Comparing nano-enabled copper formulations

throughout the wood protection lifecycle:
transformations, releases, hazards, effectiveness and sustainability
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Copper in non-nano-form has biocidal uses,
with Cu?* ions as regulated biocidal active

Wood after aging:
treated - untreated, moulded
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UBA Dessau - Application examples: © BASF
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Conventional and nano-enabled wood protection

CuO acrylate Cu-amine Micronized Cu Motivation for CuO acrylate:

15 kg Cu/ms3 1 kg Cu/ms3 1 kg Cu/ms3 . 3 :
o B L i bulk i less Cu consumption: 0.1 kg Cu/m3 Cu in bulk

Motivation for “micronized Cu” = Cu,(OH),CO,
More natural wood appearance

Cu-amine Micronized Cu
|
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Solutions or nano-suspensions can penetrate
deep into wooden pores

Micronized Cu suspension Cu-amine solution (EU Vacuum-pressure impregnation for

(US standa

rd) (nan standard) (non-nano) use class 3 and class 4 treated wood

—LP17206 |

10 100 1000
diameter / nm
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Effects of formulations on fungi
(before incorporation into wood) (Pantano, Stone: HWU)
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Cu-amine >> Cu,(OH),CO4 > CuSO, > CuO_ascorbate > CuO
Effects not primarily dissolution-mediated, and can be modulated by surface modifications



Leaching according to EN 84

(Navratilova, von der Kammer: UVIENNA)
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Total release (ICPMS integral):

Cu-amine ~ Cu,(OH),CO5 >> CuO > acrylic control



Intensity (cps)

Leaching according to EN 84

(Navratilova, von der Kammer:

a) Non weathered
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Total release (ICPMS integral):
Cu-amine ~ Cu,(OH),CO5 >> CuO > acrylic control

TEM + spICPMS spikes:

Particulate spikes only found in leaching from aged CuO-
acrylic-coating, not from other woods.
Nano-Cu,(OH),CO;@wood releases only /onic Cu.




Aging of treated woods
(Scifo, Rose: CEREGE)

Higher release per treated wood surface
during condensation (wood swelling) than

Weekly weathering cycle
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Aging + mechanical stress on

treated woods
(Neubauer: BASF)

NanoRelease protocol was globally reproducible (EPA,
NRC, LEITAT, BASF) Carbon (2017) 113:346-360
all data open-access at NIST servers
TR development (2017-2019) at ISO TC229

@. NanoRelease

Aging by UV/rain or UV
Preferred 1504892

Sampling by stepwise increased shear

Each sample in 10.0 mL
leaching medium (EPA

Method 131 1}5 I
Horizontal immersion immersion bath sonication,
shaker, 24h 1h

For each 4-mL aliquot apply the fallowing analyses:
2 TEM “check which structures are observed” Analysis bv 4 methods

ace drop on TEM grid, evaporate water.
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Acrylate CuO acrylate Cu-amine  micronized Cu
coated wood coated wood treated wood treated wood

Release from acrylic coatings increases with UV
dose, with particulate releases.

Cu-amine ~ Cu,(OH),CO5; >> CuO ~ acrylic control

Weak trends with UV dose from impregnated
woods.



Aging + mechanical stress on

treated woods
(Neubauer: BASF)

UV/rain
- weather, total <r12rr?
MJ/m?2

0] 0.1
Acrylate 155 0.2 0.1
coated wood 310 0.4 0.3
465 1.5 1.4
0] 0.1 0.1
CuO acrylate 155 0.3 0.2
coated wood 310 0.5 0.3
465 0.4 0.2
Cu amine O 29 | dag
impregnated 155 20
wood 310 120
465 50 48
Micronized Cu O 21 2
impregnated 155 £9
wood 310 100
465 70 61
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Acrylate  CuO acrylate Cu-amine  micronized Cu
coated wood coated wood treated wood treated wood

Release from acrylic coatings increases with UV
dose, with particulate releases.

Cu-amine ~ Cu,(OH),CO5; >> CuO ~ acrylic control

Weak trends with UV dose from impregnated
woods. Predominantly ionic releases from both
Cu-amine and micronized Cu-Carbonate.
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Product effectiveness: wood mass loss vs. ion release (Civardi, EMPA)
Cu-amine-impregnation h
_ _ CuO acrylate Cu-amine  Micronized Cu
Cu(OH)CO3-impregnation | — 15 kg Cu/m3 1 kg Cu/m? 1 kg Cu/m?
. CuO_acryl coating F_' in barrier e in_t_:;u_lk . in bulk |
’%‘ing DIN EN113 Acwl_coating -
(Coniophora-puteana 62)
control | N

Interim summary of technological alternatives for wood protection:

« Wood treated with Cu,(OH),CO, nanoparticles releases ions as biocidal active
* The ,safer-by-design“ CuO barrier technology (overall x10 less Cu) fails, because it does not release

sufficient Cu ions.

» Effectiveness (agar): Cu-amine >> Cu,(OH),CO5 > CuSO, > CuO

e Cu.ions (at agar pH): Cu-amine ~ CuSO, >> Cu,(OH),CO5 ~ CuO

» Effectiveness (treated wood): Cu-amine ~ Cu,(OH),CO5 >> CuO > control

e Cuion (released from treated wood): Cu-amine ~ Cu,(OH),CO5 >> CuO > control

- Transformation in use phase govern both benefits and risks of nano-enabled biocides.
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Handling exposure? Wipe releases from wood surface

Wood Copper Copper Weathering | Copper NIOSH 9102
preservative | concentration | concentration content per
Kg/m3wood | pg/ 25 cm? wipe ug
wood surface
Cu,(OH),CO; 0.95 6926 None 5.3
6871 EN 927-6 6.8
8 weeks
1.89 14191 None 5.0
Cu-amine 0.95 7278 None 2.0
7200 EN 927-6 8.8
8 Wee ks | EPA BD0/R-14/365 | September 20714 | http/fwww.epa gov/ord
1.89 15089 None 6.0
MCA-1, MCA-2 and ACA data form EPA
MCA-1* 0.61 4575 None 19.0 publication: EPA 600/R-14/365
MCA-2* 0.73 5475 None 5.0
Release of Micronized Copper Particles from
ACA* 1.77 13275 None 1.7 Pressure-treated Wood Products

= Similar Copper release for Cu-amine and Cu,(OH),CO5 observed.

= Only ~ 0.1 % of Copper was transferred from the wood surface to the wipe.

= Copper release of un-weathered wood is similar to MCA-2-values from the EPA investigation.

= SEM-EDXS showed that for both systems Cu is co-localized with C and other metals. No identification as Cu,(OH),CO4
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Human exposure? Wipes on treated woods (DTU + BASF)
release levels consistent with EPA reports,
but transformation by sampling!

Cc o] Na Mg Al Si P S Cl Ca Cr Fe Cu
Messstelle 1 457 44 0 0,1 0,1 — 0.1 01 0,1 0,1 9.7 — — —
Me ssstelle 2 55,0 36,3 0,3 2,7 0,9 1,9 — 0,1 0,2 0,3 0,3 0.5 1,6
Messstelle 3 521 36,3 0,7 0,1 — 0.1 — 0,1 0,4 5.5 -— — 4.6
Messstelle 4 452 396 — 6,1 — 8.5 — 0,1 0,2 0,3 — — —
Messstelle 5 42 2 44 4 — — — — — — 0,2 13,2 — — —
Me ssstelle 6 52,0 42 0 — — — 0.1 — — 0,3 5.5 — — —
Messstelle 7 247 53,3 — 0,2 — — — — — 214 — — 0,
Me ssstelle 57,2 345 0,3 0,2 — 0.1 01 0,2 7.4 -— — —
Me ssstelle 9 58,9 39,2 — — — — — 0,9 — 1.1 — — —
Messstelle 10 536 458 — — — — — — — 05 — — —
—- Bement nicht nachgewiesen
Total ICPMS + Single-particle-ICPMS Total ICPMS + Single-particle-ICPMS
Results on wood wipes Results on controls tissues with pure formulations

Wood Total extracted Siilac: Formulation on sl o Total extracted Suclie

treatement e ) partlulz?te Cu miloe conter.1t S ) partlulate Cu
2.7 % CuCO3 5.0 / / CuCO3 30 0.652 < 0.0007
2.7 % CuCO3 / 0.077 0.0096 CuCO3 30 0.839 < 0.0008
2.7

% CuC03 / 0.826 < 0.0008 30 0.035 0.0014
2.7 % CuAmine 6.0 / / 30 0.027 0.0017

2.7 % CuAmine / 0.828 < 0.0008
2.7 % CuAmine / 0.183 0.0002
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Dissolution after oral uptake: CuO and Cu-carbonate
dissolve similarly in stomach, similar LOAEL

Cu-Carbonate, micronized

% dissolved in stomach simulant (f EDXS: Fe, no Cu

% dissolved
[}
S

0 20 an 60

sampling time [h] " B

200 nm

What they are 80 % Cu 55% Cu

Where they go: Dissolves fast in Dissolves fast in

lungs & GIT, slow lungs & GIT, slower
in env. surface in env. surface
water water
What they do: active active
in lung (2 mg/ms3),
in GIT (128 in GIT (64 mg/kg),
mg/kg), on algae & on microflora
200 nm 200 nm daphnids (n.d. on others)
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Wood refurbishment: Release during sanding ?

drilling machine clean air chamber

* Release dominated by wood,;
=  Aerosol modal size around 200nm

= Cu content in dust lower from Cu,(OH),CO,
than from Cu-amine; high from CuO_acrylic:
a consequence of the ,barrier concept.

OPS

CPC pump

CPC/SEM of Cu,(OH),CO, treated wood

2E+7

sanding support sample holder
equipped with sanding paper

1E+7 +

ICPMS of all wood sanding dusts

Standard deviation by
Cu content of !
Sanded wood s (6 aging 0-1-2-3 months
& ; 1S04892

0.27 0.02
0.46 0.06
0.17 0.01
0.36 0.02
0.00 0.00
0.33 0.10

released fragment number by CPC




LIFECYCLE ANALYSIS: CUO VS CU-CARBONATE VS ACQ
TNO 2757 2
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Integrating lifecycle analysis, hazard and exposure:
LICARA nanoscan assessment of CuO-additive:
Production risk + Consumer performance in focus

Risks Benefits
4. Public health & environmental risks 1. Environmental benefits —
Systemn knowledee Manufacturing (— |
lse
Potential effect End-ofdife N
Potential inputinto the environment 1
2. Bconomic benefits -—
Market potential
5. Cccupational health risks @ Ro en. .|a
Profitability
Manufacture of nanomaterial Development stage
Processing of nanomaterial
Application of nanoproduct 3. Societal benefits
Technological breakthrough
Highly qualified labour force
6. Consumer health risks Imgroving global health or food
0.00 033 ] 0.67 ] 100 -1.0 -0.5 0.0 05 1.0
Lawi Medium High Megative Neutral Positive

nanoSCAN compares technological
alternatives by benefit or impact in:
 Environment

e Social, Occupational, Consumer

e« Economical developed into a commercial product.

CuO acrylic coating is less sustainable than
the technological alternatives, and will not be
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Conclusions

We compared: Solubilized Cu?* in Cu-Amine vs. NP-Cu,(OH),CO; as
in bulk preservatives vs. NP-CuO embedded in surface barrier.
Treatment with Cu-Amine and NP-Cu,(OH),CO5; showed sufficient
efficacy against Coniophora puteana

Surface coating with embedded NP-CuO was not effective.

EN84-leaching of Cu-Amine and NP-Cu,(OH),CO4 was near-identical
> both systems released Copper as ionic Cu?*.
» Matching results for combination of condensation / rain / shear

» Occupational and consumer exposure addressed by wipe & sanding tests, on fresh and aged woods.
Hazards addressed by oral in vivo testing.

» Similarity of (low) release rates from Cu-Amine and NP- Cu,(OH),CO5; woods.
» Absence of pristine particles, but re-precipitation of Cu amine can occur.
» NP- Cu,(OH),CO4 dissolves in stomach (hours) and environmental surface water (days) to ionic Cu?*.

Daniele Pantano?l, Nicole Neubauer?, Jana Navratilova3“, Lorette Scifo®, Chiara Civardi®’, Vicki Stonel, Frank von der Kammer3, Philipp
Mdiller®, Marcos Sanles®, Bernard Angeletti®, Jerome Rose®, Wendel Wohlleben?* Reviewed at ES&T, revision is due end Oct.
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