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OutlineOutline

• USMS initial results

• Nanotechnology-EHS focus



Nanomaterials and the USMS Assessment:  ObservationsNanomaterials and the USMS Assessment:  Observations

High demand for new High demand for new 
advanced measurement advanced measurement 

instrumentation forinstrumentation for accurate, accurate, 
high resolution high resolution 

characterization of physical, characterization of physical, 
chemical and biological chemical and biological 

properties of materials at properties of materials at 
nanometer dimensionsnanometer dimensions

Absence of regulations Absence of regulations 
is having a serious is having a serious 

impact on innovationimpact on innovation

Principal measurement Principal measurement 
barrier to innovation is the barrier to innovation is the 
absence of measurement absence of measurement 

instruments, techniques and instruments, techniques and 
methods capable ofmethods capable of

accurately characterizing the accurately characterizing the 
behavior of complex behavior of complex 

materials systems and materials systems and 
structuresstructures

Timely delivery of materials Timely delivery of materials 
measurement solutions measurement solutions is is 
increasingly challengingincreasingly challenging

Key factor driving the need for Key factor driving the need for 
innovation is anticipation of the innovation is anticipation of the 
production/marketplace needs production/marketplace needs 
for the evaluation offor the evaluation of Materials Materials 

Performance, Manufacturability, Performance, Manufacturability, 
and Reliabilityand Reliability



Nano-EHS



Nanomaterials
Synthesis

Physical 
Characterization

Chemical 
Characterization

EHS 
Characterization

Characterization 
methods to 
differentiate 

deleterious from 
non-deleterious 
nanomaterials

Interrelated Materials Properties

Interrelated EHS 
Properties EHS 

Interactions

Heterogeneity Effect of physical 
modifications Structure

Dispersion Purity Surface area
Agglomeration 

state Shape Surface charge

Effect of chemical 
modifications Size distribution Porosity

Solubility Spatio-chemical 
composition Surface chemistry

Detection Exposure

Transport Transformation

Cytotoxicity Effects / 
Implications

Clearance
Immuno-

suppression / 
stimulation

Cellular Response Metabolic Pathway

Organ Distribution Biocompatibility

Internationally-
recognized Standards 

Protocols and 
Reference Materials 



What are the Components of an Authenticated MN What are the Components of an Authenticated MN 
(How)?(How)?

MN TemplateMN Template
Technological innovation at stakeTechnological innovation at stake
Economic significance of the innovationEconomic significance of the innovation
Technical barrier to the innovationTechnical barrier to the innovation
Stage of innovation at which technical barrier appearsStage of innovation at which technical barrier appears
MeasurementMeasurement--problem part of the technical barrierproblem part of the technical barrier
Potential solutions to the measurement problemPotential solutions to the measurement problem
Potential providers of these solutionsPotential providers of these solutions

Tags / IndicatorsTags / Indicators
MN Characteristics that may be used to compare MN Characteristics that may be used to compare MNsMNs

AuthenticationAuthentication
Evidence that MN represents a significant portion of Evidence that MN represents a significant portion of 
Measurement Solution UsersMeasurement Solution Users



o Nano-scale drug delivery

o Toxicology of nanoparticles in biological systems

o Real time measurements for pharmaceuticals and biologics 
manufacturing

o Advanced drug delivery systems, including implantable devices that 
automatically administer drugs and sense drug levels

o Sensors for airborne chemicals or other toxins

o Nanocrystal biophotonic sensors

o Nanomagnetic MRI contrast agents

o Inhalation insulin delivery/diabetes management

o Small particle monitoring for advanced semiconductor manufacturing

o Health care/nanotechnology – cancer diagnosis and treatment

o Quality control in cytometry for improved clinical diagnostics

o C60 carbon nanomaterials for nanobiotechnology

31 Measurement Needs (MNs) submitted by Scientists & Engineers –
examples include:



104 Roadmap Measurement Needs (RMNs) identifed from roadmaps, 
workshop reports, and white papers – sources include:

EHS Research Needs for Engineered Nanoscale Materials 
(NNI)

Prioritization of EHS Research Needs for Engineered 
Nanoscale Materials (NEHI)



Preliminary Inferential Analysis of nano-EHS Measurement 
Needs (MNs) & Roadmap Measurement Needs (RMNs)

Data analyzed from 31 MNs and 104 RMNs
Stage of Technological Innovation 
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Preliminary Inferential Analysis of Nano EHS

Measurands
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Preliminary Inferential Analysis of Nano EHS

Measurement Solutions
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Preliminary Inferential Analysis of Nano EHS
Measurement Barriers 
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Preliminary Inferential Analysis of Nano EHS

Technology Innovation as a Measurement Innovation?
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Preliminary Inferential Analysis of Nano EHS
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Preliminary Inferential Analysis of Nano EHS
Measurement Solution Providers 

0 0 2
11

0

141

11
21

10 13
6

131

0 0
6

11

114

0

20

40

60

80

100

120

140

160

C
al

ib
ra

tio
n 

La
bo

ra
to

rie
s

C
om

m
er

ci
al

 C
al

ib
ra

tio
n

S
er

vi
ce

 P
ro

vi
de

rs

C
om

po
ne

nt
 S

up
pl

ie
rs

C
on

tra
ct

or
 R

&
D

 L
ab

s-
fo

r-H
ire

E
ng

in
ee

rin
g

M
an

ag
em

en
t/C

on
su

lti
ng

Fi
rm

s/
A

&
E

 F
irm

s
G

ov
er

nm
en

t
La

bo
ra

to
rie

s 
an

d
A

ge
nc

ie
s

In
de

pe
nd

en
t

Te
st

in
g/

C
er

tif
ic

at
io

n
La

bo
ra

to
rie

s
In

du
st

ria
l R

&
D

La
bo

ra
to

rie
s

In
du

st
ry

C
on

so
rti

um
/P

ar
tn

er
sh

ip

In
st

ru
m

en
t S

up
pl

ie
rs

M
at

er
ia

l S
up

pl
ie

rs

N
at

io
na

l M
ea

su
re

-m
en

t
In

st
itu

te

S
m

al
l B

us
in

es
s/

In
ve

nt
or

s

S
of

tw
ar

e 
D

ev
el

op
er

s

S
ta

nd
ar

ds
 D

ev
el

op
m

en
t

O
rg

an
iz

at
io

ns
 (S

D
O

)

Te
st

in
g 

La
bo

ra
to

rie
s

U
ni

ve
rs

iti
es

N
um

be
r o

f M
N

 E
le

m
en

ts



Preliminary Inferential Analysis of Nano EHS
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Preliminary Inferential Analysis of Nano EHS



Preliminary Inferential Analysis of Nano EHS



Preliminary Inferential Analysis of Nano EHS



CONCLUSIONS

o Measurement Needs and Roadmap Measurement Needs 
are being assessed within the Nano-EHS sector

o Preliminary indications are that Nano-EHS is early-stage
in its development of measurement solutions

o Nano-EHS measurement needs will push the envelope of 
metrology equipment in the near future

o A concerted effort across multiple disciplines is needed 
to solve many of the Nano-EHS measurement needs

o It is critical to engage experts in this activity for their 
opinions on techniques, priorities and strategic directions



PURPOSE OF WORKSHOP

o Engage experts in the field in the development of 
Measurement Needs to make an accurate assessment 
of the state-of-the-art Nano-EHS USMS

o Initiate a dialogue about the best means for obtaining 
measurement solutions to addressing measurement 
needs

o Create a new opportunity for networking among 
experts in the Nano-EHS research and business 
sector


