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“By exploring exposure
potentials and
characteristics across the
life cycle of a product that
utilizes new materials, it is,
in principle, possible to flag
up areas of risk concern
that can be used to direct
further research and
action.”

-- Maynard, Nature
Nanotechnology 2014
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Particle Aging and Transformations
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Ag Release and Transformation after
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Comparison of NP and Conventional
Ag after Release
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(nano) Silver Release from Textiles
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A

B

0!

500!

1000!

1500!

2000!

2500!

A
g

co
nt

en
t(

mg
/L

)!

0!

50!

100!

150!

200!

250!

300!

350!

400!

450!

500!

> 0.45 micron!
< 0.45 micron!
< 0.1 micron!
Dissolved!

0!

500!

1000!

1500!

2000!

2500!

A
g

C
on

te
nt

(m
g/

L)
!

0!

100!

200!

300!

400!

500!

600!

> 0.45 micron!
0.1 - 0.45 micron!
10 kDa - 0.1 micron!
Dissolved!

0% !

10% !

20% !

30% !

40% !

50% !

60% !

70% !

80% !

90% !

100% !

Pe
rc

en
tA

g
in

ea
ch

siz
e

fr
ac

tio
n!

X -Static! AgCl! AgCl/TiO2! Ag Zeolite! AGS-20 Surf.! AGS-20 Bulk! NM -300K Surf. !

> 0.45 micron!

0.1 - 0.45 micron!

10 kDa - 0.1 micron!

Dissolved!

C

Commercial fabric released
highest total [Ag], but had
100X more Ag added

 Prepared nano-textiles
released lower total [Ag] into
the wash water ( < 100 µg/L)
than similar conventional
treatments

Most Ag was recovered in the
> 0.45 micron size range (filter
digest) for all prepared fabrics

Conventional Nano

A

B

0!

500!

1000!

1500!

2000!

2500!

A
g

co
nt

en
t(

mg
/L

)!

0!

50!

100!

150!

200!

250!

300!

350!

400!

450!

500!

> 0.45 micron!
< 0.45 micron!
< 0.1 micron!
Dissolved!

0!

500!

1000!

1500!

2000!

2500!

A
g

C
on

te
nt

(m
g/

L)
!

0!

100!

200!

300!

400!

500!

600!

> 0.45 micron!
0.1 - 0.45 micron!
10 kDa - 0.1 micron!
Dissolved!

0% !

10% !

20% !

30% !

40% !

50% !

60% !

70% !

80% !

90% !

100% !

Pe
rc

en
tA

g
in

ea
ch

siz
e

fr
ac

tio
n!

X -Static! AgCl! AgCl/TiO2! Ag Zeolite! AGS-20 Surf.! AGS-20 Bulk! NM -300K Surf. !

> 0.45 micron!

0.1 - 0.45 micron!

10 kDa - 0.1 micron!

Dissolved!

C

Commercial fabric released
highest total [Ag], but had
100X more Ag added

 Prepared nano-textiles
released lower total [Ag] into
the wash water ( < 100 µg/L)
than similar conventional
treatments

Most Ag was recovered in the
> 0.45 micron size range (filter
digest) for all prepared fabrics

D. Mitrano et. al, ACS Nano 2014



Nanomaterial Release from Textiles

D. Mitrano et. al, ACS Nano 2014



Nanomaterial Release from Textiles
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Ag Transformation After Release
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Experimental Outcomes

 Aged and/or product released NM will have different
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release nano-sized materials

Multiple, subsequent transformation possible and likely
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Thank You!

Dr. Bernd Nowack (Empa St. Gallen)
Elisa Rimmele (Currently: bluesign)
Adrian Wichser (Empa Dubendorf; analytical chemistry)
Rolf Erni (Empa Dubendorf; microscopy center)
Dr. Murray Height (HeiQ AG Fabrics)
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Silver Treatments on Fabrics
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EDX Analysis of NP in Washwater
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Spike Recovery of Ag in Washing Liquid
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(nano) Silver Release from Textiles
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