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Introduction

In order to analyze

 

and evaluate

 

nanoproducts

 

we

 

propose

 

a combination-method

 

consisting

 

of product

 

description

 

according

 

to selected

 

criteria

 

and additional ranking

 

in 
numbers

 

between

 

1 and 3
[1 (poor

 

degree

 

of fulfillment), 2 (medium), 3 (high)].
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Short description

 

of product-type

 

and basic

 

features
Dispersion paint

 

for

 

exterior

 

use

 

with

 

antimicrobial

 

additional functionality

 

based

 

on nano-silver.
Durable protection against

 

algae, moss

 

and fungus.
Excellent

 

moisture

 

regulating

 

properties, water

 

repellent, 
permeable to water

 

vapour.
Superior heat

 

reflection

 

properties

 

„Cool Paint“.
UV-stability, colour

 

retention.
Superior adhesion, crack-bridging

 

abilities.
Sustainable, reduces

 

frequency

 

of repaints

 

and maintenance.
Free of conventional

 

biocides, solvents, softeners, 
environmental

 

friendly.

Manufacturer

 

/  Contact-

 

Person
Address

 

Bioni CS GmbH, 
Lessingstr. 21, 
46149 Oberhausen, Mr. Sven 
Knoll
Phone

 

0049 (0)208 621 7553
Mail

 

info@bioni.de

Product-Name
Bioni Perform®

Prod.-

 

No.
1

Country
Germany

0 Classification, basic

 

information
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1 Is

 

it

 

a real nano-product?

1.1 Criterion: Particle

 

size

 

data

 

of basic

 

material available, diameter

 

below

 

100 nm
Particle

 

size

 

distribution

 

of nano

 

suspension

 

was analyzed

 

by

 

PCS (Photon 
Correlation

 

Spectroscopy). The result

 

shows

 

a narrow

 

distribution

 

with

 

a 
maximum

 

at 12.1 [nm].
Evaluation: 3
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4.1: Particle

 

Size

 

Distribution (PCS-result) of CAg00103.

Size (nm) % Intensity Size (nm) % Intensity Size (nm) % Intensity
12.1 63.3 30.8 0.0 78.2 1.2
13.6 13.8 34.6 0.0 87.8 13.6
15.3 0.0 38.9 0.0 98.7 8.1
17.2 0.0 43.7 0.0 110.9 0.0
19.3 0.0 49.0 0.0 124.6 0.0
21.7 0.0 55.1 0.0 140.0 0.0
24.4 0.0 61.9 0.0 157.3 0.0
27.4 0.0 69.6 0.0 176.8 0.0

Peak : Mean 12.4 width 0.5 



Ranking of Nanoproducts

 

5

1.2 Criterion: Effect

 

dominated

 

by

 

particle

 

size
Particle

 

size

 

domination

 

can

 

be

 

concluded

 

from

 

mass-specific

 

antimicrobial

 

efficiency.
Evaluation: 3

1.3 Criterion: Stabilization

 

concept

 

applied
Calculation

 

of surface

 

potential u according

 

Poisson-Boltzmann-Equation

 

(1) 
leads

 

to an effective

 

selection

 

of chemical stabilizers.
Evaluation: 3

1.4 Criterion: Nano

 

system

 

integration

 

solved

 

and analytically

 

proved
Homogenity

 

and stability

 

obtained

 

and proved

 

by

 

SEM / X-Ray

 

Fluorescence.
Evaluation: 3

1.5 Criterion: Consistency

 

of product

 

philosophy
The recipe

 

is

 

based

 

on non-human-toxic

 

substances. Conventional

 

biocides 
can

 

be

 

completely

 

replaced. 
Evaluation: 3
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2 Product

 

benefits

2.1 Criterion: Invention

 

step

 

compared

 

to state

 

of the art
High invention

 

step

 

compared

 

to conventional

 

biocides related

 

to 
effectiveness, sustainability

 

and replacement

 

of toxic

 

components.

State of the art is

 

the use

 

of predominantly

 

6 types

 

of biocides: 
-Carbamates
-Isothiazolinones
-Triazines
-Phenylureas
-Metalorganics
-Quartary

 

alkyl-ammonium

 

salts

These components

 

are

 

of organic

 

nature with

 

lower

 

chemical stability. 
Furthermore

 

human-toxicity

 

is

 

problematic.

Nano-silver

 

as an inorganic

 

element

 

is

 

stable

 

and not

 

human-toxic

 

considering

 

dose and working

 

principle

 

in the sense

 

of a surface

 

interaction.
Evaluation: 3

2.2 Criterion: Patent protection
Patent protection obtained

 

(PCT/EP2006/065581, DE10 2005 041 006.5-43 
and PCT/EP for

 

AE, CA, US, RU).
Evaluation: 3

http://de.wikipedia.org/w/index.php?title=Datei:Isothiazolinone.png&filetimestamp=20070602221029
http://de.wikipedia.org/w/index.php?title=Datei:Quaternary_ammonium_cation.svg&filetimestamp=20070423004758
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2.3 Criterion: Efficiency

 

of effect

 

related

 

to mass

 

ratio
High antimicrobial

 

efficiency

 

because

 

of synergetic

 

effects

 

where

 

the nano-

 

silver

 

mass

 

ratio

 

could

 

be

 

reduced

 

to the order of 10 ppm.
Evaluation: 3

2.4 Criterion: Sustainability

 

of effect
Working

 

principle

 

of antimicrobial

 

effect

 

via surface

 

reaction

 

in the sense

 

of 
catalysis; no drug-release. 
Evaluation: 3

2.5 Criterion: Limitations

 

/ possible

 

negative side

 

effects
Under

 

adverse

 

conditions

 

surface

 

reactions

 

could

 

be

 

impeded

 

by

 

secondary

 

pollution

 

effects.
Evaluation: 2

Approx. 25-30 mass-%

 

as porous

 

oxide-

 

phases: Ag+I
2

 

O, Ag+IIO, Ag+2.66
3

 

O4

 

, Ag+III
2

 

O3

+Ag  from oxideδ

Crystal structure

 

Ag2

 

O:
Cubic

 

closest

 

packed

 

Ag+,
O2-

 

occupy

 

¼

 

of tetrahedral

 

gaps.

Micro

 

organism, reduction

 

factor

 

100 
-

 

1000.

Polymer
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3 Market potential

3.1 Criterion: Cost-benefit

 

ratio
Excellent

 

cost-benefit

 

ratio

 

specifically

 

considering

 

sustainability

 

and reduction

 

of repaint

 

frequency.
Evaluation: 3 

3.2 Criterion: Nice

 

to have

 

–

 

or

 

problem-

 

solver
Problem solver.
Evaluation: 3

3.3 Criterion: Range of applications
Exterior

 

application.
Evaluation: 2

3.4 Criterion: Market volume

 

compared

 

to market

 

saturation
Large market

 

volume

 

compared

 

to saturation.
Evaluation: 3 

3.5 Criterion: Competitive

 

situation
Indirect

 

competitive

 

situation

 

with

 

paints

 

containing

 

conventional

 

biocides; risk

 

of product

 

piracy.
Evaluation: 2

3.6 Criterion: Import / export

 

restrictions
No restrictions

 

so far, but

 

to be

 

expected

 

in future

 

in some

 

foreign

 

countries, 
e.g. US.
Evaluation: 2
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3.7 Criterion: Existence

 

and quality

 

of distribution

 

network
Sophisticated

 

national and international distribution

 

network.
Evaluation: 3

3.8 Criterion: 
Information / consulting according

 

product

 

complexity
Product

 

consulting available.
Evaluation: 3

3.9 Criterion: Warranty, service
Mandatory warrenty

 

and sophisticated

 

service

 

worldwide.
Evaluation: 3
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4 Product

 

safety

4.1 Definition and risk

 

assessment

 

of nanomaterials

 

in the REACH 
context

 

(max. 3 products)
(assignment

 

to work

 

package

 

4.2.1)

4.1.1 Criterion: Specific

 

toxicological

 

analysis

 

of the nanomaterial(s) 
used

 

in the product

 

according

 

to safety

 

data

 

sheet
No toxicological

 

impacts

 

indicated

 

(and to be

 

indicated) in product

 

data

 

sheet. 
Nano-silver

 

is

 

a trace

 

constituent

 

in a order of magnitude

 

of 10 ppm. Nano-

 

silver

 

is

 

combined

 

with

 

a polymer binder

 

phase

 

and anchored

 

via dipole

 

interactions.
Evaluation: 3

4.1.2 Criterion: Estimation

 

of REACH compliance
Reach

 

conformity

 

ensured

 

by

 

component

 

suppliers.
Evaluation: 3

4.1.3 Criterion: Estimation

 

of basic

 

health

 

hazards
Provided

 

the ordinary

 

use

 

of the product, health

 

hazards

 

are

 

very

 

unlikely. 
Potential riscs

 

during

 

product

 

life-cycle

 

are

 

indicated

 

in 4.2 ff.
Evaluation: 3

4.1.4 Criterion: Estimation

 

of basic

 

environmental

 

hazards
Provided

 

the ordinary

 

use

 

of the product, environmental

 

hazards

 

are

 

very

 

unlikely.
Potential riscs

 

during

 

product

 

life-cycle

 

are

 

indicated

 

in 4.2 ff.
Evaluation: 3
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4 Product

 

safety

4.2 Elaboration

 

of specific

 

exposure

 

scenarios

 

(max. 3 nanomaterials)
(assignment

 

to work

 

package

 

4.2.2)

4.2.1 Criterion: Exposure

 

scenarios

 

related

 

to people

 

according

 

product

 

application
During

 

ordinary

 

product

 

application

 

the release

 

of single

 

nano-silver

 

particles

 

is

 

impossible

 

because

 

of chemisorption

 

(dipole

 

interaction) with

 

polymer binder

 

phase. Furthermore

 

surface

 

energy prohibits

 

ablation.
The theoretical

 

case

 

of the direct

 

interaction

 

of nano-silver

 

powder

 

with

 

skin

 

can

 

be

 

answered

 

by

 

results

 

of EU-project

 

„NANODERM“

 

(IC: QLK4-CT-2002-

 

02678). Skin penetration

 

is

 

very

 

unlikely

 

for

 

-

 

not

 

only

 

size

 

-

 

but

 

surface

 

charge

 

matters.
Evaluation: 3

4.2.2 Criterion: Exposure

 

scenarios

 

related

 

to the environment
To investigate

 

exposure

 

scenarios

 

product

 

samples

 

were

 

mechanically

 

stressed. 
As a result

 

of trace

 

analysis

 

with

 

ICP-MS (iCAP

 

6300 Thermo

 

Electron

 

Coperation) no emission

 

of single

 

nano-silver

 

particles

 

was detected.
In addition

 

leaching

 

of facades

 

was investigated. The detected

 

concentration

 

is

 

close

 

to the determination

 

limit

 

of the analytical

 

device, where

 

nano

 

particle

 

release

 

by

 

sample

 

preparation

 

(centrifugation) is

 

under

 

discussion. For 
additional comments

 

see

 

4.3.
Evaluation: 3



Ranking of Nanoproducts

 

12

4 Product

 

safety

4.3 Additonal detailed

 

criteria

4.3.1 Criterion: Estimation

 

of human toxicity

 

of the nano

 

drugs

 

under

 

consideration

 

of dose, particle

 

properties

 

(size, surface

 

charge) and 
chemistry
FDA classification

 

of silver

 

is

 

GRAS (generally

 

recognized

 

as safe). Daily intake

 

per person

 

by

 

water

 

and food

 

is

 

30 μg (Hamilton). 
Risk

 

potential of nano-silver

 

powder

 

considering

 

the boundery

 

conditions

 

is

 

limited. Contrary

 

to popular

 

belief alveoli

 

are

 

not

 

reached

 

because

 

of surface

 

affinity. In case

 

of inhalation

 

elimination

 

from

 

the upper

 

part

 

of the lung

 

is

 

possible

 

(BASF).
This

 

is

 

not

 

valid

 

for

 

nano

 

fiber

 

structures.
Evaluation: 2

4.3.2 Criterion: Safety

 

concept

 

of nano

 

system, to avoid

 

uncontrolled

 

release

 

of single

 

nano

 

particles; integration

 

by

 

physisorption

 

/ 
chemisorption
As mentioned

 

in 4.1.1 nano-silver

 

is

 

combined

 

with

 

a polymer binder

 

phase

 

and anchored

 

via dipole

 

interactions.
Evaluation: 3

4.3.3 Criterion: As a consquence

 

of 4.1, 4.2: Product

 

safety

 

for

 

the user
As already

 

discussed

 

in 4.2.1 the product

 

is

 

safe

 

for

 

the user, provided

 

the 
ordinary

 

use.
Evaluation: 3
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4.3.4 Criterion: As a consequence

 

of 4.1, 4.2:  Safety

 

and analytical

 

check during

 

component

 

production, system

 

integration

 

and whole

 

life 
cycle

 

of the product
As already

 

discussed

 

in 4.2.2 a safety

 

concept

 

is

 

implemented

 

and analytically

 

checked. 
Transportation

 

incidents

 

with

 

nano-silver

 

suspension

 

have

 

the highest

 

risk

 

regarding

 

the life cycle

 

of the product

 

(more

 

explanations

 

in 4.3.8).
Evaluation: 2 

4.3.5 Criterion: Assessment

 

of the principal

 

environmental

 

toxicity

 

of 
the drugs

 

under

 

consideration

 

of dose, particle

 

properties

 

(size, surface

 

charge) and chemistry
Considering

 

the boundary

 

conditions, the principal

 

environmental

 

toxicity

 

is

 

limited.
Mobility

 

of nano-silver

 

powder

 

in dynamic

 

fluids

 

is

 

limited

 

because

 

of surface

 

affinity.
This

 

is

 

the reason

 

for

 

a low

 

accumulation

 

risk. 
Environmental

 

conditions

 

can

 

lead

 

to following

 

reactions

 

(oxidation

 

and 
sulfate-formation

 

(insoluble

 

in water)).
Evaluation: 2

4.3.6: Criterion: Assessment

 

of the overall

 

system

 

-

 

related

 

to the  
working

 

principle
Regarding

 

the desired

 

additional antimicrobial

 

functionality

 

in the sense

 

of 
catalysis

 

the product

 

is

 

sustainable

 

and safe

 

on product

 

level.
This

 

can

 

be

 

underlined

 

by

 

7 years

 

of field

 

experience.
The more

 

mechanisms

 

of antimicrobial

 

activity, the lower

 

the risk

 

of resistancy

 

formation. 
Evaluation: 3
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4.3.7 Criterion: Risk

 

assessment

 

and emission

 

propability
Risk

 

= toxicity

 

* exposition
Summarizing

 

the discussed

 

issues

 

on toxicity

 

and exposition

 

propability

 

the risk

 

is

 

very

 

limited. Furthermore

 

an excellent

 

benefit/risk-ratio

 

could

 

be

 

obtained.
Evaluation: 3

4.3.8 Criterion: Consequences

 

in case

 

of emission, chemical background

 

concentration, mobility

 

and accumulation
Low

 

risk

 

in case

 

of product

 

emission, for

 

nano-particles

 

are

 

present

 

in very

 

low

 

concentration

 

and integrated

 

in a secondary

 

phase.
Transportation

 

incidents

 

with

 

nano-silver

 

suspension

 

have

 

a higher

 

risk. In this

 

case

 

a local

 

and transient

 

contamination

 

of environment

 

will occur, killing

 

microorganisms

 

on surface

 

of existing

 

biofilms. Since

 

the suspension

 

is

 

delivered

 

in a diluted

 

form, aquatic

 

toxicity

 

can

 

be

 

avoided.
Nano-silver

 

powder

 

on the one

 

hand follows

 

flow

 

dynamics

 

in air

 

and water

 

quite

 

good. Since

 

the surface

 

affinity

 

is

 

high on the other

 

hand the mobility

 

is

 

poor. Therefore

 

accumulation

 

is

 

not

 

to be

 

expected. In the environment

 

-

 

depending

 

on reaction

 

conditions

 

-

 

oxidation

 

and sulfate-formation

 

(insoluble

 

in water) can

 

occur.
Chemical background

 

concentration

 

in soil

 

is

 

0,1 ppm.
Evaluation: 2

4.3.9 Criterion: GHS (Globally

 

Harmonized

 

System) classification

 

of 
components
GHS classification

 

ensured

 

by

 

component

 

suppliers.
Evaluation: 3
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-

4.3.10 Criterion: CLP (Regulation on Classification, Labeling

 

and 
Packaging

 

of substances

 

and mixtures) compliance
CLP compliance

 

ensured

 

by

 

component

 

suppliers.
Evaluation: 3

4.3.11 Criterion: If

 

applicable:
BPD (Biocide

 

Product

 

Directive) compliance
Not applicable, product

 

is

 

not

 

subject

 

to BPD
(Evaluation to be

 

adapted

 

in excel-sheet).
Evaluation: -

4.3.12 Criterion: Potential to replace

 

a harmful

 

existing

 

technology
The product

 

replaces

 

competitor´s

 

products

 

containing

 

human-toxic

 

conventional

 

biocides.
Evaluation: 3
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5 Ethical, social

 

and economic

 

consequences

 

and perspectives

5.1 Criterion: Ethical

 

issues

 

of paradigm

 

shift
Paradigm

 

shift

 

and switching

 

to non-human-toxic

 

sustainable

 

components

 

improves

 

the ethical

 

act. 
Evaluation: 3

5.2 Criterion: Availability

 

of components

 

and resource

 

conservation
High efficacy

 

at low

 

concentration

 

in combination

 

with

 

a sustainable

 

quasi 
catalytic

 

effect

 

protects

 

resources
Evaluation: 3

5.3 Criterion: Social

 

consequences

 

of technology change
Positive social

 

consequences

 

are

 

to be

 

expected

 

depending

 

on degree

 

of 
technology change.
Evaluation: 2

5.4 Criterion: Economic

 

consequences

 

related

 

to production

 

company

 

and national / international economy
Since

 

product

 

introduction

 

in 2005 up to now

 

the economic

 

success

 

for

 

the 
manufacturer

 

is

 

evident (international reference

 

objects, „Technology Fast 50 
Award

 

2009“).
Yet

 

the influence

 

on national and international economy

 

is

 

small.
Evaluation: 2

5.5 Criterion: 
The product

 

development is

 

embedded

 

in a general

 

nano

 

suspension

 

technology for

 

a variety

 

of different applications.
Evaluation: 3
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5.6 Criterion: Connectivity

 

to further

 

developments
Similar

 

product

 

developments

 

(e.g. nano-silver

 

wall-paper) are

 

carried

 

out.
Evaluation: 3 
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-

6 Conclusion

 

and proposals

 

for

 

the continuation

 

of a nano-safety

 

roadmap
Conscious

 

of the responsibility

 

-

 

since

 

massive funding

 

of nanotechnology

 

research

 

in 2002 -

 

in parallel numerous

 

national and international / EU projects

 

started. A small

 

selection

 

of publications

 

is

 

presented

 

in section

 

7.3.

Most results

 

are

 

related

 

to toxicity

 

studies

 

of pure nanoparticles

 

based

 

on in-

 

vitro

 

and in-vivo

 

experiments. Undoubtedly, this

 

basic

 

research

 

is

 

essential.

But

 

at this

 

point the question

 

must

 

be

 

answered, how

 

these

 

results

 

should

 

be

 

treated.

Since

 

these

 

are

 

particle-based

 

individual

 

results, they

 

may

 

not

 

be

 

used

 

for

 

general

 

statements

 

and warnings, especially

 

if

 

no practice-relevant

 

exposure

 

conditions

 

were

 

selected. Otherwise, the public

 

may

 

be

 

confused

 

in general.

Furthermore, these

 

data

 

are

 

not

 

suitable

 

to estimate

 

toxicity

 

of nano

 

products. 
The potential toxicity

 

of these

 

nano-systems

 

depends

 

on system

 

integration

 

of 
nanoparticles. In other

 

words, in the case

 

of nano-silver

 

-

 

with

 

the same

 

particles

 

-

 

a secure

 

system

 

can

 

be

 

formulated

 

if

 

a suitable

 

polymer anchoring

 

and chemisorption

 

prevents

 

an uncontrolled

 

release

 

of individual

 

nanoparticles. In the other

 

case

 

it

 

would

 

be

 

a questionable

 

product

 

releasing

 

nanoparticles

 

with

 

the additional risk

 

of precipitation

 

of silver

 

ions.

So the key

 

message

 

is: The toxicity

 

assessment

 

must

 

be

 

done

 

separately

 

for

 

each

 

system. 
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For continuation

 

of nano-safety

 

research

 

a roadmap

 

with

 

the following

 

priorities

 

is

 

recommended:
1. Future research

 

projects

 

should

 

be

 

more

 

standardized

 

to improve

 

comparability

 

of results.
2. The long-term

 

studies

 

of toxicity

 

should

 

be

 

continued.
3. Nanofibers

 

with

 

inflammatory

 

potential need

 

special

 

attention.
4. The possible

 

interaction

 

of different types

 

of nanoparticles

 

should

 

also be

 

examined

 

more

 

closely.

To minimize

 

the risk

 

in general, nanoproducts

 

without

 

particle

 

release

 

during

 

the entire

 

life cycle

 

(which

 

must

 

be

 

verified

 

analytically) should

 

be

 

favored.
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7.0 Appendix
7.1 Product

 

data

 

sheet
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7.2 Product

 

safety

 

data

 

sheet
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7.3 Selection

 

of literature

 

on nano

 

safety

 

in alphabetical

 

order
(Source: EU-OSHA)
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