs can theoretically be degraded. In practice, CNTs are extremely persistent to high temperatures, strong acids and ozonation and photolytic attacks. Thus, they are more likely to accumulate than to disappear in the environment (REACH, 2015; Safe Work Australia, 2012). Lam et al. (2004) called CNTs "probably one of the most biologically nondegradable man-made materials".				Lam, C.-W., J. T. James, R. McCluskey, and R. L. Hunter. 2004. ‘Pulmonary Toxicity of Single-Wall Carbon Nanotubes in Mice 7 and 90 Days After Intratracheal Instillation’. Toxicological Sciences 77 (1): 126–34. doi:10.1093/toxsci/kfg243.

REACH. 2015. ‘Justification for the Selection of a Substance for CoRAP Inclusion - Multiwalled Carbon Nanotubes’.

Safe Work Australia. 2012. Human Health Hazard Assessment and Classification of Carbon Nanotubes. www.safeworkaustralia.gov.au/sites/SWA/about/Publications/Documents/725/Human_Health_Hazard_Assessment_and_Classification_of_Carbon_%2520Nanotubes.DOC+&cd=3&hl=de&ct=clnk&gl=uk.


						aquatic toxicity 
(LC50 for fish [ppm]=[mg/l])		>100-1000		2		Despite environmental regulations imposing industrial safeguards chemical contaminants from manufacturing processes are often deposited into the aquatic environment. However, at the moment this scenario does not seem to be relevant. Therefore, no LC50 for fish was found. There is one study for LC50 in daphnia that reports a value of 2 mg/l (Safe Work Australia, 2012). However, this data is not enough to define the fourth and thus highest category. In line with the assessment of the carcinogenicity, it was decided to set the category to 2 as there is not enough information.				Safe Work Australia. 2012. Human Health Hazard Assessment and Classification of Carbon Nanotubes. www.safeworkaustralia.gov.au/sites/SWA/about/Publications/Documents/725/Human_Health_Hazard_Assessment_and_Classification_of_Carbon_%2520Nanotubes.DOC+&cd=3&hl=de&ct=clnk&gl=uk.


						penalty points		no		0		no comment

				comments





				EXPOSURE
(probability that this exposure materializes)





										production site related
(raw material producing and further processing companies)				 final product related

				NAICS		INDUSTRY				workers exposure 9		gradual and accidental environmental exposure		consumer exposure 		gradual environmental exposure		products

				11		Agriculture,  Forestry, Fishing and Hunting				0		0		0		0

				21		Mining, Quarrying, and Oil and Gas Extraction				0		0		x		x

				22		Utilities				0		0		0		0

				236		Construction of Buildings				2		1		1		1		composite materials, epoxy resins, additives and master batches (up to 20wt%, usually 1 wt%), experimental cement (research level only 8)

				311		Food Manufacturing				0		1		1		1		food packaging (Kraft food)

				312		Beverage and Tobacco Product Manufacturing				0		1		1		1		beer bottles/food packaging (Coors brewing)

				313/314/315		Textiles & Apparels				2		1		1		1		5 composite yarns, plastics coating of specialized textile&apparel: armor vests, jackets, pants (flame retardant properties), shoe protector etc. 

				316		Leather and Allied Product Manufacturing				0		0		0		0

				321		Wood Product Manufacturing				0		0		0		0

				322		Paper Manufacturing				0		0		0		0

				323		Printing and Related Support Activities				0		0		0		0

				324		Petroleum and Coal Products Manufacturing				0		0		0		0

				325/3251		Chemical Manufacturing (inlcuding Base Chemical Manufacturing)				3		2		x		x		1 raw material manufacturing (powder, dispersion etc.)

				3252		Resin, Synthetic Rubber, and Artificial Synthetic Fibers and Filaments Manufacturing				3		2		x		x		1,3 CFRP (carbon fibre reinforced plastics): food packaging, composite yarns, fibers, sheets, filtration membranes, water purification systems, anti-fouling application

				3253		Pesticide, Fertilizer, and Other Agricultural Chemical Manufacturing				0		0		0		0

				3254		Pharmaceutical and Medicine Manufacturing				0		0		0		0		7 neurogrowth, gene therapy, drug delivery (research level only), scaffold for bone growth (research level only)

				3255		Paint, Coating, and Adhesive Manufacturing				3		2		1		1		paints and coatings: electrostatic painintg, powder coatings, anti-fouling paint

				3256		Soap, Cleaning Compound, and Toilet Preparation Manufacturing				0		0		0		0

				32591		Printing Ink Manufacturing				2		1		1		1		pigments and metallic printing inks, CNT inks

				326		Plastics and Rubber Products Manufacturing				2		1		1		1		3,5 plastic packaging and bottles, PU, PS; tires

				327		Nonmetallic Mineral Product Manufacturing				2		1		2		1		ceramic materials, membranes (water filtration) 10 , cement (research only)

				331		Primary Metal Manufacturing				2		1		x		x		1 CNT in metal (CNT-MMC)

				332		Fabricated Metal Product Manufacturing				2		1		1		1		EMI shielding (RF shielding), coating metal products with plastic (automotive and avio industry etc.); mainly intermediate products

				333		Machinery Manufacturing				2		1		0		1		wind turbine blades (no influence on consumers), AC filters (filtration/air) 10

				334		Computer and Electronic Product Manufacturing				1		1		0		1		4 microelectronics (FET, RFID), touch screens, computer hardware, field emission display, spark protection and testing instruments, interconnectors (switchers, transistors), sensors

				335		Electrical Equipment, Appliance, and Component Manufacturing				1		1		0		1		4 batteries (energy storage), electrodes (carbon and graphite), conductor connectors, lightning protection, 

				336		Transportation Equipment Manufacturing				2		1		1		1		marine: parts for speedboats and yachts; anti-fouling application; airspace: composites; automotive: fuel line parts, side mirrors since 1990 etc.; 
bicycles and parts manufacturing (racks etc.); fire resistance coatings for all transport industries (Nanocyl); air filters 10

				337		Furniture and Related Product Manufacturing				0		0		0		0

				339		Miscellaneous Manufacturing				2		1		1		1		tennis and badminton rackets, hockey equipment, golf balls, baseball bat etc.

				3391		Medical Equipment and Supplies Manufacturing				1		1		2		1		biotechnology (sensing, diagnostics: Nanomix, Nanointegris, GE etc.) 11  , stents

				622		Hospitals				1		1		2		1		6 medical equipment for sensing and diagnostics 11 , stents

				562		Administrative and Support and Waste Management and Remediation Services				2		2		x		x		1,2,9,12 waste management, recycling processes

				comments		> The categories were first set individually by every member of the working group and then discussed in a group meeting. 
> The probability of claims was not included in this assessment.
> Products in research but not on the market yet were not included here.
>1 As there are no end products but intermediate products only in chemical manufacturing, resin production, primary metal production and the waste management these fields cannot be filled (x). 
>2 The waste management part is neglected in all rows except the last one (waste water treatment plants, landfills, incineration). 
>3 For plastic products it was assumed that CNTs are used in resins production and not in a later stage.
>4 High safety standards and a high degree of automatisation was assumed in the electronic industry. Therefore, the exposure for workers is low.
>5 There can be abrasion of the final product in the textile industry (harm for workers) or related to tires with CNTs (high temperatures and harm for humans and environment). 
>6 In hospitals the production part is related to the employees. The product part is related to the patient. 
>7 Currently, there are no drugs containing CNTs on the market. However, it is expected that these drugs will be present on the market in the future. 
>8 The same applies to the construction industry: There is a cement with CNTs reinforcement in research that probably will be used in the future. Therefore, these two industries have to be followed up carefully by the working group.
>9 In general, the concentrations of CNT produced and used in the factories are very small at the time of this assessment. It was also assumed that therefore the amounts in the waste management systems are almost negligible at the moment.
>10 membranes: Seem to exist in combination with paper, ceramics and plastics. Examples for companies dealing with CNT membranes.
>11 It was assumed that the patient in the hospital has no direct contact with diagnostic tools. Thus, there is no exposure for consumers.
> 12 For all of the assessed NPs, both workers and environmental exposure were rated as 2, because further information is necessary to assess the risk in more specific manner. Specific local regulation and protection measures might influence the final risk exposure evaluation heavily. 

>  Porifera Inc. 2016. ‘Carbon Nanotube Membranes’. http://porifera.com/carbon-nanotube-ultrafiltration-membranes/.
> Seldon Water. 2016. ‘Carbon Nanotube Technology - Filtration’. http://seldonwater.com/technology/.
> NASA. 2016. ‘Filtering Water with Acoustics Nanotube Technology’. http://www.nasa.gov/centers/johnson/techtransfer/technology/MSC-24180-1_Water-Filtering-Device_prt.htm.







				RISK 
(hazard and exposure multiplied; maximum number is 100)







				CNTs						production site related
(raw material producing and further processing companies)				 final product related

				NAICS		INDUSTRY				workers risk		gradual and accidental environmental risk		consumer risk		gradual environmental risk

				11		Agriculture,  Forestry, Fishing and Hunting				0		0		0		0

				21		Mining, Quarrying, and Oil and Gas Extraction				0		0		x		x

				22		Utilities				0		0		0		0

				236		Construction of Buildings				41		13		20		13

				311		Food Manufacturing				0		13		20		13

				312		Beverage and Tobacco Product Manufacturing				0		13		20		13

				313/314/315		Textiles & Apparels				41		13		20		13

				316		Leather and Allied Product Manufacturing				0		0		0		0

				321		Wood Product Manufacturing				0		0		0		0

				322		Paper Manufacturing				0		0		0		0

				323		Printing and Related Support Activities				0		0		0		0

				324		Petroleum and Coal Products Manufacturing				0		0		0		0

				325/3251		Chemical Manufacturing (inlcuding Base Chemical Manufacturing)				61		27		x		x

				3252		Resin, Synthetic Rubber, and Artificial Synthetic Fibers and Filaments Manufacturing				61		27		x		x

				3253		Pesticide, Fertilizer, and Other Agricultural Chemical Manufacturing				0		0		0		0

				3254		Pharmaceutical and Medicine Manufacturing				0		0		0		0

				3255		Paint, Coating, and Adhesive Manufacturing				61		27		20		13

				3256		Soap, Cleaning Compound, and Toilet Preparation Manufacturing				0		0		0		0

				32591		Printing Ink Manufacturing				41		13		20		13

				326		Plastics and Rubber Products Manufacturing				41		13		20		13

				327		Nonmetallic Mineral Product Manufacturing				41		13		41		13

				331		Primary Metal Manufacturing				41		13		x		x

				332		Fabricated Metal Product Manufacturing				41		13		20		13

				333		Machinery Manufacturing				41		13		0		13

				334		Computer and Electronic Product Manufacturing				20		13		0		13

				335		Electrical Equipment, Appliance, and Component Manufacturing				20		13		0		13

				336		Transportation Equipment Manufacturing				41		13		20		13

				337		Furniture and Related Product Manufacturing				0		0		0		0

				339		Miscellaneous Manufacturing				41		13		20		13

				3391		Medical Equipment and Supplies Manufacturing				20		13		41		13

				622		Hospitals				20		13		41		13

				562		Administrative and Support and Waste Management and Remediation Services				41		27		x		x

















































































































































































































































































































































































































































































































































































































3) TiO2

				Titania NPs				NO GUARANTEE CAN BE GIVEN FOR COMPLETENESS OR CORRECTNESS OF THE DATA SHOWN IN THIS ASSESSMENT TOOL. THIS DOCUMENT IS THE INTELLECTUAL PROPERTY OF THE "SCHWEIZERISCHER VERSICHERUNGSVERBAND" (SVV).  ANY COPYING IS FORBIDDEN.



				GENERAL INFORMATION



				Titanium dioxide (also called "titania") in general is mainly used as an anticaking or whitening agent as well as a pigment in cosmetics and paints. Other uses are for its UV-light absorbing abilities. However, in its nanoform it possesses different physicochemical properties than the bulk form: Nanotitania is a colourless, solid and odourless powder (Sachverständigenrat für Umweltfragen, 2011). The protective effect against UV radiation is even better in the nanoform. Therefore, it is often used in sunscreens. Additionally, these creams are invisible and can be applied to the skin more easily than with larger particles, as the consistency of the cream is less pasty and sticky (DaNa, 2015). 
Titania is insoluble in water and organic solvents. It naturally exists in the anatase, rutile and brookite phase. Producers of the nanoform are DuPont, Nanophase, NanoFarm, Advanced Nanotech, Nanogate, Evonik Degussa and Altairnano. Various production methods are used, and some of them are proprietary processes: However, milling, an undisclosed plasma process, a hydrochloride process, physical vapour synthesis, laser pyrolysis and the sol-gel process can be used (Robichaud et al., 2009). In the latter,  the variation in morphology and size is controlled by the pH of the gel (IARC, 2010). TiO2-nanoparticles can be coated with aluminium, silicon or polymers to reach the desired properties (Weir et al., 2012).

Besides in sunscreens, titania nanoparticles were found in the following product categories: 
food: skittles, marshmallows, M&M's, doughnuts powder, chewing gum, dairy products, food additive E171 (not only nanoform): In food, the nanoform is not explicitely used. However, the products used most probably contain particles in the nanoscale (DaNa, 2015; Weir et al., 2012)
cosmetics & personal care: sunscreen, shampoo and conditioner, powder antitranspirant, deodorant, shaving foam, makeup foundation, nail polish, toothpaste, eye tint, gel bronzer, eye shadow, lip balm, color fixer, facial cream, whitening cream (medicinal purpose)
hygiene: disinfectant solution, cleaning solution, air purification spray, shoe impregnation spray
paints: paint, glue, coating spray
sporting goods: badminton racket, golf ball
appliances: fridge, air purifier machine, hair drier, hair straightening iron
industry: powders and coating preparations
construction: window sealant, self-cleaning glass, whirlpool
environmental remediation: nanoscale TiO2 has been shown to mineralise a variety of herbicides, insecticides, and pesticides via photocatalysis and can convert other contaminants to less toxic compounds. It was dealt for research.
electronics: computer mouse
other: automotive industry

> DaNa. 2015. ‘Titanium Dioxide Nanoparticles’. http://www.nanopartikel.info/en/nanoinfo/materials/titanium-dioxide.
> IARC, ed. 2010. Carbon Black, Titanium Dioxide, and Talc. IARC Monographs on the Evaluation of Carcinogenic Risks to Humans, v. 93. Lyon, France : Geneva: International Agency for Research on Cancer ; Distributed by WHO Press.
> Robichaud, C.O., A.E. Uyar, M.R. Darby, L.G. Zucker, and M.R. Wiesner. 2009. ‘Estimates of Upper Bounds and Trends in Nano-TiO2 Production as a Basis for Exposure Assessment’. Environmental Science & Technology 43 (12): 4227–33. doi:10.1021/es8032549.
> Sachverständigenrat für Umweltfragen. 2011. Vorsorgestrategien Für Nanomaterialien - Sondergutachten. Berlin: Erich Schmidt Verlag. http://www.umweltrat.de/SharedDocs/Downloads/DE/02_Sondergutachten/2011_09_SG_Vorsorgestrategien%20f%C3%BCr%20Nanomaterialien.pdf?__blob=publicationFile.
> Weir, A., P. Westerhoff, L. Fabricius, K. Hristovski, and N. von Goetz. 2012. ‘Titanium Dioxide Nanoparticles in Food and Personal Care Products’. Environmental Science & Technology 46 (4): 2242–50. doi:10.1021/es204168d.







						input		CATEGORY		COMMENT				REFERENCES

				GLOBAL PRODUCTION VOLUME (t/y)		10'000 - 100'000		3		According to REACH (2013) the worlwide and annual production of TiO2 is 1'000'000 to 10'000'000 tons. The amount of nanoscale TiO2 is less than 1%. The EU states a number of 10'000 tons of nano-TiO2 a year as well (European Commission, 2014). DaNa (2015) states a number of approximately 47'000 tons annually and worldwide. Contrary, the Sachverständigenrat für Umweltfragen (2011) suggests a worldwide annual production volume of 5000 tons.				DaNa. 2015. ‘What Quantities of Titanium Dioxide Nanoparticles Are Produced Annually Worldwide?’ http://www.nanopartikel.info/en/faq/450-what-quantities-of-titanium-dioxide-nanoparticles-are-produced-annually-worldwide.

European Commission, and Directorate General for Health & Consumers. 2014. Opininon on Nanosilver Safety, Health and Environmental Effects and Role in Antimicrobial Resistance. Luxembourg: [European Commission]. http://dx.publications.europa.eu/10.2772/76851.

REACH. 2013. ‘Justification for the Selection of a Candidate CoRAP Substance - Titanium Dioxide’.

Sachverständigenrat für Umweltfragen. 2011. Vorsorgestrategien Für Nanomaterialien - Sondergutachten. Berlin: Erich Schmidt Verlag. http://www.umweltrat.de/SharedDocs/Downloads/DE/02_Sondergutachten/2011_09_SG_Vorsorgestrategien%20f%C3%BCr%20Nanomaterialien.pdf?__blob=publicationFile.


				SPREAD 
(number of products)		101-1000		2		335 products were identified, mostly cosmetics and food supplements. Some products could be classified in the same product category (11 product categories in total). Overall, there are 162 end product categories produced by 144 companies (see the application split chart on the right side): 92 products are listed in Woodrow Wilson (Nanotechproject, 2015), 94 products in the Danish database (Nanodatabase, 2015),  78 in the Food database (Nanotechnology in our Food, 2016) and 71 in the German database (Nanoproduktdatenbank, 2016). There are about 1000 raw material producing companies in Alibaba,  mainly from Chinese producers (Alibaba, 2016). There is also a big number of consumers products. However these were not included in the application split chart, for considered to be not fully reliable. 				Alibaba. 2016. ‘Search Results for Nano TiO2’. http://www.alibaba.com/trade/search?fsb=y&IndexArea=product_en&CatId=&SearchText=titanium+dioxide+nano.

Nanodatabase. 2015. ‘Search Results for Titanium Dioxide’. http://nanodb.dk/en/search-database/#pageno=2&keyword=&fn.lp_m=2940&fn.d_cd_f=&fn.d_cd_t=.

Nanotechproject. 2015. ‘Seach Results for  Titanium Dioxide’. http://www.nanotechproject.org/cpi/search-products/?title=&asmSelect0=&date_created=&date_modified=&nanomaterials%5B%5D=1167&search-products_submit=Search&_submitKey=16%3Asearch-products%3A0.

Nanoproduktdatenbank. 2016. ‘Search Results for TiO2’. http://www.bund.net/nc/themen_und_projekte/nanotechnologie/nanoproduktdatenbank/produktsuche/.

Nanotechnology in our Food. 2016. ‘Search Results for TiO2’. Accessed Feburary 28, 2016. http://salsa3.salsalabs.com/o/1881/p/salsa/web/common/public/content?content_item_KEY=14112%20. 









				HAZARDS



								input		CATEGORY		COMMENT				REFERENCES

				HUMAN HAZARD		TOTAL		18		9		The range of the categories is 1-4. The final value for the human hazard is calculated by summing up all categories and penalty points. Therefore, the maximum value (without penalty points)  is 18. 

						toxicity (PEL [ppm])
INHALATION		>10-100		2		The oral LD50 is > 5000 mg/kg bw and no adverse effects from oral consumption are seen in the three studies summarised in Warheit (2015). Therefore, the inhalation path was chosen to represent the main hazard with this substance:
The Permissible Exposure Limit (PEL) for TiO2 is 15mg/m3 (CDC-NIOSH, 2015). This value is implemented in this assessment. However, NIOSH (2011) suggested a limit of 0.3 mg/m3 (TÜV Süd, 2015). A good overview of toxicological studies related to nano-TiO2 is seen in Shi et al. (2013). 
It is stated in NIOSH (2011) that the toxicity of the nano-TiO2 has been shown to increase after coating with carious substances. 

				CDC-NIOSH. 2015. ‘Pocket Guide to Chemical Hazards - Titanium Dioxide’. Accessed December 4. http://www.cdc.gov/niosh/npg/npgd0617.html.

NIOSH. 2011. ‘Occupational Exposure to Titanium Dioxide’. http://www.cdc.gov/niosh/docs/2011-160/pdfs/2011-160.pdf.

Shi, H., R. Magaye, V. Castranova, and J. Zhao. 2013. ‘Titanium Dioxide Nanoparticles: A Review of Current Toxicological Data’. Part Fibre Toxicol 10 (1): 15.

TÜV Süd. 2015. ‘Einzelrisikobewertung und Zertifizierung von Unternehmen mit Nano-Risiken’.

Warheit, D.B., S.C. Brown, and E.M. Donner. 2015. ‘Acute and Subchronic Oral Toxicity Studies in Rats with Nanoscale and Pigment Grade Titanium Dioxide Particles’. Food and Chemical Toxicology, no. 84: 208–24. doi:10.1016/j.fct.2015.08.026.



						carcinogenicity		possibly or probably carcinogenic 
(GROUPS 2A and 2B)		3		IARC (2010) and NIOSH (2011) classify nano-TiO2 as "possibly carcinogenic", as there is sufficient evidence in experimental animals and inadequate evidence of carcinogenicity in humans. This classification is based on various studies dealing with the inhalation of nano-TiO2-particles related to respiratory tract cancer. For example, Heinrich et. al. (1995) showed a statistically significant increase in lung cancer in rats exposed to ultrafine TiO2 at an average concentration of 10mg/m3. However, earlier studies by Boffetta et al. (2001, 2004) do not show an increased cancer rate in workers.
				Boffetta, P., V. Gaborieau, L. Nadon, M.F. Parent, E. Weiderpass, and J. Siemiatycki. 2001. ‘Exposure to Titanium Dioxide and Risk of Lung Cancer in a Population-Based Study from Montreal’. Scandinavian Journal of Work, Environment and Work, no. 27(4): 227–32.

Boffetta, P., A. Soutar, JW. Cherrie, F. Granath, A. Andersen, A. Anttila, M. Blettner, et al. 2004. ‘Mortality among Workers Employed in the Titanium Dioxide Production Industry in Europe’. http://apps.webofknowledge.com/full_record.do?product=UA&search_mode=GeneralSearch&qid=13&SID=R1u4AR9o4sKZBEcsetW&page=1&doc=1.

Heinrich, U., R. Fuhst, S. Rittinghausen, O. Creutzenberg, B. Bellmann, W. Koch, and K. Levsen. 1995. ‘Chronic Inhalation Exposure of Wistar Rats and Two Different Strains of Mice to Diesel Engine Exhaust, Carbon Black, and Titanium Dioxide’. Inhalation Toxicology: International Forum for Respiratory Research,  Volume 7: 533–56.

IARC, ed. 2010. Carbon Black, Titanium Dioxide, and Talc. IARC Monographs on the Evaluation of Carcinogenic Risks to Humans, v. 93. Lyon, France : Geneva: International Agency for Research on Cancer ; Distributed by WHO Press.

NIOSH. 2011. ‘Occupational Exposure to Titanium Dioxide’. http://www.cdc.gov/niosh/docs/2011-160/pdfs/2011-160.pdf.


						mutagenicity		not classifiable		2		TiO2-NPs can cause DNA damage indirectly through inflammation. However, this is the only study by Trouiller et al. (2009) showing this and therefore the information is insufficient. Additionally, this study was criticised not to be representative for all TiO2-nanoparticles (Titanium Dioxide Stewardship Council, 2010).				Titanium Dioxide Stewardship Council. 2010. ‘Answer on TiO2 Posing DNA Damage Paper’.

Trouiller, B., R. Reliene, A. Westbrook, P. Solaimani, and R. H. Schiestl. 2009. ‘Titanium Dioxide Nanoparticles Induce DNA Damage and Genetic Instability In Vivo in Mice’. Cancer Research 69 (22): 8784–89. doi:10.1158/0008-5472.CAN-09-2496.




						reproductive toxicity		not classifiable		2		In utero exposure of fetuses via the mother caused an increase in large deletions in offspring after oral exposure in rats (Trouiller, 2009). However, this is the first study showing reproductive toxicity and therefore the information is insufficient.				Shi, H., R. Magaye, V. Castranova, and J. Zhao. 2013. ‘Titanium Dioxide Nanoparticles: A Review of Current Toxicological Data’. Part Fibre Toxicol 10 (1): 15.

Trouiller, B., R. Reliene, A. Westbrook, P. Solaimani, and R. H. Schiestl. 2009. ‘Titanium Dioxide Nanoparticles Induce DNA Damage and Genetic Instability In Vivo in Mice’. Cancer Research 69 (22): 8784–89. doi:10.1158/0008-5472.CAN-09-2496.



						penalty points		no		0		No penalty points are added as the possible carcinogenicity is accounted above.

				comments

		> Possible pathways are the inhalation (mainly by workers) or the absorption through the skin, for example from sunscreen. No penetration of TiO2-NPs in sunscreen through healthy skin was observed (Sadrieh et al., 2010; Danish Environmental Protection Agency, 2015). Therefore, the LC50 value was considered here.


> Danish Environmental Protection Agency. 2015. ‘Dermal Absorption of Nanomaterials Titanium Dioxide and Zinc Oxide Based Sunscreen’. http://www2.mst.dk/Udgiv/publications/2015/08/978-87-93352-53-7.pdf.
> Sadrieh, N., A.M. Wokovich, N.V. Gopee, J. Zheng, D. Haines, D. Parmiter, P.H. Siitonen, et al. 2010. ‘Lack of Significant Dermal Penetration of Titanium Dioxide (TiO2) from Sunscreen Formulations Containing Nano-and Sub-Micron-Size TiO2 Particles’. Toxicological Sciences, kfq041.












								input		CATEGORY		COMMENT				REFERENCES

				ENVIRONMENTAL HAZARD		TOTAL		10		7		The range of the categories is 1-4. The final value for the environmental hazard is calculated by summing up all categories and penalty points. Therefore, the maximum value (without penalty points)  is 10. 

						persistence/bioaccumulation
		yes		4		Nanosilica is very resistant to chemical attacks, has a good thermal stability and resistance to UV degradation. (IARC, 2010)				IARC, ed. 2010. Carbon Black, Titanium Dioxide, and Talc. IARC Monographs on the Evaluation of Carcinogenic Risks to Humans, v. 93. Lyon, France : Geneva: International Agency for Research on Cancer ; Distributed by WHO Press.



						aquatic toxicity 
(LC50 for fish [ppm]=[mg/l])		>10-100		3		The Danish Environmental Protection Agency (2015) mentiones various papers related to aquatic toxicity and nano-TiO2. Grifftt (2008) found a LC50 of 10mg/l for the fish D.rerio. This value was implemented in this assessment.
Joner (2007) found a LC50 of 5.5 mg/l for daphnia. This seems realistic as the latter are gererally considered more susceptible than fish. More research has to be done to verify the category.				Griffitt, R. J., J. Luo, J. Gao, J.-C. Bonzongo, and D. S. Barber. 2008. ‘Effects of Particle Composition and Species on Toxicity of Metallic Nanomaterials in Aquatic Organisms’. doi:10.1897/08-002.1.

Joner, E.J., T. Hartnik, and C.E. Amundsen. 2007. ‘Environmental Fate and Ecotoxicity of Engineered Nanoparticles’. Norwegian Pollution Control Authority. http://www.bioforsk.no/ikbViewer/Content/49692/SFTs%20rapport.pdf.

The Danish Environmental Protection Agency. 2015. ‘Environmental Effects of Engineered Nanomaterials - Estimation of Predicted No-Effect Concentrations (PNECs)’. Copenhagen. http://www2.mst.dk/Udgiv/publications/2015/09/978-87-93352-70-4.pdf.






						penalty points		no		0		no comment

				comments		no comment



				EXPOSURE
(probability that this exposure materializes)





										production site related
(raw material producing and further processing companies)				 final product related

				NAICS		INDUSTRY				workers exposure		gradual and accidental environmental exposure		consumer exposure 		gradual environmental exposure		products

				11		Agriculture,  Forestry, Fishing and Hunting				0		0		0		0

				21		Mining, Quarrying, and Oil and Gas Extraction				2		1		x		x		1 DuPont has mines and produces ultrafine TiO2 (Robichaud et al., 2009).


				22		Utilities				0		0		0		0

				236		Construction of Buildings				1		1		1		1		window sealant, self cleaning glass, whirlpool 

				311		Food Manufacturing				2		1		3		2		skittles, mashmallows, M&M's, doughnuts powder, chocolate, chewing gum, mints

				312		Beverage and Tobacco Product Manufacturing				0		0		0		0

				313/314/315		Textiles & Apparels				0		0		0		0

				316		Leather and Allied Product Manufacturing				0		0		0		0

				321		Wood Product Manufacturing				0		0		0		0

				322		Paper Manufacturing				0		0		0		0

				323		Printing and Related Support Activities				0		0		0		0

				324		Petroleum and Coal Products Manufacturing				0		0		0		0

				325/3251		Chemical Manufacturing (inlcuding Base Chemical Manufacturing)				3		2		x		x		1 raw material manufacturing (powder, solution, dispersion etc.)

				3252		Resin, Synthetic Rubber, and Artificial Synthetic Fibers and Filaments Manufacturing				0		0		x		x

				3253		Pesticide, Fertilizer, and Other Agricultural Chemical Manufacturing				0		0		0		0

				3254		Pharmaceutical and Medicine Manufacturing				1		1		3		2		E171 as white substance in drugs

				3255		Paint, Coating, and Adhesive Manufacturing				2		1		1		2		paint, glue, coating spray

				3256		Soap, Cleaning Compound, and Toilet Preparation 
Manufacturing				3		2		3		3		sunscreens, shampoo and conditioner, powder antitranspirant, deodorant, shaving foam, makeup foundation, nail polish, toothpaste, 
desinfectant solution, cleaning solution, air purification spray, shoe impregnation spray, whitening cream

				32591		Printing Ink Manufacturing				0		0		0		0

				326		Plastics and Rubber Products Manufacturing				2		1		1		1		badminton racket, golf ball; building materials (window sealant)

				327		Nonmetallic Mineral Product Manufacturing				0		0		0		0		self cleaning glass, whirlpool 

				331		Primary Metal Manufacturing				0		0		x		x

				332		Fabricated Metal Product Manufacturing				0		0		0		0

				333		Machinery Manufacturing				0		0		0		0

				334		Computer and Electronic Product Manufacturing				0		0		0		0

				335		Electrical Equipment, Appliance, and Component Manufacturing				2		1		1		1		computer mouse, fridge, air purifier machine, hair drier, hair straightening iron (in plastic, whereas silver coating)

				336		Transportation Equipment Manufacturing				0		0		0		0

				337		Furniture and Related Product Manufacturing				0		0		0		0

				339		Miscellaneous Manufacturing				2		1		1		1		rackets, golf balls

				3391		Medical Equipment and Supplies Manufacturing				1		1		1		1		layering of medical devices with photocatalytic titania (Company: Plasmatreat)

				622		Hospitals				0		0		0		0

				562		Administrative and Support and Waste Management and Remediation Services				2		2		x		x		1,2,3 waste management, recycling processes

				comments		> The categories were first set individually by every member of the working group and then discussed in a group meeting. 
> The probability of claims was not included in this assessment.
> Products in research but not on the market yet were not included here.
>1 As there are no end products but intermediate products only in chemical manufacturing, resin production, primary metal production and the waste management these fields cannot be filled (x). 
>2 The waste management part is neglected in all rows except the last one (waste water treatment plants, landfills, incineration). 
>3 For all of the assessed NPs, both workers and environmental exposure were rated as 2, because further information is necessary to assess the risk in more specific manner. Specific local regulation and protection measures might influence the final risk exposure evaluation heavily. 

> Robichaud, C.O., A.E. Uyar, M.R. Darby, L.G. Zucker, and M.R. Wiesner. 2009. ‘Estimates of Upper Bounds and Trends in Nano-TiO2 Production as a Basis for Exposure Assessment’. Environmental Science & Technology 43 (12): 4227–33. doi:10.1021/es8032549.




				RISK 
(hazard and exposure multiplied; maximum number is 100)







				Titania NPs						production site related
(raw material producing and further processing companies)				 final product related

				NAICS		INDUSTRY				workers risk		gradual and accidental environmental risk		consumer risk		gradual environmental risk

				11		Agriculture,  Forestry, Fishing and Hunting				0		0		0		0

				21		Mining, Quarrying, and Oil and Gas Extraction				33		23		x		x

				22		Utilities				0		0		0		0

				236		Construction of Buildings				17		23		17		23

				311		Food Manufacturing				33		23		50		47

				312		Beverage and Tobacco Product Manufacturing				0		0		0		0

				313/314/315		Textiles & Apparels				0		0		0		0

				316		Leather and Allied Product Manufacturing				0		0		0		0

				321		Wood Product Manufacturing				0		0		0		0

				322		Paper Manufacturing				0		0		0		0

				323		Printing and Related Support Activities				0		0		0		0

				324		Petroleum and Coal Products Manufacturing				0		0		0		0

				325/3251		Chemical Manufacturing (inlcuding Base Chemical Manufacturing)				50		47		x		x

				3252		Resin, Synthetic Rubber, and Artificial Synthetic Fibers and Filaments Manufacturing				0		0		x		x

				3253		Pesticide, Fertilizer, and Other Agricultural Chemical Manufacturing				0		0		0		0

				3254		Pharmaceutical and Medicine Manufacturing				17		23		50		47

				3255		Paint, Coating, and Adhesive Manufacturing				33		23		17		47

				3256		Soap, Cleaning Compound, and Toilet Preparation Manufacturing				50		47		50		70

				32591		Printing Ink Manufacturing				0		0		0		0

				326		Plastics and Rubber Products Manufacturing				33		23		17		23

				327		Nonmetallic Mineral Product Manufacturing				0		0		0		0

				331		Primary Metal Manufacturing				0		0		x		x

				332		Fabricated Metal Product Manufacturing				0		0		0		0

				333		Machinery Manufacturing				0		0		0		0

				334		Computer and Electronic Product Manufacturing				0		0		0		0

				335		Electrical Equipment, Appliance, and Component Manufacturing				33		23		17		23

				336		Transportation Equipment Manufacturing				0		0		0		0

				337		Furniture and Related Product Manufacturing				0		0		0		0

				339		Miscellaneous Manufacturing				33		23		17		23

				3391		Medical Equipment and Supplies Manufacturing				17		23		17		23

				622		Hospitals				0		0		0		0

				562		Administrative and Support and Waste Management and Remediation Services				33		47		x		x

















































































































































































































































































































































































































































































































































































































4) carbon black

				Carbon black				NO GUARANTEE CAN BE GIVEN FOR COMPLETENESS OR CORRECTNESS OF THE DATA SHOWN IN THIS ASSESSMENT TOOL. THIS DOCUMENT IS THE INTELLECTUAL PROPERTY OF THE "SCHWEIZERISCHER VERSICHERUNGSVERBAND" (SVV).  ANY COPYING IS FORBIDDEN.



				GENERAL INFORMATION



				In contrast to black carbon, which is formed during the incomplete combustion of fossil fuels (soot), carbon black (German: "Industrieruss") is manufactured under defined conditions, for example in the controlled vapour phase pyrolysis. It consists of carbon (98-99.8%) and impurities, mainly polycyclic aromatic hydrocarbons (PAHs). Depending on the production process and use carbon black is also called acetylene black, gas black, channel black, furnace black, lampblack, thermal black or pigment black 6/7. It is insoluble in water and organic solvents. Carbon black is used in the plastic industry as a reinforcing filler, mainly in tires, or as a pigment in various materials like cement, paints, paper or fibres. It is available as a black powder or a liquid dispersion. (Wiley, 2012; Environment & Health Canada, 2013)

The following products containing carbon black were found:
cosmetics and hygiene: mascara, eye pencils, eye shadow, blushers, foundations, nail enamels, eyelash glue, hair removal wax, tanning products, spray hair dyes, soap
paints: coatings, dyes for leather & textiles, tattoo ink (for animal ear tags), paint protector
printing: printer toners and cartridges
electrics: electrodes, dry-cell batteries, carbon brush
plastics: tires, tubes, conveyor belts, cables, rubber profiles, rubber gaskets
construction: caulking, concrete repair and sealants, fibreglass insulation
food: food additive for example in steak seasoning, licorice products, ice cream, sandwich cream biscuits
medicine: It is licensed to be used in drugs for internal and external use in Canada, but not used in medicine. There are three licensed natural health products on the market containing carbon black as a pigment (Health Canada, 2016)
other: pipe seals, shoe polish

> Environment & Health Canada. 2013. ‘Screening Assessment for the Challenge Carbon Black’. https://www.ec.gc.ca/ese-ees/2CF34283-CD2B-4362-A5D6-AD439495D0D1/FSAR_B12%20-%201333-86-4%20%28Carbon%20Black%29_EN.pdf.
> Health Canada. 2016. ‘Drugs and Health Products Containing Carbon Black’. http://webprod5.hc-sc.gc.ca/lnhpd-bdpsnh/search-recherche.do?lang=eng&field_Champ2=&field_Champ3=&field_Champ4=&field_Champ5=&field_Champ6=&condition2=&condition3=&condition4=&condition5=&crit2=&crit3=&crit4=&crit5=&crit6=&op2=&op3=&op4=&op5=&op6=&productStatus_EtatProduit=2&field_Champ1=3&op1=0&crit1=carbon+black&condition1=0&dateOp2=0&monthLicensing_MoisHomologation=&yearLicensing_AnneeHomologation=&dateOp1=0&monthRevised_MoisModifiee=&yearRevised_AnneeModifiee=&action=Search.
> Wiley. 2012. ‘Carbon Black in the Form of Inhalable Dust’. http://onlinelibrary.wiley.com/store/10.1002/3527600418.mb133386e0018/asset/mb133386e0018.pdf?v=1&t=ijfsmfwf&s=27ad168fd07b53245a4424a9826f5739f9d7f2ea.
																Wiley (2012)





						input		CATEGORY		COMMENT				REFERENCES

				GLOBAL PRODUCTION VOLUME (t/y)		>1'000'000		5		Several numbers were found in the literature. All of them document a very high production volume of category 5:
>10 million tons in 2005 (European Commission, 2013).
> 9 million tons worldwide per year (Sachverständigenrat für Umweltfragen, 2011)
> 228'000 tons in Canada in 2006 (Environment and Health Canada, 2013)
> 6 million tons worldwide in 1993 (EPA, 2005)
> 8 million tons in 1996 worldwide (OECD, 2006) with:
     < North America: 1'815'000 tons
     < Western Europe: 1'310'000 tons
     < Eastern Europe: 1'545'000 tons
     < Asia: 2'630'000 tons
     < South America: 480'000 tons
     < Africa and Australia: 185'000 tons				Environment & Health Canada. 2013. ‘Screening Assessment for the Challenge Carbon Black’. https://www.ec.gc.ca/ese-ees/2CF34283-CD2B-4362-A5D6-AD439495D0D1/FSAR_B12%20-%201333-86-4%20%28Carbon%20Black%29_EN.pdf.

EPA. 2005. ‘Reassessment of One Exemption from the Requirement of a Tolerance for Carbon Black’. http://www.epa.gov/sites/production/files/2015-04/documents/carbonblack.pdf.

European Commission. 2013. Opinion on Carbon Black (nano-Form). Luxembourg: European Commission. http://dx.publications.europa.eu/10.2772/7205.

OECD. 2006. ‘Carbon Black, SIDS Initial Assessment Profile’. http://webnet.oecd.org/hpv/ui/handler.axd?id=b2394717-5545-46c3-9194-ae15f987df25.

Sachverständigenrat für Umweltfragen. 2011. Vorsorgestrategien Für Nanomaterialien - Sondergutachten. Berlin: Erich Schmidt Verlag. http://www.umweltrat.de/SharedDocs/Downloads/DE/02_Sondergutachten/2011_09_SG_Vorsorgestrategien%20f%C3%BCr%20Nanomaterialien.pdf?__blob=publicationFile.





				SPREAD 
(number of products)		101-1000		2		347 products were identified, mostly tires, coatings and sealants. Overall, 150 end product categories produced by 127 companies were found that are shown in the application split chart on the right side: 
> 241 products were found in the Household Products Database (2016)
> 16 products (mainly cosmetics) in the Nanodatabase (2016)
> 6 food related products found in Nanotechnology in our Food (2016)
> The Nanotechproject cannot be searched for "carbon black" but for "carbon" only. Therefore, no results are available there.
> No products found in the German database (Nanoproduktdatenbank, 2016)
> Carbon black is used in the production of tires. Thus, 77 tire producers (Wikipedia, 2016) are added. 				Nanoproduktdatenbank. 2016. ‘Search Results for “Carbon Black”’. http://www.bund.net/nc/themen_und_projekte/nanotechnologie/nanoproduktdatenbank/produktsuche/.

Nanotechnology in our Food 2016. ‘Search Results for Carbon’. Accessed February 26. http://salsa3.salsalabs.com/o/1881/p/salsa/web/common/public/content?content_item_KEY=14112%20

Household Products Database. 2016. ‘Health and Safety Information on Household Products Containing Carbon Black’. https://householdproducts.nlm.nih.gov/cgi-bin/household/brands?tbl=chem&id=208.

Nanodatabase. 2016. ‘Search Results for Carbon Black’. Accessed January 18. http://nanodb.dk/en/search-database/#pageno=&keyword=&fn.lp_m=2918&fn.d_cd_f=&fn.d_cd_t=.

Wikipedia. 2016. ‘Search Results for Tires producers’. Accessed February 26. https://en.wikipedia.org/wiki/List_of_tire_companies






				HAZARDS



								input		CATEGORY		COMMENT				REFERENCES

				HUMAN HAZARD		TOTAL		18		11		The range of the categories is 1-4. The final value for the human hazard is calculated by summing up all categories and penalty points. Therefore, the maximum value (without penalty points)  is 18. 

						toxicity (PEL)
INHALATION		>1-10		3		No effects have been reported after acute or chronic exposure via the oral or dermal routes (Environment & Health Canada, 2013; OECD, 2006): The lowest oral LD50 is >10g/kg bw in rats and the lowest dermal LD50 in rabbits is >3g/kg bw. Therefore, the main concern implemented in this assessment is the inhalation. An overview and discussion of various acute and chronic inhalation studies is shown in Appendix 3 of Environment & Health Canada (2013). For example, the subchronic NOEL was registered to be 1mg/m3 for hamster, rats and mice (Elder at al., 2005) and the chronic NOEL is 1.1mg/m3 (Driscoll et al., 1996). It is stated in OECD (2006) that, based on data from 19 production plants in 7 European countries, only minimal effects on lung function parameters are expected after 40 years exposure to 1 mg/m3. The PEL is 3.5mg/m3 (NIOSH, 1988). A MAK value is not available (Wiley, 1999).
The PEL value was implemented in this assessment. The limit elaborated in OECD (2006) is in accordance with this category.
				Driscoll, K.E., J.M. Carter, B.W. Howard, D.G. Hassenbein, W. Pepelko, R.B. Baggs, and G. Oberdoerster. 1996. ‘Pulmonary Inflammatory, Chemokine, and Mutagenic Responses in Rats after Subchronic Inhalation of Carbon Black’.

Elder, A., R. Gelein, J.N. Finkelstein, K.E. Driscoll, J. Harkema, and G. Oberdoerster. 2005. ‘Effects of Subchronically Inhaled Carbon Black in Three Species. I. Retention Kinetics, Lung Inflammation, and Histopathology’. Toxicological Sciences 88 (2): 614–29. doi:10.1093/toxsci/kfi327.

Environment & Health Canada. 2013. ‘Screening Assessment for the Challenge Carbon Black’. https://www.ec.gc.ca/ese-ees/2CF34283-CD2B-4362-A5D6-AD439495D0D1/FSAR_B12%20-%201333-86-4%20%28Carbon%20Black%29_EN.pdf.

NIOSH. 1988. ‘Occupational Safety and Health Guideline for Carbon Black - Potential Human Carcinogen’. http://www.cdc.gov/niosh/docs/81-123/pdfs/0102.pdf.

OECD. 2006. ‘Carbon Black, SIDS Initial Assessment Profile’. http://webnet.oecd.org/hpv/ui/handler.axd?id=b2394717-5545-46c3-9194-ae15f987df25.

Wiley. 1999. ‘Industrierusse (Carbon Black) in Form atembarer Stäube’. http://onlinelibrary.wiley.com/doi/10.1002/3527600418.mb133386stad0029/full.







						carcinogenicity		possibly or probably carcinogenic 
(GROUPS 2A and 2B)		3		The IARC (2010) classified the carcinogenicity as 2B (possibly carcinogenic) based on sufficient evidence in experimental animals and inadequate evidence from epidemiological studies. Lung tumours were seen in rats after inhalation of carbon black, for example in a study by Dasenbrock et al. (1996). This study is unavailable but cited in Environment & Health Canada (2013). Probably, the tumours are caused by an excessive lung burden due to impairment of clearance mechanisms. There is no evidence that indicates that carbon black has the potential to cause cancer via oral or dermal route of exposure. However, in observation studies with carbon black workers no clear dependency on lung tumours and exposure can be seen. Often, these studies are incomplete, for example as smoking data are not considered (Environment & Health Canada, 2013).
Another concern are the PAH impurities in the carbon black. NIOSH (1988) suggests to minimise these impurities and the exposure to them as far as possible. 				Environment & Health Canada. 2013. ‘Screening Assessment for the Challenge Carbon Black’. https://www.ec.gc.ca/ese-ees/2CF34283-CD2B-4362-A5D6-AD439495D0D1/FSAR_B12%20-%201333-86-4%20%28Carbon%20Black%29_EN.pdf.

IARC. 2010. Identification of Research Needs to Resolve the Carcinogenicity of High-Priority IARC Carcinogens. Lyon, France: International Agency for Research on Cancer. http://monographs.iarc.fr/ENG/Publications/techrep42/TR42-Full.pdf.

NIOSH. 1988. ‘Occupational Safety and Health Guideline for Carbon Black - Potential Human Carcinogen’. http://www.cdc.gov/niosh/docs/81-123/pdfs/0102.pdf.



						mutagenicity		possibly or probably mutagenic		3		The IARC (2010), OECD (2006) and the Canadian Assessment group (Environment & Health Canada, 2013) concluded that carbon black is not directly mutagenic. However, mutagenicity is secondary to oxidative stress and inflammatory processes.
Overall, mutagenicity cannot be tested with bacterial and in-vitro testing without the use of organic solvents that interfere with the testing (ICBA, 2004).				Environment & Health Canada. 2013. ‘Screening Assessment for the Challenge Carbon Black’. https://www.ec.gc.ca/ese-ees/2CF34283-CD2B-4362-A5D6-AD439495D0D1/FSAR_B12%20-%201333-86-4%20%28Carbon%20Black%29_EN.pdf.

IARC. 2010. Identification of Research Needs to Resolve the Carcinogenicity of High-Priority IARC Carcinogens. Lyon, France: International Agency for Research on Cancer. http://monographs.iarc.fr/ENG/Publications/techrep42/TR42-Full.pdf.

ICBA. 2004. ‘Carbon Black User’s Guide: Safety, Health, & Environmental Information’. http://www.cabotcorp.com/~/media/files/product-stewardship/industry-user-guides/international-carbon-black-association-icba-user-guide.pdf?la=en.

OECD. 2006. ‘Carbon Black, SIDS Initial Assessment Profile’. http://webnet.oecd.org/hpv/ui/handler.axd?id=b2394717-5545-46c3-9194-ae15f987df25.


						reproductive toxicity		not classifiable		2		Archibong et al. (2002) did not see any significant differences among control and treated rat groups in pups per litter, survival rate, pup weight or pup length after inhalation of carbon black during the pregnancy. However, only a small concentration was used. Yoshida et al. (2009) noticed a decreased sperm production in male mice. Overall, there is little evidence that carbon black is toxic for reproduction, but studies are missing (Environment & Health Canada, 2013).				> Archibong, A.E., F. Inyang, A. Ramesh, M. Greenwood, T. Nayyar, P. Kopsombut, D.B. Hood, and A.M. Nyanda. 2002. ‘Alteration of Pregnancy Related Hormones and Fetal Survival in F-344 Rats Exposed by Inhalation to Benzo(a)pyrene’. Reproductive Toxicology 16 (6): 801–8.

> Environment & Health Canada. 2013. ‘Screening Assessment for the Challenge Carbon Black’. https://www.ec.gc.ca/ese-ees/2CF34283-CD2B-4362-A5D6-AD439495D0D1/FSAR_B12%20-%201333-86-4%20%28Carbon%20Black%29_EN.pdf.

> Yoshida, S., K. Hiyoshi, T. Ichinose, H. Takano, S. Oshio, I. Sugawara, K. Takeda, and T. Shibamoto. 2009. ‘Effect of Nanoparticles on the Male Reproductive System of Mice’. International Journal of Andrology 32 (4): 1365–2605.

						penalty points		no		0		No penalty points are added as the possible carcinogenicity is accounted above.				-

				comments 

		> The main concern is the exposition of workers via inhalation. Therefore, this path was chosen to represent the toxicity in this assessment.






								input		CATEGORY		COMMENT				REFERENCES

				ENVIRONMENTAL HAZARD		TOTAL		10		3		The range of the categories is 1-4. The final value for the environmental hazard is calculated by summing up all categories and penalty points. Therefore, the maximum value (without penalty points)  is 10. 

						persistence/bioaccumulation
		yes		2		Carbon black is resistant to hydrolysis, photolysis and biodegradation, and thus can be found in the air, water bodies, but mainly in the soil and sediment. As an inorganic compound with the chemical structure "C", carbon black will not be further biodegraded by microorganisms. However, bioaccumulation is unlikely as the substance is insoluble in water and organic solvents and thus diffusion through gills or membranes of the aquatic organisms is not expected (Environment & Health Canada, 2013; OECD, 2013).				Environment & Health Canada. 2013. ‘Screening Assessment for the Challenge Carbon Black’. https://www.ec.gc.ca/ese-ees/2CF34283-CD2B-4362-A5D6-AD439495D0D1/FSAR_B12%20-%201333-86-4%20%28Carbon%20Black%29_EN.pdf.

OECD. 2006. ‘Carbon Black, SIDS Initial Assessment Profile’. http://webnet.oecd.org/hpv/ui/handler.axd?id=b2394717-5545-46c3-9194-ae15f987df25.


						aquatic toxicity 
(LC50 for fish [ppm])		>1000		1		Carbon black is epected to have a very low potential for toxicity in aquatic organisms: No effects were observed for both zebrafish and orfe fish at 1000mg/l (Environment & Health Canada, 2013). The LC50 for fish is reported to be >5g/L for aqueous suspensions and >10g/l for water accommodated filtrates. (OECD, 2006).
Additionally, carbon black is only present in the water column in low concentrations (except in rivers with high turbidity) as it settles due to the high density, low solubility and low volatility. Therefore, sediment-dwelling organisms could be exposed, but studies are missing. Also, the carbon black can decrease the pH of the solution and thus affect organisms indirectly. 
Most studies are done by Degussa (not published online), more studies for ecotoxicity are missing (Environment and Health Canada, 2013).				Environment & Health Canada. 2013. ‘Screening Assessment for the Challenge Carbon Black’. https://www.ec.gc.ca/ese-ees/2CF34283-CD2B-4362-A5D6-AD439495D0D1/FSAR_B12%20-%201333-86-4%20%28Carbon%20Black%29_EN.pdf.

OECD. 2006. ‘Carbon Black, SIDS Initial Assessment Profile’. http://webnet.oecd.org/hpv/ui/handler.axd?id=b2394717-5545-46c3-9194-ae15f987df25.


						penalty points		no		0		no comment

				comments: 
		10'000-100'000kg of carbon black was reported to be released to land, 10'000-100'000kg to air and 1'000-10'000kg to water in 2006 in Canada (Environment & Health Canada, 2013). Carbon black is not soluble and is estimated to eventually settle into sediments.

> Environment & Health Canada. 2013. ‘Screening Assessment for the Challenge Carbon Black’. https://www.ec.gc.ca/ese-ees/2CF34283-CD2B-4362-A5D6-AD439495D0D1/FSAR_B12%20-%201333-86-4%20%28Carbon%20Black%29_EN.pdf.



				EXPOSURE
(probability that this exposure materializes)





										production site related
(raw material producing and further processing companies)				 final product related

				NAICS		INDUSTRY				workers exposure 3		gradual and accidental environmental exposure		consumer exposure 		gradual environmental exposure		products

				11		Agriculture,  Forestry, Fishing and Hunting				0		0		0		0

				21		Mining, Quarrying, and Oil and Gas Extraction				0		0		x		x		1 It is assumed that there is no company extracting fossil fuels and producing carbon black.

				22		Utilities				0		0		0		0

				236		Construction of Buildings				2		1		1		2		cement, caulking, concrete repair and sealants, fibreglass insulation

				311		Food Manufacturing				1		1		2		1		6 steak seasoning, licorice products, ice cream, sandwich cream biscuits

				312		Beverage and Tobacco Product Manufacturing				0		0		0		0

				313/314/315		Textiles & Apparels				2		1		2		2		7 dyes for textiles, fibreglass weaving

				316		Leather and Allied Product Manufacturing				2		1		2		1		7 dyes for leather

				321		Wood Product Manufacturing				0		0		0		0

				322		Paper Manufacturing				1		1		1		1		9 pigment in paper

				323		Printing and Related Support Activities				0		0		0		0

				324		Petroleum and Coal Products Manufacturing				0		0		0		0		according to NAICS the base chemical production is 325130/80

				325/3251		Chemical Manufacturing (inlcuding Base Chemical Manufacturing)				3		2		x		x		1 production of carbon black

				3252		Resin, Synthetic Rubber, and Artificial Synthetic Fibers and Filaments Manufacturing				3		2		x		x		1 reinforcement and pigment in plastics

				3253		Pesticide, Fertilizer, and Other Agricultural Chemical Manufacturing				0		0		0		0

				3254		Pharmaceutical and Medicine Manufacturing				0		0		0		0		alternative drugs

				3255		Paint, Coating, and Adhesive Manufacturing				2		2		1		1		paint, coatings, varnishes, dyes for leather & textiles, tatoo ink (for animal ear tags), paint protector

				3256		Soap, Cleaning Compound, and Toilet Preparation Manufacturing				2		2		2		1		10 mascara, eye pencils eye shadow, blushers, foundations, nail enamels, eyelash glue, hair removal wax, tanning products, spray hair dyes, 
soap, shoe polish, diaper ointment

				32591		Printing Ink Manufacturing				3		2		3		2		printer toners and cartridges

				326		Plastics and Rubber Products Manufacturing				3		2		1		3		4 tires, tubes, conveyor belts, cables, rubber profiles, rubber gaskets, fibreglass

				327		Nonmetallic Mineral Product Manufacturing				1		1		1		1		fibreglass insulation

				331		Primary Metal Manufacturing				0		0		x		x

				332		Fabricated Metal Product Manufacturing				0		0		0		0

				333		Machinery Manufacturing				0		0		0		0

				334		Computer and Electronic Product Manufacturing				0		0		0		0

				335		Electrical Equipment, Appliance, and Component Manufacturing				1		1		1		1		electrodes, dry-cell batteries, carbon brush

				336		Transportation Equipment Manufacturing				0		0		0		0

				337		Furniture and Related Product Manufacturing				0		0		0		0

				339		Miscellaneous Manufacturing				1		0		0		0		pipe seals

				3391		Medical Equipment and Supplies Manufacturing				0		0		0		0

				622		Hospitals				0		0		0		0		8 alternative drugs

				562		Administrative and Support and Waste Management and Remediation Services				2		2		x		x		1,2,5,11 waste management, recycling processes

				comments		> The categories were first set individually by every member of the working group and then discussed in a group meeting. 
> The probability of claims was not included in this assessment.
> Products in research but not on the market yet were not included here.
>1 As there are no end products but intermediate products only in chemical manufacturing, resin production and the waste management these fields cannot be filled (x). 
>2 The waste management part is neglected in all rows except the last one (waste water treatment plants, landfills, incineration). 
>3 Workers exposure: The concentration decreased significantly in American and West European production plants (Wiley, 1999).
>4 It is assumed that the largest share of carbon black is used in the tire industy (70% according to Wikipedia (2016)). The material is inexpensive. The amount of carbon black in this industry influenced the exposure assessment. Additionally, it was assumed that there is no intermediate market for tires: Thus, the third column in this row relates to the car driver. 
>5 During car tire combustion, carbon black is not degraded as the degradation temperature (3652°C) is higher than the cement plant furnace temperature (up to 2200°C) (Environment & Health Canada, 2013)
>6 There are only very few products on the food market  (Environment & Health Canada, 2013).
>7 It is assumed that textiles are washed, but leather is not. Thus, contrary to leather, particles can be released from textiles into the environment.
>8 There are three drugs on the market. However, as this is only a very limited amount and these drugs seem to be alternative, this row was not assessed (Health Canada, 2016).
>9 The amount of black paper compared to white paper is negligible.
>10 Compared to TiO2 or ZnO the beauty products containing carbon black are only used on a small area of the skin. Therefore, the assessment classes here are lower compared to the other two substances mentioned.
>11 For all of the assessed NPs, both workers and environmental exposure were rated as 2, because further information is necessary to assess the risk in more specific manner. Specific local regulation and protection measures might influence the final risk exposure evaluation heavily. 

> Environment & Health Canada. 2013. ‘Screening Assessment for the Challenge Carbon Black’. https://www.ec.gc.ca/ese-ees/2CF34283-CD2B-4362-A5D6-AD439495D0D1/FSAR_B12%20-%201333-86-4%20%28Carbon%20Black%29_EN.pdf.
> Health Canada. 2016. ‘Drugs and Health Products Containing Carbon Black’. http://webprod5.hc-sc.gc.ca/lnhpd-bdpsnh/search-recherche.do?lang=eng&field_Champ2=&field_Champ3=&field_Champ4=&field_Champ5=&field_Champ6=&condition2=&condition3=&condition4=&condition5=&crit2=&crit3=&crit4=&crit5=&crit6=&op2=&op3=&op4=&op5=&op6=&productStatus_EtatProduit=2&field_Champ1=3&op1=0&crit1=carbon+black&condition1=0&dateOp2=0&monthLicensing_MoisHomologation=&yearLicensing_AnneeHomologation=&dateOp1=0&monthRevised_MoisModifiee=&yearRevised_AnneeModifiee=&action=Search.
> Wikipedia. 2016. ‘Carbon Black’. https://en.wikipedia.org/wiki/Carbon_black#Common_uses.
> Wiley. 1999. ‘Industrierusse (Carbon Black) in Form Atembarer Stäube’. http://onlinelibrary.wiley.com/doi/10.1002/3527600418.mb133386stad0029/full.




				RISK 
(hazard and exposure multiplied; maximum number is 100)







				Carbon black						production site related
(raw material producing and further processing companies)				 final product related

				NAICS		INDUSTRY				workers risk		gradual and accidental environmental risk		consumer risk		gradual environmental risk

				11		Agriculture,  Forestry, Fishing and Hunting				0		0		0		0

				21		Mining, Quarrying, and Oil and Gas Extraction				0		0		x		x

				22		Utilities				0		0		0		0

				236		Construction of Buildings				41		10		20		20

				311		Food Manufacturing				20		10		41		10

				312		Beverage and Tobacco Product Manufacturing				0		0		0		0

				313/314/315		Textiles & Apparels				41		10		41		20

				316		Leather and Allied Product Manufacturing				41		10		41		10

				321		Wood Product Manufacturing				0		0		0		0

				322		Paper Manufacturing				20		10		20		10

				323		Printing and Related Support Activities				0		0		0		0

				324		Petroleum and Coal Products Manufacturing				0		0		0		0

				325/3251		Chemical Manufacturing (inlcuding Base Chemical Manufacturing)				61		20		x		x

				3252		Resin, Synthetic Rubber, and Artificial Synthetic Fibers and Filaments Manufacturing				61		20		x		x

				3253		Pesticide, Fertilizer, and Other Agricultural Chemical Manufacturing				0		0		0		0

				3254		Pharmaceutical and Medicine Manufacturing				0		0		0		0

				3255		Paint, Coating, and Adhesive ManufacturingT				41		20		20		10

				3256		Soap, Cleaning Compound, and Toilet Preparation Manufacturing				41		20		41		10

				32591		Printing Ink Manufacturing				61		20		61		20

				326		Plastics and Rubber Products Manufacturing				61		20		20		30

				327		Nonmetallic Mineral Product Manufacturing				20		10		20		10

				331		Primary Metal Manufacturing				0		0		x		x

				332		Fabricated Metal Product Manufacturing				0		0		0		0

				333		Machinery Manufacturing				0		0		0		0

				334		Computer and Electronic Product Manufacturing				0		0		0		0

				335		Electrical Equipment, Appliance, and Component Manufacturing				20		10		20		10

				336		Transportation Equipment Manufacturing				0		0		0		0

				337		Furniture and Related Product Manufacturing				0		0		0		0

				339		Miscellaneous Manufacturing				20		0		0		0

				3391		Medical Equipment and Supplies Manufacturing				0		0		0		0

				622		Hospitals				0		0		0		0

				562		Administrative and Support and Waste Management and Remediation Services				41		20		x		x

















































































































































































































































































































































































































































































































































































































5) ZnO

				ZnO NPs				NO GUARANTEE CAN BE GIVEN FOR COMPLETENESS OR CORRECTNESS OF THE DATA SHOWN IN THIS ASSESSMENT TOOL. THIS DOCUMENT IS THE INTELLECTUAL PROPERTY OF THE "SCHWEIZERISCHER VERSICHERUNGSVERBAND" (SVV).  ANY COPYING IS FORBIDDEN.



				GENERAL INFORMATION



				ZnO nanoparticles are a colourless powder (European Commission, 2012) while particles of larger scale are white. The substance is used as an effective UV filter with a different spectrum than TiO2. Additionally, it has antimicrobial properties and is an active agent in self-cleaning products. As ZnO is able to absorb electromagnetic waves it can be used in military and commercial applications. ZnO is present in the earth crust as mineral zincite but most ZnO used commercially is produced synthetically. The different chemical synthesis methods of nano ZnO are described in Sabir et al. (2014): The most common way is the vapour transport synthesis. There is also a chemical reaction of zinc metal with alcohol, a precipitation method and a chemical reaction of zinc acetate dihydrate and NaOH. Alternatives using plants or microbials have been suggested. ZnO nanoparticles have a low solubility in water. Zinc ions can be released, what is relevant for the toxicity assessment (Sachverständigenrat für Umweltfragen, 2011 ; Vandebriel et al., 2012 ). Another mechanism for cytoxoticity seems to be the generation of reactive oxygen species (Rasmussen et al., 2010).

Following products were found to contain ZnO NPs:
cosmetics: sunscreens (transparent UV filter), moisturizing creams for face/feet/hands, deo spray, exfoliaters, foot deodorant powder and spray, makeup
paints: varnishes (UV-filter, self-cleaning agent), dispersions for wood/plastic/textiles, coating solutions
electronics: cooling fluids for automotive or electronics, semiconductors in electronics (TFT screens), solar cells (research only)
food: dietary supplements, plastic wrap for food 
textiles: socks, shoe insole
filters: shower filter against inpurities, chlorine and hardness of water  (Nanodatabase, 2016; Aqulic, 2016)
plastics: increasing abrasion resistance, preventing UV and bacterial degradation, tyres
medicine: cancer therapy, bactericide, nanosensors for diabetes (in research only  (Cash, 2010))

> Aqulic. 2016. ‘Aqulic Shower Filter: The Best Shower Filter in the World’. http://www.aqulic.com/product.aspx.
>  Cash, K. J., and H. A. Clark. 2010. ‘Nanosensors and Nanomaterials for Monitoring Glucose in Diabetes’. Trends in Molecular Medicine 16 (12): 584–93. doi:10.1016/j.molmed.2010.08.002.
>  European Commission. 2012. Types and Uses of Nanomaterials, Including Safety Aspects. Accompanying the Communication from the Commission to the European Parliament, the Council and the European Economic and Social Committee on the Second Regulatory Review on Nanomaterials. Brussels: Publications Office.
>  Nanodatabase. 2016. ‘IntelGadgets Shower Bath Tub Tap Water Filter’. http://nanodb.dk/en/product/?pid=3815.
> Rasmussen, J.W., E. Martinez, P. Louka, and D.G. Wingett. 2010. ‘Zinc Oxide Nanoparticles for Selective Destruction of Tumor Cells and Potential for Drug Delivery Applications’. Expert Opinion on Drug Delivery 7 (9): 1063–77. doi:10.1517/17425247.2010.502560.
> Sachverständigenrat für Umweltfragen. 2011. Vorsorgestrategien Für Nanomaterialien - Sondergutachten. Berlin: Erich Schmidt Verlag. http://www.umweltrat.de/SharedDocs/Downloads/DE/02_Sondergutachten/2011_09_SG_Vorsorgestrategien%20f%C3%BCr%20Nanomaterialien.pdf?__blob=publicationFile.
> Sabir, S., M. Arshad, and S. K. Chaudhari. 2014. ‘Zinc Oxide Nanoparticles for Revolutionizing Agriculture: Synthesis and Applications’. The Scientific World Journal. doi:doi:10.1155/2014/925494.
> Vandebriel, R., and W. De Jong. 2012. ‘A Review of Mammalian Toxicity of ZnO Nanoparticles’. Nanotechnology, Science and Applications, 61. doi:10.2147/NSA.S23932.








						input		CATEGORY		COMMENT				REFERENCES

				GLOBAL PRODUCTION VOLUME (t/y)		10'000 - 100'000		3		The global production is equal to several thousand tonnes per year (European Commission, 2012). In Alibaba, there are a lot of companies only selling amounts of 5 tons or more. 				European Commission. 2012. Types and Uses of Nanomaterials, Including Safety Aspects. Accompanying the Communication from the Commission to the European Parliament, the Council and the European Economic and Social Committee on the Second Regulatory Review on Nanomaterials. Brussels: Publications Office.

				SPREAD 
(number of products)		<100		1		67 products were identified, mostly cosmetics, taking into account all sources. Overall, 39 end products categories produced by 35 companies were found that are shown in the application split chart on the right side: There are 38 hits in the Nanotechproject of Woodrow Wilson (Nanotechproject, 2016). 20 products were found in the Nanodatabase (2016) and 7 in the German database (Nanoproduktdatenbank, 2016).				Nanodatabase. 2016. ‘Search Results for ZnO’. http://nanodb.dk/en/search-database/#pageno=&keyword=&fn.lp_m=2944&fn.d_cd_f=&fn.d_cd_t=.

Nanoproduktdatenbank. 2016. ‘Suchresultate Für ZnO’. http://www.bund.net/nc/themen_und_projekte/nanotechnologie/nanoproduktdatenbank/produktsuche/.

Nanotechproject. 2016. ‘Search Results for ZnO’. http://www.nanotechproject.org/cpi/search-products/?title=&asmSelect0=&date_created=&date_modified=&nanomaterials%5B%5D=1151&search-products_submit=Search&_submitKey=16%3Asearch-products%3A0.




				HAZARDS



								input		CATEGORY		COMMENT				REFERENCES

				HUMAN HAZARD		TOTAL		18		10		The range of the categories is 1-4. The final value for the human hazard is calculated by summing up all categories and penalty points. Therefore, the maximum value (without penalty points)  is 18. 

						toxicity (MAK [ppm])
INHALATION		>1-10		3		Compared to carbon black, single-walled CNTs and SiO2 nanoparticles the ZiO2 nanoparticles showed an increased toxicological potential in cell culture tests (Sachverständigenrat für Umweltfragen, 2011). This toxicity is supposed to result from dissolved Zn(ll) in the culture medium or inside cells (Vandebriel, 2012).

INHALATION:
Known responses of the inhalation of ZnO in human are temporary pulmonary inflammatory response and metal fume fever (European Commission, 2012; Sachverständigenrat für Umweltfragen, 2012). Therefore, this exposure path was chosen to represent the toxicity in the assessment. 
Gao et al (2013) noticed significant damages to the olfactory epithelium as well as inflammation reactions in mice after intranasal instillation. They concluded that caution should be taken during the use and disposal of ZnO NPs to prevent unintended public health impacts.
Liu et al. (2008) also noticed severe pulmonary inflammation, becoming more severe with increasing dose after intratracheal instillation in mice. Additional reactions were the thickening of alveolar walls, weight loss and anemia.
Sayes et al. (2007) made an in vivo experiment with rats by exposing them via a single intratracheal instillation (1 or 5 mg/kg). A cytotoxic response was apparent. However, the inflammation was reversible.
The MAK for zinc oxide fume is 1mg/m3 Luft (Sachverständigenrat für Umweltfragen, 2012), the PEL is 5 mg/m3 (OSHA, 2016). However, metal fume fever developed in workers exposed to 2.5 mg/m3 for two hours. Therefore, the PEL seems to be too high.

ORAL:
Zinc is an essential micronutrient for humans. The oral exposition of mice with nano zinc (5g/kg body weight) lead to renal damage and pathological lesions in the liver and heart tissue as well as slight stomach and intestinal inflammation (Wang et al., 2006).

DERMAL:
Dermal studies show that ZnO nanoparticles do not penetrate the skin (Prospect, 2012; Sachverständigenrat für Umweltfragen, 2011). However, Zn ions that are released from nanoparticles can penetrate the skin in small quantities (Cross et al, 2007; Gulson et al., 2010).
Long-term investigations with human beings are missing.				Cross, S.E., B. Innes, M.S. Roberts, T. Tsuzuki, T.A. Robertson, and P. McCormick. 2007. ‘Human Skin Penetration of Sunscreen Nanoparticles: In-Vitro Assessment of a Novel Micronized Zinc Oxide Formulation’. Skin Pharmacology and Physiology 20 (3): 148–54. doi:10.1159/000098701.

European Commission. 2012. Types and Uses of Nanomaterials, Including Safety Aspects. Accompanying the Communication from the Commission to the European Parliament, the Council and the European Economic and Social Committee on the Second Regulatory Review on Nanomaterials. Brussels: Publications Office.

Gao, L., S.-T. Yang, S. Li, Y. Meng, H. Wang, and H. Lei. 2013. ‘Acute Toxicity of Zinc Oxide Nanoparticles to the Rat Olfactory System after Intranasal Instillation: Acute Toxicity of Zinc Oxide Nanoparticles’. Journal of Applied Toxicology 33 (10): 1079–88. doi:10.1002/jat.2842.

Gulson, B., M. McCall, M. Korsch, L. Gomez, P. Casey, Y. Oytam, A. Taylor, L. Kinsley, and G. Greenoak. 2010. ‘Small Amounts of Zinc from Zinc Oxide Particles in Sunscreens Applied Outdoors Are Absorbed through Human Skin’. Toxicological Sciences. http://toxsci.oxfordjournals.org/content/early/2010/08/12/toxsci.kfq243.abstract.

Liu, ZH., X. Wang, HF. Wang, TC. Wang, YQ. Gu, L. Yan, ST. Yang, et al. 2008. ‘Acute Toxicity of Nano-Sized Zinc Oxide in ICR Mice via Intratracheal Instillation’. Journal of Environmental & Occupational Medicine 25 (4): 360–64.

OSHA. 2016. ‘Chemical Sampling Information, Zinc Oxide Fume’. Accessed January 14. https://www.osha.gov/dts/chemicalsampling/data/CH_277000.html.

PROSPECT. 2009. ‘Toxicological Review of Nano Zinc Oxide’. http://www.nanotechia.org/sites/default/files/files/PROSPECT_Nano-ZnO_Literature_Review.pdf.

Sachverständigenrat für Umweltfragen. 2011. Vorsorgestrategien Für Nanomaterialien - Sondergutachten. Berlin: Erich Schmidt Verlag. http://www.umweltrat.de/SharedDocs/Downloads/DE/02_Sondergutachten/2011_09_SG_Vorsorgestrategien%20f%C3%BCr%20Nanomaterialien.pdf?__blob=publicationFile.

Sayes, C. M., K. L. Reed, and D. B. Warheit. 2007. ‘Assessing Toxicity of Fine and Nanoparticles: Comparing In Vitro Measurements to In Vivo Pulmonary Toxicity Profiles’. Toxicological Sciences 97 (1): 163–80. doi:10.1093/toxsci/kfm018.

Vandebriel, R., and W. De Jong. 2012. ‘A Review of Mammalian Toxicity of ZnO Nanoparticles’. Nanotechnology, Science and Applications, 61. doi:10.2147/NSA.S23932.

Wang, B., W.-Y. Feng, T.-C. Wang, G. Jia, M. Wang, J.W. Shi, F. Zhang, Y. Zhao, and Z.-F. Chai. 2006. ‘Acute Toxicity of Nano- and Micro-Scale Zinc Powder in Healthy Adult Mice’. Toxicology Letters 161 (2): 115–23. doi:10.1016/j.toxlet.2005.08.007.





						carcinogenicity		not classifiable (GROUP 3)		2		There is not sufficient and contradictory information available. A good summary of the genotoxicity studies is shown in An et al. (2014). 				An, A.S.A., J.Y. Kwon, P. Koedrith, and Y.R. Seo. 2014. ‘Current Investigations into the Genotoxicity of Zinc Oxide and Silica Nanoparticles in Mammalian Models in Vitro and in Vivo: Carcinogenic/genotoxic Potential, Relevant Mechanisms and Biomarkers, Artifacts, and Limitations’. International Journal of Nanomedicine, December, 271. doi:10.2147/IJN.S57918.


						mutagenicity		not classifiable		2		No genetic toxicity is proven in vitro and in vivo (BASF reports cited in Prospect (2009)). Genotoxicity was only observed in in vitro studies, while in vivo studies were negative (Vandebriel et al., 2012). Therefore, no assessment of the mutagenicity can be done.				PROSPECT. 2009. ‘Toxicological Review of Nano Zinc Oxide’. http://www.nanotechia.org/sites/default/files/files/PROSPECT_Nano-ZnO_Literature_Review.pdf.

Vandebriel, R., and W. De Jong. 2012. ‘A Review of Mammalian Toxicity of ZnO Nanoparticles’. Nanotechnology, Science and Applications, 61. doi:10.2147/NSA.S23932.



						reproductive toxicity		possibly or probably toxic for reproductive system		3		Jo et al. (2013) showed the negative effect of the ZnO in rats. The latter were exposed to 500 mg/kg bw nano ZnO and showed reduced number of born and living pups, decreased body weight of pups and increased fetal resorption. 
Nano-sized ZnO caused reproductive effects in earthworms in artificial soil (Cañas et al., 2011). According to Zhao et al. (2013) the nano-ZnO shows a dose-dependent toxicity to zebrafish embryos and larvae, reducing the hatching rate and inducing malformation.				Cañas, J.E., B. Qi, S. Li, J.D. Maul, S.B. Cox, S. Das, and M.J. Green. 2011. ‘Acute and Reproductive Toxicity of Nano-Sized Metal Oxides (ZnO and TiO2) to Earthworms (Eisenia Fetida)’. Journal of Environmental Monitoring 13 (12): 3351. doi:10.1039/c1em10497g.

Jo, E., G. Seo, J.-T. Kwon, M. Lee, B.C. Lee, and I. Eom. 2013. ‘Exposure to Zinc Oxide Nanoparticles Affects Reproductive  Development and Biodistribution in Offspring Rats’. The Journal of Toxicological Sciences 38 (4): 525–30.

Zhao, X.S., S.T. Wang, Y. Wu, H. You, and L. Lv. 2013. ‘Acute ZnO Nanoparticles Exposure Induces Developmental Toxicity, Oxidative Stress and DNA Damage in Embryo-Larval Zebrafish’. AQUATIC TOXICOLOGY 136: 49–59. doi:10.1016/j.aquatox.2013.03.019.




						penalty points		no		0		no comment

				comments 

		> The main path was chosen to be the inhalation. 
> The Sachverständigenrat für Umweltfragen (2011) notes a small human toxicity and a middle environmental toxicity.


> Sachverständigenrat für Umweltfragen. 2011. Vorsorgestrategien Für Nanomaterialien - Sondergutachten. Berlin: Erich Schmidt Verlag. http://www.umweltrat.de/SharedDocs/Downloads/DE/02_Sondergutachten/2011_09_SG_Vorsorgestrategien%20f%C3%BCr%20Nanomaterialien.pdf?__blob=publicationFile.





								input		CATEGORY		COMMENT				REFERENCES

				ENVIRONMENTAL HAZARD		TOTAL		10		8		The range of the categories is 1-4. The final value for the environmental hazard is calculated by summing up all categories and penalty points. Therefore, the maximum value (without penalty points)  is 10. 

						persistence/bioaccumulation
		yes		4		ZnO nanoparticles show high persistence in soils (Gimbert et al., 2007): In the experiment, they were stable in the soil suspension for 14 days and did not go into solution and did not sorb. In water (at least tap water) ZnO nanoparticles agglomerate rapidly. It is not proven yet that the same happens in natural water bodies. (Sachverständigenrat für Umweltfragen. 2011; Stone et Hankin, 2009; Zhang et al., 2008).				Gimbert, L.J., R.E. Hamon, P.S. Casey, and P.J. Worsfold. 2007. ‘Partitioning and Stability of Engineered ZnO Nanoparticles in Soil Suspensions Using Flow Field-Flow Fractionation’. Environmental Chemistry 4: 8–10.

Sachverständigenrat für Umweltfragen. 2011. Vorsorgestrategien Für Nanomaterialien - Sondergutachten. Berlin: Erich Schmidt Verlag. http://www.umweltrat.de/SharedDocs/Downloads/DE/02_Sondergutachten/2011_09_SG_Vorsorgestrategien%20f%C3%BCr%20Nanomaterialien.pdf?__blob=publicationFile.

Stone, V., and S. Hankin. 2009. ‘Engineered Nanoparticles: Review of Health and Environmental Safety’. ENRHES.

Zhang, Y., Y. Chen, P. Westerhoff, K. Hristovski, and J.C. Crittenden. 2008. ‘Stability of Commercial Metal Oxide Nanoparticles in Water’. Water Research 42 (8-9): 2204–12. doi:10.1016/j.watres.2007.11.036.




						aquatic toxicity 
(LC50 for fish [ppm]=[mg/l])		<10		4		The bulk material was classified as "very toxic to aquatic life with long lasting effects" by the European Commission (2012).
The 96h-LC50 for zebrafish is 3.5-9.1 mg/l in Wehmas et al. (2015), 1.793 mg/l in Zhu et al. (2008) and 4.92 mg/l in Daowen et al. (2011). The LC50 value for daphnia is 3.2 mg/l according to Heinlaan et al. (2008). and 1.02 mg/l in Lopes et al. (2014) mentioned in The Danish Environmental Protection Agency (2015). This high toxicity probably emerges because Zn ions are released. 				Daowen, X., F. Tao, Y. Linpeng, S. Xiaofeng, and Z. Wentao. 2011. ‘Effects of Nano-Scale TiO2, ZnO and Their Bulk Counterparts on Zebrafish: Acute Toxicity, Oxidative Stress and Oxidative Damage.’ Science of The Total Environment 409 (8): 1444–52.

European Commission. 2012. Types and Uses of Nanomaterials, Including Safety Aspects. Accompanying the Communication from the Commission to the European Parliament, the Council and the European Economic and Social Committee on the Second Regulatory Review on Nanomaterials. Brussels: Publications Office.

Heinlaan, Margit, Angela Ivask, Irina Blinova, Henri-Charles Dubourguier, and Anne Kahru. 2008. ‘Toxicity of Nanosized and Bulk ZnO, CuO and TiO2 to Bacteria Vibrio Fischeri and Crustaceans Daphnia Magna and Thamnocephalus Platyurus’. Chemosphere 71 (7): 1308–16. doi:10.1016/j.chemosphere.2007.11.047.

Lopes, S., F. Ribeiro, J. Wojnarowicz, W. Łojkowski, K. Jurkschat, A. Crossley, A.M.V.M. Soares, and S. Loureiro. 2014. ‘Zinc Oxide Nanoparticles Toxicity to “Daphnia Magna”: Size-Dependent Effects and Dissolution: Effect of ZnO Nanoparticles on “Daphnia Magna”’. Environmental Toxicology and Chemistry 33 (1): 190–98. doi:10.1002/etc.2413.

The Danish Environmental Protection Agency. 2015. ‘Environmental Effects of Engineered Nanomaterials - Estimation of Predicted No-Effect Concentrations (PNECs)’. Copenhagen. http://www2.mst.dk/Udgiv/publications/2015/09/978-87-93352-70-4.pdf.

Wehmas, Leah C., Catherine Anders, Jordan Chess, Alex Punnoose, Cliff B. Pereira, Juliet A. Greenwood, and Robert L. Tanguay. 2015. ‘Comparative Metal Oxide Nanoparticle Toxicity Using Embryonic Zebrafish’. Toxicology Reports 2: 702–15. doi:10.1016/j.toxrep.2015.03.015.

Zhu, Xiaoshan, Lin Zhu, Zhenghua Duan, Ruiqi Qi, Yan Li, and Yupeng Lang. 2008. ‘Comparative Toxicity of Several Metal Oxide Nanoparticle Aqueous Suspensions to Zebrafish ( Danio Rerio ) Early Developmental Stage’. Journal of Environmental Science and Health, Part A 43 (3): 278–84. doi:10.1080/10934520701792779.








						penalty points		no		0		no comment

				comments		> Nano ZnO suspensions show significant growth inhibition in bacteria. 
> The Sachverständigenrat für Umweltfragen (2011) notes a small human toxicity and a middle environmental toxicity.

> Jones, N., B. Ray, K.T. Ranjit, and A.C. Manna. 2008. ‘Antibacterial activity of ZnO nanoparticle suspensions on a broad spectrum of microorganisms’. FEMS Microbiology Letters 279 (1): 71–76. doi:10.1111/j.1574-6968.2007.01012.x.
> Sachverständigenrat für Umweltfragen. 2011. Vorsorgestrategien Für Nanomaterialien - Sondergutachten. Berlin: Erich Schmidt Verlag. http://www.umweltrat.de/SharedDocs/Downloads/DE/02_Sondergutachten/2011_09_SG_Vorsorgestrategien%20f%C3%BCr%20Nanomaterialien.pdf?__blob=publicationFile.
> Zhang, L., Y. Jiang, Y. Ding, M. Povey, and D. York. 2007. ‘Investigation into the antibacterial behaviour of suspensions of ZnO nanoparticles (ZnO Nanofluids)’. Journal of Nanoparticle Research 9 (3): 479–89. doi:10.1007/s11051-006-9150-1.





				EXPOSURE
(probability that this exposure materializes)





										production site related
(raw material producing and further processing companies)				 final product related

				NAICS		INDUSTRY				workers exposure		gradual and accidental environmental exposure		consumer exposure 		gradual environmental exposure		products

				11		Agriculture,  Forestry, Fishing and Hunting				0		0		0		0

				21		Mining, Quarrying, and Oil and Gas Extraction				0		0		x		x

				22		Utilities				0		0		0		0

				236		Construction of Buildings				0		0		0		0

				311		Food Manufacturing				1		1		2		1		6 dietary supplements, plastic wrap for food

				312		Beverage and Tobacco Product Manufacturing				0		0		0		0

				313/314/315		Textiles & Apparels				1		1		2		1		socks, shoe insole

				316		Leather and Allied Product Manufacturing				0		0		0		0

				321		Wood Product Manufacturing				0		0		0		0

				322		Paper Manufacturing				0		0		0		0

				323		Printing and Related Support Activities				0		0		0		0

				324		Petroleum and Coal Products Manufacturing				0		0		0		0

				325/3251		Chemical Manufacturing (inlcuding Base Chemical Manufacturing)				2		2		x		x		1,7 raw material manufacturing

				3252		Resin, Synthetic Rubber, and Artificial Synthetic Fibers and Filaments Manufacturing				2		2		x		x		1 resin production

				3253		Pesticide, Fertilizer, and Other Agricultural Chemical Manufacturing				0		0		0		0

				3254		Pharmaceutical and Medicine Manufacturing				1		1		3		2		cancer drugs (Abraxane, Taxol, Myocet)

				3255		Paint, Coating, and Adhesive Manufacturing				2		1		2		2		paints, varnishes, dispersions for wood/plastic/textiles, coating solutions

				3256		Soap, Cleaning Compound, and Toilet Preparation Manufacturing				3		2		3		3		sunscreen, moisturizing creams for face/feet/hands, deo spray, exfoliaters, foot deodorant powder and spray, makeup

				32591		Printing Ink Manufacturing				0		0		0		0

				326		Plastics and Rubber Products Manufacturing				3		2		1		3		plastic wrap, filters, tires 

				327		Nonmetallic Mineral Product Manufacturing				0		0		0		0

				331		Primary Metal Manufacturing				0		0		x		x

				332		Fabricated Metal Product Manufacturing				0		0		0		0

				333		Machinery Manufacturing				0		0		0		0

				334		Computer and Electronic Product Manufacturing				0		0		0		0		5 -

				335		Electrical Equipment, Appliance, and Component Manufacturing				0		0		0		0		5 -

				336		Transportation Equipment Manufacturing				0		0		0		0

				337		Furniture and Related Product Manufacturing				0		0		0		0

				339		Miscellaneous Manufacturing				0		0		0		0

				3391		Medical Equipment and Supplies Manufacturing				0		0		0		0

				622		Hospitals				0		0		3		2		3 cancer drugs

				562		Administrative and Support and Waste Management and Remediation Services				2		2		x		x		1,2,8 waste management, recycling processes

				comments		> The categories were first set individually by every member of the working group and then discussed in a group meeting. 
> The probability of claims was not included in this assessment.
> Products in research but not on the market yet were not included here.
>1 As there are no end products but intermediate products only in chemical manufacturing, resin production and the waste management these fields cannot be filled (x). 
>2 The waste management part is neglected in all rows except the last one (waste water treatment plants, landfills, incineration). 
>3 In hospitals the production part is related to the employees that do not get in contact with the equipment or the drugs. Therefore, the exposure there is negligible. The product part is related to the patient. 
>4 It is assumed that the largest share of nano ZnO is used in the tire industy. However, in contrast to carbon black, ZnO in the tire industry is not only used as a filler but also as a promoter of vulcanisation.
>5 No specific products were found in electronics. However, products are mentioned in the literature (see introduction).
>6 In contrast to silver, the human body needs zinc. Therefore, the consumer exposure for humans and ZnO nanoparticles is lower than the one for silver nanoparticles.
>7 The production of nano ZnO is based on wet chemistry. This is assessed to be less harmfull than the production of a powder.
>8 For all of the assessed NPs, both workers and environmental exposure were rated as 2, because further information is necessary to assess the risk in more specific manner. Specific local regulation and protection measures might influence the final risk exposure evaluation heavily. 




				RISK 
(hazard and exposure multiplied; maximum number is 100)







				Zinc oxide						production site related
(raw material producing and further processing companies)				 final product related

				NAICS		INDUSTRY				workers risk		gradual and accidental environmental risk		consumer risk		gradual environmental risk

				11		Agriculture,  Forestry, Fishing and Hunting				0		0		0		0

				21		Mining, Quarrying, and Oil and Gas Extraction				0		0		x		x

				22		Utilities				0		0		0		0

				236		Construction of Buildings				0		0		0		0

				311		Food Manufacturing				19		27		37		27

				312		Beverage and Tobacco Product Manufacturing				0		0		0		0

				313/314/315		Textiles & Apparels				19		27		37		27

				316		Leather and Allied Product Manufacturing				0		0		0		0

				321		Wood Product Manufacturing				0		0		0		0

				322		Paper Manufacturing				0		0		0		0

				323		Printing and Related Support Activities				0		0		0		0

				324		Petroleum and Coal Products Manufacturing				0		0		0		0

				325/3251		Chemical Manufacturing (inlcuding Base Chemical Manufacturing)				37		53		x		x

				3252		Resin, Synthetic Rubber, and Artificial Synthetic Fibers and Filaments Manufacturing				37		53		x		x

				3253		Pesticide, Fertilizer, and Other Agricultural Chemical Manufacturing				0		0		0		0

				3254		Pharmaceutical and Medicine Manufacturing				19		27		56		53

				3255		Paint, Coating, and Adhesive ManufacturingT				37		27		37		53

				3256		Soap, Cleaning Compound, and Toilet Preparation Manufacturing				56		53		56		80

				32591		Printing Ink Manufacturing				0		0		0		0

				326		Plastics and Rubber Products Manufacturing				56		53		19		80

				327		Nonmetallic Mineral Product Manufacturing				0		0		0		0

				331		Primary Metal Manufacturing				0		0		x		x

				332		Fabricated Metal Product Manufacturing				0		0		0		0

				333		Machinery Manufacturing				0		0		0		0

				334		Computer and Electronic Product Manufacturing				0		0		0		0

				335		Electrical Equipment, Appliance, and Component Manufacturing				0		0		0		0

				336		Transportation Equipment Manufacturing				0		0		0		0

				337		Furniture and Related Product Manufacturing				0		0		0		0

				339		Miscellaneous Manufacturing				0		0		0		0

				3391		Medical Equipment and Supplies Manufacturing				0		0		0		0

				622		Hospitals				0		0		56		53

				562		Administrative and Support and Waste Management and Remediation Services				37		53		x		x

















































































































































































































































































































































































































































































































































































































6) SiO2

				Amorphous silica (silicon dioxide) NPs				NO GUARANTEE CAN BE GIVEN FOR COMPLETENESS OR CORRECTNESS OF THE DATA SHOWN IN THIS ASSESSMENT TOOL. THIS DOCUMENT IS THE INTELLECTUAL PROPERTY OF THE "SCHWEIZERISCHER VERSICHERUNGSVERBAND" (SVV).  ANY COPYING IS FORBIDDEN.



				GENERAL INFORMATION



				Silicon (Si) is the second most abundant chemical element in the earth crust after oxigen. It is present as a metal complex in the form of silicate minerals. The oxide of silicon is called silicon dioxide or silica (SiO2) (ECETOC, 2006). Silica can be split up in three groups: There is natural crystalline silica, natural amorphous silica and synthetic amorphous silica (Fruijtier-Pölloth, 2012; Sewan et al., 2014). In crystalline silica, the silicon and oxygen atoms are arranged in a fixed geometric pattern, while in amorphous silica no spatial ordering of the atoms is present (Merget et al., 2001). However, as engineered SiO2 nanoparticles are amorphous this assessment focuses on synthetic amorphous silica only. In the following, it is called "nanosilica".
Silica exists naturally but can also be produced artificially: The flame synthesis or pyrolysis is a dry process with high temperatures and is used in the industry for mass production of these nanoparticles. Smaller production volumes are generated by wet processes (precipitated silica and silica gels) (Al-Rawi et al., 2011; Sewan et al., 2014, Napierska et al., 2010; Merget at al., 2001). The final product is a powder for both methods. However, the intermediate product from the wet process has to be dried first. Silica nanoparticles are usually tailor-made to meet the requirements of the user (ECETOC, 2006). 

Following products containing nanosilica were found  (Sachverständigenrat für Umweltfragen, 2011; Al-Rawi et al., 2011):
electronics: precision polishing agent in the semiconductor industry, memory stick
plastics: additive used to control the elasticity or as a filler, tires
cement: at least in research (Sobolov et al., 2009)
paints and sealants: pigment, dye, varnish, glue, anti-graffiti paint
coating: impregnation spray for textiles and furniture, coating (for garden application or construction for antidirt purposes), sealant,
desiccant
fire extinguisher (Wikipedia, 2016)
cleaning and anti-fog products: for example SiO2 nanotech (2016) with VitreOx
sporting goods: skis, rackets (for longer life)
cosmetics: creams (nanosilica as filler or gelling agent), toothpaste 
pharmaceuticals: medical tests for cancer, for bioimaging and drug-delivery (at least in research according to Lu et al., 2007; Huang et al., 2005; Gemeinhart et al., 2008), dental restoration composite
food: colloidal solution as food additives, food packaging, PET bottles (Dekkers et al., 2011), anti-caking agent (E551)

A known base product is "Aerosil" (Evonik Industries, 2016).


> Al-Rawi, M., S. Diabaté, and C. Weiss. 2011. ‘Uptake and Intracellular Localization of Submicron and Nano-Sized SiO2 Particles in HeLa Cells’. Archives of Toxicology 85 (7): 813–26. doi:10.1007/s00204-010-0642-5.
> Dekkers, S., P. Krystek, R.J.B. Peters, D.P.K. Lankveld, B.G.H. Bokkers, P.H. van Hoeven-Arentzen, H. Bouwmeester, and A.G. Oomen. 2011. ‘Presence and Risks of Nanosilica in Food Products’. Nanotoxicology 5 (3). http://www.tandfonline.com/doi/full/10.3109/17435390.2010.519836.
> ECETOC. 2006. ‘Synthetic Amorphous Silica (CAS No. 7631-86-9)’. JACC No. 51. http://members.ecetoc.org/Documents/Document/JACC%20051.pdf.
> Evonik Industries. 2016. ‘AEROSIL® Fumed Silica - More than Just a Powder’. http://www.aerosil.com/product/aerosil/en/products/pages/default.aspx.
> Fruijtier-Pölloth, C. 2012. ‘The Toxicological Mode of Action and the Sagety of Synthetic Amorphous Silca - A Nanostructured Material’. Toxicology 294: 61–79.
> Gemeinhart, R.A., D. Luo, and W.M. Saltzman. 2008. ‘Cellular Fate of a Modular DNA Delivery System Mediated by Silica Nanoparticles’. Biotechnology Progress 21 (2): 532–37. doi:10.1021/bp049648w.
> Huang, D.-M., Y. Hung, B.-S. Ko, S.-C. Hsu, W.-L. Chen, C.L. Chien, C.-P. Tsai, et al. 2005. ‘Highly Efficient Cellular Labeling of Mesoporous Nanoparticles in Human Mesenchymal Stem Cells: Implication for Stem Cell Tracking’. The FASEB Journal 19 (14): 2014–16.
> Lu, J., M. Liong, S. Sherman, T. Xia, M. Kovochich, A.E. Nel, J.I. Zink, and F. Tamanoi. 2007. ‘Mesoporous Silica Nanoparticles for Cancer Therapy: Energy-Dependent Cellular Uptake and Delivery of Paclitaxel to Cancer Cells’. NanoBiotechnology 3 (2): 89–95. doi:10.1007/s12030-008-9003-3.
> Merget, R., T. Bauer, H.U. Küpper, S. Philippou, H.D. Bauer, R. Breitstadt, and T. Bruenig. 2001. ‘Health Hazards due to the Inhalation of Amorphous Silica’. Archives of Toxicology - Springer 75: 625–34.
> Napierska, D., L.C.J. Thomassen, D. Lison, J.A. Martens, and P.H. Hoet. 2010. ‘The Nanosilica Hazard: Another Variable Entity’. Particle and Fibre Toxicology 7 (1): 1.
> Sachverständigenrat für Umweltfragen. 2011. Vorsorgestrategien Für Nanomaterialien - Sondergutachten. Berlin: Erich Schmidt Verlag. http://www.umweltrat.de/SharedDocs/Downloads/DE/02_Sondergutachten/2011_09_SG_Vorsorgestrategien%20f%C3%BCr%20Nanomaterialien.pdf?__blob=publicationFile.
> Sewan, O. H., K. I. M. Boowook, and K. I. M. Hyunwook. 2014. ‘Comparison of Nanoparticle Exposures Between Fumed and Sol-Gel Nano-Silica Manufacturing Facilities’. Industrial Health 52 (3): 190.
> SiO2 nanotech. 2016. “VitreOx.” http://sio2nanotech.com/.
> Sobolev, K., I. Flores, L. M. Torres-Martinez, P. L. Valdez, E. Zarazua, and E. L. Cuellar. 2009. ‘Engineering of SiO2 Nanoparticles for Optimal Performance in Nano Cement-Based Materials’. In Nanotechnology in Construction 3, 139–48. Springer. http://link.springer.com/10.1007/978-3-642-00980-8_18.>
> Wikipedia. 2016. ‘Pyrogenes Siliciumdioxid’. https://de.wikipedia.org/wiki/Pyrogenes_Siliciumdioxid.









						input		CATEGORY		COMMENT				REFERENCES

				GLOBAL PRODUCTION VOLUME (t/y)		>1'000'000		5		Nanosilica seems to be one of the most abundantly produced nanomaterials in the world:  Sewan et al. (2014) visited two factories in Korea: One of them is producing 9000 tons nano-SiO2/y. In Switzerland, more than 10t are used annually (Piccinno et al., 2012). This research group made a survey that results in a global production volume of about 10'000-100'000 t/y worldwide. However, it is mentioned that obviously nobody knows much about the exact production volume. Merget et al. (2011) estimated the worldwide production of amorphous silica in 1995 to be about one million tons. According to ECETOC (2006) it was about 1'100'000 t in 1992 worldwide with an increasing trend.				ECETOC. 2006. ‘Synthetic Amorphous Silica (CAS No. 7631-86-9)’. JACC No. 51. http://members.ecetoc.org/Documents/Document/JACC%20051.pdf.

Merget, R., T. Bauer, H.U. Küpper, S. Philippou, H.D. Bauer, R. Breitstadt, and T. Bruenig. 2001. ‘Health Hazards due to the Inhalation of Amorphous Silica’. Archives of Toxicology - Springer 75: 625–34.

Piccinno, F., F. Gottschalk, S. Seeger, and B. Nowack. 2012. ‘Industrial Production Quantities and Uses of Ten Engineered Nanomaterials in Europe and the World’. Journal of Nanoparticle Research 14 (9). doi:10.1007/s11051-012-1109-9.

Sewan, O. H., K. I. M. Boowook, and K. I. M. Hyunwook. 2014. ‘Comparison of Nanoparticle Exposures Between Fumed and Sol-Gel Nano-Silica Manufacturing Facilities’. Industrial Health 52 (3): 190.





				SPREAD 
(number of products)		101-1000		2		149 products were identified, mostly cosmetics and food supplements, taking into account all sources. Overall, 73 end products categories produced by 64 companies were found that are shown in the application split chart on the right side: 43 products were found in the Nanotechproject database of Woodrow Wilson (Nanotechproject, 2016). 45 products were found in the Nanodatabase (Nanodatabase, 2016), 46 in the German database (Nanoproduktdatenbank, 2016) and 15 in the database of Nanotechnology in our Food (2016).				Nanodatabase. 2016. ‘Search Results for Silica NPs’. http://nanodb.dk/en/search-database/?keyword=silicium#pageno=&keyword=silicium&fn.lp_m=2934&fn.d_cd_f=&fn.d_cd_t=.

Nanoproduktdatenbank. 2016. ‘Search Results for SiO2’. Accessed January 29. http://www.bund.net/nc/themen_und_projekte/nanotechnologie/nanoproduktdatenbank/produktsuche/.

Nanotechnlogy in our Food, 2016. http://salsa3.salsalabs.com/o/1881/p/salsa/web/common/public/content?content_item_KEY=14112%20

Nanotechproject. 2016. ‘Search Results for SiO2’. http://www.nanotechproject.org/cpi/search-products/?title=&asmSelect0=&date_created=&date_modified=&nanomaterials%5B%5D=1147&search-products_submit=Search&_submitKey=16%3Asearch-products%3A0.





				HAZARDS



								input		CATEGORY		COMMENT				REFERENCES

				HUMAN HAZARD		TOTAL		18		5		The range of the categories is 1-4. The final value for the human hazard is calculated by summing up all categories and penalty points. Therefore, the maximum value (without penalty points)  is 18. 

						toxicity (MAK)
INHALATION		>1-10		3		Clearly, the main exposure route of nanosilica is the inhalation. There is concern in the literature about pneumoconiosis, chronic bronchitis, COPD, bronchiolitis obliterans and carcinoma. Napierska et al. (2010) as well as ECETOC (2006) collected and summarised in-vivo and in-vitro studies about the toxicity of nanosilica. The LC50 values range from 90-3'730 mg/m3 what corresponds to categories 1-3 in this assessment. However, the authors in ECETOC (2006) emphasize in their summary that the size of the particles used in the experiments is much smaller than the size of particles in commercial products. Therefore, the existing inhalation tests do not represent the toxicological behaviour of the products on the market. Taking into account this concern and the large range of LC50 values in the literature, the MAK/PEL values were considered for the assessment:

The MAK and the PEL respectively is 4 mg/m3 in Germany and 10 mg/m3 in the United States and in France (Merget et al. , 2001; Sachverständigenrat für Umweltfragen, 2011; ECETOC, 2006). This corresponds to category 3 in this assessment.

				ECETOC. 2006. ‘Synthetic Amorphous Silica (CAS No. 7631-86-9)’. JACC No. 51. http://members.ecetoc.org/Documents/Document/JACC%20051.pdf.

Merget, R., T. Bauer, H.U. Küpper, S. Philippou, H.D. Bauer, R. Breitstadt, and T. Bruenig. 2001. ‘Health Hazards due to the Inhalation of Amorphous Silica’. Archives of Toxicology - Springer 75: 625–34.

Napierska, D., L.C.J. Thomassen, D. Lison, J.A. Martens, and P.H. Hoet. 2010. ‘The Nanosilica Hazard: Another Variable Entity’. Particle and Fibre Toxicology 7 (1): 1.

Sachverständigenrat für Umweltfragen. 2011. Vorsorgestrategien Für Nanomaterialien - Sondergutachten. Berlin: Erich Schmidt Verlag. http://www.umweltrat.de/SharedDocs/Downloads/DE/02_Sondergutachten/2011_09_SG_Vorsorgestrategien%20f%C3%BCr%20Nanomaterialien.pdf?__blob=publicationFile.





						carcinogenicity		not classifiable (GROUP 3)		2		According to the IARC (2012) there is sufficient evidence in humans that crystalline SiO2 like quartz (not only the nanoform) leads to lung cancer after inhalation. Therefore, it is classified in group 1 (carcinogenic). 
On the other hand, amorphous silica is classified in group 3 and thus "not classifiable" regarding to its human carcinogenicity. However, there are some papers that indicate carcinogenicity in amorphous silica:
The carcinogenicity of crystalline as well as amorphous silica in rats mentioned in Roller (2010). Pott & Roller (2003) described the toxicity and the relation to fibrosis with amorphous and ultrafine silica, but they did not detect a clear relation to cancer. The same applies to the study of Johnston et al. (2000). 				IARC. 2012. ‘Silica Dust, Crystalline, in the Form of Quartz or Cristobalite’. http://www.ncbi.nlm.nih.gov/books/NBK304370/.

Johnston, C.J., K.E. Driscoll, J.N. Finkelstein, R. Baggs, M.A. O’Reilly, J. Carter, R. Gelein, and G. Oberdoerster. 2000. ‘Pulmonary Chemokine and Mutagenic Responses in Rats after Subchronic Inhalation of Amorphous and Crystalline Silica’. Toxicological Sciences 56: 405–13.

Pott, F., and M. Roller. 2003. ‘Untersuchungen zur Kanzerogenität granulärer Stäube an Ratten –   Ergebnisse und Interpretationen’. https://www.hfwu.de/fileadmin/user_upload/Arbeitssicherheit/Wissenswertes/Tonerstaub/Untersuchung_Kanzerogenitaet_granulaerer_Staeube.pdf.

Roller, M. 2010. Krebserzeugende Wirkung von Nanomaterialien Am Arbeitsplatz. Hans-Böckler-Stiftung. http://www.boeckler.de/pdf/p_arbp_221.pdf.



						mutagenicity		probably not mutagenic to humans 		0		Fruijtier-Pölloth (2012) concluded in their summary of studies dealing with mutagenicity caused by nanosilica that there is no evidence that the latter induces mutations in in vitro or in vivo. However, genotoxicity in vitro was observed, for example in Demir et al. (2013) that made cell experiments with various sizes of silica nanoparticles.				Demir, E., F. Turna, D. Burgucu, Z. Kılıç, E. Burunkaya, Ö. Kesmez, Z. Yeşil, M. Akarsu, and B. Kaya. 2013. ‘Genotoxicity of Different Nano-Sizes and Ions of Silica Nanoparticles’. Fresenius Environmental Bulletin 22 (10): 2901–9.

Fruijtier-Pölloth, C. 2012. ‘The Toxicological Mode of Action and the Sagety of Synthetic Amorphous Silca - A Nanostructured Material’. Toxicology 294: 61–79.



						reproductive toxicity		probably not toxic for reproductive system		0		There are two studies that both conclude that silica nanoparticles do not induce reproductive or developmental toxicity (Fruijtier-Pölloth, 2012): The FDA made experiments in 1973 (EPA, 2011) with oral administration of nanosilica in rabbits, hamsters, mice and rats (1600, 1600, 1340 and 1350 mg/kg bw respectively). Xue et al. (2006) studied the reproductive toxicity in mice by administration of an injection. The particles were excreted with the urine. 				EPA. 2011. ‘Screening-Level Hazard Characterization of Silane, Dichlorodimethyl-, Reaction Product with Silica’. https://pharosproject.net/uploads/files/cml/1350009409.pdf.

Fruijtier-Pölloth, C. 2012. ‘The Toxicological Mode of Action and the Sagety of Synthetic Amorphous Silca - A Nanostructured Material’. Toxicology 294: 61–79.

Xue, Z.-G., S.-H. Zhu, Q. Pan, D.-S. Liang, Y.-M. Li, X.-H. Liu, K. Xia, and J.-H. Xia. n.d. ‘Biotoxicology and Biodynamics of Silica Nanoparticles’. Medical Sciences 31: 6–8.


						penalty points		no		0		There are fears that nanosilica leads to lung damage. However, with exception of one study there is no evidence of intersititial pulmonary fibrosis. In the studies with a recovery time the pulmonary effects diminished with time. Therefore, no penalty points are given here for lung inflamation or even fibrosis.				ECETOC. 2006. ‘Synthetic Amorphous Silica (CAS No. 7631-86-9)’. JACC No. 51. http://members.ecetoc.org/Documents/Document/JACC%20051.pdf.


				comments 

		> The Sachverständigenrat für Umweltfragen (2011) reports that there is no relevant acute hazard for humans. This goes in line with the result of this assessment: The sum for the human hazard from nanosilica is low compared to the other substances.

> Sachverständigenrat für Umweltfragen. 2011. Vorsorgestrategien Für Nanomaterialien - Sondergutachten. Berlin: Erich Schmidt Verlag. http://www.umweltrat.de/SharedDocs/Downloads/DE/02_Sondergutachten/2011_09_SG_Vorsorgestrategien%20f%C3%BCr%20Nanomaterialien.pdf?__blob=publicationFile.





								input		CATEGORY		COMMENT				REFERENCES

				ENVIRONMENTAL HAZARD		TOTAL		10		1		The range of the categories is 1-4. The final value for the environmental hazard is calculated by summing up all categories and penalty points. Therefore, the maximum value (without penalty points)  is 10. 

						persistence/bioaccumulation
		no		0		Nanosilica is an inert substance (ECETOC, 2006). There is no bioaccumulation and in water particles may aggregate and sediment. However, this aggregation is influenced by pH, salinity, water hardness and the presence of organic matter. Biodegradation is not happening in water. (Fruijtier-Pölloth, 2012)				ECETOC. 2006. ‘Synthetic Amorphous Silica (CAS No. 7631-86-9)’. JACC No. 51. http://members.ecetoc.org/Documents/Document/JACC%20051.pdf.

Fruijtier-Pölloth, C. 2012. ‘The Toxicological Mode of Action and the Sagety of Synthetic Amorphous Silca - A Nanostructured Material’. Toxicology 294: 61–79.

						aquatic toxicity 
(LC50 for fish [ppm]=[mg/l])		>1000		1		In ECETOC (2006) a study from Degussa (1992, unpublished reports) is cited: There, the LC50 values for fish are >10'000 mg/l for hydrophilic silica. Another study showed 70% mortality with a suspension of 10 mg/l in daphnia magna. (Baun et al. (2008) citing Adams et al. (2006)). However, the citation is wrong as Adams et al. (2006) only researched bacteria and not daphnia.				Adams, L.K., D.Y. Lyon, and P.J.J. Alvarez. 2006. ‘Comparative Eco-Toxicity of Nanoscale TiO2, SiO2, and ZnO Water Suspensions’. Water Research 40 (19): 3527–32. doi:10.1016/j.watres.2006.08.004.

Baun, A., N. B. Hartmann, K. Grieger, and K. O. Kusk. 2008. ‘Ecotoxicity of Engineered Nanoparticles to Aquatic Invertebrates: A Brief Review and Recommendations for Future Toxicity Testing’. Ecotoxicology 17 (5): 387–95. doi:10.1007/s10646-008-0208-y.

ECETOC. 2006. ‘Synthetic Amorphous Silica (CAS No. 7631-86-9)’. JACC No. 51. http://members.ecetoc.org/Documents/Document/JACC%20051.pdf.





						penalty points		no		0		no comment

				comments		Silica in general has a low water solubility, that means 1.9-2.5 mmol/l = 114-151 mg/l. It is naturally present in rivers as dissolved silica from the weathering of rocks. The average dissolved silica concentration in rivers worldwide is 9mg SiO2/l (ECETOC, 2006).

> ECETOC. 2006. ‘Synthetic Amorphous Silica (CAS No. 7631-86-9)’. JACC No. 51. http://members.ecetoc.org/Documents/Document/JACC%20051.pdf.




				EXPOSURE
(probability that this exposure materializes)





										production site related
(raw material producing and further processing companies)				 final product related

				NAICS		INDUSTRY				workers exposure		gradual and accidental environmental exposure		consumer exposure 		gradual environmental exposure		products

				11		Agriculture,  Forestry, Fishing and Hunting				2		1		2		3		insecticide

				21		Mining, Quarrying, and Oil and Gas Extraction				0		0		x		x

				22		Utilities				0		0		0		0

				236		Construction of Buildings				3		1		1		2		3 Portland cement concrete, insulation (Aspen Aerogel) (Wikipedia, 2016), surface treatments/coatings

				311		Food Manufacturing				1		1		3		2		5 food supplement, food additive (E551), food packaging

				312		Beverage and Tobacco Product Manufacturing				1		1		2		1		beer and wine production (protein adsorption)

				313/314/315		Textiles & Apparels				2		1		2		2		silica defoamers, coatings

				316		Leather and Allied Product Manufacturing				2		1		2		2		coating and impregnation

				321		Wood Product Manufacturing				0		0		0		0

				322		Paper Manufacturing				2		1		1		1		silica defoamer

				323		Printing and Related Support Activities				2		1		1		1		coating for inject-paper

				324		Petroleum and Coal Products Manufacturing				0		0		0		0

				325/3251		Chemical Manufacturing (inlcuding Base Chemical Manufacturing)				3		2		x		x		1 production of synthetic silica, use of silica defoamers

				3252		Resin, Synthetic Rubber, and Artificial Synthetic Fibers and Filaments Manufacturing				3		2		x		x		1 plastic additive, bottles  and packaging production

				3253		Pesticide, Fertilizer, and Other Agricultural Chemical Manufacturing				2		1		2		3		insecticide

				3254		Pharmaceutical and Medicine Manufacturing				0		0		0		0		(research only)

				3255		Paint, Coating, and Adhesive Manufacturing				2		1		2		2		paint, varnish, glue, coating, use of defoamers, shoe impregnation, sealant

				3256		Soap, Cleaning Compound, and Toilet Preparation Manufacturing				2		1		3		3		cleaning products, skin conditioners and creams and washing products, toothpaste, make up (eye shadow, eye liner, mascara , lipgloss), body scrub, shampoo, hair colour

				32591		Printing Ink Manufacturing				0		0		0		0

				326		Plastics and Rubber Products Manufacturing				3		2		1		3		tires, shoe soles

				327		Nonmetallic Mineral Product Manufacturing				1		1		1		1		spy glass

				331		Primary Metal Manufacturing				0		0		x		x

				332		Fabricated Metal Product Manufacturing				0		0		0		0

				333		Machinery Manufacturing				0		0		0		0

				334		Computer and Electronic Product Manufacturing				1		1		1		1		memory stick

				335		Electrical Equipment, Appliance, and Component Manufacturing				1		1		1		1		precision polish, foils for battery separators

				336		Transportation Equipment Manufacturing				0		0		0		0

				337		Furniture and Related Product Manufacturing				0		0		0		0

				339		Miscellaneous Manufacturing				2		1		2		2		4 fire extinguisher, anti-fog products, sporting goods (skis, badminton and squash racket)

				3391		Medical Equipment and Supplies Manufacturing				1		1		3		1		dental restoration composite

				622		Hospitals				0		0		0		0

				562		Administrative and Support and Waste Management and Remediation Services				2		2		x		x		1,2,6 waste management, recycling processes

				comments		> The categories were first set individually by every member of the working group and then discussed in a group meeting. 
> The probability of claims was not included in this assessment.
> Products in research but not on the market yet were not included here.
>1 As there are no end products but intermediate products only in chemical manufacturing, resin production and the waste management these fields cannot be filled (x). 
>2 The waste management part is neglected in all rows except the last one (waste water treatment plants, landfills, incineration). 
>3 The construction material, for example insulation plates, can be cut by workers.
>4 This category is very heterogenous. It is assumed that fire extinguishers are rarely used. 
>5 It is assumed that the SiO2 from these filters do not end up in the beer or wine (European Patent Office, 1982).
>6 For all of the assessed NPs, both workers and environmental exposure were rated as 2, because further information is necessary to assess the risk in more specific manner. Specific local regulation and protection measures might influence the final risk exposure evaluation heavily. 

> European Patent Office. 1982. ‘Kieselsäure Für Die Filtration von Getränken, Insbesondere von Bier Sowie Verfahren Zur Herstellung’. https://patentimages.storage.googleapis.com/pdfs/e7972d73f711efe181d4/EP0064620B1.pdf.
> Wikipedia. 2016. ‘Pyrogenes Siliciumdioxid’. https://de.wikipedia.org/wiki/Pyrogenes_Siliciumdioxid.



				RISK 
(hazard and exposure multiplied; maximum number is 100)







										production site related
(raw material producing and further processing companies)				 final product related

				NAICS		INDUSTRY				workers risk		gradual and accidental environmental risk		consumer risk		gradual environmental risk

				11		Agriculture,  Forestry, Fishing and Hunting				19		3		19		10

				21		Mining, Quarrying, and Oil and Gas Extraction				0		0		x		x

				22		Utilities				0		0		0		0

				236		Construction of Buildings				28		3		9		7

				311		Food Manufacturing				9		3		28		7

				312		Beverage and Tobacco Product Manufacturing				9		3		19		3

				313/314/315		Textiles & Apparels				19		3		19		7

				316		Leather and Allied Product Manufacturing				19		3		19		7

				321		Wood Product Manufacturing				0		0		0		0

				322		Paper Manufacturing				19		3		9		3

				323		Printing and Related Support Activities				19		3		9		3

				324		Petroleum and Coal Products Manufacturing				0		0		0		0

				325/3251		Chemical Manufacturing (inlcuding Base Chemical Manufacturing)				28		7		x		x

				3252		Resin, Synthetic Rubber, and Artificial Synthetic Fibers and Filaments Manufacturing				28		7		x		x

				3253		Pesticide, Fertilizer, and Other Agricultural Chemical Manufacturing				19		3		19		10

				3254		Pharmaceutical and Medicine Manufacturing				0		0		0		0

				3255		Paint, Coating, and Adhesive ManufacturingT				19		3		19		7

				3256		Soap, Cleaning Compound, and Toilet Preparation Manufacturing				19		3		28		10

				32591		Printing Ink Manufacturing				0		0		0		0

				326		Plastics and Rubber Products Manufacturing				28		7		9		10

				327		Nonmetallic Mineral Product Manufacturing				9		3		9		3

				331		Primary Metal Manufacturing				0		0		x		x

				332		Fabricated Metal Product Manufacturing				0		0		0		0

				333		Machinery Manufacturing				0		0		0		0

				334		Computer and Electronic Product Manufacturing				9		3		9		3

				335		Electrical Equipment, Appliance, and Component Manufacturing				9		3		9		3

				336		Transportation Equipment Manufacturing				0		0		0		0

				337		Furniture and Related Product Manufacturing				0		0		0		0

				339		Miscellaneous Manufacturing				19		3		19		7

				3391		Medical Equipment and Supplies Manufacturing				9		3		28		3

				622		Hospitals				0		0		0		0

				562		Administrative and Support and Waste Management and Remediation Services				19		7		x		x

















































































































































































































































































































































































































































































































































































































evaluation hazard





						human 
[points]		environment 
[points]		human [%]		environment [%]		sum [%]		production volume

				silver NPs		9		6		50.0		60.0		110.0		2

				CNTs		11		4		61.1		40.0		101.1		1

				titanium dioxide NPs		9		7		50.0		70.0		120.0		3

				carbon black		11		3		61.1		30.0		91.1		5

				zinc oxide NPs		10		8		55.6		80.0		135.6		3

				amorphous silica NPs		5		1		27.8		10.0		37.8		5



				maximum hazard:

				human		18

				environment		10





















































human and environmental hazard of the 6 nanoparticles assessed

human [%	]	silver NPs	CNTs	titanium dioxide NPs	carbon black	zinc oxide NPs	amorphous silica NPs	50	61.111111111111114	50	61.111111111111114	55.555555555555557	27.777777777777779	environment [%	]	silver NPs	CNTs	titanium dioxide NPs	carbon black	zinc oxide NPs	amorphous silica NPs	60	40	70	30	80	10	

share from maximally possible value [%]





human and environmental hazard of the 6 nanoparticles 

assessed together with the estimated production volume

silver NPs	60	50	2	titanium dioxide NPs	70	50	3	carbon black	30	61.111111111111114	5	CNTs	40	61.111111111111114	1	zinc oxide NPs	80	55.555555555555557	3	amorphous silica NPs	10	27.777777777777779	5	environmental hazard [%]



human hazard [%]







evaluation exposure





										silver 
nanoparticles								CNTs								titanium dioxide 
nanoparticles								carbon black								zinc oxide 
nanoparticles								amorphous silica 
nanoparticles

				NAICS		INDUSTRY				1		2		3		4		1		2		3		4		1		2		3		4		1		2		3		4		1		2		3		4		1		2		3		4		MEAN		RANKING		MEAN WE		RANKING		MEAN EE		RANKING		MEAN CE		RANKING		MEAN EE		RANKING

				11		Agriculture,  Forestry, Fishing and Hunting				0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		2		1		2		3		0.33				0.33				0.17				0.33				0.50						highest exposure (mean)

				21		Mining, Quarrying, and Oil and Gas Extraction				0		0						0		0						2		1						0		0						0		0						0		0						0.25				0.33				0.17				0.00				0.00						Ranking		NAICS		Industry

				22		Utilities				0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0.00				0.00				0.00				0.00				0.00						1		325/3251		Chemical manufacturing 

				236		Construction of Buildings				0		0		0		0		2		1		1		1		1		1		1		1		2		1		1		2		0		0		0		0		3		1		1		2		0.92				1.33				0.67				0.67				1.00						2		562		Waste management  services

				311		Food Manufacturing				1		1		3		1		0		1		1		1		2		1		3		2		1		1		2		1		1		1		2		1		1		1		3		2		1.42				1.00				1.00		5		2.33		1		1.33		5				2		3256		Soap, cleaning compound and toilet 
preparation manufacturing

				312		Beverage and Tobacco Product Manufacturing				1		1		3		2		0		1		1		1		0		0		0		0		0		0		0		0		0		0		0		0		1		1		2		1		0.63				0.33				0.50				1.00				0.67						3		3252		Resin manufacturing

				313/314/315		Textiles & Apparels				2		3		2		3		2		1		1		1		0		0		0		0		2		1		2		2		1		1		2		1		2		1		2		2		1.42				1.50		5		1.17		4		1.50		2		1.50		4				4		326		Plastics and rubber products manufacturing

				316		Leather and Allied Product Manufacturing				2		3		2		1		0		0		0		0		0		0		0		0		2		1		2		1		0		0		0		0		2		1		2		2		0.88				1.00				0.83				1.00		4		0.67						5		3255		Paint, coating and adhesive manufacturing

				321		Wood Product Manufacturing				0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0.00				0.00				0.00				0.00				0.00

				322		Paper Manufacturing				2		2		3		1		0		0		0		0		0		0		0		0		1		1		1		1		0		0		0		0		2		1		1		1		0.71				0.83				0.67				0.83		5		0.50						workers exposure (1)														environmental exposure (2)

				323		Printing and Related Support Activities				0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		2		1		1		1		0.21				0.33				0.17				0.17				0.17						Ranking		NAICS		Industry										Ranking		NAICS		Industry

				324		Petroleum and Coal Products Manufacturing				0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0.00				0.00				0.00				0.00				0.00						1		325/3251		Chemical manufacturing 										1		325/3251		Chemical manufacturing 

				325/3251		Chemical Manufacturing (inlcuding Base Chemical Manufacturing)				3		3						3		2						3		2						3		2						2		2						3		2						2.50		1		2.83		1		2.17		1		0.00				0.00						2		326		Plastics and rubber products manufacturing										2		562		Waste management  services

				3252		Resin, Synthetic Rubber, and Artificial Synthetic Fibers and Filaments Manufacturing				2		2						3		2						0		0						3		2						2		2						3		2						1.92		3		2.17		3		1.67				0.00				0.00						3		3255		Paint, coating and adhesive manufacturing										3		326		Plastics and rubber products manufacturing

				3253		Pesticide, Fertilizer, and Other Agricultural Chemical Manufacturing				2		2		2		3		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		2		1		2		3		0.71				0.67				0.50				0.67				1.00						3		3252		Resin manufacturing										3		3256		Soap, cleaning compound and toilet 
preparation manufacturing

				3254		Pharmaceutical and Medicine Manufacturing				1		1		3		2		0		0		0		0		1		1		3		2		0		0		0		0		1		1		3		2		0		0		0		0		0.88				0.50				0.50				1.50		2		1.00						4		562		Waste management  services										3		3255		Paint, coating and adhesive manufacturing

				3255		Paint, Coating, and Adhesive Manufacturing				2		2		2		2		3		2		1		1		2		1		1		2		2		2		1		1		2		1		2		2		2		1		2		2		1.71		5		2.17		3		1.50		3		1.50		2		1.67		3				4		3256		Soap, cleaning compound and toilet 
preparation manufacturing										4		313/314/315		Textiles & apparels

				3256		Soap, Cleaning Compound, and Toilet Preparation Manufacturing				2		2		3		3		0		0		0		0		3		2		3		3		2		2		2		1		3		2		3		3		2		1		3		3		2.00		2		2.00		4		1.50		3		2.33		1		2.17		1				5		339		Miscellaneous manufacturing										5		311		Food manufacturing

				32591		Printing Ink Manufacturing				0		0		0		0		2		1		1		1		0		0		0		0		3		2		3		2		0		0		0		0		0		0		0		0		0.63				0.83				0.50				0.67				0.50						5		313/314/315		Textiles & apparels

				326		Plastics and Rubber Products Manufacturing				2		1		3		1		2		1		1		1		2		1		1		1		3		2		1		3		3		2		1		3		3		2		1		3		1.83		4		2.50		2		1.50		3		1.33		3		2.00		2

				327		Nonmetallic Mineral Product Manufacturing				0		0		0		0		2		1		2		1		0		0		0		0		1		1		1		1		0		0		0		0		1		1		1		1		0.58				0.67				0.50				0.67				0.50						consumer exposure (3)														environmental exposure (4)

				331		Primary Metal Manufacturing				0		0						2		1						0		0						0		0						0		0						0		0						0.25				0.33				0.17				0.00				0.00						Ranking		NAICS		Industry										Ranking		NAICS		Industry

				332		Fabricated Metal Product Manufacturing				0		0		0		0		2		1		1		1		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0.21				0.33				0.17				0.17				0.17						1		3256		Soap, cleaning compound and toilet 
preparation manufacturing										1		562		Waste management  services

				333		Machinery Manufacturing				2		1		1		1		2		1		0		1		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0.38				0.67				0.33				0.17				0.33						1		311		Food manufacturing										2		326		Plastics and rubber products manufacturing

				334		Computer and Electronic Product Manufacturing				2		1		2		1		1		1		0		1		0		0		0		0		0		0		0		0		0		0		0		0		1		1		1		1		0.54				0.67				0.50				0.50				0.50						2		313/314/315		Textiles & apparels										3		3255		Paint, coating and adhesive manufacturing

				335		Electrical Equipment, Appliance, and Component Manufacturing				2		1		2		2		1		1		0		1		2		1		1		1		1		1		1		1		0		0		0		0		1		1		1		1		0.96				1.17				0.83				0.83				1.00						2		3254		Pharmaceutical manufacturing										4		313/314/315		Textiles & apparels

				336		Transportation Equipment Manufacturing				0		0		0		0		2		1		1		1		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0.21				0.33				0.17				0.17				0.17						2		3255		Paint, coating and adhesive manufacturing										5		311		Food manufacturing

				337		Furniture and Related Product Manufacturing				2		1		2		1		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0.25				0.33				0.17				0.33				0.17						2		3391		Medical equipment manufacturing

				339		Miscellaneous Manufacturing				2		1		2		1		2		1		1		1		2		1		1		1		1		0		0		0		0		0		0		0		2		1		2		2		1.00				1.50		5		0.67				1.00		4		0.83						3		326		Plastics and rubber products manufacturing

				3391		Medical Equipment and Supplies Manufacturing				1		1		3		1		1		1		2		1		1		1		1		1		0		0		0		0		0		0		0		0		1		1		3		1		0.88				0.67				0.67				1.50		2		0.67						3		622		Hospitals

				622		Hospitals				1		1		3		1		1		1		2		1		0		0		0		0		0		0		0		0		0		0		3		2		0		0		0		0		0.67				0.33				0.33				1.33		3		0.67						4		316		Leather product manufacturing

				562		Administrative and Support and Waste Management and Remediation Services				2		2						2		2						2		2						2		2						2		2						2		2						2.00		2		2.00		4		2.00		2		0.00				0.00						4		339		Miscellaneous manufacturing

																																																																																5		322		Paper manufacturing



										average exposure:

										1		2		3		4

										1.391		1.016		1.205		1.054

































































































































































































































































































































































































































































































evaluation risks



										silver 
nanoparticles								CNTs								titanium dioxide 
nanoparticles								carbon black								zinc oxide 
nanoparticles								amorphous silica 
nanoparticles																																		PRODUCTION (average risk)						PRODUCT (average risk)

				NAICS		INDUSTRY				1		2		3		4		1		2		3		4		1		2		3		4		1		2		3		4		1		2		3		4		1		2		3		4																												workers risk		environmental risk				consumers risk														environmental risk																								silver NPs

				11		Agriculture,  Forestry, Fishing and Hunting				0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		19		3		19		10																										silver NPs		30.0		32.0		silver NPs		40.2														31.8																								PRODUCTION				PRODUCT 

				21		Mining, Quarrying, and Oil and Gas Extraction				0		0		x		x		0		0		x		x		33		23		x		x		0		0		x		x		0		0		x		x		0		0		x		x																										CNTs		39.6		16.0		CNTs		25.1														13.3																								workers risk				consumers risk

				22		Utilities				0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0																										titanium dioxide NPs		31.9		29.2		titanium dioxide NPs		27.8														36.3																								50%		Chemical manufacturing (325)
		50%		Food manufacturing (311)

				236		Construction of Buildings				0		0		0		0		41		13		20		13		17		23		17		23		41		10		20		20		0		0		0		0		28		3		9		7																										carbon black		39.4		15.0		carbon black		31.5														14.5																														Beverage product manufacturing (312)

				311		Food Manufacturing				17		20		50		20		0		13		20		13		33		23		50		47		20		10		41		10		19		27		37		27		9		3		28		7																										zinc oxide NPs		35.0		41.5		zinc oxide NPs		42.3														53.3																														Paper manufacturing (322)

				312		Beverage and Tobacco Product Manufacturing				17		20		50		40		0		13		20		13		0		0		0		0		0		0		0		0		0		0		0		0		9		3		19		3																										amorphous silica NPs		17.6		4.0		amorphous silica NPs		16.3														6.1																														Pharmaceutical manufacturing (3254)

				313/314/315		Textiles & Apparels				33		60		33		60		41		13		20		13		0		0		0		0		41		10		41		20		19		27		37		27		19		3		19		7																																																																														Soap, cleaning compound and toilet 
preparation manufacturing (3256)

				316		Leather and Allied Product Manufacturing				33		60		33		20		0		0		0		0		0		0		0		0		41		10		41		10		0		0		0		0		19		3		19		7																																																																														Plastics and rubber 
product manufacturing (326)

				321		Wood Product Manufacturing				0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0																																																																														Medical equipment (3391)

				322		Paper Manufacturing				33		40		50		20		0		0		0		0		0		0		0		0		20		10		20		10		0		0		0		0		19		3		9		3																																																																														Hospitals (622)

				323		Printing and Related Support Activities				0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		19		3		9		3																																																																								environmental risk				environmental risk

				324		Petroleum and Coal Products Manufacturing				0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0																																																																								60%		Textiles & apparels (313/314/315)		60%		Textiles & apparels (313/314/315)

				325/3251		Chemical Manufacturing (inlcuding Base Chemical Manufacturing)				50		60		x		x		61		27		x		x		50		47		x		x		61		20		x		x		37		53		x		x		28		7		x		x																																																																										Leather product manufacturing (316)				Pesticide & fertilizer (3253)

				3252		Resin, Synthetic Rubber, and Artificial Synthetic Fibers and Filaments Manufacturing				33		40		x		x		61		27		x		x		0		0		x		x		61		20		x		x		37		53		x		x		28		7		x		x																																																																										Chemical manufacturing (325)				Soap, cleaning compound and toilet 
preparation manufacturing (3256)

				3253		Pesticide, Fertilizer, and Other Agricultural Chemical Manufacturing				33		40		33		60		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		19		3		19		10

				3254		Pharmaceutical and Medicine Manufacturing				17		20		50		40		0		0		0		0		17		23		50		47		0		0		0		0		19		27		56		53		0		0		0		0																																																																								CNTs

				3255		Paint, Coating, and Adhesive Manufacturing				33		40		33		40		61		27		20		13		33		23		17		47		41		20		20		10		37		27		37		53		19		3		19		7																																																																								PRODUCTION				PRODUCT 

				3256		Soap, Cleaning Compound, and Toilet Preparation Manufacturing				33		40		50		60		0		0		0		0		50		47		50		70		41		20		41		10		56		53		56		80		19		3		28		10																																																																								workers risk				consumers risk

				32591		Printing Ink Manufacturing				0		0		0		0		41		13		20		13		0		0		0		0		61		20		61		20		0		0		0		0		0		0		0		0																																																																								61%		Chemical manufacturing (325)		41%		Nonmetallic mineral product 
manufacturing (327)

				326		Plastics and Rubber Products Manufacturing				33		20		50		20		41		13		20		13		33		23		17		23		61		20		20		30		56		53		19		80		28		7		9		10																																																																										Resin manufacturing (3252)				Medical equipment  
manufacturing (3391)

				327		Nonmetallic Mineral Product Manufacturing				0		0		0		0		41		13		41		13		0		0		0		0		20		10		20		10		0		0		0		0		9		3		9		3																																																																										Paint, coating and adhesive 
manufacturing (3255)				Hospitals (622)

				331		Primary Metal Manufacturing				0		0		x		x		41		13		x		x		0		0		x		x		0		0		x		x		0		0		x		x		0		0		x		x																																																																								environmental risk				environmental risk

				332		Fabricated Metal Product Manufacturing				0		0		0		0		41		13		20		13		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0																																																																								27%		Chemical manufacturing (325)				no industry more than 25%

				333		Machinery Manufacturing				33		20		17		20		41		13		0		13		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0																																																																										Resin manufacturing (3252)

				334		Computer and Electronic Product Manufacturing				33		20		33		20		20		13		0		13		0		0		0		0		0		0		0		0		0		0		0		0		9		3		9		3																																																																										Paint, coating and adhesive 
manufacturing (3255)

				335		Electrical Equipment, Appliance, and Component Manufacturing				33		20		33		40		20		13		0		13		33		23		17		23		20		10		20		10		0		0		0		0		9		3		9		3																																																																										Waste management services (562)

				336		Transportation Equipment Manufacturing				0		0		0		0		41		13		20		13		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0

				337		Furniture and Related Product Manufacturing				33		20		33		20		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0																																																																								titanium dioxide NPs

				339		Miscellaneous Manufacturing				33		20		33		20		41		13		20		13		33		23		17		23		20		0		0		0		0		0		0		0		19		3		19		7																																																																								PRODUCTION				PRODUCT 

				3391		Medical Equipment and Supplies Manufacturing				17		20		50		20		20		13		41		13		17		23		17		23		0		0		0		0		0		0		0		0		9		3		28		3																																																																								workers risk				consumers risk

				622		Hospitals				17		20		50		20		20		13		41		13		0		0		0		0		0		0		0		0		0		0		56		53		0		0		0		0																																																																								50%		Chemical manufacturing (325)		50%		Food manufacturing (311)

				562		Administrative and Support and Waste Management and Remediation Services				33		40		x		x		41		27		x		x		33		47		x		x		41		20		x		x		37		53		x		x		19		7		x		x																																																																										Soap, cleaning compound and toilet 
preparation manufacturing (3256)				Soap, cleaning compound and toilet 
preparation manufacturing (3256)

								Anzahl betroffener Industrien		20		20		17		17		18		20		13		16		12		12		9		9		15		14		11		11		9		9		7		7		20		20		17		17																																																																														Pharmaceutical manufacturing (3254)

								Summe der Punktzahl		600		640		683		540		713		320		326		213		383		350		250		327		591		210		346		160		315		373		296		373		352		80		278		103																																																																								environmental risk				environmental risk

								Mittelwert der Punktzahl		30.0		32.0		40.2		31.8		39.6		16.0		25.1		13.3		31.9		29.2		27.8		36.3		39.4		15.0		31.5		14.5		35.0		41.5		42.3		53.3		17.6		4.0		16.3		6.1																																																																								47%		Chemical manufacturing (325)		70%		Soap, cleaning compound and toilet 
preparation manufacturing (3256)

																																																																																																																																		Soap, cleaning compound and toilet 
preparation manufacturing (3256)		47%		Food manufacturing (311)

																																																																																																																																		Waste management services (562)				Pharmaceutical manufacturing (3254)

																																																																																																																																						Paint, coating and adhesive 
manufacturing (3255)



																																																																																																																																carbon black

																																																																																																																																PRODUCTION				PRODUCT 

																																																																																																																																workers risk				consumers risk

																																																																																																																																61%		Chemical manufacturing (325)		61%		Printing ink manufacturing (32591)

																																																																																																																																		Resin manufacturing (3252)		41%		Food manufacturing (311)

																																																																																																																																		Printing ink manufacturing (32591)				Textiles & apparels (313/314/315)

																																																																																																																																		Plastics and rubber 
product manufacturing (326)				Leather product manufacturing (316)

																																																																																																																																						Soap, cleaning compound and toilet 
preparation manufacturing (3256)

																																																																																																																																environmental risk				environmental risk

																																																																																																																																		no industry more than 25%		30%		Plastics and rubber 
product manufacturing (326)





																																																																																																																																zinc oxide NPs

																																																																																																																																PRODUCTION				PRODUCT 

																																																																																																																																workers risk				consumers risk

																																																																																																																																56%		Soap, cleaning compound and toilet 
preparation manufacturing (3256)		56%		Pharmaceutical manufacturing (3254)

																																																																																																																																		Plastics and rubber 
product manufacturing (326)				Soap, cleaning compound and toilet 
preparation manufacturing (3256)

																																																																																																																																						Hospitals (622)

																																																																																																																																environmental risk				environmental risk

																																																																																																																																53%		Chemical manufacturing (325)		80%		Soap, cleaning compound and toilet 
preparation manufacturing (3256)

																																																																																																																																		Resin manufacturing (3252)				Plastics and rubber 
product manufacturing (326)


																																																																																																																																		Soap, cleaning compound and toilet 
preparation manufacturing (3256)

																																																																																																																																		Plastics and rubber 
product manufacturing (326)

																																																																																																																																		Waste management services (562)



																																																																																																																																amorphous silica NPs

																																																																																																																																PRODUCTION				PRODUCT 

																																																																																																																																workers risk				consumers risk

																																																																																																																																28%		Construction of buildings (236)		28%		Food manufacturing (311)

																																																																																																																																		Chemical manufacturing (325)				Soap, cleaning compound and toilet 
preparation manufacturing (3256)

																																																																																																																																		Resin manufacturing (3252)				Medical equipment (3391)

																																																																																																																																		Plastics and rubber 
product manufacturing (326)

																																																																																																																																environmental risk				environmental risk

																																																																																																																																		no industry more than 25%				no industry more than 25%



																																																																																																																																general

																																																																																																																																PRODUCTION				PRODUCT 

																																																																																																																																workers risk				consumers risk

																																																																																																																																1.		Chemical manufacturing (325)		1.		Food manufacturing (311)

																																																																																																																																2.		Plastics and rubber 
product manufacturing (326)		2.		Soap, cleaning compound and toilet 
preparation manufacturing (3256)

																																																																																																																																3.		Paint, coating and adhesive 
manufacturing (3255)		3.		Pharmaceutical manufacturing (3254)

																																																																																																																																environmental risk				environmental risk

																																																																																																																																1.		Chemical manufacturing (325)		1.		Soap, cleaning compound and toilet 
preparation manufacturing (3256)

																																																																																																																																2.		Waste management services (562)		2.		Plastics and rubber 
product manufacturing (326)

																																																																																																																																3.		Soap, cleaning compound and toilet 
preparation manufacturing (3256)		3.		Paint, coating and adhesive 
manufacturing (3255)
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								NO GUARANTEE CAN BE GIVEN FOR COMPLETENESS OR CORRECTNESS OF THE DATA SHOWN IN THIS ASSESSMENT TOOL. THIS DOCUMENT IS THE INTELLECTUAL PROPERTY OF THE "SCHEIZERISCHER VERSICHERUNGSVERBAND" (SVV).  ANY COPYING IS FORBIDDEN.



				GENERAL INFORMATION



				blablabla





						input		CATEGORY		COMMENT				REFERENCES

				GLOBAL PRODUCTION VOLUME (t/y)		-		Please insert a value

				SPREAD 
(number of products)		-		Please insert a value



				HAZARDS



								input		CATEGORY		COMMENT				REFERENCES

				HUMAN HAZARD		TOTAL		18		2		The range of the categories is 1-4. The final value for the human hazard is calculated by summing up all categories and penalty points. Therefore, the maximum value (without penalty points)  is 18. 

						toxicity (LD50 [ppm] or LED [ppm])		>200-2000		2

						carcinogenicity		-		Please insert a value

						mutagenicity		-		Please insert a value

						reproductive toxicity		-		Please insert a value

						penalty points		-		Please insert a value

				comments 
(bodily injury; information about the path: inhalation, ingestion, dermal)






								input		CATEGORY		COMMENT				REFERENCES

				ENVIRONMENTAL HAZARD		TOTAL		10		0		The range of the categories is 1-4. The final value for the environmental hazard is calculated by summing up all categories and penalty points. Therefore, the maximum value (without penalty points)  is 10. 

						persistence/bioaccumulation
		-		Please insert a value

						aquatic toxicity 
(LC50 for fish [ppm]=[mg/l])		-		Please insert a value

						penalty points		-		Please insert a value

				comments



				EXPOSURE
(probability that this exposure materializes)





										production site related
(raw material producing and further processing companies)				 final product related

				NAICS		INDUSTRY				workers exposure		gradual and accidental environmental exposure		consumer exposure 		gradual environmental exposure		products

				11		Agriculture,  Forestry, Fishing and Hunting

				21		Mining, Quarrying, and Oil and Gas Extraction								x		x

				22		Utilities

				236		Construction of Buildings

				311		Food Manufacturing

				312		Beverage and Tobacco Product Manufacturing

				313/314/315		Textiles & Apparels

				316		Leather and Allied Product Manufacturing

				321		Wood Product Manufacturing

				322		Paper Manufacturing

				323		Printing and Related Support Activities

				324		Petroleum and Coal Products Manufacturing

				325/3251		Chemical Manufacturing (inlcuding Base Chemical Manufacturing)								x		x

				3252		Resin, Synthetic Rubber, and Artificial Synthetic Fibers and Filaments Manufacturing								x		x

				3253		Pesticide, Fertilizer, and Other Agricultural Chemical Manufacturing

				3254		Pharmaceutical and Medicine Manufacturing

				3255		Paint, Coating, and Adhesive Manufacturing

				3256		Soap, Cleaning Compound, and Toilet Preparation Manufacturing

				32591		Printing Ink Manufacturing

				326		Plastics and Rubber Products Manufacturing

				327		Nonmetallic Mineral Product Manufacturing

				331		Primary Metal Manufacturing								x		x

				332		Fabricated Metal Product Manufacturing

				333		Machinery Manufacturing

				334		Computer and Electronic Product Manufacturing

				335		Electrical Equipment, Appliance, and Component Manufacturing

				336		Transportation Equipment Manufacturing

				337		Furniture and Related Product Manufacturing

				339		Miscellaneous Manufacturing

				3391		Medical Equipment and Supplies Manufacturing

				622		Hospitals

				562		Administrative and Support and Waste Management and Remediation Services								x		x

				comments		The categories were first set individually by every member of the working group and then discussed in a group meeting. As there are no end products but intermediate products only in chemical manufacturing, resin production and the waste management these fields cannot be filled (x). The waste management part is neglected in all rows except the last one (waste water treatment plants, landfills, incineration). 



				RISK 
(hazard and exposure multiplied; maximum number is 100)







										production site related
(raw material producing and further processing companies)				 final product related

				NAICS		INDUSTRY				workers exposure		gradual and accidental environmental exposure		consumer exposure 		gradual environmental exposure

				11		Agriculture,  Forestry, Fishing and Hunting				0		0		0		0

				21		Mining, Quarrying, and Oil and Gas Extraction				0		0		x		x

				22		Utilities				0		0		0		0

				236		Construction of Buildings				0		0		0		0

				311		Food Manufacturing				0		0		0		0

				312		Beverage and Tobacco Product Manufacturing				0		0		0		0

				313/314/315		Textiles & Apparels				0		0		0		0

				316		Leather and Allied Product Manufacturing				0		0		0		0

				321		Wood Product Manufacturing				0		0		0		0

				322		Paper Manufacturing				0		0		0		0

				323		Printing and Related Support Activities				0		0		0		0

				324		Petroleum and Coal Products Manufacturing				0		0		0		0

				325/3251		Chemical Manufacturing (inlcuding Base Chemical Manufacturing)				0		0		x		x

				3252		Resin, Synthetic Rubber, and Artificial Synthetic Fibers and Filaments Manufacturing				0		0		x		x

				3253		Pesticide, Fertilizer, and Other Agricultural Chemical Manufacturing				0		0		0		0

				3254		Pharmaceutical and Medicine Manufacturing				0		0		0		0

				3255		Paint, Coating, and Adhesive ManufacturingT				0		0		0		0

				3256		Soap, Cleaning Compound, and Toilet Preparation Manufacturing				0		0		0		0

				32591		Printing Ink Manufacturing				0		0		0		0

				326		Plastics and Rubber Products Manufacturing				0		0		0		0

				327		Nonmetallic Mineral Product Manufacturing				0		0		0		0

				331		Primary Metal Manufacturing				0		0		x		x

				332		Fabricated Metal Product Manufacturing				0		0		0		0

				333		Machinery Manufacturing				0		0		0		0

				334		Computer and Electronic Product Manufacturing				0		0		0		0

				335		Electrical Equipment, Appliance, and Component Manufacturing				0		0		0		0

				336		Transportation Equipment Manufacturing				0		0		0		0

				337		Furniture and Related Product Manufacturing				0		0		0		0

				339		Miscellaneous Manufacturing				0		0		0		0

				3391		Medical Equipment and Supplies Manufacturing				0		0		0		0

				622		Hospitals				0		0		0		0

				562		Administrative and Support and Waste Management and Remediation Services				0		0		x		x
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Industries with highest risk potentials overall  
NanoTool: Outcome 

23 

1. Chemical manufacturing (325) 1. Food manufacturing (311)
2. Plast ics and rubber 

product  manufacturing (326)
2. Soap, cleaning compound and toilet  

preparat ion manufacturing (3256)
3. Paint , coat ing and adhesive 

manufacturing (3255)
3. Pharmaceut ical manufacturing (3254)

1. Chemical manufacturing (325) 1. Soap, cleaning compound and toilet  
preparat ion manufacturing (3256)

2. Waste management  services (562) 2. Plast ics and rubber 
product  manufacturing (326)

3. Soap, cleaning compound and toilet  
preparat ion manufacturing (3256)

3. Paint , coat ing and adhesive 
manufacturing (3255)

w orkers risk consumers risk

environmental risk environmental risk

PRODUCTION PRODUCT 

general


Definition categories

		general information



				global production volume per year in tons

				Hazard category		Value

				-		Please insert a value

				100 - 1'000		1

				1'000 - 10'000		2

				10'000 - 100'000		3

				100'000 - 1'000'000		4

				>1'000'000		5



				spread

				number of products		Value

				-		Please insert a value

				<100		1

				101-1000		2

				>1000		3





		calculation of the human hazard



				human toxicity

				hazard category		oral LD50 for rats (ppm) 

				-		Please insert a value

				>2000		1

				>200-2000		2

				>25-200		3

				<=25		4

				hazard category 		MAK/PEL (ppm)

				-		Please insert a value

				>100		1

				>10-100		2

				>1-10		3

				<=1		4

				hazard category 		inhalation, LC50 value (mg/m3)

				-		Please insert a value

				>1000		1

				>100-1000		2

				>10-100		3

				<=10		4



				carcinogenicity

				hazard category		value (IARC)

				-		Please insert a value

				probably not carcinogenic 
to humans (GROUP 4) 		0

				not classifiable (GROUP 3)		2

				possibly or probably carcinogenic 
(GROUPS 2A and 2B)		3

				carcinogenic to humans 
(GROUP 1)		4



				mutagenicity

				hazard category		value (IARC)

				-		Please insert a value

				probably not mutagenic to humans 		0

				not classifiable		2

				possibly or probably mutagenic		3

				mutagenic to humans		4



				reproductive toxicity

				hazard category		value (IARC)

				-		Please insert a value

				probably not toxic for reproductive system		0

				not classifiable		2

				possibly or probably toxic for reproductive system		3

				toxic for reproductive system		4



				penalty points

				hazard category		points

				-		Please insert a value

				yes		2

				no		0





		calculation of the environmental hazard 



				aquatic toxicity

				hazard category		value, LC50 for fish (ppm)

				-		Please insert a value

				>1000		1

				>100-1000		2

				>10-100		3

				<10		4



				persistence/bioaccumulation		& aquatic toxicity

				hazard category		hazard category		points

				-

				no		-		0

				equivocal		1,2,3		0

						4		2

				yes		1,2		2

						3,4		4



				penalty points

				hazard category		points

				-		Please insert a value

				yes		2

				no		0





		calculation of the exposure



				workers exposure (production site)

				What is the probability that an employee is exposed to the nanoparticles during the production?

				hazard category		value

				-		Please insert a value

				no exposure / no application for this industry		0

				low		1

				medium		2

				high		3



				gradual and accidental environmental liability

				What is the probability that nanoparticles are gradually/accidentally released to the environment?

				hazard category		value

				-		Please insert a value

				no exposure / no application for this industry		0

				low		1

				medium		2

				high		3



				product liability 

				What is the probability that consumers are exposed to the nanoparticles by using the end product? 

				hazard category		value

				-		Please insert a value

				no exposure / no application for this industry		0

				low		1

				medium		2

				high		3



				gradual environmental liability 

				What is the probability that nanoparticles are released to the environment during the use of the end product?

				hazard category		value

				-		Please insert a value

				no exposure / no application for this industry		0

				low		1

				medium		2

				high		3



































































































































































































































































































































































































































































































































































































































































































































































































































1) Ag

				Silver NPs				NO GUARANTEE CAN BE GIVEN FOR COMPLETENESS OR CORRECTNESS OF THE DATA SHOWN IN THIS ASSESSMENT TOOL. THIS DOCUMENT IS THE INTELLECTUAL PROPERTY OF THE "SCHWEIZERISCHER VERSICHERUNGSVERBAND" (SVV).  ANY COPYING IS FORBIDDEN.



				GENERAL INFORMATION



				Silver in general is known to have antimicrobial effects (Sachverständigenrat für Umweltfragen, 2011). Therefore, it is often used where the presence of microbes is undesired, although these applications are controversial due to the development of microbial resistance (Friends of the Earth Australia, 2011). Silver is classified as "toxic" by the WHO and the EPA. It is not needed by humans as a micronutrient. Therefore, it is recommended not to take up silver supplements. Nanosilver can be produced by physical methods like milling, as well as with wet-chemistry methods (chemical reduction),  laser ablation, radiocatalysis, vacuum evaporation or electrocondensation. The wet-chemical production with reduction is probably the primary method as large quantities can be produced in a short time. However, production techniques seem to be patented and thus are secret. 

Nanosilver is used in the following industries (also see the table at the right from EPA (2012); Ziegler (2013)):
cosmetics & personal care: body lotions, toothpaste, deodorants, creams, brushes, soap, shampoo, hair products, masks, lip balm --> It is often promised that the products regenerate, clean, detox and rejuvenate the skin.
hygiene: cleaning products for homes, hospitals and other commercial settings
medicine: wound dressings, catheters
dietary supplements/alternative medicine: spray for nose/throat, drinks (--> colloidal silver is a liquid suspension of silver (that may or may not contain nanosilver) and has long been promoted as an over-the-counter health tonic)
textile & apparel: underwear, pillows, towels, socks, pullovers, shirts, gloves, sandals, matraces, curtains
food: food preparation equipment and surfaces, food storage containers, tableware, milk bottles, baby cups
appliances: washing machines, vacuum cleaners, refrigerators, curling irons, air filtration devices, humidifiers, brushes
industry: polymers, yarn, threads, powder
electronics: computer mice, keyboards, mobile phones, notebooks
other: chewing toys for babies, condoms, algaecide (pesticides), shoe inserts

Tests show that products can contain silver nanoparticles although they are not declared as such. On the other hand, products that should contain nanosilver often do not (Ziegler, 2013).

> EPA. 2012. ‘Nanomaterial Case Study: Nanoscale Silver in Disinfectant Spray’. http://ofmpub.epa.gov/eims/eimscomm.getfile?p_download_id=507239.
> Friends of the Earth Australia. 2011. ‘Nano-Silver: Policy Failure Puts Public Health at Risk’. http://www.foe.org/system/storage/877/e2/8/549/NanoSilverUS.pdf.
> Sachverständigenrat für Umweltfragen. 2011. Vorsorgestrategien Für Nanomaterialien - Sondergutachten. Berlin: Erich Schmidt Verlag. http://www.umweltrat.de/SharedDocs/Downloads/DE/02_Sondergutachten/2011_09_SG_Vorsorgestrategien%20f%C3%BCr%20Nanomaterialien.pdf?__blob=publicationFile.
> Ziegler, C. 2013. ‘Die Nano-Liste Der BG Bau’. http://nano.dguv.de/fileadmin/user_upload/documents/textfiles/BGBAU/DGUV_Forum_-_Nano-Liste.pdf.







						input		CATEGORY		COMMENT				REFERENCES

				GLOBAL PRODUCTION VOLUME (t/y)		1'000 - 10'000		2		There is various and contradictory information:
> 100'000-1'000'000 tpa silver in general (REACH, 2013)
> 1100 kg nanoparticles for biocidal application in Germany in 2007 (Sachverständigenrat für Umweltfragen, 2011)
> 320 tons in 2009 (Friends of the Earth Australia (2011) citing Gottschalk et al. (2010))
> 3000 kg/month alone in a factory in Korea (EPA, 2012)

It is expected that the second as well as the third number are underestimated. Therefore, the second category was chosen.				Friends of the Earth Australia. 2011. ‘Nano-Silver: Policy Failure Puts Public Health at Risk’. http://www.foe.org/system/storage/877/e2/8/549/NanoSilverUS.pdf.

Gottschalk, F., T. Sonderer, R.W. Scholz, and B. Nowack. 2010. ‘Possibilities and Limitations of Modeling Environmental Exposure to Engineered Nanomaterials by Probabilistic Material Flow Analysis’. Environmental Toxicology and Chemistry 29 (5): 1036–48.

EPA. 2012. ‘Nanomaterial Case Study: Nanoscale Silver in Disinfectant Spray’. http://ofmpub.epa.gov/eims/eimscomm.getfile?p_download_id=507239.

REACH. 2013. ‘Justification for the Selection of a Substance for CoRAP Inclusion - Silver’.

Sachverständigenrat für Umweltfragen. 2011. Vorsorgestrategien Für Nanomaterialien - Sondergutachten. Berlin: Erich Schmidt Verlag. http://www.umweltrat.de/SharedDocs/Downloads/DE/02_Sondergutachten/2011_09_SG_Vorsorgestrategien%20f%C3%BCr%20Nanomaterialien.pdf?__blob=publicationFile.



				SPREAD 
(number of products)		>1000		3		1303 products were identified (mostly cosmetics, appliances and filtration devices) taking into account all the sources. Some products are appearing several times, others could be classified in the same product category (13 product categories in total). Overall 410 end project categories produced by 341 companies worldwide were identified (see the Application split chart on the right side): 442 products are listed in the database of Woodrow Wilson (Nanotechproject, 2016), 296 in the Danish database (Nanodatabase, 2016), 58 in the German database (Nanoproduktdatenbank, 2016), 141 in the database of BEUC (ANEC/BEUC, 2013), 89 in the Food database (Nanotechnology in our Food, 2016) and 274 in the CTA-Petition database (CTA-Petition, 2016).
				ANEC/BEUC. 2013. ‘ANEC/ BEUC Inventory of Products Claiming to Contain Nano-Silver Particles Available on the EU Market’. http://www.beuc.eu/safety/nanotechnology.

The International Center for Technology Assessment. 2016. Petition Appendix A: Nano-silver products inventory.  Accessed Feburary 28, 2016. http://www.icta.org/files/2011/12/CTA-Petition-Appendix-A_nano-silver_product_inventory1.pdf

Nanodatabase. 2016. ‘Search Results for Nanosilver’. Accessed January 28, 2016. http://nanodb.dk/en/search-database/#pageno=&keyword=&fn.lp_m=2937&fn.d_cd_f=&fn.d_cd_t=.

Nanotechnology in our Food. 2016. 'Search results for Nanosilver". Accessed Feburary 28, 2016. http://salsa3.salsalabs.com/o/1881/p/salsa/web/common/public/content?content_item_KEY=14112%20

Nanotechproject. 2015. ‘Silver Database’. http://www.nanotechproject.org/process/assets/files/7039/silver_database_fauss_sept2_final.pdf. 

Nanoproduktdatenbank. 2016. ‘Search Results for Nanosilver’. http://www.bund.net/nc/themen_und_projekte/nanotechnologie/nanoproduktdatenbank/produktsuche/.

Nanotechproject. 2016. ‘Search Results for Nanosilver’. Accessed January 28. http://www.nanotechproject.org/cpi/search-products/?title=&asmSelect0=&date_created=&date_modified=&nanomaterials%5B%5D=1148&search-products_submit=Search&_submitKey=16%3Asearch-products%3A0.








				HAZARDS



								input		CATEGORY		COMMENT				REFERENCES

				HUMAN HAZARD		TOTAL		18		9		The range of the categories is 1-4. The final value for the human hazard is calculated by summing up all categories and penalty points. Therefore, the maximum value (without penalty points)  is 18. 

						toxicity (LD50 [ppm])
ORAL		>200-2000		2		The main uptake path for humans is via the skin or by ingestion (drinking/eating). Therefore, the oral LD50 was chosen to represent the specific toxicity of these nanoparticles:

The oral LD50 was 169/213/354/391.5 mg/kg in Elkhawass et al. (2015) (single dose administrations, observation for 14 days, 2 NPs sizes and two calculation methods).
The oral administration of 5000mg/kg (Maneewattanapinyo et al., 2011) produced neither mortality nor acute toxic signs throughout the observation period of 24h. 
Additionally, the oral LD50 in Amin et al. (2015) is 268 mg/kg  (oral administration for 28 days to mice). This value goes in line with Elkhawass et al. (2015).

The first and third source agree. Therefore, these values were implemented in this assessment. Additionally, in the second research paper the observation period was very short. The methods of all research papers differ. 				Amin Y.M., Hawas A.M., El-Batal A.I., Hassan H.M., and Elsayed M. E. 2015. ‘Evaluation of Acute and Subchronic Toxicity of Silver Nanoparticles in Normal and  Irradiated Animals’. British Journal of Pharmacology a Nd Toxicology. http://www.maxwellsci.com/print/bjpt/v6-22-38.pdf.

Elkhawass, E.A., M.E. Mohallal, and M.F. Soliman. 2014. ‘Acute Toxicity of Different Sizes of Silver Nanoparticles Intraperitonally Injected in BALB/C Mice Using Two Toxicological Methods’. International Journal of Pharmacy and Pharmaceutical Sciences 7 (2). http://innovareacademics.in/journals/index.php/ijpps/article/view/3776.

Maneewattanapinyo, P., W. Banlunara, Chuchaat Thammacharoen, S. Ekgasit, and T. Kaewamatawong. 2011. ‘An Evaluation of Acute Toxicity of Colloidal Silver Nanoparticles’. Journal of Veterinary Medical Science 73 (11): 1417–23.






						carcinogenicity		not classifiable (GROUP 3)		2		No scientific information was found. It is mentioned in Gressler et al. (2010)  that tumours can be promoted. However, no more information is given. On the other hand, nanosilver is used in cancer therapy by naturopaths (Welt im Wandel (2014) is a very unscientific source!).				Greßler, S., and R. Fries. 2010. Nanosilber in Kosmetika, Hygieneartikeln und Lebensmittelkontaktmaterialien Produkte, gesundheitliche und regulatorische Aspekte. Wien: Bundesmininsterium für Gesundheit, Sekt. II.

Welt im Wandel. 2014. ‘Borrelioseheilung Mit Kolloidalem Silber’. https://www.youtube.com/watch?v=RgmcMksRAVk.


						mutagenicity		not classifiable		2		There are several ways described in EPA (2012) how silver nanoparticles affect the DNA or the repair mechanisms of the latter. On the other hand, no mutagenicity was seen in Kim et al. (2010) in a cell experiment. More studies have to be done to make an assessment possible.				EPA. 2012. ‘Nanomaterial Case Study: Nanoscale Silver in Disinfectant Spray’. http://ofmpub.epa.gov/eims/eimscomm.getfile?p_download_id=507239.

Kim, Y-J., S.I. Yang, and J.-C. Ryu. 2010. ‘Cytotoxicity and Genotoxicity of Nano-Silver in Mammalian Cell Lines’. Molecular & Cellular Toxicology 6 (2): 119–25.



						reproductive toxicity		possibly or probably toxic for reproductive system		3		Abnormal fetal development in human correlates with silver concentration (not nano) in drinking water (Gressler et al., 2010). Zebrafish showed abnormal development in embryos when exposed to nanosilver (50% with 30 μg/ml) (Asharani et al., 2008).				Asharani, P.V., Y. Lian Wu, Z. Gong, and S. Valiyaveettil. 2008. ‘Toxicity of Silver Nanoparticles in Zebrafish Models’. Nanotechnology 19 (25): 255102. doi:10.1088/0957-4484/19/25/255102.

Greßler, S., and R. Fries. 2010. Nanosilber in Kosmetika, Hygieneartikeln und Lebensmittelkontaktmaterialien Produkte, gesundheitliche und regulatorische Aspekte. Wien: Bundesmininsterium für Gesundheit, Sekt. II.



						penalty points		no		0		no comment

				comments 


		> The main uptake path for humans is via the skin or by ingestion (drinking/eating). Therefore, the oral LD50 was chosen to represent the specific toxicity of these nanoparticles.





								input		CATEGORY		COMMENT				REFERENCES

				ENVIRONMENTAL HAZARD		TOTAL		10		6		The range of the categories is 1-4. The final value for the environmental hazard is calculated by summing up all categories and penalty points. Therefore, the maximum value (without penalty points)  is 10. 

						persistence/bioaccumulation
		no		0		Generally, naturally occuring silver is accumulated in the human body. Therefore, there are maximum concentrations for drinking water recommended by the EPA (Gressler et al., 2010). However, nanosilver does not have to accumulate in the environment. It can dissolve, diassemble, sorb to soil or sediment, undergo oxysulfidation, form complexes with organic matter or reform from ionic silver in the presence of humic and fulmic acids. Therefore, the persistence depends on the surface coating, the pH, the temperature and the presence of organic matter (EPA, 2012).				EPA. 2012. ‘Nanomaterial Case Study: Nanoscale Silver in Disinfectant Spray’. http://ofmpub.epa.gov/eims/eimscomm.getfile?p_download_id=507239.

Greßler, S., and R. Fries. 2010. Nanosilber in Kosmetika, Hygieneartikeln und Lebensmittelkontaktmaterialien Produkte, gesundheitliche und regulatorische Aspekte. Wien: Bundesmininsterium für Gesundheit, Sekt. II.





						aquatic toxicity 
(LC50 for fish [ppm]=[mg/l])		<10		4		LC50 values (48h) for fish of 7mg/l and 84 μg/l  were found in two different studies by Griffitt  et al. (2008) and Bilberg et al. (2012) mentioned in the paper of the European Commission (2014) and the Danish Protection Agency (2015).
				Bilberg, K., M.B. Hovgaards, F. Besenbacher, and E. Baatrup. 2012. ‘In Vivo Toxicity of Silver Nanoparticles and Silver Ions in Zebrafish (Danio Rerio)’. doi:10.1155/2012/293784.

European Commission, and Directorate General for Health & Consumers. 2014. Opininon on Nanosilver Safety, Health and Environmental Effects and Role in Antimicrobial Resistance. Luxembourg: [European Commission]. http://dx.publications.europa.eu/10.2772/76851.

Griffitt, R. J., J. Luo, J. Gao, J.-C. Bonzongo, and D. S. Barber. 2008. ‘Effects of Particle Composition and Species on Toxicity of Metallic Nanomaterials in Aquatic Organisms’. doi:10.1897/08-002.1.

Danish Environmental Protection Agency. 2015. ‘Environmental Effects of Engineered Nanomaterials - Estimation of Predicted No-Effect Concentrations (PNECs)’. Copenhagen. http://www2.mst.dk/Udgiv/publications/2015/09/978-87-93352-70-4.pdf.








						penalty points		yes		2		Research shows that bacterial resistences can develop when silver is used in small concentrations (European Commission, 2014; Friends of the Earth Australia, 2011; Gressler et al., 2010). 				European Commission, and Directorate General for Health & Consumers. 2014. Opininon on Nanosilver Safety, Health and Environmental Effects and Role in Antimicrobial Resistance. Luxembourg: [European Commission]. http://dx.publications.europa.eu/10.2772/76851.

Friends of the Earth Australia. 2011. ‘Nano-Silver: Policy Failure Puts Public Health at Risk’. http://www.foe.org/system/storage/877/e2/8/549/NanoSilverUS.pdf.

Greßler, S., and R. Fries. 2010. Nanosilber in Kosmetika, Hygieneartikeln und Lebensmittelkontaktmaterialien Produkte, gesundheitliche und regulatorische Aspekte. Wien: Bundesmininsterium für Gesundheit, Sekt. II.


				comments		no comment



				EXPOSURE
(probability that this exposure materializes)





										production site related
(raw material producing and further processing companies)				 final product related

				NAICS		INDUSTRY				workers exposure 3		gradual / accidental environmental exposure		consumer exposure 		gradual environmental exposure		products

				11		Agriculture,  Forestry, Fishing and Hunting				0		0		0		0

				21		Mining, Quarrying, and Oil and Gas Extraction				0		0		x		x

				22		Utilities				0		0		0		0

				236		Construction of Buildings				0		0		0		0

				311		Food Manufacturing				1		1		3		1		influence of plastic packaging containing silver NPs

				312		Beverage and Tobacco Product Manufacturing				1		1		3		2		colloidal silver; influence of beverage containers (plastic beer bottles)

				313/314/315		Textiles & Apparels				2		3		2		3		yarns, threads; textile mills

				316		Leather and Allied Product Manufacturing				2		3		2		1		leather treated with silver

				321		Wood Product Manufacturing				0		0		0		0

				322		Paper Manufacturing/Packaging				2		2		3		1		filters, masks, packaging material

				323		Printing and Related Support Activities				0		0		0		0

				324		Petroleum and Coal Products Manufacturing				0		0		0		0

				325/3251		Chemical Manufacturing (inlcuding Base Chemical Manufacturing)				3		3		x		x		1 raw material manufacturing (powder, solution/dispersion)

				3252		Resin, Synthetic Rubber, and Artificial Synthetic Fibers and Filaments Manufacturing				2		2		x		x		1,5 raw materials for food packaging etc.

				3253		Pesticide, Fertilizer, and Other Agricultural Chemical Manufacturing				2		2		2		3		algaecide (“NSPW-L30SS”/“Nanosilva”), 

				3254		Pharmaceutical and Medicine Manufacturing				1		1		3		2		4 acne cream

				3255		Paint, Coating, and Adhesive Manufacturing				2		2		2		2		coating sprays, antibacterial paints, inks for electronic boards

				3256		Soap, Cleaning Compound, and Toilet Preparation Manufacturing				2		2		3		3		body lotions, toothpaste, deodorants, creams, brushes, soap, shampoo, hair products, masks, lip balm, disinfectants

				32591		Printing Ink Manufacturing				0		0		0		0

				326		Plastics and Rubber Products Manufacturing				2		1		3		1		5 food preparation equipment, condoms, baby toys, food containers, milk storage bags, chopping boards, dishes, cutlery

				327		Nonmetallic Mineral Product Manufacturing				0		0		0		0

				331		Primary Metal Manufacturing				0		0		x		x

				332		Fabricated Metal Product Manufacturing				0		0		0		0

				333		Machinery Manufacturing				2		1		1		1		filtration (air), AC, humidifiers etc. 

				334		Computer and Electronic Product Manufacturing				2		1		2		1		mouse, keyboard, mobile phone, notebook; medical equipment and control instruments

				335		Electrical Equipment, Appliance, and Component Manufacturing				2		1		2		2		washing machine, vacuum cleaner, refrigerator, curling iron, air filtration devices, humidifier

				336		Transportation Equipment Manufacturing				0		0		0		0

				337		Furniture and Related Product Manufacturing				2		1		2		1		garden furniture, matraces

				339		Miscellaneous Manufacturing				2		1		2		1		jewelry, silverware; toys 

				3391		Medical Equipment and Supplies Manufacturing				1		1		3		1		wound dressings, catheters; medical devices coated

				622		Hospitals				1		1		3		1		6 wound dressings, catheters

				562		Administrative and Support and Waste Management and Remediation Services				2		2		x		x		1,2,7 waste management, recycling processes

				comments		> The categories were first set individually by every member of the working group and then discussed in a group meeting. 
> The probability of claims was not included in this assessment.
> Products in research but not on the market yet were not included here.
>1 As there are no end products but intermediate products only in chemical manufacturing, resin production, primary metal production and the waste management these fields cannot be filled (x). 
>2 The waste management part is neglected in all rows except the last one (waste water treatment plants, landfills, incineration). 
>3 As silver NPs are mainly produced in wet chemistry processes without dust production the exposure for workers was assessed to be "medium" except in the chemical manufacturing. 
>4 It is assumed that in the pharmaceutical sector the securitiy guidelines are high, leading to a "low" exposure. However, drugs with nanosilver were found to be in research but without current appliance except for the acne cream. 
>5 For plastic products it was assumed that silver is added in resins production and not later as a coating. 
>6 In hospitals the production part is related to the employees that (hopefully) don't get in contact with the equipment containing nanosilver. Therefore, the exposure there is negligible. The product part is related to the patient. 
> 7 For all of the assessed NPs, both workers and environmental exposure were rated as 2, because further information is necessary to assess the risk in more specific manner. Specific local regulation and protection measures might influence the final risk exposure evaluation heavily. 



				RISK 
(hazard and exposure multiplied; maximum number is 100)







				Nanosilver						production site related
(raw material producing and further processing companies)				 final product related

				NAICS		INDUSTRY				workers risk		gradual and accidental environmental risk		consumer risk		gradual environmental risk

				11		Agriculture,  Forestry, Fishing and Hunting				0		0		0		0

				21		Mining, Quarrying, and Oil and Gas Extraction				0		0		x		x

				22		Utilities				0		0		0		0

				236		Construction of Buildings				0		0		0		0

				311		Food Manufacturing				17		20		50		20

				312		Beverage and Tobacco Product Manufacturing				17		20		50		40

				313/314/315		Textiles & Apparels				33		60		33		60

				316		Leather and Allied Product Manufacturing				33		60		33		20

				321		Wood Product Manufacturing				0		0		0		0

				322		Paper Manufacturing				33		40		50		20

				323		Printing and Related Support Activities				0		0		0		0

				324		Petroleum and Coal Products Manufacturing				0		0		0		0

				325/3251		Chemical Manufacturing (inlcuding Base Chemical Manufacturing)				50		60		x		x

				3252		Resin, Synthetic Rubber, and Artificial Synthetic Fibers and Filaments Manufacturing				33		40		x		x

				3253		Pesticide, Fertilizer, and Other Agricultural Chemical Manufacturing				33		40		33		60

				3254		Pharmaceutical and Medicine Manufacturing				17		20		50		40

				3255		Paint, Coating, and Adhesive Manufacturing				33		40		33		40

				3256		Soap, Cleaning Compound, and Toilet Preparation Manufacturing				33		40		50		60

				32591		Printing Ink Manufacturing				0		0		0		0

				326		Plastics and Rubber Products Manufacturing				33		20		50		20

				327		Nonmetallic Mineral Product Manufacturing				0		0		0		0

				331		Primary Metal Manufacturing				0		0		x		x

				332		Fabricated Metal Product Manufacturing				0		0		0		0

				333		Machinery Manufacturing				33		20		17		20

				334		Computer and Electronic Product Manufacturing				33		20		33		20

				335		Electrical Equipment, Appliance, and Component Manufacturing				33		20		33		40

				336		Transportation Equipment Manufacturing				0		0		0		0

				337		Furniture and Related Product Manufacturing				33		20		33		20

				339		Miscellaneous Manufacturing				33		20		33		20

				3391		Medical Equipment and Supplies Manufacturing				17		20		50		20

				622		Hospitals				17		20		50		20

				562		Administrative and Support and Waste Management and Remediation Services				33		40		x		x

















































































































































































































































































































































































































































































































































































































2) CNT 

				Carbon Nanotubes (CNT)				NO GUARANTEE CAN BE GIVEN FOR COMPLETENESS OR CORRECTNESS OF THE DATA SHOWN IN THIS ASSESSMENT TOOL. THIS DOCUMENT IS THE INTELLECTUAL PROPERTY OF THE "SCHWEIZERISCHER VERSICHERUNGSVERBAND" (SVV).  ANY COPYING IS FORBIDDEN.



				GENERAL INFORMATION



				Carbon Nanotubes (CNTs) are graphite sheets of cylindrical structure (see figure at the right (Wikipedia, 2015)). CNTs usually have a diameter in the nanoscale and a length in the microscale, with an aspect ratio of 100 up to 1'000'000. These molecules have extraordinary properties such as high strength as well as high electrical and thermal conductivity. Due to these properties, CNTs have attracted widespread interest for commercial and industrial applications.
CNTs come in two principal forms, single-walled and multiple-walled CNTs, having different properties. However, most of the commercially available CNTs are multiple-walled.  CNTs can be produced differently, depending on their final application and purity requirements: By arc-discharge, by pulsed laser vaporisation or by chemical-vapor deposition process. All methods need a metal catalyst like iron, nickel, cobalt or molybdenum. Therefore, the CNTs do often contain metal impurities (Lam et al., 2006).

Products containing CNTs on the market are (partly from De Volder et al. (2013)):
medicine: drug delivery
sporting goods: running shoe sole, golf shafts, bicycles, baseball bat, archery arrows, tennis/badminton rackets
transport: parts for speedboats and yachts, composites for aerospace, automotive fuel line parts, side mirrors
electronics: microelectronics (FET, RFID/printable electronics with paste containing CNTs), EMI shielding, lightning protection, powder for batteries, touch screens (transparent electrodes produced from solution), conductors, field emission display, spark protection, sensors, computer hardware, interconnectors (switchers, TFT/thin film transistors (printed on polymer film in paste form) )
energy: wind turbine blades, film for solar cells, powder for battery electrodes
textile & apparel: armor vests (military), pants and jackets (antiflamatory abilities)
industry: fibers, yarns, sheets, plastics (antistatic CNT ESD shield), paints and coatings (e.g. antistatic, anticorrosion, flame retardant, antifouling)
other: filtration membranes, water purification systems

The main concern for CNTs is the exposure of the workers inhaling the fibers. The structure of the nanotubes is in the same scale as the asbestos fibers that cause severe lung damage. On the other hand, the exposure for the consumer is expected to be low, as most CNTs are bound in a matrix in the final product.
The material was developed in the 1990s and promised to show huge potential for future applications. There was a boom in 2005 for different products, followed by an increase of scientific research. However, the price of the material is still high in 2015 and the "future applications" are not as initially thought . Therefore, the market is still considered to be very small. Additionally, Bayer left the market and closed its production plant in 2013 (Printed Electronics World, 2015). However, keeping in mind outstanding mechanical and electrical properties, there is a high potential in the field of electronics (flexible OLED’s, supercapacitors etc). Passive applications of CNTs in plastic reinforcement, which is worth more than 100 million USD, should also not be underestimated. With relatively low quality CNTs (no spin orientation, low production price) the application requirements are already achieved. 

> De Volder, Michael FL, Sameh H. Tawfick, Ray H. Baughman, and A. John Hart. 2013. ‘Carbon Nanotubes: Present and Future Commercial Applications’. Science 339 (6119): 535–39.
> Lam, Chiu-wing, John T. James, Richard McCluskey, Sivaram Arepalli, and Robert L. Hunter. 2006. ‘A Review of Carbon Nanotube Toxicity and Assessment of Potential Occupational and Environmental Health Risks’. Critical Reviews in Toxicology 36 (3): 189–217. doi:10.1080/10408440600570233.
> Printed Electronics World. 2015. ‘Bayer Material Science Exits Carbon Nanotube Business’. Accessed December 3. http://www.printedelectronicsworld.com/articles/5436/bayer-materialscience-exits-carbon-nanotube-business.
> Wikipedia. 2015. ‘Carbon Nanotube’. Accessed November 16. https://en.wikipedia.org/wiki/Carbon_nanotube.





						input		CATEGORY		COMMENT				REFERENCES

				GLOBAL PRODUCTION VOLUME (t/y)		100 - 1'000		1		The tonnage is confidential, but estimated to be 200-250t in 2009 (Reach, 2015). This number is confirmed by the EU with "several hundreds of tons" (European Comission, 2014). Mostly multi-walled CNT are produced. The price was about 500$/g in 2005 (Lam et al., 2006) and has not changed considerably ever since (Sigma Aldrich, 2015). 				European Commission, and Directorate General for Health & Consumers. 2014. Opininon on Nanosilver Safety, Health and Environmental Effects and Role in Antimicrobial Resistance. Luxembourg: [European Commission]. http://dx.publications.europa.eu/10.2772/76851.

Lam, C.-W., J.T. James, R. McCluskey, S. Arepalli, and R.L. Hunter. 2006. ‘A Review of Carbon Nanotube Toxicity and Assessment of Potential Occupational and Environmental Health Risks’. Critical Reviews in Toxicology 36 (3): 189–217. doi:10.1080/10408440600570233.

REACH. 2015. ‘Justification for the Selection of a Substance for CoRAP Inclusion - Multiwalled Carbon Nanotubes’.

Sigma Aldrich. 2015. ‘Carbon Nanotubes - Carbon Nanomaterials’. Accessed November 16. http://www.sigmaaldrich.com/materials-science/material-science-products.html?TablePage=16376687.

				SPREAD 
(number of products)		101-1000		2		238 products were identified, mostly sporting goods or composite materials, taking into account all sources. Overall, 120 end products categories produced by 105 companies were found that are shown in the application split chart on the right side: 38 products are listed in Woodrow Willson (Nanotechproject, 2015), 59 products in the Danish database (Nanodatabase, 2016) and 44 products in the German database (Nanoproduktdatenbank, 2016). 76 products were found on other places, like in the paper of De Volder et al. (2013) or ANEC/BEUC (2013).				ANEC/BEUC. 2013. ‘ANEC/ BEUC Inventory of Products Claiming to Contain Nano-Silver Particles Available on the EU Market’. http://www.beuc.eu/safety/nanotechnology.

De Volder, M.F.L., S.H. Tawfick, R.H. Baughman, and A.J. Hart. 2013. ‘Carbon Nanotubes: Present and Future Commercial Applications’. Science 339 (6119): 535–39.

Nanodatabase. 2016. ‘Search Results for CNTs’. http://nanodb.dk/en/search-database/#pageno=&keyword=&fn.lp_m=2919&fn.d_cd_f=&fn.d_cd_t=.

Nanotechproject. 2015. ‘Search Results for CNTs’. Accessed November 16. http://www.nanotechproject.org/cpi/search-products/?title=&asmSelect0=&date_created=&date_modified=&nanomaterials%5B%5D=1129&search-products_submit=Search&_submitKey=16%3Asearch-products%3A0.

Nanoproduktdatenbank. 2016. ‘Search Results for CNTs’. http://www.bund.net/nc/themen_und_projekte/nanotechnologie/nanoproduktdatenbank/produktsuche/?offset=0&attribute=7&msb_product_submit=suchen.

						       Google trend for "Carbon nanotubes"





				HAZARDS



								input		CATEGORY		COMMENT				REFERENCES

				HUMAN HAZARD		TOTAL		18		11		The range of the categories is 1-4. The final value for the human hazard is calculated by summing up all categories and penalty points. Therefore, the maximum value (without penalty points)  is 18. 

						toxicity (PEL [ppm])
INHALATION		>1-10		3		There is a possibility to take up CNTs by ingestion, for example by patients in medical applications, or by inhalation, especially with regard to worker's exposure. As there are  only a few drugs on the current market the inhalation is emphasised and implemented in this assessment. Additionally, the oral uptake does not seem to be a big hazard:

ORAL:
The oral LD50 was assessed to be >1000mg/kg body weight for SWCNTs and >5000mg/kg for MWCNTs in oral acute tests (Safe Work Australia, 2012). This corresponds to category 1 with this assessment method. However, the availablility of research reports is very limited.

INHALATION:
An approximate value for the LC50 in air for workers' safety is >241mg/m3 for MWCNTs (Safe Work Australia, 2012). Again, the availability of research papers is very limited and this maximum dose value cannot be used for a proper hazard assessment. Therefore, it was looked for alternative values already implemented in reality:
The PEL (Permissible Exposure Limit) for synthetic graphite, the substitute for CNTs, and inhalation path is 5mg/m3 (CDC - NIOSH, 2015).
However, also this value is discussed. It would be better to have a value in [particles/m3]. Additionally, Shvedova (2005) argues that this value is too high for a working environment based on the findings in the study that showed inflammation with this concentration.
The "Institut für Arbeitsschutz der Deutschen Gesetzlichen Unfallversicherung" suggests a limit of 10'000 fibres/m3 (TÜV Süd, 2015). The NIOSH suggests a limit of 0.007 mg/m3 (NIOSH, 2010).

The only implemented value in reality is the PEL, therefore this number was used in the assessment. However, the limits have to be observed carefully in the future, as there is evidence for a damage of the lung even at the current PEL.


				CDC - NIOSH. 2015. ‘Pocket Guide to Chemical Hazards - Graphite (synthetic)’. Accessed December 3. http://www.cdc.gov/niosh/npg/npgd0307.html.

NIOSH. 2013. ‘Occupational Exposure to Carbon Nanotubes and Nanofibres’. Current Intelligence Bulletin 65. http://www.cdc.gov/niosh/docs/2013-145/pdfs/2013-145.pdf.

Safe Work Australia. 2012. Human Health Hazard Assessment and Classification of Carbon Nanotubes. www.safeworkaustralia.gov.au/sites/SWA/about/Publications/Documents/725/Human_Health_Hazard_Assessment_and_Classification_of_Carbon_%2520Nanotubes.DOC+&cd=3&hl=de&ct=clnk&gl=uk.

Shvedova, A. A. 2005. ‘Unusual Inflammatory and Fibrogenic Pulmonary Responses to Single-Walled Carbon Nanotubes in Mice’. AJP: Lung Cellular and Molecular Physiology 289 (5): L698–708. doi:10.1152/ajplung.00084.2005.

TÜV Süd. 2015. ‘Einzelrisikobewertung Und Zertifizierung von Unternehmen Mit Nano-Risiken’. In .





						carcinogenicity		not classifiable (GROUP 3)		2		Several studies show lung inflammation after inhalation experiments in animals (Lam et al., 2003; Safe Work Australia, 2012). However, to clearly identify carcinogenicity more studies are needed. Additionally, these studies need to be conducted in a way that satisfies international standards.
CNTs are also used in research for oral treatment in cancer therapy (Wikipedia, 2015; Ji et al., 2010; Kushwaha et al., 2013). However, it is mentioned in the papers that the toxicology of the material itself is not assessed yet. 
Therefore, the carcinogenicity cannot be classified. However, we give penalty points (see comment below) for possible lung inflammation.				 Ji, S.-R., C. Liu, B. Zhang, F. Yang, J. Xu, J. Long, Chen Jin, D.-L. Fu, Q.-X. Ni, and X.-J. Yu. 2010. ‘Carbon Nanotubes in Cancer Diagnosis and Therapy’. Biochimica et Biophysica Acta (BBA) - Reviews on Cancer 1806 (1): 29–35. doi:10.1016/j.bbcan.2010.02.004.

Kushwaha, S.K.S., S. Ghoshal, A.K. Rai, and S. Singh. 2013. ‘Carbon Nanotubes as a Novel Drug Delivery System for Anticancer Therapy: A Review’. Brazilian Journal of Pharmaceutical Sciences 49 (4): 629–43.
Lam, C.-W., J. T. James, R. McCluskey, and R. L. Hunter. 2004. ‘Pulmonary Toxicity of Single-Wall Carbon Nanotubes in Mice 7 and 90 Days After Intratracheal Instillation’. Toxicological Sciences 77 (1): 126–34. doi:10.1093/toxsci/kfg243.

Safe Work Australia. 2012. Human Health Hazard Assessment and Classification of Carbon Nanotubes. www.safeworkaustralia.gov.au/sites/SWA/about/Publications/Documents/725/Human_Health_Hazard_Assessment_and_Classification_of_Carbon_%2520Nanotubes.DOC+&cd=3&hl=de&ct=clnk&gl=uk.

Wikipedia. 2015. ‘Carbon Nanotubes in Medicine’. Accessed November 17. https://en.wikipedia.org/wiki/Carbon_nanotubes_in_medicine.






						mutagenicity		not classifiable		2		There are some in-vitro studies showing potential to cause DNA damage (Safe Work Australia, 2012). The same report states that, based on missing in vivo data, CNTs cannot be classified with regards to their mutagenicity potential. 
The mutagenicity can also come from impurities in the material, such as metals, and not from the nanotubes themselves: The Sachverständigenrat für Umweltfragen (2011) notes that studies with pure CNTs do not show mutagenicity in bacteria. However, studies with impure CNTs combined with an alternative testing system do show mutagenicity.				Sachverständigenrat für Umweltfragen. 2011. Vorsorgestrategien Für Nanomaterialien - Sondergutachten. Berlin: Erich Schmidt Verlag. http://www.umweltrat.de/SharedDocs/Downloads/DE/02_Sondergutachten/2011_09_SG_Vorsorgestrategien%20f%C3%BCr%20Nanomaterialien.pdf?__blob=publicationFile.

Safe Work Australia. 2012. Human Health Hazard Assessment and Classification of Carbon Nanotubes. www.safeworkaustralia.gov.au/sites/SWA/about/Publications/Documents/725/Human_Health_Hazard_Assessment_and_Classification_of_Carbon_%2520Nanotubes.DOC+&cd=3&hl=de&ct=clnk&gl=uk.




						reproductive toxicity		not classifiable		2		Xinglu et al. (2014) found that multi-walled CNTs of large size negatively influenced the embryo in a mice experiment: The particles crossed the blood-placenta barrier, restricted the development of fetuses and induced brain deformity.
Bai et al. (2010) injected multi-walled CNTs to mice repeatedly. The substance caused reversible testis damage without affecting the fertility. However, there are only these two studies somehow related to reproductive toxicity. More research is needed to make a clear statement (Safe Work Australia, 2012). 				Bai, Y., Y. Zhang, J. Zhang, Q. Mu, W. Zhang, E.R. Butch, S.E. Snyder, and B. Yan. 2010. ‘Repeated Administrations of Carbon Nanotubes in Male Mice Cause Reversible Testis Damage without Affecting Fertility’. Nature Nanotechnology 5 (9): 683–89. doi:10.1038/nnano.2010.153.

Safe Work Australia. 2012. Human Health Hazard Assessment and Classification of Carbon Nanotubes. www.safeworkaustralia.gov.au/sites/SWA/about/Publications/Documents/725/Human_Health_Hazard_Assessment_and_Classification_of_Carbon_%2520Nanotubes.DOC+&cd=3&hl=de&ct=clnk&gl=uk.

Xinglu, H., Z. Fan, S. Xiaolian, C. Ki Young, N. Gang, Z. Guofeng, G. Jinxia, L. Seulki, and C. Xiaoyuan. 2014. ‘The Genotype-Dependent Influence of Functionalized Multiwalled Carbon Nanotubes on Fetal Development’. Biomaterials 35(2): 856–65.



						penalty points		yes		2		A penalty point was added to the overall sum (+2) as there seems to be a high probability of inflamation in the lungs similar to asbestosis (Lam et al., 2004/2006; Safe Work Australia, 2012; Shvedova, 2005).
				Lam, C.-W., J. T. James, R. McCluskey, and R. L. Hunter. 2004. ‘Pulmonary Toxicity of Single-Wall Carbon Nanotubes in Mice 7 and 90 Days After Intratracheal Instillation’. Toxicological Sciences 77 (1): 126–34. doi:10.1093/toxsci/kfg243.

Lam, C.-W., J.T. James, R. McCluskey, S. Arepalli, and R.L. Hunter. 2006. ‘A Review of Carbon Nanotube Toxicity and Assessment of Potential Occupational and Environmental Health Risks’. Critical Reviews in Toxicology 36 (3): 189–217. doi:10.1080/10408440600570233.

Safe Work Australia. 2012. Human Health Hazard Assessment and Classification of Carbon Nanotubes. www.safeworkaustralia.gov.au/sites/SWA/about/Publications/Documents/725/Human_Health_Hazard_Assessment_and_Classification_of_Carbon_%2520Nanotubes.DOC+&cd=3&hl=de&ct=clnk&gl=uk.

Shvedova, A. A. 2005. ‘Unusual Inflammatory and Fibrogenic Pulmonary Responses to Single-Walled Carbon Nanotubes in Mice’. AJP: Lung Cellular and Molecular Physiology 289 (5): L698–708. doi:10.1152/ajplung.00084.2005.


				comments
(bodily injury; information about the path: inhalation, ingestion, dermal)
		An general assessment is difficult as properties like metallic residues, length of the fibre and number of walls seem to play an important role. Additionally, "non-engineered" CNTs probably already exist in the environment and are produced in forest fires or the combustion of fuel gas.
The main concern is that the CNT-fibres act similar to asbestos fibres and cause damage to workers in contact with the material through inhalation. Therefore, the LC50 was chosen instead of an LD50 for the assessment of the toxicity. However, new research progress in the field of medicine has to be assessed carefully in the future, as this could imply that LD50 values become important as well.

> Lam, C.-W., J. T. James, R. McCluskey, and R. L. Hunter. 2003. ‘Pulmonary Toxicity of Single-Wall Carbon Nanotubes in Mice 7 and 90 Days After Intratracheal Instillation’. Toxicological Sciences 77 (1): 126–34. doi:10.1093/toxsci/kfg243.
> Lam, C.-W., J.T. James, R. McCluskey, S. Arepalli, and R.L. Hunter. 2006. ‘A Review of Carbon Nanotube Toxicity and Assessment of Potential Occupational and Environmental Health Risks’. Critical Reviews in Toxicology 36 (3): 189–217. doi:10.1080/10408440600570233.
> Shvedova, A. A. 2005. ‘Unusual Inflammatory and Fibrogenic Pulmonary Responses to Single-Walled Carbon Nanotubes in Mice’. AJP: Lung Cellular and Molecular Physiology 289 (5): L698–708. doi:10.1152/ajplung.00084.2005.








								input		CATEGORY		COMMENT				REFERENCES

				ENVIRONMENTAL HAZARD		TOTAL		10		4		The range of the categories is 1-4. The final value for the environmental hazard is calculated by summing up all categories and penalty points. Therefore, the maximum value (without penalty points)  is 10. 

						persistence/bioaccumulation
		yes		2		CNTs can theoretically be degraded. In practice, CNTs are extremely persistent to high temperatures, strong acids and ozonation and photolytic attacks. Thus, they are more likely to accumulate than to disappear in the environment (REACH, 2015; Safe Work Australia, 2012). Lam et al. (2004) called CNTs "probably one of the most biologically nondegradable man-made materials".				Lam, C.-W., J. T. James, R. McCluskey, and R. L. Hunter. 2004. ‘Pulmonary Toxicity of Single-Wall Carbon Nanotubes in Mice 7 and 90 Days After Intratracheal Instillation’. Toxicological Sciences 77 (1): 126–34. doi:10.1093/toxsci/kfg243.

REACH. 2015. ‘Justification for the Selection of a Substance for CoRAP Inclusion - Multiwalled Carbon Nanotubes’.

Safe Work Australia. 2012. Human Health Hazard Assessment and Classification of Carbon Nanotubes. www.safeworkaustralia.gov.au/sites/SWA/about/Publications/Documents/725/Human_Health_Hazard_Assessment_and_Classification_of_Carbon_%2520Nanotubes.DOC+&cd=3&hl=de&ct=clnk&gl=uk.


						aquatic toxicity 
(LC50 for fish [ppm]=[mg/l])		>100-1000		2		Despite environmental regulations imposing industrial safeguards chemical contaminants from manufacturing processes are often deposited into the aquatic environment. However, at the moment this scenario does not seem to be relevant. Therefore, no LC50 for fish was found. There is one study for LC50 in daphnia that reports a value of 2 mg/l (Safe Work Australia, 2012). However, this data is not enough to define the fourth and thus highest category. In line with the assessment of the carcinogenicity, it was decided to set the category to 2 as there is not enough information.				Safe Work Australia. 2012. Human Health Hazard Assessment and Classification of Carbon Nanotubes. www.safeworkaustralia.gov.au/sites/SWA/about/Publications/Documents/725/Human_Health_Hazard_Assessment_and_Classification_of_Carbon_%2520Nanotubes.DOC+&cd=3&hl=de&ct=clnk&gl=uk.


						penalty points		no		0		no comment

				comments





				EXPOSURE
(probability that this exposure materializes)





										production site related
(raw material producing and further processing companies)				 final product related

				NAICS		INDUSTRY				workers exposure 9		gradual and accidental environmental exposure		consumer exposure 		gradual environmental exposure		products

				11		Agriculture,  Forestry, Fishing and Hunting				0		0		0		0

				21		Mining, Quarrying, and Oil and Gas Extraction				0		0		x		x

				22		Utilities				0		0		0		0

				236		Construction of Buildings				2		1		1		1		composite materials, epoxy resins, additives and master batches (up to 20wt%, usually 1 wt%), experimental cement (research level only 8)

				311		Food Manufacturing				0		1		1		1		food packaging (Kraft food)

				312		Beverage and Tobacco Product Manufacturing				0		1		1		1		beer bottles/food packaging (Coors brewing)

				313/314/315		Textiles & Apparels				2		1		1		1		5 composite yarns, plastics coating of specialized textile&apparel: armor vests, jackets, pants (flame retardant properties), shoe protector etc. 

				316		Leather and Allied Product Manufacturing				0		0		0		0

				321		Wood Product Manufacturing				0		0		0		0

				322		Paper Manufacturing				0		0		0		0

				323		Printing and Related Support Activities				0		0		0		0

				324		Petroleum and Coal Products Manufacturing				0		0		0		0

				325/3251		Chemical Manufacturing (inlcuding Base Chemical Manufacturing)				3		2		x		x		1 raw material manufacturing (powder, dispersion etc.)

				3252		Resin, Synthetic Rubber, and Artificial Synthetic Fibers and Filaments Manufacturing				3		2		x		x		1,3 CFRP (carbon fibre reinforced plastics): food packaging, composite yarns, fibers, sheets, filtration membranes, water purification systems, anti-fouling application

				3253		Pesticide, Fertilizer, and Other Agricultural Chemical Manufacturing				0		0		0		0

				3254		Pharmaceutical and Medicine Manufacturing				0		0		0		0		7 neurogrowth, gene therapy, drug delivery (research level only), scaffold for bone growth (research level only)

				3255		Paint, Coating, and Adhesive Manufacturing				3		2		1		1		paints and coatings: electrostatic painintg, powder coatings, anti-fouling paint

				3256		Soap, Cleaning Compound, and Toilet Preparation Manufacturing				0		0		0		0

				32591		Printing Ink Manufacturing				2		1		1		1		pigments and metallic printing inks, CNT inks

				326		Plastics and Rubber Products Manufacturing				2		1		1		1		3,5 plastic packaging and bottles, PU, PS; tires

				327		Nonmetallic Mineral Product Manufacturing				2		1		2		1		ceramic materials, membranes (water filtration) 10 , cement (research only)

				331		Primary Metal Manufacturing				2		1		x		x		1 CNT in metal (CNT-MMC)

				332		Fabricated Metal Product Manufacturing				2		1		1		1		EMI shielding (RF shielding), coating metal products with plastic (automotive and avio industry etc.); mainly intermediate products

				333		Machinery Manufacturing				2		1		0		1		wind turbine blades (no influence on consumers), AC filters (filtration/air) 10

				334		Computer and Electronic Product Manufacturing				1		1		0		1		4 microelectronics (FET, RFID), touch screens, computer hardware, field emission display, spark protection and testing instruments, interconnectors (switchers, transistors), sensors

				335		Electrical Equipment, Appliance, and Component Manufacturing				1		1		0		1		4 batteries (energy storage), electrodes (carbon and graphite), conductor connectors, lightning protection, 

				336		Transportation Equipment Manufacturing				2		1		1		1		marine: parts for speedboats and yachts; anti-fouling application; airspace: composites; automotive: fuel line parts, side mirrors since 1990 etc.; 
bicycles and parts manufacturing (racks etc.); fire resistance coatings for all transport industries (Nanocyl); air filters 10

				337		Furniture and Related Product Manufacturing				0		0		0		0

				339		Miscellaneous Manufacturing				2		1		1		1		tennis and badminton rackets, hockey equipment, golf balls, baseball bat etc.

				3391		Medical Equipment and Supplies Manufacturing				1		1		2		1		biotechnology (sensing, diagnostics: Nanomix, Nanointegris, GE etc.) 11  , stents

				622		Hospitals				1		1		2		1		6 medical equipment for sensing and diagnostics 11 , stents

				562		Administrative and Support and Waste Management and Remediation Services				2		2		x		x		1,2,9,12 waste management, recycling processes

				comments		> The categories were first set individually by every member of the working group and then discussed in a group meeting. 
> The probability of claims was not included in this assessment.
> Products in research but not on the market yet were not included here.
>1 As there are no end products but intermediate products only in chemical manufacturing, resin production, primary metal production and the waste management these fields cannot be filled (x). 
>2 The waste management part is neglected in all rows except the last one (waste water treatment plants, landfills, incineration). 
>3 For plastic products it was assumed that CNTs are used in resins production and not in a later stage.
>4 High safety standards and a high degree of automatisation was assumed in the electronic industry. Therefore, the exposure for workers is low.
>5 There can be abrasion of the final product in the textile industry (harm for workers) or related to tires with CNTs (high temperatures and harm for humans and environment). 
>6 In hospitals the production part is related to the employees. The product part is related to the patient. 
>7 Currently, there are no drugs containing CNTs on the market. However, it is expected that these drugs will be present on the market in the future. 
>8 The same applies to the construction industry: There is a cement with CNTs reinforcement in research that probably will be used in the future. Therefore, these two industries have to be followed up carefully by the working group.
>9 In general, the concentrations of CNT produced and used in the factories are very small at the time of this assessment. It was also assumed that therefore the amounts in the waste management systems are almost negligible at the moment.
>10 membranes: Seem to exist in combination with paper, ceramics and plastics. Examples for companies dealing with CNT membranes.
>11 It was assumed that the patient in the hospital has no direct contact with diagnostic tools. Thus, there is no exposure for consumers.
> 12 For all of the assessed NPs, both workers and environmental exposure were rated as 2, because further information is necessary to assess the risk in more specific manner. Specific local regulation and protection measures might influence the final risk exposure evaluation heavily. 

>  Porifera Inc. 2016. ‘Carbon Nanotube Membranes’. http://porifera.com/carbon-nanotube-ultrafiltration-membranes/.
> Seldon Water. 2016. ‘Carbon Nanotube Technology - Filtration’. http://seldonwater.com/technology/.
> NASA. 2016. ‘Filtering Water with Acoustics Nanotube Technology’. http://www.nasa.gov/centers/johnson/techtransfer/technology/MSC-24180-1_Water-Filtering-Device_prt.htm.







				RISK 
(hazard and exposure multiplied; maximum number is 100)







				CNTs						production site related
(raw material producing and further processing companies)				 final product related

				NAICS		INDUSTRY				workers risk		gradual and accidental environmental risk		consumer risk		gradual environmental risk

				11		Agriculture,  Forestry, Fishing and Hunting				0		0		0		0

				21		Mining, Quarrying, and Oil and Gas Extraction				0		0		x		x

				22		Utilities				0		0		0		0

				236		Construction of Buildings				41		13		20		13

				311		Food Manufacturing				0		13		20		13

				312		Beverage and Tobacco Product Manufacturing				0		13		20		13

				313/314/315		Textiles & Apparels				41		13		20		13

				316		Leather and Allied Product Manufacturing				0		0		0		0

				321		Wood Product Manufacturing				0		0		0		0

				322		Paper Manufacturing				0		0		0		0

				323		Printing and Related Support Activities				0		0		0		0

				324		Petroleum and Coal Products Manufacturing				0		0		0		0

				325/3251		Chemical Manufacturing (inlcuding Base Chemical Manufacturing)				61		27		x		x

				3252		Resin, Synthetic Rubber, and Artificial Synthetic Fibers and Filaments Manufacturing				61		27		x		x

				3253		Pesticide, Fertilizer, and Other Agricultural Chemical Manufacturing				0		0		0		0

				3254		Pharmaceutical and Medicine Manufacturing				0		0		0		0

				3255		Paint, Coating, and Adhesive Manufacturing				61		27		20		13

				3256		Soap, Cleaning Compound, and Toilet Preparation Manufacturing				0		0		0		0

				32591		Printing Ink Manufacturing				41		13		20		13

				326		Plastics and Rubber Products Manufacturing				41		13		20		13

				327		Nonmetallic Mineral Product Manufacturing				41		13		41		13

				331		Primary Metal Manufacturing				41		13		x		x

				332		Fabricated Metal Product Manufacturing				41		13		20		13

				333		Machinery Manufacturing				41		13		0		13

				334		Computer and Electronic Product Manufacturing				20		13		0		13

				335		Electrical Equipment, Appliance, and Component Manufacturing				20		13		0		13

				336		Transportation Equipment Manufacturing				41		13		20		13

				337		Furniture and Related Product Manufacturing				0		0		0		0

				339		Miscellaneous Manufacturing				41		13		20		13

				3391		Medical Equipment and Supplies Manufacturing				20		13		41		13

				622		Hospitals				20		13		41		13

				562		Administrative and Support and Waste Management and Remediation Services				41		27		x		x

















































































































































































































































































































































































































































































































































































































3) TiO2

				Titania NPs				NO GUARANTEE CAN BE GIVEN FOR COMPLETENESS OR CORRECTNESS OF THE DATA SHOWN IN THIS ASSESSMENT TOOL. THIS DOCUMENT IS THE INTELLECTUAL PROPERTY OF THE "SCHWEIZERISCHER VERSICHERUNGSVERBAND" (SVV).  ANY COPYING IS FORBIDDEN.



				GENERAL INFORMATION



				Titanium dioxide (also called "titania") in general is mainly used as an anticaking or whitening agent as well as a pigment in cosmetics and paints. Other uses are for its UV-light absorbing abilities. However, in its nanoform it possesses different physicochemical properties than the bulk form: Nanotitania is a colourless, solid and odourless powder (Sachverständigenrat für Umweltfragen, 2011). The protective effect against UV radiation is even better in the nanoform. Therefore, it is often used in sunscreens. Additionally, these creams are invisible and can be applied to the skin more easily than with larger particles, as the consistency of the cream is less pasty and sticky (DaNa, 2015). 
Titania is insoluble in water and organic solvents. It naturally exists in the anatase, rutile and brookite phase. Producers of the nanoform are DuPont, Nanophase, NanoFarm, Advanced Nanotech, Nanogate, Evonik Degussa and Altairnano. Various production methods are used, and some of them are proprietary processes: However, milling, an undisclosed plasma process, a hydrochloride process, physical vapour synthesis, laser pyrolysis and the sol-gel process can be used (Robichaud et al., 2009). In the latter,  the variation in morphology and size is controlled by the pH of the gel (IARC, 2010). TiO2-nanoparticles can be coated with aluminium, silicon or polymers to reach the desired properties (Weir et al., 2012).

Besides in sunscreens, titania nanoparticles were found in the following product categories: 
food: skittles, marshmallows, M&M's, doughnuts powder, chewing gum, dairy products, food additive E171 (not only nanoform): In food, the nanoform is not explicitely used. However, the products used most probably contain particles in the nanoscale (DaNa, 2015; Weir et al., 2012)
cosmetics & personal care: sunscreen, shampoo and conditioner, powder antitranspirant, deodorant, shaving foam, makeup foundation, nail polish, toothpaste, eye tint, gel bronzer, eye shadow, lip balm, color fixer, facial cream, whitening cream (medicinal purpose)
hygiene: disinfectant solution, cleaning solution, air purification spray, shoe impregnation spray
paints: paint, glue, coating spray
sporting goods: badminton racket, golf ball
appliances: fridge, air purifier machine, hair drier, hair straightening iron
industry: powders and coating preparations
construction: window sealant, self-cleaning glass, whirlpool
environmental remediation: nanoscale TiO2 has been shown to mineralise a variety of herbicides, insecticides, and pesticides via photocatalysis and can convert other contaminants to less toxic compounds. It was dealt for research.
electronics: computer mouse
other: automotive industry

> DaNa. 2015. ‘Titanium Dioxide Nanoparticles’. http://www.nanopartikel.info/en/nanoinfo/materials/titanium-dioxide.
> IARC, ed. 2010. Carbon Black, Titanium Dioxide, and Talc. IARC Monographs on the Evaluation of Carcinogenic Risks to Humans, v. 93. Lyon, France : Geneva: International Agency for Research on Cancer ; Distributed by WHO Press.
> Robichaud, C.O., A.E. Uyar, M.R. Darby, L.G. Zucker, and M.R. Wiesner. 2009. ‘Estimates of Upper Bounds and Trends in Nano-TiO2 Production as a Basis for Exposure Assessment’. Environmental Science & Technology 43 (12): 4227–33. doi:10.1021/es8032549.
> Sachverständigenrat für Umweltfragen. 2011. Vorsorgestrategien Für Nanomaterialien - Sondergutachten. Berlin: Erich Schmidt Verlag. http://www.umweltrat.de/SharedDocs/Downloads/DE/02_Sondergutachten/2011_09_SG_Vorsorgestrategien%20f%C3%BCr%20Nanomaterialien.pdf?__blob=publicationFile.
> Weir, A., P. Westerhoff, L. Fabricius, K. Hristovski, and N. von Goetz. 2012. ‘Titanium Dioxide Nanoparticles in Food and Personal Care Products’. Environmental Science & Technology 46 (4): 2242–50. doi:10.1021/es204168d.







						input		CATEGORY		COMMENT				REFERENCES

				GLOBAL PRODUCTION VOLUME (t/y)		10'000 - 100'000		3		According to REACH (2013) the worlwide and annual production of TiO2 is 1'000'000 to 10'000'000 tons. The amount of nanoscale TiO2 is less than 1%. The EU states a number of 10'000 tons of nano-TiO2 a year as well (European Commission, 2014). DaNa (2015) states a number of approximately 47'000 tons annually and worldwide. Contrary, the Sachverständigenrat für Umweltfragen (2011) suggests a worldwide annual production volume of 5000 tons.				DaNa. 2015. ‘What Quantities of Titanium Dioxide Nanoparticles Are Produced Annually Worldwide?’ http://www.nanopartikel.info/en/faq/450-what-quantities-of-titanium-dioxide-nanoparticles-are-produced-annually-worldwide.

European Commission, and Directorate General for Health & Consumers. 2014. Opininon on Nanosilver Safety, Health and Environmental Effects and Role in Antimicrobial Resistance. Luxembourg: [European Commission]. http://dx.publications.europa.eu/10.2772/76851.

REACH. 2013. ‘Justification for the Selection of a Candidate CoRAP Substance - Titanium Dioxide’.

Sachverständigenrat für Umweltfragen. 2011. Vorsorgestrategien Für Nanomaterialien - Sondergutachten. Berlin: Erich Schmidt Verlag. http://www.umweltrat.de/SharedDocs/Downloads/DE/02_Sondergutachten/2011_09_SG_Vorsorgestrategien%20f%C3%BCr%20Nanomaterialien.pdf?__blob=publicationFile.


				SPREAD 
(number of products)		101-1000		2		335 products were identified, mostly cosmetics and food supplements. Some products could be classified in the same product category (11 product categories in total). Overall, there are 162 end product categories produced by 144 companies (see the application split chart on the right side): 92 products are listed in Woodrow Wilson (Nanotechproject, 2015), 94 products in the Danish database (Nanodatabase, 2015),  78 in the Food database (Nanotechnology in our Food, 2016) and 71 in the German database (Nanoproduktdatenbank, 2016). There are about 1000 raw material producing companies in Alibaba,  mainly from Chinese producers (Alibaba, 2016). There is also a big number of consumers products. However these were not included in the application split chart, for considered to be not fully reliable. 				Alibaba. 2016. ‘Search Results for Nano TiO2’. http://www.alibaba.com/trade/search?fsb=y&IndexArea=product_en&CatId=&SearchText=titanium+dioxide+nano.

Nanodatabase. 2015. ‘Search Results for Titanium Dioxide’. http://nanodb.dk/en/search-database/#pageno=2&keyword=&fn.lp_m=2940&fn.d_cd_f=&fn.d_cd_t=.

Nanotechproject. 2015. ‘Seach Results for  Titanium Dioxide’. http://www.nanotechproject.org/cpi/search-products/?title=&asmSelect0=&date_created=&date_modified=&nanomaterials%5B%5D=1167&search-products_submit=Search&_submitKey=16%3Asearch-products%3A0.

Nanoproduktdatenbank. 2016. ‘Search Results for TiO2’. http://www.bund.net/nc/themen_und_projekte/nanotechnologie/nanoproduktdatenbank/produktsuche/.

Nanotechnology in our Food. 2016. ‘Search Results for TiO2’. Accessed Feburary 28, 2016. http://salsa3.salsalabs.com/o/1881/p/salsa/web/common/public/content?content_item_KEY=14112%20. 









				HAZARDS



								input		CATEGORY		COMMENT				REFERENCES

				HUMAN HAZARD		TOTAL		18		9		The range of the categories is 1-4. The final value for the human hazard is calculated by summing up all categories and penalty points. Therefore, the maximum value (without penalty points)  is 18. 

						toxicity (PEL [ppm])
INHALATION		>10-100		2		The oral LD50 is > 5000 mg/kg bw and no adverse effects from oral consumption are seen in the three studies summarised in Warheit (2015). Therefore, the inhalation path was chosen to represent the main hazard with this substance:
The Permissible Exposure Limit (PEL) for TiO2 is 15mg/m3 (CDC-NIOSH, 2015). This value is implemented in this assessment. However, NIOSH (2011) suggested a limit of 0.3 mg/m3 (TÜV Süd, 2015). A good overview of toxicological studies related to nano-TiO2 is seen in Shi et al. (2013). 
It is stated in NIOSH (2011) that the toxicity of the nano-TiO2 has been shown to increase after coating with carious substances. 

				CDC-NIOSH. 2015. ‘Pocket Guide to Chemical Hazards - Titanium Dioxide’. Accessed December 4. http://www.cdc.gov/niosh/npg/npgd0617.html.

NIOSH. 2011. ‘Occupational Exposure to Titanium Dioxide’. http://www.cdc.gov/niosh/docs/2011-160/pdfs/2011-160.pdf.

Shi, H., R. Magaye, V. Castranova, and J. Zhao. 2013. ‘Titanium Dioxide Nanoparticles: A Review of Current Toxicological Data’. Part Fibre Toxicol 10 (1): 15.

TÜV Süd. 2015. ‘Einzelrisikobewertung und Zertifizierung von Unternehmen mit Nano-Risiken’.

Warheit, D.B., S.C. Brown, and E.M. Donner. 2015. ‘Acute and Subchronic Oral Toxicity Studies in Rats with Nanoscale and Pigment Grade Titanium Dioxide Particles’. Food and Chemical Toxicology, no. 84: 208–24. doi:10.1016/j.fct.2015.08.026.



						carcinogenicity		possibly or probably carcinogenic 
(GROUPS 2A and 2B)		3		IARC (2010) and NIOSH (2011) classify nano-TiO2 as "possibly carcinogenic", as there is sufficient evidence in experimental animals and inadequate evidence of carcinogenicity in humans. This classification is based on various studies dealing with the inhalation of nano-TiO2-particles related to respiratory tract cancer. For example, Heinrich et. al. (1995) showed a statistically significant increase in lung cancer in rats exposed to ultrafine TiO2 at an average concentration of 10mg/m3. However, earlier studies by Boffetta et al. (2001, 2004) do not show an increased cancer rate in workers.
				Boffetta, P., V. Gaborieau, L. Nadon, M.F. Parent, E. Weiderpass, and J. Siemiatycki. 2001. ‘Exposure to Titanium Dioxide and Risk of Lung Cancer in a Population-Based Study from Montreal’. Scandinavian Journal of Work, Environment and Work, no. 27(4): 227–32.

Boffetta, P., A. Soutar, JW. Cherrie, F. Granath, A. Andersen, A. Anttila, M. Blettner, et al. 2004. ‘Mortality among Workers Employed in the Titanium Dioxide Production Industry in Europe’. http://apps.webofknowledge.com/full_record.do?product=UA&search_mode=GeneralSearch&qid=13&SID=R1u4AR9o4sKZBEcsetW&page=1&doc=1.

Heinrich, U., R. Fuhst, S. Rittinghausen, O. Creutzenberg, B. Bellmann, W. Koch, and K. Levsen. 1995. ‘Chronic Inhalation Exposure of Wistar Rats and Two Different Strains of Mice to Diesel Engine Exhaust, Carbon Black, and Titanium Dioxide’. Inhalation Toxicology: International Forum for Respiratory Research,  Volume 7: 533–56.

IARC, ed. 2010. Carbon Black, Titanium Dioxide, and Talc. IARC Monographs on the Evaluation of Carcinogenic Risks to Humans, v. 93. Lyon, France : Geneva: International Agency for Research on Cancer ; Distributed by WHO Press.

NIOSH. 2011. ‘Occupational Exposure to Titanium Dioxide’. http://www.cdc.gov/niosh/docs/2011-160/pdfs/2011-160.pdf.


						mutagenicity		not classifiable		2		TiO2-NPs can cause DNA damage indirectly through inflammation. However, this is the only study by Trouiller et al. (2009) showing this and therefore the information is insufficient. Additionally, this study was criticised not to be representative for all TiO2-nanoparticles (Titanium Dioxide Stewardship Council, 2010).				Titanium Dioxide Stewardship Council. 2010. ‘Answer on TiO2 Posing DNA Damage Paper’.

Trouiller, B., R. Reliene, A. Westbrook, P. Solaimani, and R. H. Schiestl. 2009. ‘Titanium Dioxide Nanoparticles Induce DNA Damage and Genetic Instability In Vivo in Mice’. Cancer Research 69 (22): 8784–89. doi:10.1158/0008-5472.CAN-09-2496.




						reproductive toxicity		not classifiable		2		In utero exposure of fetuses via the mother caused an increase in large deletions in offspring after oral exposure in rats (Trouiller, 2009). However, this is the first study showing reproductive toxicity and therefore the information is insufficient.				Shi, H., R. Magaye, V. Castranova, and J. Zhao. 2013. ‘Titanium Dioxide Nanoparticles: A Review of Current Toxicological Data’. Part Fibre Toxicol 10 (1): 15.

Trouiller, B., R. Reliene, A. Westbrook, P. Solaimani, and R. H. Schiestl. 2009. ‘Titanium Dioxide Nanoparticles Induce DNA Damage and Genetic Instability In Vivo in Mice’. Cancer Research 69 (22): 8784–89. doi:10.1158/0008-5472.CAN-09-2496.



						penalty points		no		0		No penalty points are added as the possible carcinogenicity is accounted above.

				comments

		> Possible pathways are the inhalation (mainly by workers) or the absorption through the skin, for example from sunscreen. No penetration of TiO2-NPs in sunscreen through healthy skin was observed (Sadrieh et al., 2010; Danish Environmental Protection Agency, 2015). Therefore, the LC50 value was considered here.


> Danish Environmental Protection Agency. 2015. ‘Dermal Absorption of Nanomaterials Titanium Dioxide and Zinc Oxide Based Sunscreen’. http://www2.mst.dk/Udgiv/publications/2015/08/978-87-93352-53-7.pdf.
> Sadrieh, N., A.M. Wokovich, N.V. Gopee, J. Zheng, D. Haines, D. Parmiter, P.H. Siitonen, et al. 2010. ‘Lack of Significant Dermal Penetration of Titanium Dioxide (TiO2) from Sunscreen Formulations Containing Nano-and Sub-Micron-Size TiO2 Particles’. Toxicological Sciences, kfq041.












								input		CATEGORY		COMMENT				REFERENCES

				ENVIRONMENTAL HAZARD		TOTAL		10		7		The range of the categories is 1-4. The final value for the environmental hazard is calculated by summing up all categories and penalty points. Therefore, the maximum value (without penalty points)  is 10. 

						persistence/bioaccumulation
		yes		4		Nanosilica is very resistant to chemical attacks, has a good thermal stability and resistance to UV degradation. (IARC, 2010)				IARC, ed. 2010. Carbon Black, Titanium Dioxide, and Talc. IARC Monographs on the Evaluation of Carcinogenic Risks to Humans, v. 93. Lyon, France : Geneva: International Agency for Research on Cancer ; Distributed by WHO Press.



						aquatic toxicity 
(LC50 for fish [ppm]=[mg/l])		>10-100		3		The Danish Environmental Protection Agency (2015) mentiones various papers related to aquatic toxicity and nano-TiO2. Grifftt (2008) found a LC50 of 10mg/l for the fish D.rerio. This value was implemented in this assessment.
Joner (2007) found a LC50 of 5.5 mg/l for daphnia. This seems realistic as the latter are gererally considered more susceptible than fish. More research has to be done to verify the category.				Griffitt, R. J., J. Luo, J. Gao, J.-C. Bonzongo, and D. S. Barber. 2008. ‘Effects of Particle Composition and Species on Toxicity of Metallic Nanomaterials in Aquatic Organisms’. doi:10.1897/08-002.1.

Joner, E.J., T. Hartnik, and C.E. Amundsen. 2007. ‘Environmental Fate and Ecotoxicity of Engineered Nanoparticles’. Norwegian Pollution Control Authority. http://www.bioforsk.no/ikbViewer/Content/49692/SFTs%20rapport.pdf.

The Danish Environmental Protection Agency. 2015. ‘Environmental Effects of Engineered Nanomaterials - Estimation of Predicted No-Effect Concentrations (PNECs)’. Copenhagen. http://www2.mst.dk/Udgiv/publications/2015/09/978-87-93352-70-4.pdf.






						penalty points		no		0		no comment

				comments		no comment



				EXPOSURE
(probability that this exposure materializes)





										production site related
(raw material producing and further processing companies)				 final product related

				NAICS		INDUSTRY				workers exposure		gradual and accidental environmental exposure		consumer exposure 		gradual environmental exposure		products

				11		Agriculture,  Forestry, Fishing and Hunting				0		0		0		0

				21		Mining, Quarrying, and Oil and Gas Extraction				2		1		x		x		1 DuPont has mines and produces ultrafine TiO2 (Robichaud et al., 2009).


				22		Utilities				0		0		0		0

				236		Construction of Buildings				1		1		1		1		window sealant, self cleaning glass, whirlpool 

				311		Food Manufacturing				2		1		3		2		skittles, mashmallows, M&M's, doughnuts powder, chocolate, chewing gum, mints

				312		Beverage and Tobacco Product Manufacturing				0		0		0		0

				313/314/315		Textiles & Apparels				0		0		0		0

				316		Leather and Allied Product Manufacturing				0		0		0		0

				321		Wood Product Manufacturing				0		0		0		0

				322		Paper Manufacturing				0		0		0		0

				323		Printing and Related Support Activities				0		0		0		0

				324		Petroleum and Coal Products Manufacturing				0		0		0		0

				325/3251		Chemical Manufacturing (inlcuding Base Chemical Manufacturing)				3		2		x		x		1 raw material manufacturing (powder, solution, dispersion etc.)

				3252		Resin, Synthetic Rubber, and Artificial Synthetic Fibers and Filaments Manufacturing				0		0		x		x

				3253		Pesticide, Fertilizer, and Other Agricultural Chemical Manufacturing				0		0		0		0

				3254		Pharmaceutical and Medicine Manufacturing				1		1		3		2		E171 as white substance in drugs

				3255		Paint, Coating, and Adhesive Manufacturing				2		1		1		2		paint, glue, coating spray

				3256		Soap, Cleaning Compound, and Toilet Preparation 
Manufacturing				3		2		3		3		sunscreens, shampoo and conditioner, powder antitranspirant, deodorant, shaving foam, makeup foundation, nail polish, toothpaste, 
desinfectant solution, cleaning solution, air purification spray, shoe impregnation spray, whitening cream

				32591		Printing Ink Manufacturing				0		0		0		0

				326		Plastics and Rubber Products Manufacturing				2		1		1		1		badminton racket, golf ball; building materials (window sealant)

				327		Nonmetallic Mineral Product Manufacturing				0		0		0		0		self cleaning glass, whirlpool 

				331		Primary Metal Manufacturing				0		0		x		x

				332		Fabricated Metal Product Manufacturing				0		0		0		0

				333		Machinery Manufacturing				0		0		0		0

				334		Computer and Electronic Product Manufacturing				0		0		0		0

				335		Electrical Equipment, Appliance, and Component Manufacturing				2		1		1		1		computer mouse, fridge, air purifier machine, hair drier, hair straightening iron (in plastic, whereas silver coating)

				336		Transportation Equipment Manufacturing				0		0		0		0

				337		Furniture and Related Product Manufacturing				0		0		0		0

				339		Miscellaneous Manufacturing				2		1		1		1		rackets, golf balls

				3391		Medical Equipment and Supplies Manufacturing				1		1		1		1		layering of medical devices with photocatalytic titania (Company: Plasmatreat)

				622		Hospitals				0		0		0		0

				562		Administrative and Support and Waste Management and Remediation Services				2		2		x		x		1,2,3 waste management, recycling processes

				comments		> The categories were first set individually by every member of the working group and then discussed in a group meeting. 
> The probability of claims was not included in this assessment.
> Products in research but not on the market yet were not included here.
>1 As there are no end products but intermediate products only in chemical manufacturing, resin production, primary metal production and the waste management these fields cannot be filled (x). 
>2 The waste management part is neglected in all rows except the last one (waste water treatment plants, landfills, incineration). 
>3 For all of the assessed NPs, both workers and environmental exposure were rated as 2, because further information is necessary to assess the risk in more specific manner. Specific local regulation and protection measures might influence the final risk exposure evaluation heavily. 

> Robichaud, C.O., A.E. Uyar, M.R. Darby, L.G. Zucker, and M.R. Wiesner. 2009. ‘Estimates of Upper Bounds and Trends in Nano-TiO2 Production as a Basis for Exposure Assessment’. Environmental Science & Technology 43 (12): 4227–33. doi:10.1021/es8032549.




				RISK 
(hazard and exposure multiplied; maximum number is 100)







				Titania NPs						production site related
(raw material producing and further processing companies)				 final product related

				NAICS		INDUSTRY				workers risk		gradual and accidental environmental risk		consumer risk		gradual environmental risk

				11		Agriculture,  Forestry, Fishing and Hunting				0		0		0		0

				21		Mining, Quarrying, and Oil and Gas Extraction				33		23		x		x

				22		Utilities				0		0		0		0

				236		Construction of Buildings				17		23		17		23

				311		Food Manufacturing				33		23		50		47

				312		Beverage and Tobacco Product Manufacturing				0		0		0		0

				313/314/315		Textiles & Apparels				0		0		0		0

				316		Leather and Allied Product Manufacturing				0		0		0		0

				321		Wood Product Manufacturing				0		0		0		0

				322		Paper Manufacturing				0		0		0		0

				323		Printing and Related Support Activities				0		0		0		0

				324		Petroleum and Coal Products Manufacturing				0		0		0		0

				325/3251		Chemical Manufacturing (inlcuding Base Chemical Manufacturing)				50		47		x		x

				3252		Resin, Synthetic Rubber, and Artificial Synthetic Fibers and Filaments Manufacturing				0		0		x		x

				3253		Pesticide, Fertilizer, and Other Agricultural Chemical Manufacturing				0		0		0		0

				3254		Pharmaceutical and Medicine Manufacturing				17		23		50		47

				3255		Paint, Coating, and Adhesive Manufacturing				33		23		17		47

				3256		Soap, Cleaning Compound, and Toilet Preparation Manufacturing				50		47		50		70

				32591		Printing Ink Manufacturing				0		0		0		0

				326		Plastics and Rubber Products Manufacturing				33		23		17		23

				327		Nonmetallic Mineral Product Manufacturing				0		0		0		0

				331		Primary Metal Manufacturing				0		0		x		x

				332		Fabricated Metal Product Manufacturing				0		0		0		0

				333		Machinery Manufacturing				0		0		0		0

				334		Computer and Electronic Product Manufacturing				0		0		0		0

				335		Electrical Equipment, Appliance, and Component Manufacturing				33		23		17		23

				336		Transportation Equipment Manufacturing				0		0		0		0

				337		Furniture and Related Product Manufacturing				0		0		0		0

				339		Miscellaneous Manufacturing				33		23		17		23

				3391		Medical Equipment and Supplies Manufacturing				17		23		17		23

				622		Hospitals				0		0		0		0

				562		Administrative and Support and Waste Management and Remediation Services				33		47		x		x

















































































































































































































































































































































































































































































































































































































4) carbon black

				Carbon black				NO GUARANTEE CAN BE GIVEN FOR COMPLETENESS OR CORRECTNESS OF THE DATA SHOWN IN THIS ASSESSMENT TOOL. THIS DOCUMENT IS THE INTELLECTUAL PROPERTY OF THE "SCHWEIZERISCHER VERSICHERUNGSVERBAND" (SVV).  ANY COPYING IS FORBIDDEN.



				GENERAL INFORMATION



				In contrast to black carbon, which is formed during the incomplete combustion of fossil fuels (soot), carbon black (German: "Industrieruss") is manufactured under defined conditions, for example in the controlled vapour phase pyrolysis. It consists of carbon (98-99.8%) and impurities, mainly polycyclic aromatic hydrocarbons (PAHs). Depending on the production process and use carbon black is also called acetylene black, gas black, channel black, furnace black, lampblack, thermal black or pigment black 6/7. It is insoluble in water and organic solvents. Carbon black is used in the plastic industry as a reinforcing filler, mainly in tires, or as a pigment in various materials like cement, paints, paper or fibres. It is available as a black powder or a liquid dispersion. (Wiley, 2012; Environment & Health Canada, 2013)

The following products containing carbon black were found:
cosmetics and hygiene: mascara, eye pencils, eye shadow, blushers, foundations, nail enamels, eyelash glue, hair removal wax, tanning products, spray hair dyes, soap
paints: coatings, dyes for leather & textiles, tattoo ink (for animal ear tags), paint protector
printing: printer toners and cartridges
electrics: electrodes, dry-cell batteries, carbon brush
plastics: tires, tubes, conveyor belts, cables, rubber profiles, rubber gaskets
construction: caulking, concrete repair and sealants, fibreglass insulation
food: food additive for example in steak seasoning, licorice products, ice cream, sandwich cream biscuits
medicine: It is licensed to be used in drugs for internal and external use in Canada, but not used in medicine. There are three licensed natural health products on the market containing carbon black as a pigment (Health Canada, 2016)
other: pipe seals, shoe polish

> Environment & Health Canada. 2013. ‘Screening Assessment for the Challenge Carbon Black’. https://www.ec.gc.ca/ese-ees/2CF34283-CD2B-4362-A5D6-AD439495D0D1/FSAR_B12%20-%201333-86-4%20%28Carbon%20Black%29_EN.pdf.
> Health Canada. 2016. ‘Drugs and Health Products Containing Carbon Black’. http://webprod5.hc-sc.gc.ca/lnhpd-bdpsnh/search-recherche.do?lang=eng&field_Champ2=&field_Champ3=&field_Champ4=&field_Champ5=&field_Champ6=&condition2=&condition3=&condition4=&condition5=&crit2=&crit3=&crit4=&crit5=&crit6=&op2=&op3=&op4=&op5=&op6=&productStatus_EtatProduit=2&field_Champ1=3&op1=0&crit1=carbon+black&condition1=0&dateOp2=0&monthLicensing_MoisHomologation=&yearLicensing_AnneeHomologation=&dateOp1=0&monthRevised_MoisModifiee=&yearRevised_AnneeModifiee=&action=Search.
> Wiley. 2012. ‘Carbon Black in the Form of Inhalable Dust’. http://onlinelibrary.wiley.com/store/10.1002/3527600418.mb133386e0018/asset/mb133386e0018.pdf?v=1&t=ijfsmfwf&s=27ad168fd07b53245a4424a9826f5739f9d7f2ea.
																Wiley (2012)





						input		CATEGORY		COMMENT				REFERENCES

				GLOBAL PRODUCTION VOLUME (t/y)		>1'000'000		5		Several numbers were found in the literature. All of them document a very high production volume of category 5:
>10 million tons in 2005 (European Commission, 2013).
> 9 million tons worldwide per year (Sachverständigenrat für Umweltfragen, 2011)
> 228'000 tons in Canada in 2006 (Environment and Health Canada, 2013)
> 6 million tons worldwide in 1993 (EPA, 2005)
> 8 million tons in 1996 worldwide (OECD, 2006) with:
     < North America: 1'815'000 tons
     < Western Europe: 1'310'000 tons
     < Eastern Europe: 1'545'000 tons
     < Asia: 2'630'000 tons
     < South America: 480'000 tons
     < Africa and Australia: 185'000 tons				Environment & Health Canada. 2013. ‘Screening Assessment for the Challenge Carbon Black’. https://www.ec.gc.ca/ese-ees/2CF34283-CD2B-4362-A5D6-AD439495D0D1/FSAR_B12%20-%201333-86-4%20%28Carbon%20Black%29_EN.pdf.

EPA. 2005. ‘Reassessment of One Exemption from the Requirement of a Tolerance for Carbon Black’. http://www.epa.gov/sites/production/files/2015-04/documents/carbonblack.pdf.

European Commission. 2013. Opinion on Carbon Black (nano-Form). Luxembourg: European Commission. http://dx.publications.europa.eu/10.2772/7205.

OECD. 2006. ‘Carbon Black, SIDS Initial Assessment Profile’. http://webnet.oecd.org/hpv/ui/handler.axd?id=b2394717-5545-46c3-9194-ae15f987df25.

Sachverständigenrat für Umweltfragen. 2011. Vorsorgestrategien Für Nanomaterialien - Sondergutachten. Berlin: Erich Schmidt Verlag. http://www.umweltrat.de/SharedDocs/Downloads/DE/02_Sondergutachten/2011_09_SG_Vorsorgestrategien%20f%C3%BCr%20Nanomaterialien.pdf?__blob=publicationFile.





				SPREAD 
(number of products)		101-1000		2		347 products were identified, mostly tires, coatings and sealants. Overall, 150 end product categories produced by 127 companies were found that are shown in the application split chart on the right side: 
> 241 products were found in the Household Products Database (2016)
> 16 products (mainly cosmetics) in the Nanodatabase (2016)
> 6 food related products found in Nanotechnology in our Food (2016)
> The Nanotechproject cannot be searched for "carbon black" but for "carbon" only. Therefore, no results are available there.
> No products found in the German database (Nanoproduktdatenbank, 2016)
> Carbon black is used in the production of tires. Thus, 77 tire producers (Wikipedia, 2016) are added. 				Nanoproduktdatenbank. 2016. ‘Search Results for “Carbon Black”’. http://www.bund.net/nc/themen_und_projekte/nanotechnologie/nanoproduktdatenbank/produktsuche/.

Nanotechnology in our Food 2016. ‘Search Results for Carbon’. Accessed February 26. http://salsa3.salsalabs.com/o/1881/p/salsa/web/common/public/content?content_item_KEY=14112%20

Household Products Database. 2016. ‘Health and Safety Information on Household Products Containing Carbon Black’. https://householdproducts.nlm.nih.gov/cgi-bin/household/brands?tbl=chem&id=208.

Nanodatabase. 2016. ‘Search Results for Carbon Black’. Accessed January 18. http://nanodb.dk/en/search-database/#pageno=&keyword=&fn.lp_m=2918&fn.d_cd_f=&fn.d_cd_t=.

Wikipedia. 2016. ‘Search Results for Tires producers’. Accessed February 26. https://en.wikipedia.org/wiki/List_of_tire_companies






				HAZARDS



								input		CATEGORY		COMMENT				REFERENCES

				HUMAN HAZARD		TOTAL		18		11		The range of the categories is 1-4. The final value for the human hazard is calculated by summing up all categories and penalty points. Therefore, the maximum value (without penalty points)  is 18. 

						toxicity (PEL)
INHALATION		>1-10		3		No effects have been reported after acute or chronic exposure via the oral or dermal routes (Environment & Health Canada, 2013; OECD, 2006): The lowest oral LD50 is >10g/kg bw in rats and the lowest dermal LD50 in rabbits is >3g/kg bw. Therefore, the main concern implemented in this assessment is the inhalation. An overview and discussion of various acute and chronic inhalation studies is shown in Appendix 3 of Environment & Health Canada (2013). For example, the subchronic NOEL was registered to be 1mg/m3 for hamster, rats and mice (Elder at al., 2005) and the chronic NOEL is 1.1mg/m3 (Driscoll et al., 1996). It is stated in OECD (2006) that, based on data from 19 production plants in 7 European countries, only minimal effects on lung function parameters are expected after 40 years exposure to 1 mg/m3. The PEL is 3.5mg/m3 (NIOSH, 1988). A MAK value is not available (Wiley, 1999).
The PEL value was implemented in this assessment. The limit elaborated in OECD (2006) is in accordance with this category.
				Driscoll, K.E., J.M. Carter, B.W. Howard, D.G. Hassenbein, W. Pepelko, R.B. Baggs, and G. Oberdoerster. 1996. ‘Pulmonary Inflammatory, Chemokine, and Mutagenic Responses in Rats after Subchronic Inhalation of Carbon Black’.

Elder, A., R. Gelein, J.N. Finkelstein, K.E. Driscoll, J. Harkema, and G. Oberdoerster. 2005. ‘Effects of Subchronically Inhaled Carbon Black in Three Species. I. Retention Kinetics, Lung Inflammation, and Histopathology’. Toxicological Sciences 88 (2): 614–29. doi:10.1093/toxsci/kfi327.

Environment & Health Canada. 2013. ‘Screening Assessment for the Challenge Carbon Black’. https://www.ec.gc.ca/ese-ees/2CF34283-CD2B-4362-A5D6-AD439495D0D1/FSAR_B12%20-%201333-86-4%20%28Carbon%20Black%29_EN.pdf.

NIOSH. 1988. ‘Occupational Safety and Health Guideline for Carbon Black - Potential Human Carcinogen’. http://www.cdc.gov/niosh/docs/81-123/pdfs/0102.pdf.

OECD. 2006. ‘Carbon Black, SIDS Initial Assessment Profile’. http://webnet.oecd.org/hpv/ui/handler.axd?id=b2394717-5545-46c3-9194-ae15f987df25.

Wiley. 1999. ‘Industrierusse (Carbon Black) in Form atembarer Stäube’. http://onlinelibrary.wiley.com/doi/10.1002/3527600418.mb133386stad0029/full.







						carcinogenicity		possibly or probably carcinogenic 
(GROUPS 2A and 2B)		3		The IARC (2010) classified the carcinogenicity as 2B (possibly carcinogenic) based on sufficient evidence in experimental animals and inadequate evidence from epidemiological studies. Lung tumours were seen in rats after inhalation of carbon black, for example in a study by Dasenbrock et al. (1996). This study is unavailable but cited in Environment & Health Canada (2013). Probably, the tumours are caused by an excessive lung burden due to impairment of clearance mechanisms. There is no evidence that indicates that carbon black has the potential to cause cancer via oral or dermal route of exposure. However, in observation studies with carbon black workers no clear dependency on lung tumours and exposure can be seen. Often, these studies are incomplete, for example as smoking data are not considered (Environment & Health Canada, 2013).
Another concern are the PAH impurities in the carbon black. NIOSH (1988) suggests to minimise these impurities and the exposure to them as far as possible. 				Environment & Health Canada. 2013. ‘Screening Assessment for the Challenge Carbon Black’. https://www.ec.gc.ca/ese-ees/2CF34283-CD2B-4362-A5D6-AD439495D0D1/FSAR_B12%20-%201333-86-4%20%28Carbon%20Black%29_EN.pdf.

IARC. 2010. Identification of Research Needs to Resolve the Carcinogenicity of High-Priority IARC Carcinogens. Lyon, France: International Agency for Research on Cancer. http://monographs.iarc.fr/ENG/Publications/techrep42/TR42-Full.pdf.

NIOSH. 1988. ‘Occupational Safety and Health Guideline for Carbon Black - Potential Human Carcinogen’. http://www.cdc.gov/niosh/docs/81-123/pdfs/0102.pdf.



						mutagenicity		possibly or probably mutagenic		3		The IARC (2010), OECD (2006) and the Canadian Assessment group (Environment & Health Canada, 2013) concluded that carbon black is not directly mutagenic. However, mutagenicity is secondary to oxidative stress and inflammatory processes.
Overall, mutagenicity cannot be tested with bacterial and in-vitro testing without the use of organic solvents that interfere with the testing (ICBA, 2004).				Environment & Health Canada. 2013. ‘Screening Assessment for the Challenge Carbon Black’. https://www.ec.gc.ca/ese-ees/2CF34283-CD2B-4362-A5D6-AD439495D0D1/FSAR_B12%20-%201333-86-4%20%28Carbon%20Black%29_EN.pdf.

IARC. 2010. Identification of Research Needs to Resolve the Carcinogenicity of High-Priority IARC Carcinogens. Lyon, France: International Agency for Research on Cancer. http://monographs.iarc.fr/ENG/Publications/techrep42/TR42-Full.pdf.

ICBA. 2004. ‘Carbon Black User’s Guide: Safety, Health, & Environmental Information’. http://www.cabotcorp.com/~/media/files/product-stewardship/industry-user-guides/international-carbon-black-association-icba-user-guide.pdf?la=en.

OECD. 2006. ‘Carbon Black, SIDS Initial Assessment Profile’. http://webnet.oecd.org/hpv/ui/handler.axd?id=b2394717-5545-46c3-9194-ae15f987df25.


						reproductive toxicity		not classifiable		2		Archibong et al. (2002) did not see any significant differences among control and treated rat groups in pups per litter, survival rate, pup weight or pup length after inhalation of carbon black during the pregnancy. However, only a small concentration was used. Yoshida et al. (2009) noticed a decreased sperm production in male mice. Overall, there is little evidence that carbon black is toxic for reproduction, but studies are missing (Environment & Health Canada, 2013).				> Archibong, A.E., F. Inyang, A. Ramesh, M. Greenwood, T. Nayyar, P. Kopsombut, D.B. Hood, and A.M. Nyanda. 2002. ‘Alteration of Pregnancy Related Hormones and Fetal Survival in F-344 Rats Exposed by Inhalation to Benzo(a)pyrene’. Reproductive Toxicology 16 (6): 801–8.

> Environment & Health Canada. 2013. ‘Screening Assessment for the Challenge Carbon Black’. https://www.ec.gc.ca/ese-ees/2CF34283-CD2B-4362-A5D6-AD439495D0D1/FSAR_B12%20-%201333-86-4%20%28Carbon%20Black%29_EN.pdf.

> Yoshida, S., K. Hiyoshi, T. Ichinose, H. Takano, S. Oshio, I. Sugawara, K. Takeda, and T. Shibamoto. 2009. ‘Effect of Nanoparticles on the Male Reproductive System of Mice’. International Journal of Andrology 32 (4): 1365–2605.

						penalty points		no		0		No penalty points are added as the possible carcinogenicity is accounted above.				-

				comments 

		> The main concern is the exposition of workers via inhalation. Therefore, this path was chosen to represent the toxicity in this assessment.






								input		CATEGORY		COMMENT				REFERENCES

				ENVIRONMENTAL HAZARD		TOTAL		10		3		The range of the categories is 1-4. The final value for the environmental hazard is calculated by summing up all categories and penalty points. Therefore, the maximum value (without penalty points)  is 10. 

						persistence/bioaccumulation
		yes		2		Carbon black is resistant to hydrolysis, photolysis and biodegradation, and thus can be found in the air, water bodies, but mainly in the soil and sediment. As an inorganic compound with the chemical structure "C", carbon black will not be further biodegraded by microorganisms. However, bioaccumulation is unlikely as the substance is insoluble in water and organic solvents and thus diffusion through gills or membranes of the aquatic organisms is not expected (Environment & Health Canada, 2013; OECD, 2013).				Environment & Health Canada. 2013. ‘Screening Assessment for the Challenge Carbon Black’. https://www.ec.gc.ca/ese-ees/2CF34283-CD2B-4362-A5D6-AD439495D0D1/FSAR_B12%20-%201333-86-4%20%28Carbon%20Black%29_EN.pdf.

OECD. 2006. ‘Carbon Black, SIDS Initial Assessment Profile’. http://webnet.oecd.org/hpv/ui/handler.axd?id=b2394717-5545-46c3-9194-ae15f987df25.


						aquatic toxicity 
(LC50 for fish [ppm])		>1000		1		Carbon black is epected to have a very low potential for toxicity in aquatic organisms: No effects were observed for both zebrafish and orfe fish at 1000mg/l (Environment & Health Canada, 2013). The LC50 for fish is reported to be >5g/L for aqueous suspensions and >10g/l for water accommodated filtrates. (OECD, 2006).
Additionally, carbon black is only present in the water column in low concentrations (except in rivers with high turbidity) as it settles due to the high density, low solubility and low volatility. Therefore, sediment-dwelling organisms could be exposed, but studies are missing. Also, the carbon black can decrease the pH of the solution and thus affect organisms indirectly. 
Most studies are done by Degussa (not published online), more studies for ecotoxicity are missing (Environment and Health Canada, 2013).				Environment & Health Canada. 2013. ‘Screening Assessment for the Challenge Carbon Black’. https://www.ec.gc.ca/ese-ees/2CF34283-CD2B-4362-A5D6-AD439495D0D1/FSAR_B12%20-%201333-86-4%20%28Carbon%20Black%29_EN.pdf.

OECD. 2006. ‘Carbon Black, SIDS Initial Assessment Profile’. http://webnet.oecd.org/hpv/ui/handler.axd?id=b2394717-5545-46c3-9194-ae15f987df25.


						penalty points		no		0		no comment

				comments: 
		10'000-100'000kg of carbon black was reported to be released to land, 10'000-100'000kg to air and 1'000-10'000kg to water in 2006 in Canada (Environment & Health Canada, 2013). Carbon black is not soluble and is estimated to eventually settle into sediments.

> Environment & Health Canada. 2013. ‘Screening Assessment for the Challenge Carbon Black’. https://www.ec.gc.ca/ese-ees/2CF34283-CD2B-4362-A5D6-AD439495D0D1/FSAR_B12%20-%201333-86-4%20%28Carbon%20Black%29_EN.pdf.



				EXPOSURE
(probability that this exposure materializes)





										production site related
(raw material producing and further processing companies)				 final product related

				NAICS		INDUSTRY				workers exposure 3		gradual and accidental environmental exposure		consumer exposure 		gradual environmental exposure		products

				11		Agriculture,  Forestry, Fishing and Hunting				0		0		0		0

				21		Mining, Quarrying, and Oil and Gas Extraction				0		0		x		x		1 It is assumed that there is no company extracting fossil fuels and producing carbon black.

				22		Utilities				0		0		0		0

				236		Construction of Buildings				2		1		1		2		cement, caulking, concrete repair and sealants, fibreglass insulation

				311		Food Manufacturing				1		1		2		1		6 steak seasoning, licorice products, ice cream, sandwich cream biscuits

				312		Beverage and Tobacco Product Manufacturing				0		0		0		0

				313/314/315		Textiles & Apparels				2		1		2		2		7 dyes for textiles, fibreglass weaving

				316		Leather and Allied Product Manufacturing				2		1		2		1		7 dyes for leather

				321		Wood Product Manufacturing				0		0		0		0

				322		Paper Manufacturing				1		1		1		1		9 pigment in paper

				323		Printing and Related Support Activities				0		0		0		0

				324		Petroleum and Coal Products Manufacturing				0		0		0		0		according to NAICS the base chemical production is 325130/80

				325/3251		Chemical Manufacturing (inlcuding Base Chemical Manufacturing)				3		2		x		x		1 production of carbon black

				3252		Resin, Synthetic Rubber, and Artificial Synthetic Fibers and Filaments Manufacturing				3		2		x		x		1 reinforcement and pigment in plastics

				3253		Pesticide, Fertilizer, and Other Agricultural Chemical Manufacturing				0		0		0		0

				3254		Pharmaceutical and Medicine Manufacturing				0		0		0		0		alternative drugs

				3255		Paint, Coating, and Adhesive Manufacturing				2		2		1		1		paint, coatings, varnishes, dyes for leather & textiles, tatoo ink (for animal ear tags), paint protector

				3256		Soap, Cleaning Compound, and Toilet Preparation Manufacturing				2		2		2		1		10 mascara, eye pencils eye shadow, blushers, foundations, nail enamels, eyelash glue, hair removal wax, tanning products, spray hair dyes, 
soap, shoe polish, diaper ointment

				32591		Printing Ink Manufacturing				3		2		3		2		printer toners and cartridges

				326		Plastics and Rubber Products Manufacturing				3		2		1		3		4 tires, tubes, conveyor belts, cables, rubber profiles, rubber gaskets, fibreglass

				327		Nonmetallic Mineral Product Manufacturing				1		1		1		1		fibreglass insulation

				331		Primary Metal Manufacturing				0		0		x		x

				332		Fabricated Metal Product Manufacturing				0		0		0		0

				333		Machinery Manufacturing				0		0		0		0

				334		Computer and Electronic Product Manufacturing				0		0		0		0

				335		Electrical Equipment, Appliance, and Component Manufacturing				1		1		1		1		electrodes, dry-cell batteries, carbon brush

				336		Transportation Equipment Manufacturing				0		0		0		0

				337		Furniture and Related Product Manufacturing				0		0		0		0

				339		Miscellaneous Manufacturing				1		0		0		0		pipe seals

				3391		Medical Equipment and Supplies Manufacturing				0		0		0		0

				622		Hospitals				0		0		0		0		8 alternative drugs

				562		Administrative and Support and Waste Management and Remediation Services				2		2		x		x		1,2,5,11 waste management, recycling processes

				comments		> The categories were first set individually by every member of the working group and then discussed in a group meeting. 
> The probability of claims was not included in this assessment.
> Products in research but not on the market yet were not included here.
>1 As there are no end products but intermediate products only in chemical manufacturing, resin production and the waste management these fields cannot be filled (x). 
>2 The waste management part is neglected in all rows except the last one (waste water treatment plants, landfills, incineration). 
>3 Workers exposure: The concentration decreased significantly in American and West European production plants (Wiley, 1999).
>4 It is assumed that the largest share of carbon black is used in the tire industy (70% according to Wikipedia (2016)). The material is inexpensive. The amount of carbon black in this industry influenced the exposure assessment. Additionally, it was assumed that there is no intermediate market for tires: Thus, the third column in this row relates to the car driver. 
>5 During car tire combustion, carbon black is not degraded as the degradation temperature (3652°C) is higher than the cement plant furnace temperature (up to 2200°C) (Environment & Health Canada, 2013)
>6 There are only very few products on the food market  (Environment & Health Canada, 2013).
>7 It is assumed that textiles are washed, but leather is not. Thus, contrary to leather, particles can be released from textiles into the environment.
>8 There are three drugs on the market. However, as this is only a very limited amount and these drugs seem to be alternative, this row was not assessed (Health Canada, 2016).
>9 The amount of black paper compared to white paper is negligible.
>10 Compared to TiO2 or ZnO the beauty products containing carbon black are only used on a small area of the skin. Therefore, the assessment classes here are lower compared to the other two substances mentioned.
>11 For all of the assessed NPs, both workers and environmental exposure were rated as 2, because further information is necessary to assess the risk in more specific manner. Specific local regulation and protection measures might influence the final risk exposure evaluation heavily. 

> Environment & Health Canada. 2013. ‘Screening Assessment for the Challenge Carbon Black’. https://www.ec.gc.ca/ese-ees/2CF34283-CD2B-4362-A5D6-AD439495D0D1/FSAR_B12%20-%201333-86-4%20%28Carbon%20Black%29_EN.pdf.
> Health Canada. 2016. ‘Drugs and Health Products Containing Carbon Black’. http://webprod5.hc-sc.gc.ca/lnhpd-bdpsnh/search-recherche.do?lang=eng&field_Champ2=&field_Champ3=&field_Champ4=&field_Champ5=&field_Champ6=&condition2=&condition3=&condition4=&condition5=&crit2=&crit3=&crit4=&crit5=&crit6=&op2=&op3=&op4=&op5=&op6=&productStatus_EtatProduit=2&field_Champ1=3&op1=0&crit1=carbon+black&condition1=0&dateOp2=0&monthLicensing_MoisHomologation=&yearLicensing_AnneeHomologation=&dateOp1=0&monthRevised_MoisModifiee=&yearRevised_AnneeModifiee=&action=Search.
> Wikipedia. 2016. ‘Carbon Black’. https://en.wikipedia.org/wiki/Carbon_black#Common_uses.
> Wiley. 1999. ‘Industrierusse (Carbon Black) in Form Atembarer Stäube’. http://onlinelibrary.wiley.com/doi/10.1002/3527600418.mb133386stad0029/full.




				RISK 
(hazard and exposure multiplied; maximum number is 100)







				Carbon black						production site related
(raw material producing and further processing companies)				 final product related

				NAICS		INDUSTRY				workers risk		gradual and accidental environmental risk		consumer risk		gradual environmental risk

				11		Agriculture,  Forestry, Fishing and Hunting				0		0		0		0

				21		Mining, Quarrying, and Oil and Gas Extraction				0		0		x		x

				22		Utilities				0		0		0		0

				236		Construction of Buildings				41		10		20		20

				311		Food Manufacturing				20		10		41		10

				312		Beverage and Tobacco Product Manufacturing				0		0		0		0

				313/314/315		Textiles & Apparels				41		10		41		20

				316		Leather and Allied Product Manufacturing				41		10		41		10

				321		Wood Product Manufacturing				0		0		0		0

				322		Paper Manufacturing				20		10		20		10

				323		Printing and Related Support Activities				0		0		0		0

				324		Petroleum and Coal Products Manufacturing				0		0		0		0

				325/3251		Chemical Manufacturing (inlcuding Base Chemical Manufacturing)				61		20		x		x

				3252		Resin, Synthetic Rubber, and Artificial Synthetic Fibers and Filaments Manufacturing				61		20		x		x

				3253		Pesticide, Fertilizer, and Other Agricultural Chemical Manufacturing				0		0		0		0

				3254		Pharmaceutical and Medicine Manufacturing				0		0		0		0

				3255		Paint, Coating, and Adhesive ManufacturingT				41		20		20		10

				3256		Soap, Cleaning Compound, and Toilet Preparation Manufacturing				41		20		41		10

				32591		Printing Ink Manufacturing				61		20		61		20

				326		Plastics and Rubber Products Manufacturing				61		20		20		30

				327		Nonmetallic Mineral Product Manufacturing				20		10		20		10

				331		Primary Metal Manufacturing				0		0		x		x

				332		Fabricated Metal Product Manufacturing				0		0		0		0

				333		Machinery Manufacturing				0		0		0		0

				334		Computer and Electronic Product Manufacturing				0		0		0		0

				335		Electrical Equipment, Appliance, and Component Manufacturing				20		10		20		10

				336		Transportation Equipment Manufacturing				0		0		0		0

				337		Furniture and Related Product Manufacturing				0		0		0		0

				339		Miscellaneous Manufacturing				20		0		0		0

				3391		Medical Equipment and Supplies Manufacturing				0		0		0		0

				622		Hospitals				0		0		0		0

				562		Administrative and Support and Waste Management and Remediation Services				41		20		x		x

















































































































































































































































































































































































































































































































































































































5) ZnO

				ZnO NPs				NO GUARANTEE CAN BE GIVEN FOR COMPLETENESS OR CORRECTNESS OF THE DATA SHOWN IN THIS ASSESSMENT TOOL. THIS DOCUMENT IS THE INTELLECTUAL PROPERTY OF THE "SCHWEIZERISCHER VERSICHERUNGSVERBAND" (SVV).  ANY COPYING IS FORBIDDEN.



				GENERAL INFORMATION



				ZnO nanoparticles are a colourless powder (European Commission, 2012) while particles of larger scale are white. The substance is used as an effective UV filter with a different spectrum than TiO2. Additionally, it has antimicrobial properties and is an active agent in self-cleaning products. As ZnO is able to absorb electromagnetic waves it can be used in military and commercial applications. ZnO is present in the earth crust as mineral zincite but most ZnO used commercially is produced synthetically. The different chemical synthesis methods of nano ZnO are described in Sabir et al. (2014): The most common way is the vapour transport synthesis. There is also a chemical reaction of zinc metal with alcohol, a precipitation method and a chemical reaction of zinc acetate dihydrate and NaOH. Alternatives using plants or microbials have been suggested. ZnO nanoparticles have a low solubility in water. Zinc ions can be released, what is relevant for the toxicity assessment (Sachverständigenrat für Umweltfragen, 2011 ; Vandebriel et al., 2012 ). Another mechanism for cytoxoticity seems to be the generation of reactive oxygen species (Rasmussen et al., 2010).

Following products were found to contain ZnO NPs:
cosmetics: sunscreens (transparent UV filter), moisturizing creams for face/feet/hands, deo spray, exfoliaters, foot deodorant powder and spray, makeup
paints: varnishes (UV-filter, self-cleaning agent), dispersions for wood/plastic/textiles, coating solutions
electronics: cooling fluids for automotive or electronics, semiconductors in electronics (TFT screens), solar cells (research only)
food: dietary supplements, plastic wrap for food 
textiles: socks, shoe insole
filters: shower filter against inpurities, chlorine and hardness of water  (Nanodatabase, 2016; Aqulic, 2016)
plastics: increasing abrasion resistance, preventing UV and bacterial degradation, tyres
medicine: cancer therapy, bactericide, nanosensors for diabetes (in research only  (Cash, 2010))

> Aqulic. 2016. ‘Aqulic Shower Filter: The Best Shower Filter in the World’. http://www.aqulic.com/product.aspx.
>  Cash, K. J., and H. A. Clark. 2010. ‘Nanosensors and Nanomaterials for Monitoring Glucose in Diabetes’. Trends in Molecular Medicine 16 (12): 584–93. doi:10.1016/j.molmed.2010.08.002.
>  European Commission. 2012. Types and Uses of Nanomaterials, Including Safety Aspects. Accompanying the Communication from the Commission to the European Parliament, the Council and the European Economic and Social Committee on the Second Regulatory Review on Nanomaterials. Brussels: Publications Office.
>  Nanodatabase. 2016. ‘IntelGadgets Shower Bath Tub Tap Water Filter’. http://nanodb.dk/en/product/?pid=3815.
> Rasmussen, J.W., E. Martinez, P. Louka, and D.G. Wingett. 2010. ‘Zinc Oxide Nanoparticles for Selective Destruction of Tumor Cells and Potential for Drug Delivery Applications’. Expert Opinion on Drug Delivery 7 (9): 1063–77. doi:10.1517/17425247.2010.502560.
> Sachverständigenrat für Umweltfragen. 2011. Vorsorgestrategien Für Nanomaterialien - Sondergutachten. Berlin: Erich Schmidt Verlag. http://www.umweltrat.de/SharedDocs/Downloads/DE/02_Sondergutachten/2011_09_SG_Vorsorgestrategien%20f%C3%BCr%20Nanomaterialien.pdf?__blob=publicationFile.
> Sabir, S., M. Arshad, and S. K. Chaudhari. 2014. ‘Zinc Oxide Nanoparticles for Revolutionizing Agriculture: Synthesis and Applications’. The Scientific World Journal. doi:doi:10.1155/2014/925494.
> Vandebriel, R., and W. De Jong. 2012. ‘A Review of Mammalian Toxicity of ZnO Nanoparticles’. Nanotechnology, Science and Applications, 61. doi:10.2147/NSA.S23932.








						input		CATEGORY		COMMENT				REFERENCES

				GLOBAL PRODUCTION VOLUME (t/y)		10'000 - 100'000		3		The global production is equal to several thousand tonnes per year (European Commission, 2012). In Alibaba, there are a lot of companies only selling amounts of 5 tons or more. 				European Commission. 2012. Types and Uses of Nanomaterials, Including Safety Aspects. Accompanying the Communication from the Commission to the European Parliament, the Council and the European Economic and Social Committee on the Second Regulatory Review on Nanomaterials. Brussels: Publications Office.

				SPREAD 
(number of products)		<100		1		67 products were identified, mostly cosmetics, taking into account all sources. Overall, 39 end products categories produced by 35 companies were found that are shown in the application split chart on the right side: There are 38 hits in the Nanotechproject of Woodrow Wilson (Nanotechproject, 2016). 20 products were found in the Nanodatabase (2016) and 7 in the German database (Nanoproduktdatenbank, 2016).				Nanodatabase. 2016. ‘Search Results for ZnO’. http://nanodb.dk/en/search-database/#pageno=&keyword=&fn.lp_m=2944&fn.d_cd_f=&fn.d_cd_t=.

Nanoproduktdatenbank. 2016. ‘Suchresultate Für ZnO’. http://www.bund.net/nc/themen_und_projekte/nanotechnologie/nanoproduktdatenbank/produktsuche/.

Nanotechproject. 2016. ‘Search Results for ZnO’. http://www.nanotechproject.org/cpi/search-products/?title=&asmSelect0=&date_created=&date_modified=&nanomaterials%5B%5D=1151&search-products_submit=Search&_submitKey=16%3Asearch-products%3A0.




				HAZARDS



								input		CATEGORY		COMMENT				REFERENCES

				HUMAN HAZARD		TOTAL		18		10		The range of the categories is 1-4. The final value for the human hazard is calculated by summing up all categories and penalty points. Therefore, the maximum value (without penalty points)  is 18. 

						toxicity (MAK [ppm])
INHALATION		>1-10		3		Compared to carbon black, single-walled CNTs and SiO2 nanoparticles the ZiO2 nanoparticles showed an increased toxicological potential in cell culture tests (Sachverständigenrat für Umweltfragen, 2011). This toxicity is supposed to result from dissolved Zn(ll) in the culture medium or inside cells (Vandebriel, 2012).

INHALATION:
Known responses of the inhalation of ZnO in human are temporary pulmonary inflammatory response and metal fume fever (European Commission, 2012; Sachverständigenrat für Umweltfragen, 2012). Therefore, this exposure path was chosen to represent the toxicity in the assessment. 
Gao et al (2013) noticed significant damages to the olfactory epithelium as well as inflammation reactions in mice after intranasal instillation. They concluded that caution should be taken during the use and disposal of ZnO NPs to prevent unintended public health impacts.
Liu et al. (2008) also noticed severe pulmonary inflammation, becoming more severe with increasing dose after intratracheal instillation in mice. Additional reactions were the thickening of alveolar walls, weight loss and anemia.
Sayes et al. (2007) made an in vivo experiment with rats by exposing them via a single intratracheal instillation (1 or 5 mg/kg). A cytotoxic response was apparent. However, the inflammation was reversible.
The MAK for zinc oxide fume is 1mg/m3 Luft (Sachverständigenrat für Umweltfragen, 2012), the PEL is 5 mg/m3 (OSHA, 2016). However, metal fume fever developed in workers exposed to 2.5 mg/m3 for two hours. Therefore, the PEL seems to be too high.

ORAL:
Zinc is an essential micronutrient for humans. The oral exposition of mice with nano zinc (5g/kg body weight) lead to renal damage and pathological lesions in the liver and heart tissue as well as slight stomach and intestinal inflammation (Wang et al., 2006).

DERMAL:
Dermal studies show that ZnO nanoparticles do not penetrate the skin (Prospect, 2012; Sachverständigenrat für Umweltfragen, 2011). However, Zn ions that are released from nanoparticles can penetrate the skin in small quantities (Cross et al, 2007; Gulson et al., 2010).
Long-term investigations with human beings are missing.				Cross, S.E., B. Innes, M.S. Roberts, T. Tsuzuki, T.A. Robertson, and P. McCormick. 2007. ‘Human Skin Penetration of Sunscreen Nanoparticles: In-Vitro Assessment of a Novel Micronized Zinc Oxide Formulation’. Skin Pharmacology and Physiology 20 (3): 148–54. doi:10.1159/000098701.

European Commission. 2012. Types and Uses of Nanomaterials, Including Safety Aspects. Accompanying the Communication from the Commission to the European Parliament, the Council and the European Economic and Social Committee on the Second Regulatory Review on Nanomaterials. Brussels: Publications Office.

Gao, L., S.-T. Yang, S. Li, Y. Meng, H. Wang, and H. Lei. 2013. ‘Acute Toxicity of Zinc Oxide Nanoparticles to the Rat Olfactory System after Intranasal Instillation: Acute Toxicity of Zinc Oxide Nanoparticles’. Journal of Applied Toxicology 33 (10): 1079–88. doi:10.1002/jat.2842.

Gulson, B., M. McCall, M. Korsch, L. Gomez, P. Casey, Y. Oytam, A. Taylor, L. Kinsley, and G. Greenoak. 2010. ‘Small Amounts of Zinc from Zinc Oxide Particles in Sunscreens Applied Outdoors Are Absorbed through Human Skin’. Toxicological Sciences. http://toxsci.oxfordjournals.org/content/early/2010/08/12/toxsci.kfq243.abstract.

Liu, ZH., X. Wang, HF. Wang, TC. Wang, YQ. Gu, L. Yan, ST. Yang, et al. 2008. ‘Acute Toxicity of Nano-Sized Zinc Oxide in ICR Mice via Intratracheal Instillation’. Journal of Environmental & Occupational Medicine 25 (4): 360–64.

OSHA. 2016. ‘Chemical Sampling Information, Zinc Oxide Fume’. Accessed January 14. https://www.osha.gov/dts/chemicalsampling/data/CH_277000.html.

PROSPECT. 2009. ‘Toxicological Review of Nano Zinc Oxide’. http://www.nanotechia.org/sites/default/files/files/PROSPECT_Nano-ZnO_Literature_Review.pdf.

Sachverständigenrat für Umweltfragen. 2011. Vorsorgestrategien Für Nanomaterialien - Sondergutachten. Berlin: Erich Schmidt Verlag. http://www.umweltrat.de/SharedDocs/Downloads/DE/02_Sondergutachten/2011_09_SG_Vorsorgestrategien%20f%C3%BCr%20Nanomaterialien.pdf?__blob=publicationFile.

Sayes, C. M., K. L. Reed, and D. B. Warheit. 2007. ‘Assessing Toxicity of Fine and Nanoparticles: Comparing In Vitro Measurements to In Vivo Pulmonary Toxicity Profiles’. Toxicological Sciences 97 (1): 163–80. doi:10.1093/toxsci/kfm018.

Vandebriel, R., and W. De Jong. 2012. ‘A Review of Mammalian Toxicity of ZnO Nanoparticles’. Nanotechnology, Science and Applications, 61. doi:10.2147/NSA.S23932.

Wang, B., W.-Y. Feng, T.-C. Wang, G. Jia, M. Wang, J.W. Shi, F. Zhang, Y. Zhao, and Z.-F. Chai. 2006. ‘Acute Toxicity of Nano- and Micro-Scale Zinc Powder in Healthy Adult Mice’. Toxicology Letters 161 (2): 115–23. doi:10.1016/j.toxlet.2005.08.007.





						carcinogenicity		not classifiable (GROUP 3)		2		There is not sufficient and contradictory information available. A good summary of the genotoxicity studies is shown in An et al. (2014). 				An, A.S.A., J.Y. Kwon, P. Koedrith, and Y.R. Seo. 2014. ‘Current Investigations into the Genotoxicity of Zinc Oxide and Silica Nanoparticles in Mammalian Models in Vitro and in Vivo: Carcinogenic/genotoxic Potential, Relevant Mechanisms and Biomarkers, Artifacts, and Limitations’. International Journal of Nanomedicine, December, 271. doi:10.2147/IJN.S57918.


						mutagenicity		not classifiable		2		No genetic toxicity is proven in vitro and in vivo (BASF reports cited in Prospect (2009)). Genotoxicity was only observed in in vitro studies, while in vivo studies were negative (Vandebriel et al., 2012). Therefore, no assessment of the mutagenicity can be done.				PROSPECT. 2009. ‘Toxicological Review of Nano Zinc Oxide’. http://www.nanotechia.org/sites/default/files/files/PROSPECT_Nano-ZnO_Literature_Review.pdf.

Vandebriel, R., and W. De Jong. 2012. ‘A Review of Mammalian Toxicity of ZnO Nanoparticles’. Nanotechnology, Science and Applications, 61. doi:10.2147/NSA.S23932.



						reproductive toxicity		possibly or probably toxic for reproductive system		3		Jo et al. (2013) showed the negative effect of the ZnO in rats. The latter were exposed to 500 mg/kg bw nano ZnO and showed reduced number of born and living pups, decreased body weight of pups and increased fetal resorption. 
Nano-sized ZnO caused reproductive effects in earthworms in artificial soil (Cañas et al., 2011). According to Zhao et al. (2013) the nano-ZnO shows a dose-dependent toxicity to zebrafish embryos and larvae, reducing the hatching rate and inducing malformation.				Cañas, J.E., B. Qi, S. Li, J.D. Maul, S.B. Cox, S. Das, and M.J. Green. 2011. ‘Acute and Reproductive Toxicity of Nano-Sized Metal Oxides (ZnO and TiO2) to Earthworms (Eisenia Fetida)’. Journal of Environmental Monitoring 13 (12): 3351. doi:10.1039/c1em10497g.

Jo, E., G. Seo, J.-T. Kwon, M. Lee, B.C. Lee, and I. Eom. 2013. ‘Exposure to Zinc Oxide Nanoparticles Affects Reproductive  Development and Biodistribution in Offspring Rats’. The Journal of Toxicological Sciences 38 (4): 525–30.

Zhao, X.S., S.T. Wang, Y. Wu, H. You, and L. Lv. 2013. ‘Acute ZnO Nanoparticles Exposure Induces Developmental Toxicity, Oxidative Stress and DNA Damage in Embryo-Larval Zebrafish’. AQUATIC TOXICOLOGY 136: 49–59. doi:10.1016/j.aquatox.2013.03.019.




						penalty points		no		0		no comment

				comments 

		> The main path was chosen to be the inhalation. 
> The Sachverständigenrat für Umweltfragen (2011) notes a small human toxicity and a middle environmental toxicity.


> Sachverständigenrat für Umweltfragen. 2011. Vorsorgestrategien Für Nanomaterialien - Sondergutachten. Berlin: Erich Schmidt Verlag. http://www.umweltrat.de/SharedDocs/Downloads/DE/02_Sondergutachten/2011_09_SG_Vorsorgestrategien%20f%C3%BCr%20Nanomaterialien.pdf?__blob=publicationFile.





								input		CATEGORY		COMMENT				REFERENCES

				ENVIRONMENTAL HAZARD		TOTAL		10		8		The range of the categories is 1-4. The final value for the environmental hazard is calculated by summing up all categories and penalty points. Therefore, the maximum value (without penalty points)  is 10. 

						persistence/bioaccumulation
		yes		4		ZnO nanoparticles show high persistence in soils (Gimbert et al., 2007): In the experiment, they were stable in the soil suspension for 14 days and did not go into solution and did not sorb. In water (at least tap water) ZnO nanoparticles agglomerate rapidly. It is not proven yet that the same happens in natural water bodies. (Sachverständigenrat für Umweltfragen. 2011; Stone et Hankin, 2009; Zhang et al., 2008).				Gimbert, L.J., R.E. Hamon, P.S. Casey, and P.J. Worsfold. 2007. ‘Partitioning and Stability of Engineered ZnO Nanoparticles in Soil Suspensions Using Flow Field-Flow Fractionation’. Environmental Chemistry 4: 8–10.

Sachverständigenrat für Umweltfragen. 2011. Vorsorgestrategien Für Nanomaterialien - Sondergutachten. Berlin: Erich Schmidt Verlag. http://www.umweltrat.de/SharedDocs/Downloads/DE/02_Sondergutachten/2011_09_SG_Vorsorgestrategien%20f%C3%BCr%20Nanomaterialien.pdf?__blob=publicationFile.

Stone, V., and S. Hankin. 2009. ‘Engineered Nanoparticles: Review of Health and Environmental Safety’. ENRHES.

Zhang, Y., Y. Chen, P. Westerhoff, K. Hristovski, and J.C. Crittenden. 2008. ‘Stability of Commercial Metal Oxide Nanoparticles in Water’. Water Research 42 (8-9): 2204–12. doi:10.1016/j.watres.2007.11.036.




						aquatic toxicity 
(LC50 for fish [ppm]=[mg/l])		<10		4		The bulk material was classified as "very toxic to aquatic life with long lasting effects" by the European Commission (2012).
The 96h-LC50 for zebrafish is 3.5-9.1 mg/l in Wehmas et al. (2015), 1.793 mg/l in Zhu et al. (2008) and 4.92 mg/l in Daowen et al. (2011). The LC50 value for daphnia is 3.2 mg/l according to Heinlaan et al. (2008). and 1.02 mg/l in Lopes et al. (2014) mentioned in The Danish Environmental Protection Agency (2015). This high toxicity probably emerges because Zn ions are released. 				Daowen, X., F. Tao, Y. Linpeng, S. Xiaofeng, and Z. Wentao. 2011. ‘Effects of Nano-Scale TiO2, ZnO and Their Bulk Counterparts on Zebrafish: Acute Toxicity, Oxidative Stress and Oxidative Damage.’ Science of The Total Environment 409 (8): 1444–52.

European Commission. 2012. Types and Uses of Nanomaterials, Including Safety Aspects. Accompanying the Communication from the Commission to the European Parliament, the Council and the European Economic and Social Committee on the Second Regulatory Review on Nanomaterials. Brussels: Publications Office.

Heinlaan, Margit, Angela Ivask, Irina Blinova, Henri-Charles Dubourguier, and Anne Kahru. 2008. ‘Toxicity of Nanosized and Bulk ZnO, CuO and TiO2 to Bacteria Vibrio Fischeri and Crustaceans Daphnia Magna and Thamnocephalus Platyurus’. Chemosphere 71 (7): 1308–16. doi:10.1016/j.chemosphere.2007.11.047.

Lopes, S., F. Ribeiro, J. Wojnarowicz, W. Łojkowski, K. Jurkschat, A. Crossley, A.M.V.M. Soares, and S. Loureiro. 2014. ‘Zinc Oxide Nanoparticles Toxicity to “Daphnia Magna”: Size-Dependent Effects and Dissolution: Effect of ZnO Nanoparticles on “Daphnia Magna”’. Environmental Toxicology and Chemistry 33 (1): 190–98. doi:10.1002/etc.2413.

The Danish Environmental Protection Agency. 2015. ‘Environmental Effects of Engineered Nanomaterials - Estimation of Predicted No-Effect Concentrations (PNECs)’. Copenhagen. http://www2.mst.dk/Udgiv/publications/2015/09/978-87-93352-70-4.pdf.

Wehmas, Leah C., Catherine Anders, Jordan Chess, Alex Punnoose, Cliff B. Pereira, Juliet A. Greenwood, and Robert L. Tanguay. 2015. ‘Comparative Metal Oxide Nanoparticle Toxicity Using Embryonic Zebrafish’. Toxicology Reports 2: 702–15. doi:10.1016/j.toxrep.2015.03.015.

Zhu, Xiaoshan, Lin Zhu, Zhenghua Duan, Ruiqi Qi, Yan Li, and Yupeng Lang. 2008. ‘Comparative Toxicity of Several Metal Oxide Nanoparticle Aqueous Suspensions to Zebrafish ( Danio Rerio ) Early Developmental Stage’. Journal of Environmental Science and Health, Part A 43 (3): 278–84. doi:10.1080/10934520701792779.








						penalty points		no		0		no comment

				comments		> Nano ZnO suspensions show significant growth inhibition in bacteria. 
> The Sachverständigenrat für Umweltfragen (2011) notes a small human toxicity and a middle environmental toxicity.

> Jones, N., B. Ray, K.T. Ranjit, and A.C. Manna. 2008. ‘Antibacterial activity of ZnO nanoparticle suspensions on a broad spectrum of microorganisms’. FEMS Microbiology Letters 279 (1): 71–76. doi:10.1111/j.1574-6968.2007.01012.x.
> Sachverständigenrat für Umweltfragen. 2011. Vorsorgestrategien Für Nanomaterialien - Sondergutachten. Berlin: Erich Schmidt Verlag. http://www.umweltrat.de/SharedDocs/Downloads/DE/02_Sondergutachten/2011_09_SG_Vorsorgestrategien%20f%C3%BCr%20Nanomaterialien.pdf?__blob=publicationFile.
> Zhang, L., Y. Jiang, Y. Ding, M. Povey, and D. York. 2007. ‘Investigation into the antibacterial behaviour of suspensions of ZnO nanoparticles (ZnO Nanofluids)’. Journal of Nanoparticle Research 9 (3): 479–89. doi:10.1007/s11051-006-9150-1.





				EXPOSURE
(probability that this exposure materializes)





										production site related
(raw material producing and further processing companies)				 final product related

				NAICS		INDUSTRY				workers exposure		gradual and accidental environmental exposure		consumer exposure 		gradual environmental exposure		products

				11		Agriculture,  Forestry, Fishing and Hunting				0		0		0		0

				21		Mining, Quarrying, and Oil and Gas Extraction				0		0		x		x

				22		Utilities				0		0		0		0

				236		Construction of Buildings				0		0		0		0

				311		Food Manufacturing				1		1		2		1		6 dietary supplements, plastic wrap for food

				312		Beverage and Tobacco Product Manufacturing				0		0		0		0

				313/314/315		Textiles & Apparels				1		1		2		1		socks, shoe insole

				316		Leather and Allied Product Manufacturing				0		0		0		0

				321		Wood Product Manufacturing				0		0		0		0

				322		Paper Manufacturing				0		0		0		0

				323		Printing and Related Support Activities				0		0		0		0

				324		Petroleum and Coal Products Manufacturing				0		0		0		0

				325/3251		Chemical Manufacturing (inlcuding Base Chemical Manufacturing)				2		2		x		x		1,7 raw material manufacturing

				3252		Resin, Synthetic Rubber, and Artificial Synthetic Fibers and Filaments Manufacturing				2		2		x		x		1 resin production

				3253		Pesticide, Fertilizer, and Other Agricultural Chemical Manufacturing				0		0		0		0

				3254		Pharmaceutical and Medicine Manufacturing				1		1		3		2		cancer drugs (Abraxane, Taxol, Myocet)

				3255		Paint, Coating, and Adhesive Manufacturing				2		1		2		2		paints, varnishes, dispersions for wood/plastic/textiles, coating solutions

				3256		Soap, Cleaning Compound, and Toilet Preparation Manufacturing				3		2		3		3		sunscreen, moisturizing creams for face/feet/hands, deo spray, exfoliaters, foot deodorant powder and spray, makeup

				32591		Printing Ink Manufacturing				0		0		0		0

				326		Plastics and Rubber Products Manufacturing				3		2		1		3		plastic wrap, filters, tires 

				327		Nonmetallic Mineral Product Manufacturing				0		0		0		0

				331		Primary Metal Manufacturing				0		0		x		x

				332		Fabricated Metal Product Manufacturing				0		0		0		0

				333		Machinery Manufacturing				0		0		0		0

				334		Computer and Electronic Product Manufacturing				0		0		0		0		5 -

				335		Electrical Equipment, Appliance, and Component Manufacturing				0		0		0		0		5 -

				336		Transportation Equipment Manufacturing				0		0		0		0

				337		Furniture and Related Product Manufacturing				0		0		0		0

				339		Miscellaneous Manufacturing				0		0		0		0

				3391		Medical Equipment and Supplies Manufacturing				0		0		0		0

				622		Hospitals				0		0		3		2		3 cancer drugs

				562		Administrative and Support and Waste Management and Remediation Services				2		2		x		x		1,2,8 waste management, recycling processes

				comments		> The categories were first set individually by every member of the working group and then discussed in a group meeting. 
> The probability of claims was not included in this assessment.
> Products in research but not on the market yet were not included here.
>1 As there are no end products but intermediate products only in chemical manufacturing, resin production and the waste management these fields cannot be filled (x). 
>2 The waste management part is neglected in all rows except the last one (waste water treatment plants, landfills, incineration). 
>3 In hospitals the production part is related to the employees that do not get in contact with the equipment or the drugs. Therefore, the exposure there is negligible. The product part is related to the patient. 
>4 It is assumed that the largest share of nano ZnO is used in the tire industy. However, in contrast to carbon black, ZnO in the tire industry is not only used as a filler but also as a promoter of vulcanisation.
>5 No specific products were found in electronics. However, products are mentioned in the literature (see introduction).
>6 In contrast to silver, the human body needs zinc. Therefore, the consumer exposure for humans and ZnO nanoparticles is lower than the one for silver nanoparticles.
>7 The production of nano ZnO is based on wet chemistry. This is assessed to be less harmfull than the production of a powder.
>8 For all of the assessed NPs, both workers and environmental exposure were rated as 2, because further information is necessary to assess the risk in more specific manner. Specific local regulation and protection measures might influence the final risk exposure evaluation heavily. 




				RISK 
(hazard and exposure multiplied; maximum number is 100)







				Zinc oxide						production site related
(raw material producing and further processing companies)				 final product related

				NAICS		INDUSTRY				workers risk		gradual and accidental environmental risk		consumer risk		gradual environmental risk

				11		Agriculture,  Forestry, Fishing and Hunting				0		0		0		0

				21		Mining, Quarrying, and Oil and Gas Extraction				0		0		x		x

				22		Utilities				0		0		0		0

				236		Construction of Buildings				0		0		0		0

				311		Food Manufacturing				19		27		37		27

				312		Beverage and Tobacco Product Manufacturing				0		0		0		0

				313/314/315		Textiles & Apparels				19		27		37		27

				316		Leather and Allied Product Manufacturing				0		0		0		0

				321		Wood Product Manufacturing				0		0		0		0

				322		Paper Manufacturing				0		0		0		0

				323		Printing and Related Support Activities				0		0		0		0

				324		Petroleum and Coal Products Manufacturing				0		0		0		0

				325/3251		Chemical Manufacturing (inlcuding Base Chemical Manufacturing)				37		53		x		x

				3252		Resin, Synthetic Rubber, and Artificial Synthetic Fibers and Filaments Manufacturing				37		53		x		x

				3253		Pesticide, Fertilizer, and Other Agricultural Chemical Manufacturing				0		0		0		0

				3254		Pharmaceutical and Medicine Manufacturing				19		27		56		53

				3255		Paint, Coating, and Adhesive ManufacturingT				37		27		37		53

				3256		Soap, Cleaning Compound, and Toilet Preparation Manufacturing				56		53		56		80

				32591		Printing Ink Manufacturing				0		0		0		0

				326		Plastics and Rubber Products Manufacturing				56		53		19		80

				327		Nonmetallic Mineral Product Manufacturing				0		0		0		0

				331		Primary Metal Manufacturing				0		0		x		x

				332		Fabricated Metal Product Manufacturing				0		0		0		0

				333		Machinery Manufacturing				0		0		0		0

				334		Computer and Electronic Product Manufacturing				0		0		0		0

				335		Electrical Equipment, Appliance, and Component Manufacturing				0		0		0		0

				336		Transportation Equipment Manufacturing				0		0		0		0

				337		Furniture and Related Product Manufacturing				0		0		0		0

				339		Miscellaneous Manufacturing				0		0		0		0

				3391		Medical Equipment and Supplies Manufacturing				0		0		0		0

				622		Hospitals				0		0		56		53

				562		Administrative and Support and Waste Management and Remediation Services				37		53		x		x

















































































































































































































































































































































































































































































































































































































6) SiO2

				Amorphous silica (silicon dioxide) NPs				NO GUARANTEE CAN BE GIVEN FOR COMPLETENESS OR CORRECTNESS OF THE DATA SHOWN IN THIS ASSESSMENT TOOL. THIS DOCUMENT IS THE INTELLECTUAL PROPERTY OF THE "SCHWEIZERISCHER VERSICHERUNGSVERBAND" (SVV).  ANY COPYING IS FORBIDDEN.



				GENERAL INFORMATION



				Silicon (Si) is the second most abundant chemical element in the earth crust after oxigen. It is present as a metal complex in the form of silicate minerals. The oxide of silicon is called silicon dioxide or silica (SiO2) (ECETOC, 2006). Silica can be split up in three groups: There is natural crystalline silica, natural amorphous silica and synthetic amorphous silica (Fruijtier-Pölloth, 2012; Sewan et al., 2014). In crystalline silica, the silicon and oxygen atoms are arranged in a fixed geometric pattern, while in amorphous silica no spatial ordering of the atoms is present (Merget et al., 2001). However, as engineered SiO2 nanoparticles are amorphous this assessment focuses on synthetic amorphous silica only. In the following, it is called "nanosilica".
Silica exists naturally but can also be produced artificially: The flame synthesis or pyrolysis is a dry process with high temperatures and is used in the industry for mass production of these nanoparticles. Smaller production volumes are generated by wet processes (precipitated silica and silica gels) (Al-Rawi et al., 2011; Sewan et al., 2014, Napierska et al., 2010; Merget at al., 2001). The final product is a powder for both methods. However, the intermediate product from the wet process has to be dried first. Silica nanoparticles are usually tailor-made to meet the requirements of the user (ECETOC, 2006). 

Following products containing nanosilica were found  (Sachverständigenrat für Umweltfragen, 2011; Al-Rawi et al., 2011):
electronics: precision polishing agent in the semiconductor industry, memory stick
plastics: additive used to control the elasticity or as a filler, tires
cement: at least in research (Sobolov et al., 2009)
paints and sealants: pigment, dye, varnish, glue, anti-graffiti paint
coating: impregnation spray for textiles and furniture, coating (for garden application or construction for antidirt purposes), sealant,
desiccant
fire extinguisher (Wikipedia, 2016)
cleaning and anti-fog products: for example SiO2 nanotech (2016) with VitreOx
sporting goods: skis, rackets (for longer life)
cosmetics: creams (nanosilica as filler or gelling agent), toothpaste 
pharmaceuticals: medical tests for cancer, for bioimaging and drug-delivery (at least in research according to Lu et al., 2007; Huang et al., 2005; Gemeinhart et al., 2008), dental restoration composite
food: colloidal solution as food additives, food packaging, PET bottles (Dekkers et al., 2011), anti-caking agent (E551)

A known base product is "Aerosil" (Evonik Industries, 2016).


> Al-Rawi, M., S. Diabaté, and C. Weiss. 2011. ‘Uptake and Intracellular Localization of Submicron and Nano-Sized SiO2 Particles in HeLa Cells’. Archives of Toxicology 85 (7): 813–26. doi:10.1007/s00204-010-0642-5.
> Dekkers, S., P. Krystek, R.J.B. Peters, D.P.K. Lankveld, B.G.H. Bokkers, P.H. van Hoeven-Arentzen, H. Bouwmeester, and A.G. Oomen. 2011. ‘Presence and Risks of Nanosilica in Food Products’. Nanotoxicology 5 (3). http://www.tandfonline.com/doi/full/10.3109/17435390.2010.519836.
> ECETOC. 2006. ‘Synthetic Amorphous Silica (CAS No. 7631-86-9)’. JACC No. 51. http://members.ecetoc.org/Documents/Document/JACC%20051.pdf.
> Evonik Industries. 2016. ‘AEROSIL® Fumed Silica - More than Just a Powder’. http://www.aerosil.com/product/aerosil/en/products/pages/default.aspx.
> Fruijtier-Pölloth, C. 2012. ‘The Toxicological Mode of Action and the Sagety of Synthetic Amorphous Silca - A Nanostructured Material’. Toxicology 294: 61–79.
> Gemeinhart, R.A., D. Luo, and W.M. Saltzman. 2008. ‘Cellular Fate of a Modular DNA Delivery System Mediated by Silica Nanoparticles’. Biotechnology Progress 21 (2): 532–37. doi:10.1021/bp049648w.
> Huang, D.-M., Y. Hung, B.-S. Ko, S.-C. Hsu, W.-L. Chen, C.L. Chien, C.-P. Tsai, et al. 2005. ‘Highly Efficient Cellular Labeling of Mesoporous Nanoparticles in Human Mesenchymal Stem Cells: Implication for Stem Cell Tracking’. The FASEB Journal 19 (14): 2014–16.
> Lu, J., M. Liong, S. Sherman, T. Xia, M. Kovochich, A.E. Nel, J.I. Zink, and F. Tamanoi. 2007. ‘Mesoporous Silica Nanoparticles for Cancer Therapy: Energy-Dependent Cellular Uptake and Delivery of Paclitaxel to Cancer Cells’. NanoBiotechnology 3 (2): 89–95. doi:10.1007/s12030-008-9003-3.
> Merget, R., T. Bauer, H.U. Küpper, S. Philippou, H.D. Bauer, R. Breitstadt, and T. Bruenig. 2001. ‘Health Hazards due to the Inhalation of Amorphous Silica’. Archives of Toxicology - Springer 75: 625–34.
> Napierska, D., L.C.J. Thomassen, D. Lison, J.A. Martens, and P.H. Hoet. 2010. ‘The Nanosilica Hazard: Another Variable Entity’. Particle and Fibre Toxicology 7 (1): 1.
> Sachverständigenrat für Umweltfragen. 2011. Vorsorgestrategien Für Nanomaterialien - Sondergutachten. Berlin: Erich Schmidt Verlag. http://www.umweltrat.de/SharedDocs/Downloads/DE/02_Sondergutachten/2011_09_SG_Vorsorgestrategien%20f%C3%BCr%20Nanomaterialien.pdf?__blob=publicationFile.
> Sewan, O. H., K. I. M. Boowook, and K. I. M. Hyunwook. 2014. ‘Comparison of Nanoparticle Exposures Between Fumed and Sol-Gel Nano-Silica Manufacturing Facilities’. Industrial Health 52 (3): 190.
> SiO2 nanotech. 2016. “VitreOx.” http://sio2nanotech.com/.
> Sobolev, K., I. Flores, L. M. Torres-Martinez, P. L. Valdez, E. Zarazua, and E. L. Cuellar. 2009. ‘Engineering of SiO2 Nanoparticles for Optimal Performance in Nano Cement-Based Materials’. In Nanotechnology in Construction 3, 139–48. Springer. http://link.springer.com/10.1007/978-3-642-00980-8_18.>
> Wikipedia. 2016. ‘Pyrogenes Siliciumdioxid’. https://de.wikipedia.org/wiki/Pyrogenes_Siliciumdioxid.









						input		CATEGORY		COMMENT				REFERENCES

				GLOBAL PRODUCTION VOLUME (t/y)		>1'000'000		5		Nanosilica seems to be one of the most abundantly produced nanomaterials in the world:  Sewan et al. (2014) visited two factories in Korea: One of them is producing 9000 tons nano-SiO2/y. In Switzerland, more than 10t are used annually (Piccinno et al., 2012). This research group made a survey that results in a global production volume of about 10'000-100'000 t/y worldwide. However, it is mentioned that obviously nobody knows much about the exact production volume. Merget et al. (2011) estimated the worldwide production of amorphous silica in 1995 to be about one million tons. According to ECETOC (2006) it was about 1'100'000 t in 1992 worldwide with an increasing trend.				ECETOC. 2006. ‘Synthetic Amorphous Silica (CAS No. 7631-86-9)’. JACC No. 51. http://members.ecetoc.org/Documents/Document/JACC%20051.pdf.

Merget, R., T. Bauer, H.U. Küpper, S. Philippou, H.D. Bauer, R. Breitstadt, and T. Bruenig. 2001. ‘Health Hazards due to the Inhalation of Amorphous Silica’. Archives of Toxicology - Springer 75: 625–34.

Piccinno, F., F. Gottschalk, S. Seeger, and B. Nowack. 2012. ‘Industrial Production Quantities and Uses of Ten Engineered Nanomaterials in Europe and the World’. Journal of Nanoparticle Research 14 (9). doi:10.1007/s11051-012-1109-9.

Sewan, O. H., K. I. M. Boowook, and K. I. M. Hyunwook. 2014. ‘Comparison of Nanoparticle Exposures Between Fumed and Sol-Gel Nano-Silica Manufacturing Facilities’. Industrial Health 52 (3): 190.





				SPREAD 
(number of products)		101-1000		2		149 products were identified, mostly cosmetics and food supplements, taking into account all sources. Overall, 73 end products categories produced by 64 companies were found that are shown in the application split chart on the right side: 43 products were found in the Nanotechproject database of Woodrow Wilson (Nanotechproject, 2016). 45 products were found in the Nanodatabase (Nanodatabase, 2016), 46 in the German database (Nanoproduktdatenbank, 2016) and 15 in the database of Nanotechnology in our Food (2016).				Nanodatabase. 2016. ‘Search Results for Silica NPs’. http://nanodb.dk/en/search-database/?keyword=silicium#pageno=&keyword=silicium&fn.lp_m=2934&fn.d_cd_f=&fn.d_cd_t=.

Nanoproduktdatenbank. 2016. ‘Search Results for SiO2’. Accessed January 29. http://www.bund.net/nc/themen_und_projekte/nanotechnologie/nanoproduktdatenbank/produktsuche/.

Nanotechnlogy in our Food, 2016. http://salsa3.salsalabs.com/o/1881/p/salsa/web/common/public/content?content_item_KEY=14112%20

Nanotechproject. 2016. ‘Search Results for SiO2’. http://www.nanotechproject.org/cpi/search-products/?title=&asmSelect0=&date_created=&date_modified=&nanomaterials%5B%5D=1147&search-products_submit=Search&_submitKey=16%3Asearch-products%3A0.





				HAZARDS



								input		CATEGORY		COMMENT				REFERENCES

				HUMAN HAZARD		TOTAL		18		5		The range of the categories is 1-4. The final value for the human hazard is calculated by summing up all categories and penalty points. Therefore, the maximum value (without penalty points)  is 18. 

						toxicity (MAK)
INHALATION		>1-10		3		Clearly, the main exposure route of nanosilica is the inhalation. There is concern in the literature about pneumoconiosis, chronic bronchitis, COPD, bronchiolitis obliterans and carcinoma. Napierska et al. (2010) as well as ECETOC (2006) collected and summarised in-vivo and in-vitro studies about the toxicity of nanosilica. The LC50 values range from 90-3'730 mg/m3 what corresponds to categories 1-3 in this assessment. However, the authors in ECETOC (2006) emphasize in their summary that the size of the particles used in the experiments is much smaller than the size of particles in commercial products. Therefore, the existing inhalation tests do not represent the toxicological behaviour of the products on the market. Taking into account this concern and the large range of LC50 values in the literature, the MAK/PEL values were considered for the assessment:

The MAK and the PEL respectively is 4 mg/m3 in Germany and 10 mg/m3 in the United States and in France (Merget et al. , 2001; Sachverständigenrat für Umweltfragen, 2011; ECETOC, 2006). This corresponds to category 3 in this assessment.

				ECETOC. 2006. ‘Synthetic Amorphous Silica (CAS No. 7631-86-9)’. JACC No. 51. http://members.ecetoc.org/Documents/Document/JACC%20051.pdf.

Merget, R., T. Bauer, H.U. Küpper, S. Philippou, H.D. Bauer, R. Breitstadt, and T. Bruenig. 2001. ‘Health Hazards due to the Inhalation of Amorphous Silica’. Archives of Toxicology - Springer 75: 625–34.

Napierska, D., L.C.J. Thomassen, D. Lison, J.A. Martens, and P.H. Hoet. 2010. ‘The Nanosilica Hazard: Another Variable Entity’. Particle and Fibre Toxicology 7 (1): 1.

Sachverständigenrat für Umweltfragen. 2011. Vorsorgestrategien Für Nanomaterialien - Sondergutachten. Berlin: Erich Schmidt Verlag. http://www.umweltrat.de/SharedDocs/Downloads/DE/02_Sondergutachten/2011_09_SG_Vorsorgestrategien%20f%C3%BCr%20Nanomaterialien.pdf?__blob=publicationFile.





						carcinogenicity		not classifiable (GROUP 3)		2		According to the IARC (2012) there is sufficient evidence in humans that crystalline SiO2 like quartz (not only the nanoform) leads to lung cancer after inhalation. Therefore, it is classified in group 1 (carcinogenic). 
On the other hand, amorphous silica is classified in group 3 and thus "not classifiable" regarding to its human carcinogenicity. However, there are some papers that indicate carcinogenicity in amorphous silica:
The carcinogenicity of crystalline as well as amorphous silica in rats mentioned in Roller (2010). Pott & Roller (2003) described the toxicity and the relation to fibrosis with amorphous and ultrafine silica, but they did not detect a clear relation to cancer. The same applies to the study of Johnston et al. (2000). 				IARC. 2012. ‘Silica Dust, Crystalline, in the Form of Quartz or Cristobalite’. http://www.ncbi.nlm.nih.gov/books/NBK304370/.

Johnston, C.J., K.E. Driscoll, J.N. Finkelstein, R. Baggs, M.A. O’Reilly, J. Carter, R. Gelein, and G. Oberdoerster. 2000. ‘Pulmonary Chemokine and Mutagenic Responses in Rats after Subchronic Inhalation of Amorphous and Crystalline Silica’. Toxicological Sciences 56: 405–13.

Pott, F., and M. Roller. 2003. ‘Untersuchungen zur Kanzerogenität granulärer Stäube an Ratten –   Ergebnisse und Interpretationen’. https://www.hfwu.de/fileadmin/user_upload/Arbeitssicherheit/Wissenswertes/Tonerstaub/Untersuchung_Kanzerogenitaet_granulaerer_Staeube.pdf.

Roller, M. 2010. Krebserzeugende Wirkung von Nanomaterialien Am Arbeitsplatz. Hans-Böckler-Stiftung. http://www.boeckler.de/pdf/p_arbp_221.pdf.



						mutagenicity		probably not mutagenic to humans 		0		Fruijtier-Pölloth (2012) concluded in their summary of studies dealing with mutagenicity caused by nanosilica that there is no evidence that the latter induces mutations in in vitro or in vivo. However, genotoxicity in vitro was observed, for example in Demir et al. (2013) that made cell experiments with various sizes of silica nanoparticles.				Demir, E., F. Turna, D. Burgucu, Z. Kılıç, E. Burunkaya, Ö. Kesmez, Z. Yeşil, M. Akarsu, and B. Kaya. 2013. ‘Genotoxicity of Different Nano-Sizes and Ions of Silica Nanoparticles’. Fresenius Environmental Bulletin 22 (10): 2901–9.

Fruijtier-Pölloth, C. 2012. ‘The Toxicological Mode of Action and the Sagety of Synthetic Amorphous Silca - A Nanostructured Material’. Toxicology 294: 61–79.



						reproductive toxicity		probably not toxic for reproductive system		0		There are two studies that both conclude that silica nanoparticles do not induce reproductive or developmental toxicity (Fruijtier-Pölloth, 2012): The FDA made experiments in 1973 (EPA, 2011) with oral administration of nanosilica in rabbits, hamsters, mice and rats (1600, 1600, 1340 and 1350 mg/kg bw respectively). Xue et al. (2006) studied the reproductive toxicity in mice by administration of an injection. The particles were excreted with the urine. 				EPA. 2011. ‘Screening-Level Hazard Characterization of Silane, Dichlorodimethyl-, Reaction Product with Silica’. https://pharosproject.net/uploads/files/cml/1350009409.pdf.

Fruijtier-Pölloth, C. 2012. ‘The Toxicological Mode of Action and the Sagety of Synthetic Amorphous Silca - A Nanostructured Material’. Toxicology 294: 61–79.

Xue, Z.-G., S.-H. Zhu, Q. Pan, D.-S. Liang, Y.-M. Li, X.-H. Liu, K. Xia, and J.-H. Xia. n.d. ‘Biotoxicology and Biodynamics of Silica Nanoparticles’. Medical Sciences 31: 6–8.


						penalty points		no		0		There are fears that nanosilica leads to lung damage. However, with exception of one study there is no evidence of intersititial pulmonary fibrosis. In the studies with a recovery time the pulmonary effects diminished with time. Therefore, no penalty points are given here for lung inflamation or even fibrosis.				ECETOC. 2006. ‘Synthetic Amorphous Silica (CAS No. 7631-86-9)’. JACC No. 51. http://members.ecetoc.org/Documents/Document/JACC%20051.pdf.


				comments 

		> The Sachverständigenrat für Umweltfragen (2011) reports that there is no relevant acute hazard for humans. This goes in line with the result of this assessment: The sum for the human hazard from nanosilica is low compared to the other substances.

> Sachverständigenrat für Umweltfragen. 2011. Vorsorgestrategien Für Nanomaterialien - Sondergutachten. Berlin: Erich Schmidt Verlag. http://www.umweltrat.de/SharedDocs/Downloads/DE/02_Sondergutachten/2011_09_SG_Vorsorgestrategien%20f%C3%BCr%20Nanomaterialien.pdf?__blob=publicationFile.





								input		CATEGORY		COMMENT				REFERENCES

				ENVIRONMENTAL HAZARD		TOTAL		10		1		The range of the categories is 1-4. The final value for the environmental hazard is calculated by summing up all categories and penalty points. Therefore, the maximum value (without penalty points)  is 10. 

						persistence/bioaccumulation
		no		0		Nanosilica is an inert substance (ECETOC, 2006). There is no bioaccumulation and in water particles may aggregate and sediment. However, this aggregation is influenced by pH, salinity, water hardness and the presence of organic matter. Biodegradation is not happening in water. (Fruijtier-Pölloth, 2012)				ECETOC. 2006. ‘Synthetic Amorphous Silica (CAS No. 7631-86-9)’. JACC No. 51. http://members.ecetoc.org/Documents/Document/JACC%20051.pdf.

Fruijtier-Pölloth, C. 2012. ‘The Toxicological Mode of Action and the Sagety of Synthetic Amorphous Silca - A Nanostructured Material’. Toxicology 294: 61–79.

						aquatic toxicity 
(LC50 for fish [ppm]=[mg/l])		>1000		1		In ECETOC (2006) a study from Degussa (1992, unpublished reports) is cited: There, the LC50 values for fish are >10'000 mg/l for hydrophilic silica. Another study showed 70% mortality with a suspension of 10 mg/l in daphnia magna. (Baun et al. (2008) citing Adams et al. (2006)). However, the citation is wrong as Adams et al. (2006) only researched bacteria and not daphnia.				Adams, L.K., D.Y. Lyon, and P.J.J. Alvarez. 2006. ‘Comparative Eco-Toxicity of Nanoscale TiO2, SiO2, and ZnO Water Suspensions’. Water Research 40 (19): 3527–32. doi:10.1016/j.watres.2006.08.004.

Baun, A., N. B. Hartmann, K. Grieger, and K. O. Kusk. 2008. ‘Ecotoxicity of Engineered Nanoparticles to Aquatic Invertebrates: A Brief Review and Recommendations for Future Toxicity Testing’. Ecotoxicology 17 (5): 387–95. doi:10.1007/s10646-008-0208-y.

ECETOC. 2006. ‘Synthetic Amorphous Silica (CAS No. 7631-86-9)’. JACC No. 51. http://members.ecetoc.org/Documents/Document/JACC%20051.pdf.





						penalty points		no		0		no comment

				comments		Silica in general has a low water solubility, that means 1.9-2.5 mmol/l = 114-151 mg/l. It is naturally present in rivers as dissolved silica from the weathering of rocks. The average dissolved silica concentration in rivers worldwide is 9mg SiO2/l (ECETOC, 2006).

> ECETOC. 2006. ‘Synthetic Amorphous Silica (CAS No. 7631-86-9)’. JACC No. 51. http://members.ecetoc.org/Documents/Document/JACC%20051.pdf.




				EXPOSURE
(probability that this exposure materializes)





										production site related
(raw material producing and further processing companies)				 final product related

				NAICS		INDUSTRY				workers exposure		gradual and accidental environmental exposure		consumer exposure 		gradual environmental exposure		products

				11		Agriculture,  Forestry, Fishing and Hunting				2		1		2		3		insecticide

				21		Mining, Quarrying, and Oil and Gas Extraction				0		0		x		x

				22		Utilities				0		0		0		0

				236		Construction of Buildings				3		1		1		2		3 Portland cement concrete, insulation (Aspen Aerogel) (Wikipedia, 2016), surface treatments/coatings

				311		Food Manufacturing				1		1		3		2		5 food supplement, food additive (E551), food packaging

				312		Beverage and Tobacco Product Manufacturing				1		1		2		1		beer and wine production (protein adsorption)

				313/314/315		Textiles & Apparels				2		1		2		2		silica defoamers, coatings

				316		Leather and Allied Product Manufacturing				2		1		2		2		coating and impregnation

				321		Wood Product Manufacturing				0		0		0		0

				322		Paper Manufacturing				2		1		1		1		silica defoamer

				323		Printing and Related Support Activities				2		1		1		1		coating for inject-paper

				324		Petroleum and Coal Products Manufacturing				0		0		0		0

				325/3251		Chemical Manufacturing (inlcuding Base Chemical Manufacturing)				3		2		x		x		1 production of synthetic silica, use of silica defoamers

				3252		Resin, Synthetic Rubber, and Artificial Synthetic Fibers and Filaments Manufacturing				3		2		x		x		1 plastic additive, bottles  and packaging production

				3253		Pesticide, Fertilizer, and Other Agricultural Chemical Manufacturing				2		1		2		3		insecticide

				3254		Pharmaceutical and Medicine Manufacturing				0		0		0		0		(research only)

				3255		Paint, Coating, and Adhesive Manufacturing				2		1		2		2		paint, varnish, glue, coating, use of defoamers, shoe impregnation, sealant

				3256		Soap, Cleaning Compound, and Toilet Preparation Manufacturing				2		1		3		3		cleaning products, skin conditioners and creams and washing products, toothpaste, make up (eye shadow, eye liner, mascara , lipgloss), body scrub, shampoo, hair colour

				32591		Printing Ink Manufacturing				0		0		0		0

				326		Plastics and Rubber Products Manufacturing				3		2		1		3		tires, shoe soles

				327		Nonmetallic Mineral Product Manufacturing				1		1		1		1		spy glass

				331		Primary Metal Manufacturing				0		0		x		x

				332		Fabricated Metal Product Manufacturing				0		0		0		0

				333		Machinery Manufacturing				0		0		0		0

				334		Computer and Electronic Product Manufacturing				1		1		1		1		memory stick

				335		Electrical Equipment, Appliance, and Component Manufacturing				1		1		1		1		precision polish, foils for battery separators

				336		Transportation Equipment Manufacturing				0		0		0		0

				337		Furniture and Related Product Manufacturing				0		0		0		0

				339		Miscellaneous Manufacturing				2		1		2		2		4 fire extinguisher, anti-fog products, sporting goods (skis, badminton and squash racket)

				3391		Medical Equipment and Supplies Manufacturing				1		1		3		1		dental restoration composite

				622		Hospitals				0		0		0		0

				562		Administrative and Support and Waste Management and Remediation Services				2		2		x		x		1,2,6 waste management, recycling processes

				comments		> The categories were first set individually by every member of the working group and then discussed in a group meeting. 
> The probability of claims was not included in this assessment.
> Products in research but not on the market yet were not included here.
>1 As there are no end products but intermediate products only in chemical manufacturing, resin production and the waste management these fields cannot be filled (x). 
>2 The waste management part is neglected in all rows except the last one (waste water treatment plants, landfills, incineration). 
>3 The construction material, for example insulation plates, can be cut by workers.
>4 This category is very heterogenous. It is assumed that fire extinguishers are rarely used. 
>5 It is assumed that the SiO2 from these filters do not end up in the beer or wine (European Patent Office, 1982).
>6 For all of the assessed NPs, both workers and environmental exposure were rated as 2, because further information is necessary to assess the risk in more specific manner. Specific local regulation and protection measures might influence the final risk exposure evaluation heavily. 

> European Patent Office. 1982. ‘Kieselsäure Für Die Filtration von Getränken, Insbesondere von Bier Sowie Verfahren Zur Herstellung’. https://patentimages.storage.googleapis.com/pdfs/e7972d73f711efe181d4/EP0064620B1.pdf.
> Wikipedia. 2016. ‘Pyrogenes Siliciumdioxid’. https://de.wikipedia.org/wiki/Pyrogenes_Siliciumdioxid.



				RISK 
(hazard and exposure multiplied; maximum number is 100)







										production site related
(raw material producing and further processing companies)				 final product related

				NAICS		INDUSTRY				workers risk		gradual and accidental environmental risk		consumer risk		gradual environmental risk

				11		Agriculture,  Forestry, Fishing and Hunting				19		3		19		10

				21		Mining, Quarrying, and Oil and Gas Extraction				0		0		x		x

				22		Utilities				0		0		0		0

				236		Construction of Buildings				28		3		9		7

				311		Food Manufacturing				9		3		28		7

				312		Beverage and Tobacco Product Manufacturing				9		3		19		3

				313/314/315		Textiles & Apparels				19		3		19		7

				316		Leather and Allied Product Manufacturing				19		3		19		7

				321		Wood Product Manufacturing				0		0		0		0

				322		Paper Manufacturing				19		3		9		3

				323		Printing and Related Support Activities				19		3		9		3

				324		Petroleum and Coal Products Manufacturing				0		0		0		0

				325/3251		Chemical Manufacturing (inlcuding Base Chemical Manufacturing)				28		7		x		x

				3252		Resin, Synthetic Rubber, and Artificial Synthetic Fibers and Filaments Manufacturing				28		7		x		x

				3253		Pesticide, Fertilizer, and Other Agricultural Chemical Manufacturing				19		3		19		10

				3254		Pharmaceutical and Medicine Manufacturing				0		0		0		0

				3255		Paint, Coating, and Adhesive ManufacturingT				19		3		19		7

				3256		Soap, Cleaning Compound, and Toilet Preparation Manufacturing				19		3		28		10

				32591		Printing Ink Manufacturing				0		0		0		0

				326		Plastics and Rubber Products Manufacturing				28		7		9		10

				327		Nonmetallic Mineral Product Manufacturing				9		3		9		3

				331		Primary Metal Manufacturing				0		0		x		x

				332		Fabricated Metal Product Manufacturing				0		0		0		0

				333		Machinery Manufacturing				0		0		0		0

				334		Computer and Electronic Product Manufacturing				9		3		9		3

				335		Electrical Equipment, Appliance, and Component Manufacturing				9		3		9		3

				336		Transportation Equipment Manufacturing				0		0		0		0

				337		Furniture and Related Product Manufacturing				0		0		0		0

				339		Miscellaneous Manufacturing				19		3		19		7

				3391		Medical Equipment and Supplies Manufacturing				9		3		28		3

				622		Hospitals				0		0		0		0

				562		Administrative and Support and Waste Management and Remediation Services				19		7		x		x

















































































































































































































































































































































































































































































































































































































evaluation hazard





						human 
[points]		environment 
[points]		human [%]		environment [%]		sum [%]		production volume

				silver NPs		9		6		50.0		60.0		110.0		2

				CNTs		11		4		61.1		40.0		101.1		1

				titanium dioxide NPs		9		7		50.0		70.0		120.0		3

				carbon black		11		3		61.1		30.0		91.1		5

				zinc oxide NPs		10		8		55.6		80.0		135.6		3

				amorphous silica NPs		5		1		27.8		10.0		37.8		5



				maximum hazard:

				human		18

				environment		10





















































human and environmental hazard of the 6 nanoparticles assessed

human [%	]	silver NPs	CNTs	titanium dioxide NPs	carbon black	zinc oxide NPs	amorphous silica NPs	50	61.111111111111114	50	61.111111111111114	55.555555555555557	27.777777777777779	environment [%	]	silver NPs	CNTs	titanium dioxide NPs	carbon black	zinc oxide NPs	amorphous silica NPs	60	40	70	30	80	10	

share from maximally possible value [%]





human and environmental hazard of the 6 nanoparticles 

assessed together with the estimated production volume

silver NPs	60	50	2	titanium dioxide NPs	70	50	3	carbon black	30	61.111111111111114	5	CNTs	40	61.111111111111114	1	zinc oxide NPs	80	55.555555555555557	3	amorphous silica NPs	10	27.777777777777779	5	environmental hazard [%]



human hazard [%]







evaluation exposure





										silver 
nanoparticles								CNTs								titanium dioxide 
nanoparticles								carbon black								zinc oxide 
nanoparticles								amorphous silica 
nanoparticles

				NAICS		INDUSTRY				1		2		3		4		1		2		3		4		1		2		3		4		1		2		3		4		1		2		3		4		1		2		3		4		MEAN		RANKING		MEAN WE		RANKING		MEAN EE		RANKING		MEAN CE		RANKING		MEAN EE		RANKING

				11		Agriculture,  Forestry, Fishing and Hunting				0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		2		1		2		3		0.33				0.33				0.17				0.33				0.50						highest exposure (mean)

				21		Mining, Quarrying, and Oil and Gas Extraction				0		0						0		0						2		1						0		0						0		0						0		0						0.25				0.33				0.17				0.00				0.00						Ranking		NAICS		Industry

				22		Utilities				0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0.00				0.00				0.00				0.00				0.00						1		325/3251		Chemical manufacturing 

				236		Construction of Buildings				0		0		0		0		2		1		1		1		1		1		1		1		2		1		1		2		0		0		0		0		3		1		1		2		0.92				1.33				0.67				0.67				1.00						2		562		Waste management  services

				311		Food Manufacturing				1		1		3		1		0		1		1		1		2		1		3		2		1		1		2		1		1		1		2		1		1		1		3		2		1.42				1.00				1.00		5		2.33		1		1.33		5				2		3256		Soap, cleaning compound and toilet 
preparation manufacturing

				312		Beverage and Tobacco Product Manufacturing				1		1		3		2		0		1		1		1		0		0		0		0		0		0		0		0		0		0		0		0		1		1		2		1		0.63				0.33				0.50				1.00				0.67						3		3252		Resin manufacturing

				313/314/315		Textiles & Apparels				2		3		2		3		2		1		1		1		0		0		0		0		2		1		2		2		1		1		2		1		2		1		2		2		1.42				1.50		5		1.17		4		1.50		2		1.50		4				4		326		Plastics and rubber products manufacturing

				316		Leather and Allied Product Manufacturing				2		3		2		1		0		0		0		0		0		0		0		0		2		1		2		1		0		0		0		0		2		1		2		2		0.88				1.00				0.83				1.00		4		0.67						5		3255		Paint, coating and adhesive manufacturing

				321		Wood Product Manufacturing				0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0.00				0.00				0.00				0.00				0.00

				322		Paper Manufacturing				2		2		3		1		0		0		0		0		0		0		0		0		1		1		1		1		0		0		0		0		2		1		1		1		0.71				0.83				0.67				0.83		5		0.50						workers exposure (1)														environmental exposure (2)

				323		Printing and Related Support Activities				0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		2		1		1		1		0.21				0.33				0.17				0.17				0.17						Ranking		NAICS		Industry										Ranking		NAICS		Industry

				324		Petroleum and Coal Products Manufacturing				0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0.00				0.00				0.00				0.00				0.00						1		325/3251		Chemical manufacturing 										1		325/3251		Chemical manufacturing 

				325/3251		Chemical Manufacturing (inlcuding Base Chemical Manufacturing)				3		3						3		2						3		2						3		2						2		2						3		2						2.50		1		2.83		1		2.17		1		0.00				0.00						2		326		Plastics and rubber products manufacturing										2		562		Waste management  services

				3252		Resin, Synthetic Rubber, and Artificial Synthetic Fibers and Filaments Manufacturing				2		2						3		2						0		0						3		2						2		2						3		2						1.92		3		2.17		3		1.67				0.00				0.00						3		3255		Paint, coating and adhesive manufacturing										3		326		Plastics and rubber products manufacturing

				3253		Pesticide, Fertilizer, and Other Agricultural Chemical Manufacturing				2		2		2		3		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		2		1		2		3		0.71				0.67				0.50				0.67				1.00						3		3252		Resin manufacturing										3		3256		Soap, cleaning compound and toilet 
preparation manufacturing

				3254		Pharmaceutical and Medicine Manufacturing				1		1		3		2		0		0		0		0		1		1		3		2		0		0		0		0		1		1		3		2		0		0		0		0		0.88				0.50				0.50				1.50		2		1.00						4		562		Waste management  services										3		3255		Paint, coating and adhesive manufacturing

				3255		Paint, Coating, and Adhesive Manufacturing				2		2		2		2		3		2		1		1		2		1		1		2		2		2		1		1		2		1		2		2		2		1		2		2		1.71		5		2.17		3		1.50		3		1.50		2		1.67		3				4		3256		Soap, cleaning compound and toilet 
preparation manufacturing										4		313/314/315		Textiles & apparels

				3256		Soap, Cleaning Compound, and Toilet Preparation Manufacturing				2		2		3		3		0		0		0		0		3		2		3		3		2		2		2		1		3		2		3		3		2		1		3		3		2.00		2		2.00		4		1.50		3		2.33		1		2.17		1				5		339		Miscellaneous manufacturing										5		311		Food manufacturing

				32591		Printing Ink Manufacturing				0		0		0		0		2		1		1		1		0		0		0		0		3		2		3		2		0		0		0		0		0		0		0		0		0.63				0.83				0.50				0.67				0.50						5		313/314/315		Textiles & apparels

				326		Plastics and Rubber Products Manufacturing				2		1		3		1		2		1		1		1		2		1		1		1		3		2		1		3		3		2		1		3		3		2		1		3		1.83		4		2.50		2		1.50		3		1.33		3		2.00		2

				327		Nonmetallic Mineral Product Manufacturing				0		0		0		0		2		1		2		1		0		0		0		0		1		1		1		1		0		0		0		0		1		1		1		1		0.58				0.67				0.50				0.67				0.50						consumer exposure (3)														environmental exposure (4)

				331		Primary Metal Manufacturing				0		0						2		1						0		0						0		0						0		0						0		0						0.25				0.33				0.17				0.00				0.00						Ranking		NAICS		Industry										Ranking		NAICS		Industry

				332		Fabricated Metal Product Manufacturing				0		0		0		0		2		1		1		1		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0.21				0.33				0.17				0.17				0.17						1		3256		Soap, cleaning compound and toilet 
preparation manufacturing										1		562		Waste management  services

				333		Machinery Manufacturing				2		1		1		1		2		1		0		1		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0.38				0.67				0.33				0.17				0.33						1		311		Food manufacturing										2		326		Plastics and rubber products manufacturing

				334		Computer and Electronic Product Manufacturing				2		1		2		1		1		1		0		1		0		0		0		0		0		0		0		0		0		0		0		0		1		1		1		1		0.54				0.67				0.50				0.50				0.50						2		313/314/315		Textiles & apparels										3		3255		Paint, coating and adhesive manufacturing

				335		Electrical Equipment, Appliance, and Component Manufacturing				2		1		2		2		1		1		0		1		2		1		1		1		1		1		1		1		0		0		0		0		1		1		1		1		0.96				1.17				0.83				0.83				1.00						2		3254		Pharmaceutical manufacturing										4		313/314/315		Textiles & apparels

				336		Transportation Equipment Manufacturing				0		0		0		0		2		1		1		1		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0.21				0.33				0.17				0.17				0.17						2		3255		Paint, coating and adhesive manufacturing										5		311		Food manufacturing

				337		Furniture and Related Product Manufacturing				2		1		2		1		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0.25				0.33				0.17				0.33				0.17						2		3391		Medical equipment manufacturing

				339		Miscellaneous Manufacturing				2		1		2		1		2		1		1		1		2		1		1		1		1		0		0		0		0		0		0		0		2		1		2		2		1.00				1.50		5		0.67				1.00		4		0.83						3		326		Plastics and rubber products manufacturing

				3391		Medical Equipment and Supplies Manufacturing				1		1		3		1		1		1		2		1		1		1		1		1		0		0		0		0		0		0		0		0		1		1		3		1		0.88				0.67				0.67				1.50		2		0.67						3		622		Hospitals

				622		Hospitals				1		1		3		1		1		1		2		1		0		0		0		0		0		0		0		0		0		0		3		2		0		0		0		0		0.67				0.33				0.33				1.33		3		0.67						4		316		Leather product manufacturing

				562		Administrative and Support and Waste Management and Remediation Services				2		2						2		2						2		2						2		2						2		2						2		2						2.00		2		2.00		4		2.00		2		0.00				0.00						4		339		Miscellaneous manufacturing

																																																																																5		322		Paper manufacturing



										average exposure:

										1		2		3		4

										1.391		1.016		1.205		1.054

































































































































































































































































































































































































































































































evaluation risks



										silver 
nanoparticles								CNTs								titanium dioxide 
nanoparticles								carbon black								zinc oxide 
nanoparticles								amorphous silica 
nanoparticles																																		PRODUCTION (average risk)						PRODUCT (average risk)

				NAICS		INDUSTRY				1		2		3		4		1		2		3		4		1		2		3		4		1		2		3		4		1		2		3		4		1		2		3		4																												workers risk		environmental risk				consumers risk														environmental risk																								silver NPs

				11		Agriculture,  Forestry, Fishing and Hunting				0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		19		3		19		10																										silver NPs		30.0		32.0		silver NPs		40.2														31.8																								PRODUCTION				PRODUCT 

				21		Mining, Quarrying, and Oil and Gas Extraction				0		0		x		x		0		0		x		x		33		23		x		x		0		0		x		x		0		0		x		x		0		0		x		x																										CNTs		39.6		16.0		CNTs		25.1														13.3																								workers risk				consumers risk

				22		Utilities				0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0																										titanium dioxide NPs		31.9		29.2		titanium dioxide NPs		27.8														36.3																								50%		Chemical manufacturing (325)
		50%		Food manufacturing (311)

				236		Construction of Buildings				0		0		0		0		41		13		20		13		17		23		17		23		41		10		20		20		0		0		0		0		28		3		9		7																										carbon black		39.4		15.0		carbon black		31.5														14.5																														Beverage product manufacturing (312)

				311		Food Manufacturing				17		20		50		20		0		13		20		13		33		23		50		47		20		10		41		10		19		27		37		27		9		3		28		7																										zinc oxide NPs		35.0		41.5		zinc oxide NPs		42.3														53.3																														Paper manufacturing (322)

				312		Beverage and Tobacco Product Manufacturing				17		20		50		40		0		13		20		13		0		0		0		0		0		0		0		0		0		0		0		0		9		3		19		3																										amorphous silica NPs		17.6		4.0		amorphous silica NPs		16.3														6.1																														Pharmaceutical manufacturing (3254)

				313/314/315		Textiles & Apparels				33		60		33		60		41		13		20		13		0		0		0		0		41		10		41		20		19		27		37		27		19		3		19		7																																																																														Soap, cleaning compound and toilet 
preparation manufacturing (3256)

				316		Leather and Allied Product Manufacturing				33		60		33		20		0		0		0		0		0		0		0		0		41		10		41		10		0		0		0		0		19		3		19		7																																																																														Plastics and rubber 
product manufacturing (326)

				321		Wood Product Manufacturing				0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0																																																																														Medical equipment (3391)

				322		Paper Manufacturing				33		40		50		20		0		0		0		0		0		0		0		0		20		10		20		10		0		0		0		0		19		3		9		3																																																																														Hospitals (622)

				323		Printing and Related Support Activities				0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		19		3		9		3																																																																								environmental risk				environmental risk

				324		Petroleum and Coal Products Manufacturing				0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0																																																																								60%		Textiles & apparels (313/314/315)		60%		Textiles & apparels (313/314/315)

				325/3251		Chemical Manufacturing (inlcuding Base Chemical Manufacturing)				50		60		x		x		61		27		x		x		50		47		x		x		61		20		x		x		37		53		x		x		28		7		x		x																																																																										Leather product manufacturing (316)				Pesticide & fertilizer (3253)

				3252		Resin, Synthetic Rubber, and Artificial Synthetic Fibers and Filaments Manufacturing				33		40		x		x		61		27		x		x		0		0		x		x		61		20		x		x		37		53		x		x		28		7		x		x																																																																										Chemical manufacturing (325)				Soap, cleaning compound and toilet 
preparation manufacturing (3256)

				3253		Pesticide, Fertilizer, and Other Agricultural Chemical Manufacturing				33		40		33		60		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		19		3		19		10

				3254		Pharmaceutical and Medicine Manufacturing				17		20		50		40		0		0		0		0		17		23		50		47		0		0		0		0		19		27		56		53		0		0		0		0																																																																								CNTs

				3255		Paint, Coating, and Adhesive Manufacturing				33		40		33		40		61		27		20		13		33		23		17		47		41		20		20		10		37		27		37		53		19		3		19		7																																																																								PRODUCTION				PRODUCT 

				3256		Soap, Cleaning Compound, and Toilet Preparation Manufacturing				33		40		50		60		0		0		0		0		50		47		50		70		41		20		41		10		56		53		56		80		19		3		28		10																																																																								workers risk				consumers risk

				32591		Printing Ink Manufacturing				0		0		0		0		41		13		20		13		0		0		0		0		61		20		61		20		0		0		0		0		0		0		0		0																																																																								61%		Chemical manufacturing (325)		41%		Nonmetallic mineral product 
manufacturing (327)

				326		Plastics and Rubber Products Manufacturing				33		20		50		20		41		13		20		13		33		23		17		23		61		20		20		30		56		53		19		80		28		7		9		10																																																																										Resin manufacturing (3252)				Medical equipment  
manufacturing (3391)

				327		Nonmetallic Mineral Product Manufacturing				0		0		0		0		41		13		41		13		0		0		0		0		20		10		20		10		0		0		0		0		9		3		9		3																																																																										Paint, coating and adhesive 
manufacturing (3255)				Hospitals (622)

				331		Primary Metal Manufacturing				0		0		x		x		41		13		x		x		0		0		x		x		0		0		x		x		0		0		x		x		0		0		x		x																																																																								environmental risk				environmental risk

				332		Fabricated Metal Product Manufacturing				0		0		0		0		41		13		20		13		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0																																																																								27%		Chemical manufacturing (325)				no industry more than 25%

				333		Machinery Manufacturing				33		20		17		20		41		13		0		13		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0																																																																										Resin manufacturing (3252)

				334		Computer and Electronic Product Manufacturing				33		20		33		20		20		13		0		13		0		0		0		0		0		0		0		0		0		0		0		0		9		3		9		3																																																																										Paint, coating and adhesive 
manufacturing (3255)

				335		Electrical Equipment, Appliance, and Component Manufacturing				33		20		33		40		20		13		0		13		33		23		17		23		20		10		20		10		0		0		0		0		9		3		9		3																																																																										Waste management services (562)

				336		Transportation Equipment Manufacturing				0		0		0		0		41		13		20		13		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0

				337		Furniture and Related Product Manufacturing				33		20		33		20		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0																																																																								titanium dioxide NPs

				339		Miscellaneous Manufacturing				33		20		33		20		41		13		20		13		33		23		17		23		20		0		0		0		0		0		0		0		19		3		19		7																																																																								PRODUCTION				PRODUCT 

				3391		Medical Equipment and Supplies Manufacturing				17		20		50		20		20		13		41		13		17		23		17		23		0		0		0		0		0		0		0		0		9		3		28		3																																																																								workers risk				consumers risk

				622		Hospitals				17		20		50		20		20		13		41		13		0		0		0		0		0		0		0		0		0		0		56		53		0		0		0		0																																																																								50%		Chemical manufacturing (325)		50%		Food manufacturing (311)

				562		Administrative and Support and Waste Management and Remediation Services				33		40		x		x		41		27		x		x		33		47		x		x		41		20		x		x		37		53		x		x		19		7		x		x																																																																										Soap, cleaning compound and toilet 
preparation manufacturing (3256)				Soap, cleaning compound and toilet 
preparation manufacturing (3256)

								Anzahl betroffener Industrien		20		20		17		17		18		20		13		16		12		12		9		9		15		14		11		11		9		9		7		7		20		20		17		17																																																																														Pharmaceutical manufacturing (3254)

								Summe der Punktzahl		600		640		683		540		713		320		326		213		383		350		250		327		591		210		346		160		315		373		296		373		352		80		278		103																																																																								environmental risk				environmental risk

								Mittelwert der Punktzahl		30.0		32.0		40.2		31.8		39.6		16.0		25.1		13.3		31.9		29.2		27.8		36.3		39.4		15.0		31.5		14.5		35.0		41.5		42.3		53.3		17.6		4.0		16.3		6.1																																																																								47%		Chemical manufacturing (325)		70%		Soap, cleaning compound and toilet 
preparation manufacturing (3256)

																																																																																																																																		Soap, cleaning compound and toilet 
preparation manufacturing (3256)		47%		Food manufacturing (311)

																																																																																																																																		Waste management services (562)				Pharmaceutical manufacturing (3254)

																																																																																																																																						Paint, coating and adhesive 
manufacturing (3255)



																																																																																																																																carbon black

																																																																																																																																PRODUCTION				PRODUCT 

																																																																																																																																workers risk				consumers risk

																																																																																																																																61%		Chemical manufacturing (325)		61%		Printing ink manufacturing (32591)

																																																																																																																																		Resin manufacturing (3252)		41%		Food manufacturing (311)

																																																																																																																																		Printing ink manufacturing (32591)				Textiles & apparels (313/314/315)

																																																																																																																																		Plastics and rubber 
product manufacturing (326)				Leather product manufacturing (316)

																																																																																																																																						Soap, cleaning compound and toilet 
preparation manufacturing (3256)

																																																																																																																																environmental risk				environmental risk

																																																																																																																																		no industry more than 25%		30%		Plastics and rubber 
product manufacturing (326)





																																																																																																																																zinc oxide NPs

																																																																																																																																PRODUCTION				PRODUCT 

																																																																																																																																workers risk				consumers risk

																																																																																																																																56%		Soap, cleaning compound and toilet 
preparation manufacturing (3256)		56%		Pharmaceutical manufacturing (3254)

																																																																																																																																		Plastics and rubber 
product manufacturing (326)				Soap, cleaning compound and toilet 
preparation manufacturing (3256)

																																																																																																																																						Hospitals (622)

																																																																																																																																environmental risk				environmental risk

																																																																																																																																53%		Chemical manufacturing (325)		80%		Soap, cleaning compound and toilet 
preparation manufacturing (3256)

																																																																																																																																		Resin manufacturing (3252)				Plastics and rubber 
product manufacturing (326)


																																																																																																																																		Soap, cleaning compound and toilet 
preparation manufacturing (3256)

																																																																																																																																		Plastics and rubber 
product manufacturing (326)

																																																																																																																																		Waste management services (562)



																																																																																																																																amorphous silica NPs

																																																																																																																																PRODUCTION				PRODUCT 

																																																																																																																																workers risk				consumers risk

																																																																																																																																28%		Construction of buildings (236)		28%		Food manufacturing (311)

																																																																																																																																		Chemical manufacturing (325)				Soap, cleaning compound and toilet 
preparation manufacturing (3256)

																																																																																																																																		Resin manufacturing (3252)				Medical equipment (3391)

																																																																																																																																		Plastics and rubber 
product manufacturing (326)

																																																																																																																																environmental risk				environmental risk

																																																																																																																																		no industry more than 25%				no industry more than 25%



																																																																																																																																general

																																																																																																																																PRODUCTION				PRODUCT 

																																																																																																																																workers risk				consumers risk

																																																																																																																																1.		Chemical manufacturing (325)		1.		Food manufacturing (311)

																																																																																																																																2.		Plastics and rubber 
product manufacturing (326)		2.		Soap, cleaning compound and toilet 
preparation manufacturing (3256)

																																																																																																																																3.		Paint, coating and adhesive 
manufacturing (3255)		3.		Pharmaceutical manufacturing (3254)

																																																																																																																																environmental risk				environmental risk

																																																																																																																																1.		Chemical manufacturing (325)		1.		Soap, cleaning compound and toilet 
preparation manufacturing (3256)

																																																																																																																																2.		Waste management services (562)		2.		Plastics and rubber 
product manufacturing (326)

																																																																																																																																3.		Soap, cleaning compound and toilet 
preparation manufacturing (3256)		3.		Paint, coating and adhesive 
manufacturing (3255)
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								NO GUARANTEE CAN BE GIVEN FOR COMPLETENESS OR CORRECTNESS OF THE DATA SHOWN IN THIS ASSESSMENT TOOL. THIS DOCUMENT IS THE INTELLECTUAL PROPERTY OF THE "SCHEIZERISCHER VERSICHERUNGSVERBAND" (SVV).  ANY COPYING IS FORBIDDEN.



				GENERAL INFORMATION



				blablabla





						input		CATEGORY		COMMENT				REFERENCES

				GLOBAL PRODUCTION VOLUME (t/y)		-		Please insert a value

				SPREAD 
(number of products)		-		Please insert a value



				HAZARDS



								input		CATEGORY		COMMENT				REFERENCES

				HUMAN HAZARD		TOTAL		18		2		The range of the categories is 1-4. The final value for the human hazard is calculated by summing up all categories and penalty points. Therefore, the maximum value (without penalty points)  is 18. 

						toxicity (LD50 [ppm] or LED [ppm])		>200-2000		2

						carcinogenicity		-		Please insert a value

						mutagenicity		-		Please insert a value

						reproductive toxicity		-		Please insert a value

						penalty points		-		Please insert a value

				comments 
(bodily injury; information about the path: inhalation, ingestion, dermal)






								input		CATEGORY		COMMENT				REFERENCES

				ENVIRONMENTAL HAZARD		TOTAL		10		0		The range of the categories is 1-4. The final value for the environmental hazard is calculated by summing up all categories and penalty points. Therefore, the maximum value (without penalty points)  is 10. 

						persistence/bioaccumulation
		-		Please insert a value

						aquatic toxicity 
(LC50 for fish [ppm]=[mg/l])		-		Please insert a value

						penalty points		-		Please insert a value

				comments



				EXPOSURE
(probability that this exposure materializes)





										production site related
(raw material producing and further processing companies)				 final product related

				NAICS		INDUSTRY				workers exposure		gradual and accidental environmental exposure		consumer exposure 		gradual environmental exposure		products

				11		Agriculture,  Forestry, Fishing and Hunting

				21		Mining, Quarrying, and Oil and Gas Extraction								x		x

				22		Utilities

				236		Construction of Buildings

				311		Food Manufacturing

				312		Beverage and Tobacco Product Manufacturing

				313/314/315		Textiles & Apparels

				316		Leather and Allied Product Manufacturing

				321		Wood Product Manufacturing

				322		Paper Manufacturing

				323		Printing and Related Support Activities

				324		Petroleum and Coal Products Manufacturing

				325/3251		Chemical Manufacturing (inlcuding Base Chemical Manufacturing)								x		x

				3252		Resin, Synthetic Rubber, and Artificial Synthetic Fibers and Filaments Manufacturing								x		x

				3253		Pesticide, Fertilizer, and Other Agricultural Chemical Manufacturing

				3254		Pharmaceutical and Medicine Manufacturing

				3255		Paint, Coating, and Adhesive Manufacturing

				3256		Soap, Cleaning Compound, and Toilet Preparation Manufacturing

				32591		Printing Ink Manufacturing

				326		Plastics and Rubber Products Manufacturing

				327		Nonmetallic Mineral Product Manufacturing

				331		Primary Metal Manufacturing								x		x

				332		Fabricated Metal Product Manufacturing

				333		Machinery Manufacturing

				334		Computer and Electronic Product Manufacturing

				335		Electrical Equipment, Appliance, and Component Manufacturing

				336		Transportation Equipment Manufacturing

				337		Furniture and Related Product Manufacturing

				339		Miscellaneous Manufacturing

				3391		Medical Equipment and Supplies Manufacturing

				622		Hospitals

				562		Administrative and Support and Waste Management and Remediation Services								x		x

				comments		The categories were first set individually by every member of the working group and then discussed in a group meeting. As there are no end products but intermediate products only in chemical manufacturing, resin production and the waste management these fields cannot be filled (x). The waste management part is neglected in all rows except the last one (waste water treatment plants, landfills, incineration). 



				RISK 
(hazard and exposure multiplied; maximum number is 100)







										production site related
(raw material producing and further processing companies)				 final product related

				NAICS		INDUSTRY				workers exposure		gradual and accidental environmental exposure		consumer exposure 		gradual environmental exposure

				11		Agriculture,  Forestry, Fishing and Hunting				0		0		0		0

				21		Mining, Quarrying, and Oil and Gas Extraction				0		0		x		x

				22		Utilities				0		0		0		0

				236		Construction of Buildings				0		0		0		0

				311		Food Manufacturing				0		0		0		0

				312		Beverage and Tobacco Product Manufacturing				0		0		0		0

				313/314/315		Textiles & Apparels				0		0		0		0

				316		Leather and Allied Product Manufacturing				0		0		0		0

				321		Wood Product Manufacturing				0		0		0		0

				322		Paper Manufacturing				0		0		0		0

				323		Printing and Related Support Activities				0		0		0		0

				324		Petroleum and Coal Products Manufacturing				0		0		0		0

				325/3251		Chemical Manufacturing (inlcuding Base Chemical Manufacturing)				0		0		x		x

				3252		Resin, Synthetic Rubber, and Artificial Synthetic Fibers and Filaments Manufacturing				0		0		x		x

				3253		Pesticide, Fertilizer, and Other Agricultural Chemical Manufacturing				0		0		0		0

				3254		Pharmaceutical and Medicine Manufacturing				0		0		0		0

				3255		Paint, Coating, and Adhesive ManufacturingT				0		0		0		0

				3256		Soap, Cleaning Compound, and Toilet Preparation Manufacturing				0		0		0		0

				32591		Printing Ink Manufacturing				0		0		0		0

				326		Plastics and Rubber Products Manufacturing				0		0		0		0

				327		Nonmetallic Mineral Product Manufacturing				0		0		0		0

				331		Primary Metal Manufacturing				0		0		x		x

				332		Fabricated Metal Product Manufacturing				0		0		0		0

				333		Machinery Manufacturing				0		0		0		0

				334		Computer and Electronic Product Manufacturing				0		0		0		0

				335		Electrical Equipment, Appliance, and Component Manufacturing				0		0		0		0

				336		Transportation Equipment Manufacturing				0		0		0		0

				337		Furniture and Related Product Manufacturing				0		0		0		0

				339		Miscellaneous Manufacturing				0		0		0		0

				3391		Medical Equipment and Supplies Manufacturing				0		0		0		0

				622		Hospitals				0		0		0		0

				562		Administrative and Support and Waste Management and Remediation Services				0		0		x		x
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1. NMs are very diverse  there are no simple answers (it depends on the 
size, surface properties, aggregation state, type of application, handling 
procedure etc.) 

2. The transition to NMs is “fluent”  many products are not regulated by 
law and are on the market without any risk assessment or labeling 
requirements 

3. Traditional toxicological methods (LD50 values) are suitable for the 
risk evaluation of NMs but have to be extended!  

Two main factors are IMPORTANT: 
• Effects due to small particle sizes 
• Novel features (different applications  different risks) 

4. Long-term and direct effects of NMs have not be sufficiently studied  
subject to change  regular assessment necessary 
 

 

Can Nanomaterials become a "second asbestos"? 

24 
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5. No acute toxicity in humans has been observed so far. Toxicity was 
found in animal studies, but the doses used were unrealistic (  ) 

6. NMs deposit at different locations of the respiratory tract and are not 
removed by the usual processes (via macrophages) from the body 

7. Complete evaluation of all the risks is almost impossible  
• Production processes information limited (often patented, workers 

protection level unknown etc.) 
• Scientific support incomplete (HH, EH) 
• Products that contain “nano” are difficult to track (same products - 

various brand names; nano labeling: advertising or requirement; no unique 
products inventory etc.)  

 
NMs are difficult to assess  keep tracking is the only way!  

25 

Can Nanomaterials become a "second asbestos"? 
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Thank you for your attention!  
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Nanoparticles and Nanotechnology –  
Classification, Properties and Applications 
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 Introduction and Classification of Nanomaterials 

 Properties of Nanoparticles 

 Applications of Nanoparticles 

− Generations of Nanotechnology 

− Established Applications of Nanoparticles 

− Novel Applications 

− Nanostructures 

 Future Developments 

Outline 
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Definition of Nanomaterials 

Nanomaterials are materials that at least in one dimension show 
a size range of 1-100 nm and are deliberately produced because of 
advantageous or novel properties due to their small size. 

 

 

Source: Die Innovationsgesellschaft mbH 

Nanomaterials are incredibly small… 
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…but are not exclusively a product of modern technology! 
  

 Natural nanomaterials: 

 

 

 

 

salt nanoparticles are part of 
the marine air 

large amounts of nanoparticles are 
released during vulcanic eruptions, 

in addition to larger particles 
  

many natural “wonder materials” like wood or nacre are 
nanostructured composites  

magnetotactic bacteria with  
iron oxide nanoparticles 

Introduction: Nanomaterials 
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…and have been produced unintentionally by mankind for thousands of 
years, mainly as pigments.  

metal nanoparticles have been 
used to color church windows 

since the 17th century 

Lycurgus cup (5th century AD)  
containing gold nanoparticles.  Maya blue is a nanocomposite 

of indigo and clays 

Introduction: Nanomaterials 
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Distinction by geometry: 

Nanomaterials show a high diversity –  
   in principle, any material can be brought into the “nano form”! 

© Uni Stuttgart 

0-D: 
nanoparticles 

© umich.edu 
© futura-science.com 

1-D: nanorods and -tubes 

© nanowerk.de 

2-D: nanosheets 

3-D: nanoporous     
        (mesoporous)  
        materials 

© nanopore.de 

Types of Nanomaterials 
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Distinction by type of material: 

Nanomaterials show a high diversity –  
   in principle, any material can be brought into the “nano form”! 

hybrid materials, nanocomposites 

inorganic materials: 
metals, metal oxides, 
semiconductors, salts, 
carbon 

organic nanomaterials: 
polymer particles, organic 
nanocrystals (e.g. APIs), 
soft matter 

Types of Nanomaterials 
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Types of Nanomaterials 

Carbon-based Nanomaterials  
 multitude of structures possible, molecule-like materials 
Very high stability, diversity of structures and properties 

a) Buckminster fullerene 
b) giant fullerene 
c) nanotube 
d) nano-cone 
e) nano-ring 
f) graphene surface 
g) graphite crystal 
h) Haeckelite nanotubes 
i) graphene ribbon 
j) graphene cluster 
k) helical nanotube 
l) carbon chains 
m) Schwarzite crystal 
n) nanofoam 
o) nanotube network 
p) nanotape network 



November 18, 2016 | Georg Garnweitner | Nanoparticles and Nanotechnology | Slide 9 

Types of Nanomaterials 

Stable nanomaterials are important for applications!  
 

 Metals: simple construction (cluster of atoms), simple synthesis under good control, 
smallest structures possible 

  Problems of chemical stability (oxidation!), mostly only noble metals suitable 

   Metal salts (chlorides, carboxylates, phosphates etc.): simple synthesis  
  Problems of stability against liquids – solubility? 
 “Compound semiconductors”  e.g. sulfides, selenides, arsenides: “Quantum Dots” 

size-dependent properties; synthesis by more complex reactive precipitation  
  Problems: material toxicity!  Partial solubility and/or chemical reaction 

 Organics: large variety and diversity between macromolecules and organic crystals 
  Problems: Solubility, mechanical, thermal stability 

 Metal oxides: high stability, diverse properties 
 Hardly any problems for applications 
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Properties of Nanomaterials: Surface Effect 
When approaching the low-nm regime: 
 Ratio of surface atoms to internal atoms increases 
 Lower influence of inertial forces, higher influence of surface forces (Van der 

Waals) 
 Reactivity increases 
 Change in chemical and physical properties 

Sharp drop of the melting temperature of small 
gold nanoparticles (depending on the particle 
size, here in Å) 

Percentage of the surface atoms of inorganic 
particles in dependence of particle size 
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Properties of Nanomaterials: Quantum Size Effect 
In nanomaterials, electronic (and optical) 
properties are coupled to size – the quantum 
size effect. 
 
As a consequence, quantum dots show a  
size-dependent color: 
 The band gap decreases with increasing size of the 

quantum dots (due to additional electronic states) 
being in the VIS-light range for sizes <10 nm 

 Interaction with visible light as a function of the band 
gap (wider than in bulk material)  

  correlation ∆E = h . ν  
 Different fluorescent colors depending on the size of 

the quantum dots 
 The same material shines in different colors! 

source: Wiley Interdisciplinary Reviews 
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Properties of Nanomaterials: Quantum Size Effect 
In nanomaterials, electronic (and optical) properties are coupled to size – 
the quantum size effect. 
 
 In addition to particle size the particle composition is crucial for the fluorescence 

 
 There are also quite stunning effects when an exchange of elements (doping) is 

performed 

 
 

Published in: Nilanka P. Gurusinghe; Nishshanka N. Hewa-
Kasakarage; Mikhail Zamkov; J. Phys. Chem. C  2008, 112, 12795-
12800. 
DOI: 10.1021/jp804045p 
Copyright © 2008 American Chemical Society 
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Properties of Nanomaterials: Plasmonic Effect 
Plasmonic nanomaterials 
 In the case of metal nanoparticles there is yet another strong effect: 

the surface plasmon resonance. 
 Through interaction of the free conduction electrons and electromagnetic radiation, 

dipoles in the near-surface metal layers are induced, which oscillate in phase with the 
electric field and can propagate along the metal surface. Such coupled oscillations of 
electrons are called plasmons  plasmonic nanomaterials. 

Example: Gold nanoparticles strongly 
absorb light and thus appear in different 

colors depending on size and shape 
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Electrical and Magnetic Properties of Nanomaterials 

Quantum tunneling 
 
 For nanostructures, the quantum tunneling effect can be exploited 
 Thus, in nanoelectronics, components need not be always contacted directly,  

but a gap (a few nm) can be utilized, allowing to increase the resistance of the contact 
 quantum tunneling devices 

Example: tunneling effect in  
scanning tunneling microscope 

Example: TFET transistor, 
R. Li, University of Notre Dame, USA 
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Electrical and Magnetic Properties of Nanomaterials 

Superparamagnetism 
Nanoparticles are significantly smaller than the typical domain size in a magnet. Therefore, the 
the magnetization can easily be “switched”, i.e. a reversal of the magnetization can be 
achieved, by an external magnetic field or by thermal energy. 

 
 
 
 
 
 

 
 
 
 This results in a “fluctuating” magnetic moment for small nanoparticles – they do not 

magnetically attract themselves.  
 However, in an external magnetic field the magnetic moment aligns ( 

superparamagnetism). 

Orientation 0 π 

ΔE
 

En
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gy
 

MS 

MR 
  High saturation magnetization: MS 
  No magnetic remanence moment: MR = 0 
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Electrical and Magnetic Properties of Nanomaterials 

Superparamagnetism 
 This allows the preparation of “magnetic fluids” from nanoparticles, or stable magnetic 

suspensions, where the nanoparticles can be manipulated by a magnet. 

 
 
 
 
 
 

 
 
 
 
 
 Additionally, magnetic nanocomposites can be prepared that show novel magnetic 

properties – e.g. exchange coupled magnets resulting in ultra-strong magnetic materials. 

exchange coupled magnet (Dashed) 
hard component (Blue) 
soft  component (Red) 
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Applications of Nanotechnology 
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Applications of Nanotechnology 

Willems & van der Wildenberg, 
NanoRoadMap report,  
projection for 2015. 
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The Generations of Nanotechnology 

There are different "generations" of nanotechnology: 

today     5 years           10-15 years   15+ years 

Level 1: passive 
nanomaterials 

Level 2: active 
nanomaterials: 

nanoelectronics, drug 
targeting 

Level 3: nanosystems, 
supramolecules, 

 3D nanonetworks 
Level 4: intelligent 

nanosystems, 
nanorobots, 

hierarchical functions, 
evolutionary structures 
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 Degussa: Production of pyrogenic nanoparticle powders since 1940 

Control 2 % AEROSIL R 972 

Stabilization of 
suspensions: 

Flow 
agents 

Established Applications of Nanoparticles 
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 Degussa: Applications of nanoparticle sized powders 

Established Applications of Nanoparticles 
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Example: Titania nanoparticles 
 Used as pigments  

and in sunscreens for 
UV protection 

15 35 100 300 

nano pigment 

© BASF Corporation, USA 

Established Applications of Nanoparticles 
Example: Sunscreens 
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Sunscreens with high protection 
factors can only be transparent 
through the use of nanoparticles! 

60 nm 5 nm 

Established Applications of Nanoparticles 
Example: Sunscreens 
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For many 
materials: 
ZnO, TiO2 
… 

Established Applications of Nanoparticles 
Example: Sunscreens 
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 Nanoscale adjuvants and APIs are used in the pharmaceutical industry 

Important for precise 
dosing! 

Established Applications of Nanoparticles 
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 Today, main application of hard ceramic nanoparticle dispersions 
(CeO2, Al2O3): CMP (Chemical-Mechanical Polishing/Planarization) 
 

Circuit fabrication by lithography requires perfectly flat substrates to prevent 
shadow effects – roughness at 10-1 nm scale can only be achieved by use of 
nanoparticle dispersions in combination with chemical etching treatment.  

Established Applications of Nanoparticles 

Conventional lithography 
without polishing 

Lithography with CMP 
treatment 
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Novel Applications 

The use of nanomaterials for devices with new/improved features is heavily investigated 
and partially implemented in first applications. 

Example: Sensors made from nanoparticle-based thin films 
 very promising due to high sensitivity for low material quantities 

SnO2 for gas sensors 

→ Nanostructuring provides high surfaces and therefore high 
sensitivities with the low required amount of material 
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adsorption of certain gases  good gas sensors 
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Novel Applications 

The use of nanomaterials for devices with new/improved features is heavily investigated 
and partially implemented in first applications. 

Example: Printable Electronics 
 more and more functional components (TCO layers, resistors, capacitors) will be 

printable with decreasing layer thickness / feature size due to tailored nanoparticle inks 

Semi-conducting nanoparticle film 
1 µm 

Evonik Degussa  Flexible electronic devices 
 (Semi-) transparent electronics 
 Ubiquitous electronics 
 New integrated functionalities 

(e.g. chemical sensor, 
defined surface chemistry) 
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Novel Applications 

Example for a failed application of nanoparticles in catalysis: 

e.g. Oxonica (GB): 

 But the release of the nanoparticles is  
problematic. Nevertheless, it was already used in  
field tests in communal buses, -vehicles, etc. in UK & Hong Kong 

 Did not reach large-scale application due to low support from 
official agencies – Oxonica discontinued this business 

CeO2 nanoparticles were promoted as fuel 
additives and added into diesel fuels in low 
amounts – they were shown to act catalytically in 
the engine during the fuel combustion   

 + Efficiency  

 – Harmful emissions  

 about 10% fuel saving reported 
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Nanocomposites / hybrid materials:  
 Rising field with established and many prospective applications 

Improvement of polymeric materials: 
 Mechanical properties (strength, stiffness) 
 Thermal characteristics 
 Chemical stability 
 Electrical / electrochemical functionality 
  Gas impermeability, low flammability, ... 

Novel Applications 
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Novel Applications 

 Especially in the form of coatings: 

 

Abrasion resistant coatings 

         Scratch-resistant coatings 

               Antistatic, anti-fingerprint coatings 

                     UV protective coatings 

                             Thermal conductive coatings 

     Self-cleaning coatings 

                                      Nanocomposite thin films 
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“Hidden nano-applications” – especially in the energy sector 
 Examples in batteries: SEPARION® separator contains ceramic 

nanoparticles 
 
 

 
 
 
 
 

 Active cathode / anode materials: increasingly nanomaterials (nano-Si) 
or nanostructures are utilized 

Novel Applications 

 
X.H. Liu et al., Nano Lett. 11 
(2011), 2251–2258 
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"Real" nanoelectronics: use of single nanomaterials 
with defined orientation 
 further size reduction of electronics 

Molecular computing (top);  
Transistors made of carbon 
nanotubes (left) 

Soon, entire circuits made of  
nanomaterials?  

Problem: coupling to the 
macroscopic world, mass 
fabrication 

Nanostructures: Nanoelectronics 
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 New characteristics of nanomaterials:  
E. g.: Thermoelectric activity of Si nanowires  
(normal Si shows no thermoelectric effect,  
due to good heat conductivity) 

Will thermoelectronics soon be cheap and widely 
available? 

Use of exhaust heat in power stations (currently 
only 30-40% efficiency); power generation from 
processor heat in laptops? (Nature 2008) 

2 µm 

Nanostructures: Nanoelectronics 
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Nanostructures: Nanomachines 

Nano-electromechanical systems 
Nanomotors: 500 nm-Skala realized 

Barreiro et al., Science 2008 

Au-nanoplatelet bound to  
multiwalled CNTs 

Nanomotors: NEMS 
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Nanostructures: Nanomachines 

Balzani et al., Nano Today 2007 

Molecular motors – Molecule as active machine elements 

Shiray et al., Nano Lett. 2005, 5, 2330 
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What the future may bring… 
 
Expectations by Delphi panel, NanoRoadMap project: 
 
 Manufacture of small nanoparticles with extremely precise size and  

crystal orientation 
 

 Self-assembly of complex hybrid inorganic nanoparticles / organic materials 
with novel properties 
 

 Design of novel bulk materials through computer modelling of nanocomposite 
elements 
 

 Direct biological control / treatment through intracellular delivery of interference RNA 
 

 Physical nanosensors based on precise control of nanomaterials/nanostructures 

Willems & van der Wildenberg, NanoRoadMap report, 2005. 

Future Developments 
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Optimization of nanoparticles e. g. for catalytic applications 
 
Nanoparticles increase in complexity: 

Example: Selective growth of a second metal (Au) on the surface of nanoparticles of 
a metal alloy (PtZn) – Goal: optimum nanoparticles for catalytic applications 

K.W. Lee et al., CrystEngComm 2015, 17, 6838-6842. 

Future Developments 
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In the future, the targeted design and engineering of nanoparticles will become more 
and more important 
 
 Design of nanoparticles with ideal properties 

Example: Design of 
SiO2@Ag core-shell 
nanoparticles with 
optimized absorption in 
the VIS- und IR-ranges 
 
Klupp Taylor et al.,  
Adv. Mater. 2011, 23, 2554 

Future Developments 

Example for the complexity of current nanoparticle systems: 
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Future Developments 

Rational and defined fabrication of porous aggregate with tailored 
properties 

S. Zellmer, G. Garnweitner, T. Breinlinger, T. Kraft, C. Schilde, ACS Nano 2015, 9, 10749. 
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Future Developments 

  

 In particular the 3D-charakterization of complex structures is a big problem 

 

Kanaras et al., Nano 
Lett. 2005, 2164; 
 
Xu et al., Cryst.Eng. 
Comm. 2014 

Hardly any universal standards are available – 
different methods of analysis need to be combined 
 
problematic for industrial application! 

Midgley et al., Nat. 
Mater. 2009, 8, 271 

… characterization of these structures already is a big problem and 
will be an even greater challenge in the future! 
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Production concepts of the future: 
Self-assembly instead of top-down fabrication 

Macroscale: Folding of individual intelligent segments 
MIT SelfAssembly Lab, 2015 

Nanoscale: Self-assembly of  
fullerene building blocks 

Schenning et al., Nature Chem. 2014, 6, 658 

Future Developments 
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Summary 

  Diversity of nanoparticles and nanomaterials 
    Many different geometries of nanomaterials are possible 
   Variety of materials is utilized as nanoparticles 

 Properties of nanomaterials 
  Surface effect leads to different physical properties 
  Fascinating optical, electronic and magnetic properties 

 Application of nanomaterials 
  Different generations of nanotechnology 
  Many established applications in consumer products 
  Novel applications in electronics, nanomachines, functional composites, … 
  Future trends 
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