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RISK = EXPOSURE X TOXICITY

TOXICITY = EXPOSURE X TIME

=

EXPOSURE TIME = 48h, 96h, 7d, 104, ...
varied concentrations (acute, chronig, life-cycle,...)
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Almost exclusively soluble chemicals...

Formal Test guidelines: no colloids, particles, limits on variation
in exposure ("20% rule")

Possible exceptions:
Petroleum: Testing of water accommodated fractions

Sediment dredging: Elutriate testing (toxic constituents)

Formal Test Guidelines lack any reference to testing of particles!



Do test approaches for soluble substances work for nanomaterials?

Testing Soluble Substances - Exposure

o
o

known or predictable behavior

exposure and effects are exclusively
concentration-based

O nominal test values are often adequate

0 established methods to address difficulties

OECD "Difficult Substances"
guidance document

Water Accommodated Fraction
methods

Sediment Dredging deposition
testing

0 < 20% losses typically obtainable

0 continual renewal is often feasible

Testing Nanomaterials - Exposure

(0]
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unknown or unpredictable behavior

exposure and effects typically
concentration-based

nominal test values typically reported
methods to address difficulties?

adherence to "20% rule" - RARELY

continual renewal is problematic

So, what does a typical nanoparticle exposure look like?



Variation in Exposure During Toxicity Assays

Varying mass concentration Varying agglomerate size
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How to address variability:
> Monitor exposure at intervals
adequate for quantifying and
modeling exposure
> Manipulate media, renewal intervals,
add energy, add stabilizers
> Test only sediments



Concentration (ug/L)
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Concentration (ug/L)

Citrate nAg (dissolved)
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TiO2 Exposures

2000.0
1800.0 4
1600.0
1400.0
1200.0
1000.0
800.0
600.0
400.0
200.0
0.0

25 mg/I
‘ 10 mg/I

OQop>

>

<> 5mg/l

Hydrodynamic diameter (nm)

RESEARCH & DEVELOFMENT

Building a scientific foundation for sound environmental decisions



TiO2 Exposures
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lonic Strength and TiO2 Agglomeration
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lonic Strength and TiO2 Agglomeration
-- Adding 5 mg Carbon/L as DOC --
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TiO2, ionic strength, NOM
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NOM Type and Concentration: TiO2
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TiO2/Graphene composite
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NOM Type and Concentration: Cerium
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Dissolved silver (mg/L) @

A Collage of Exposure Variability...
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Very few hazard studies document exposure...

"Setting aside questions of dose metrics, significant
and substantial reduction in concentration over
exposure period suggests that literature data are in
the main improperly interpreted and nanoparticles
are likely to have far greater biological effects than
suggested thus far by poorly controlled exposures.”

Romer, |., White, T.A., Baalousha, M., Chipman, K., Viant, M.R., and Lead, J.R.
2011. Aggregation and dispersion of silver nanoparticles in exposure media
for aquatic toxicity tests. Journal of Chromatography A 1218: 4226-4233.

Elsevier.



Exposure Variability: Example, Nano-TiO, in Mod-Hard Water
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Exposure Variability: Example, Nano-TiO, in Mod-Hard Water

Survival
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These examples are all pristine, as-produced materials...

e May not represent that enter commerce

* Not subject to fate, transport, and material modification
e Limited range of environmental modifying factors

* Product-based releases are likely to be complex

e Product-based releases remain largely unidentified

e Their complexity will exacerbate controlled exposure issues

An example: Nano-scale TiO2 in cement:



Photoreactivity: Phototoxicity - 96-h Japanese medaka assay

Japanese medaka 96h LC50

4 hr simulated solar radiation lab lighting
LC50 = 2.42 mg/L LC50 = 292 mg/L

Ma, H., Brennan, A. & Diamond, S. a, 2012, ET&C, 1621-9.



Photoreactivity: Phototoxicity - 48-h Daphnia magna bioassay

Daphnia magna 48h LC50

4 hr simulated solar radiation
LC50 = 29.8 ug/L

1.0 lab lighting
LC50 = > ~300 mg/L (?)

Ma, H., Brennan, A. & Diamond, S. a, 2012, ET&C, 1621-9.
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"Full" exposure model is the basis for
environmental riskR assessment.

Shibin Li et. al, 2015



Dio Padre Misericordioso Church, Roma
("Jubilee Church")

...........

Italcementi’s Borgarello said their research
shows that: "In Milan if you just use the
material in 15 per cent of the surface of the city
you can reduce by 50 percent the pollution.”

200 m2 surface area / g
"TX Active"

(Milan: Approximately 181 Km?, 70 mi?)



TX Active Photocatalytic Cement

New |-35 Bridge’s Gateway Elements
Minneapolis, Minnesota

Gateway elements cast with TX Active Photocatalytic cement greet
travelers on the new Interstate 35 West Bridge spanning the

Mississippi River in downtown Minneapolis. Two gleaming white IVI e m o ri a I SC u I pt u re at

concrete sculptures, each comprised of three wavy columns,
tower 30-feet high on each side of the bridge in a vertical

interpretation of the universal symbol for water, recalling the Site Of the Minneapolis

the river and the flow of life.

The bridge was opened to traffic September, 2008, |_35 B 'd C II

just 13 months after the original bridge collapsed. 2 r I ge 0 a p S e
The -35W span pioneers the use of self-cleaning,

pollution-redudng cement in its water symbol

monuments.

& architectural surfaces formulated
with TX Active cement are
efficient in destroying atmospheric
poliutants,” explained Essroc's
TX Active Product Manager, Dan
Schaffer. “The results are cleaner
concrete surfaces and cleaner air.
In the case of the I-35W Bridge
in Minneapolis, the results will
be cleaner monuments and
improved air quality.”

The sculptures were developed by the
design team of FIGG and Oslund, working
with the Visual Quality Advisory Group set
up by the Minnesota Department of
Transportation to indude community and
park representatives. Concrete was produced
by Minnesota provider Cemstone Products
Company and precast by Stoneworks
Architectural Precast. The 135W Bridge was
constructed by Flatiron-Manson Construction
Company and designed by AIGG

; Essroc
©) ) Italcementi Group
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Streetscape Project Transforms
City Span from Gritty to Green

Highway Research Project Paving

Way to Cleaner Environment
Chicago, lllinois
An environmentally-focused streetscape project

St. Louis, Missouri
A small stretch of Highway 141 in 5t. Louis, Missouri
may ba paving the way to a healthier future

is transforming one of Chicago's oldest urban
roadways from gritty to green.

Offidally termed the Cermak/Blue Island
Sustainable Streetscape Demonstration Project,
‘the Chicago Department of Transportation (CDOT)
launched the project in May, 2011. The vision is
now blooming amid garden-like bioswale planters
with shade trees, walkways constructed of recycled
content, solar bus shelters, and pollution reduding

bike paths and parking lanes made of TX Active ’ Bike lanes and parking areas are surfaced with
conrata pavers. /

permeable photocatalytic pavers.

A research project currently underway will analyze

th ity of concrete surfaces formulated with TX
Active photocatalytic cement to reduce ervironmental
pollutants from vehicle exhaust.

2 e

According to a report by ENR Midwest:

g i : T
“Photocatalytic pavers, formulated ¥ f % z ! . S
3 | form pa
with TX Active cement from Essroc { dy t
! ! i y
Italcementi Group, refiect urban heat 1
B N . ¥

while also reducing air pollution. ; X = g

They invitingly surface the bike and - I 4 |

parking lanes along the Blue Island slip form paving.

Avenue segment of the project.

The research project is an initiative of the

The CDOT project team worked with Paveloc 3 Missouri Department of Transportation in &

of Marengo, IL, now owned by Unilock, to ¥ collaboration with the Federal Highway 2 : : s
develop a permeable paver system to filter - }‘ Administration, the National Concrete
rainwater, further enhancing the pavements “ Pavemant Technology Center at lowa = Dual stage slip form paving process allows TX Active formulated
sustainability. i State's Institute for Transportation, Lehigh conaete to be used only in the top two inches of the pavement.

f. Hanson, Inc. and the Essroc Italcementi Group

Construction services were provided by Fred
Weber, Inc. from 5t. Louis, M.

Essroc . / d S
©) ) ltalcementi Group : ‘

Essroc
@) ) Italcementi Group
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Streetscape Project Transforms
City Span from Gritty to Green

Chicago, lllinois

An environmentally-focused streetscape project —m - Bike rack
is transforming one of Chicago's oldest urban

roadways from gritty to green.

Offidally termed the Cermak/Blue Island

Sustainable Streetscape Demonstration Project,

‘the Chicago Department of Transportation (CDOT)

launched the project in May, 2011. The vision is

now blooming amid garden-like bioswale planters

with shade trees, walkways constructed of recycled

content, solar bus shelters, and pollution reduding e,

bike paths and parking lanes made of TX Active y Bike lanes and parkin

concreta pavers. i d permeable photocata|
i 4
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poll

They invitingly surface the bike and

parking | along the Blue Island

Avenue segment of the project.

The CDOT project team worked with Paveloc

of Marengo, IL, now owned by Unilock, to

develop a permeable paver system to filter

rainwater, further enhancing the pavements

sustainability.

Essroc .
Italcementi Group
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Highway Research Project Paving
Way to Cleaner Environment

St. Louis, Missouri
ew bl A small stretch of Hi y 141 in St. Louis, Missouri
may ba paving the way to a healthier future
A research project currently underway will analyze
the ability of concrete surfaces formulated with TX
Active photoca ceme reduce environmental
pollutants from

Dual stage slip form paving process allows TX Active formulated
concrete to be used only in the top two inches of the pavement.




Paving blocks




Pervious concrete
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from the laboratory...

Innovation Department

Gian Luca Guerrini

...to the field

ber 27, 2010

24

from: Italcementi Group promotional presentation



Cementitious TiO2

SEREIT

426 102
MAG: 15.0kx HV: 15kV WD: 6.6mm




Dye Degradation of As-Delivered Concrete Abraded Cement

Simulated Solar

as-delivered abraded

200001 concrete cement

cement

150001 | ]
Laboratory Lighting
as-delivered abraded
10000+ ) Eoncret_e C t )
b ‘ I ‘ I I I ‘ I
0 a L a L L L L L
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Fluorescence response

Shibin Li, et al. unpublished data



Cementitious TiO2

e Potential exposure will be dependant on volume applied and
surface area, wear, abrasion, weathering, construction,
demolition, etc.

* Released form = complex matrix

e Exposure? % mass TiO2, surface TiO2, photon dosimetry,
analysis...

e Will/should exposure be limited to sediments?

e Pseudo persistence
* New set of exposure/dosimetery issues...

These factors will apply to many other product-based nanomaterials



Summary

» Exposure in controlled studies, and in regulatory testing, is
irrevocably linked to exposure estimation and risk for
potentially-released nanomaterials

» Deficiencies in exposure quantification add uncertainty to
risk assessment, and to development of models, particularly
for modifying factors

» Formal guidance that will address exposure quantification is
under development

OECD Project: Guidance Document on Aquatic (and Sediment)
Toxicology Testing of Nanomaterials

)\
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