Emerging Trends in Sensor Technology:
Sensors and Instruments for the Future

415t Annual Meeting of the Yuma Pacific Southwest Section
of the American Industrial Hygiene Association
San Diego, CA
January 22, 2016

Mark D. Hoover, Php, CHP, CIH
304-285-6374

mhooverl@cdc.gov

National Institute for Occupational Safety and Health
Morgantown, West Virginia

The findings and conclusions in this presentation are those of

,l. "" r the author and do not necessarily represent the views of the ational Insttute for
’,l ” National Institute for Occupational Safety and Health. Occupational Safety and Health
'II// //j Mention of company names or products does not constitute m
]

endorsement by NIOSH.



Presenter
Presentation Notes
It is a pleasure to be part of today’s nanoinformatics for defense tutorial and to provide this short overview of how we can harness sensors and informatics for impact in safety, health, well-being and productivity.

mailto:mark.hoover@cdc.hhs.gov

The Future of Sensors:

for anything, anywhere,‘ever where
* Wearable Technology W Ascfvare famewor
« Embedded Sensors Py edclresear
e Smartphone Apps
e Sensor Arrays

Self powered Arrays



http://habitatmap.org/markers

- NIOSH Center for Direct Reading
and Sensor Technologies

Enabling safety, health, well-being, and productivity

www.cdc.gov/niosh/topics/drst/ 3
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Presentation Notes
Here is an example of what we are doing at NIOSH in our Center for Direct Reading and Sensor Technologies.  We are developing new monitors for OSH, along with guidance documents related to validation, use and interpretation.  A special concern is the management of “big” data.
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- OUR OVERALL OBJECTIVE

Build and sustain leaders, cultures, and systems

Systems

for safety, health, well-being, and productivity
6
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Our overall objective is to build and sustain leaders, cultures, and systems to achieve safety, health, well-being, and productivity.  We include “productivity” as an essential part of total mission success. Earlier versions of the slides focused on traditional themes in safety and health; and the current slides recognize and attempt to address and convey the total breadth of our mission.  The concept of “leaders, cultures, and systems” highlights what constitutes a “total” culture that rightly transcends the workplace to address all aspects of our lives.  Thus, we want to advance and ensure both health protection and health promotion; in conjunction with the productivity needed to ensure both individual and total mission success. 



“ A Perspective from Sensors developed
by Evolution for Safety and Survival

Biological Sensor Sensitivity
? Sight (dark-adapted eye) 10 photons/sec-cm?
F®  Infrared (snake) 104 W/cm2 @ 300 K

ﬁ% Acoustic (ear) 0.5-angstrom vibrations

Electric field (fish) 102 uV/m multiple sensors
. . are needed

Displacement (scorpion) 1 angstrom
Smell (moth) 1 molecule
Ultraviolet radiation (bird) 1010 photons/sec-cm?
Seismic (frog) 1 micro-g
Magnetic (pigeon) 10—2 gauss

algorithms for array processing, edge

Smart sensor (frog’s eye) enhancement, and changing contrast
(i.e., “on-chip” processing) 7

Adapted from a slide kindly provided by Ernest Streicher of John Deere
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This slide illustrates the challenge of defining “what is a sensor”.  We are using an inclusive vision.  We have opportunities to apply informatics approaches across the board.


Helmet CAM and EVADE software

Personal monitoring system comprised of a
helmet mounted video camera and a
continuous real time dust monitor.

| CAM lens
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Target - Mobile workers

Goal - Evaluation tool to determine “sources RN ‘
of exposure” and “control technology N A T k
effectiveness”. | (W
Applications — Respirable dust, Noise, Diesel . \%
Particulate Matter, Chemical compounds
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EVADE - (Enhanced Video Analysis of Dust
Exposures). Software available for download
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http://www.cdc.gov/niosh/mining/Works/coversheet1867.html

A Lesson on Patterns of Exposure: Spatial Variation

<2 ppm Benzene

M at 54 inches above hatch

[ —— -| 149 ppm Benzene
. .. = at 18 inches above hatch
| ——

-------

. ks B v

Workers did not consistently stand atop the tank to gauge.
Gauging from the ladder platform resulted in higher exposures.
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Laboratory ICP-OES
e ASES can measure simultaneously measure almost all metals at LOD of

~1 ug/m?3 with about 1 min time resolution

* Features:
— Hand-portable, < 8 |b
— Battery-operated, stand-alone continuous operation
— Can simultaneously measure most metals of interest
— LOD™1 ug/m3 at ~1 min collection for most metals
— Allows continuous mobile measurements, personal exposures
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Measurement of Welding Aerosol Using ASES
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Measurement of Welding Aerosol Using ASES

Walking in

welding Walking away
Walking in clean office area; Walking in workshop with from welding
environment welding off welding operation on area

L

T dN/dLogDp
4. 7407

1.3E+07
3.8E+06
1.1E+06

1 3.0E+05

=
U
o

41 8.6E+04

=
o
P

2.4E+04

&
1=
@
]
@
=
B
(]

6.9E+03

un
o

2.0E+03

5.6E+02

1.6E+02

Department of Health and Human Services
Centers for Disease Control and Prevention
National Institute for Occupational Safety and Health




Nanoparticle Monitors

Electrical
Classifier

—
‘ Unipolar
Filter Charger .

Size range: 15 -633 nm

° SMPS

% &= PAMS e Resolution: 8 channels per decade
2 R NacCl (13 channels total)
S nanoparticle )
—~ 1 e Measurement time: 30-50 s
g e Dynamic range: 1-10° particles/cm3
= » Total flow: 0.7 lpm
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Personal Dust Monitor (PDM)

The PDM continuously monitors the worker’s personal exposure to
respirable dust and it displays cumulative, current (i.e. last 30 minutes)
and shift limit information in numeric and graphlcal formats

At the end of the shift, the PDM provides a true mass measurement of
the dust collected. The data are automatically converted into average shift
respirable dust concentration.

The real time data stored in the instrument can be downloaded and
analyzed at the end of the shift. The data can be used for identification of
dust sources, optimization of mine ventilation or control technologies.

3@ Min Conc  2.38
Etuml Conc  2.00
PDM 3600
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Coal Dust Explosibilty Meter (CDEM)

Allows for immediate identification and mitigation of an area deficient in rock dust —
rock dust is needed in coal mines over coal dust to mitigate the risk of explosion

Accounts for the particle sizes of the coal and rock dust
Based on:
e optical reflectance
determines the ratio of rock dust to coal dust surface area (% RD)
e full-scale experiments on flame propagation
e use of well mixed and dry dust mixture

For more in-depth information: Coal Dust Explosibility Meter Evaluation and
Recommendations for Application. NIOSH [2012].



http://www.cdc.gov/niosh/mining/Works/coversheet1843.html

NIOSH Intelligent Proximity Technology

Proximity detection systems are required to protect miners near continuous mining
machines (MSHA rule)

Conventional systems stop machine motion completely when a person is detected in
the danger zone

The NIOSH-developed system
only disables potentially
dangerous motions.

This allows the operator to:

* Avoid other hazards

e Better see necessary
visual cues

* Minimize nuisance alarms

e,
&
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Positioning System Coupled to a
Personal VOC Exposure Monitor

Micro
Micro Volatile Organic
i Temperature Compound
RF positioning And Humidity e <or

tag Sensor
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Lead Wipe Test Kits

Lead Wipe
Test Kit

DI W“": 6 E
Chill to = a muu»"

i
j\.

Lead Wipe Test Kit U.S. Patent #6,248,593
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Methamphetamine Test Kits

Two Direct Reading Methods:

Colorimetric and Immunochemical
Licensed to SKC g 7 “MethChek

-

- Immunoassay Wipe Kit
MethAlert plor Wipe Kit

L NG S
F/

v O |
[
e |
\ ' iy
1 ¥ d 3
e Sty
i 4 ¥\ ALArin
| . e
1

19




Methamphetamine Test Kits

Control Line Test Line Sample Port

NEGATIVE
TEST

| e —

2cm POSITIVE
TEST
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Picture of methamphetamine lateral flow assay cassettes showing test lines and control lines for negative sample (0 ng/100 cm2 for wiped tile) and positive sample (50 ng/ 100 cm2 for wiped tile)
The methamphetamine cassette shows complete disappearance of the test line and the 5-FU cassettes show comparison of the test line and control line.  Also it might be mentioned that an electronic reader can be used to get more sensitive results from either type of cassette.




Development and Validation
of a Wearable, Real-time Ultraviolet
Native-Fluorescence-Based Monitor

B B 5
i 1

e.. ) o~ ) - -~

.’ " N ~.
'S 'S

-
R 2] o

WWWWWWWWW
mmmmmmmmmm



Presenter
Presentation Notes
To develop and evaluate a personal monitor (NaDos) to determine naphthalene  exposures in warfighters and workers.

A collaboration between NIOSH and: 
US Army Research Institute of Environmental Medicine 
US Army Corps of Engineers
Photon Systems Inc, 
Temple University 



NaDOS Anatomy

' * Native fluorescence of molecules
. & excited by pulsed UV light (280-
- 320 nm) to perform qualitative

' and quantitative analysis.

r * Air enters sample chamber and
the compound is concentrated
’ and exposed to UV light.

Naphthalene
Personal

* The UV light excites the molecules
of the gas or vapor and the
molecule emits a compound
specific-spectral signature.

: * The emitted signal strength
4 corresponds to the chemical
concentration.

Department of Health and Human Services




Emission spectra for most organics is
limited to wavelengths above 260 nm.

_—
Naphthalenes Aromatics
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Excitation with deep UV enables differentiation of various chemicals.  Illustration of the range of native fluorescence emission for a wide range of materials. The arrows show fluorescence data for compounds and groups of interest. Exciting in this region enables improved detection capabilities. 



NaDOS Chemometric comparison =~ -~
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Laboratory Validation

Develop methods for delivering known
concentrations of naphthalene to the NaDos, PID
and Gas Chromatograph to reach the goal of
detecting and identifying naphtha
densities as low as 100 pg/m3 and
about 1.5 g/m3 in a time period of
minutes.

ene vapor
as high as
about 2-3
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Laboratory Validation 5 ppb - 4 ppm
The Owlstone © OVG-4tm instrument uses permeation tube technology to generate precise and repeatable calibration gases.
Baseline-Mocon 8900 Gas Chromatograph-based Naphthalene Detector with sequential sampling ports and internal calibration.
LECO © Pegasustm TOF/GCMS
Coupled with Entech© Bottlevac tmAutosampler
Used NMAM methods: 
	1501, Aromatic Hydrocarbons on Charcoal 	Tubes, analysis by GC FID
	5506 Polycyclic aromatic hydrocarbons on 	PTFE + XAD, analysis by HPLC with UV 	Fluorescence

Used OSHA Method 35, Chromosorb 106, analysis by GC FID

Also used Bottle VacTM, SUMA Cannisters, TD Tubes etc. with GC/MS








Field Validation
Data Collection Conducted

US military base locations
(Army and Air Force)

Working with warfighters
working different job
types: fuel cell (5), POL (4),
vehicle mechanics (3),
refuelers (2), helicopter
crew chief and pilots (2)
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NIOSH Sound Level (SLM) Meter App

Study on smartphone sound meter apps examined accuracy and
functionality of 192 iOS and Android apps

— Kardous CA, Shaw PB [2014]. Evaluation of smartphone sound measurement
applications, J. Acou. Soc. Am., 135 (4).

— NIOSH science blog:

4 i0S apps had mean differences within £ 2 dBA w/SLM
NIOSH SLM App based on tech from one of the 4 apps developer

Available for free — Worker empowerment, job exposure database,
calibrated in our labs

Currently in beta testing — Not yet approved for distribution

28
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Some background on the initial study with links to paper and NIOSH science blog.

Results were promising, some apps were accurate to within +/- 2 dBA of reference sound level meter.

Due to variations and confusion and lack of standards to test the accuracy, NIOSH decided to build our own app with the help of one of the top app developers from our study.

The hope that a NIOSH SLM app will advance worker empowerment, allow to build a job exposure database using participatory research, and most important of all, we know they’re reliable because we would test them in our lab.

The app is currently in beta testing, but it has not received NIOSH or CDC approval for public distribution.

http://blogs.cdc.gov/niosh-science-blog/2014/04/09/sound-apps/

Use w/ External Mic (Type 2)

B i

regular acoustic calibrators!
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Presenter
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Microphone is the biggest variable for obtaining accurate measurements (the math and the calculation of dose, TWA, average are all straightforward).  There are now external microphones for iOS devices that are supposed to be compliant with type 2 standard for sound instrument (IEC 61672).  This allows us to calibrate the app using acoustic calibrators (pictures on left).  We tested them in lab and results will be published shortly.


Noise App Impact and Challenges

« Adoption of more smartphones =
A noise dosimeter in every pocket

 Better worksite management and occupational safety and
health staff involvement

* Residents’ and citizens’ awareness of noise pollution leads
to better involvement of city planners and regulators.

« Buying and using quieter equipment

Challenges remain: Accuracy, privacy, corrupt data, data
storage, calibration standard 30

L Y mosw
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This is a game changer, no longer do you need a $1000 dosimeter or expertise to operate, the ubiquity of smartphones means that every smartphone can be turned into a dosimeter and noise measurements can be made on the spot, it can impact worksite management and OSH staff involvement in decisions.  It has an impact on noise pollution in general as citizens become more aware of their noise exposures.  It could lead to buying and using quieter equipment and processes.

There are challenges before this technology gets adopted, mainly related to verifying accuracy, insuring privacy of data, dealing with corrupt data, how to store it, and whether there will be an agreed upon calibration standard for such apps and devices.


® . .
A Convergence for Information Sharing

Extra-Thoracic Extra-Thoracic
ET, ET,

Lymph Nodes

Safety, Health,
Well-being, and v

Productivity

Reliable
but not Relevant

Neither Relevant

Low ¢ RELEVANCE - HIGH

Nor Reliable

Focus on the | | tow  <RELIABILITY >  HiGH |
Convergence = Risk Management

Focus on Success.
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And now in my penultimate slide of this quick overview of issues for sensors and informatics, this venn diagram conveys our work as a focus at the convergence of three areas.  The first is the pursuit of safety, health, well-being, and productivity, which is common to everything we do.  Essentially no one wants to do anything in a manner that is unsafe or unproductive, but the conscious convergence of that area with risk management enables us to critically assess the extent to which anything that we do actually affects the bottom line.  We need good yardsticks.  We need to ask the hard questions.  Is what we want to measure, or what we want to study, or what we want to change really important to meeting our mission goals?  We can’t afford to fritter away our efforts on things that don’t matter.  And finally, the NKI places the streetlight at the intersection of nanotechnology and commerce.  A focus on that convergence equals a focus on success.  In addition, our approach to addressing the challenges of nanotechnology is likely to be very relevant to our ability to meet the challenges that may be posed by other areas of emerging technologies.


" INFORMATICS 4 IMPACT

A critical point of view

The “I”s are in the eye
of the beholder.

One size does not fit all...

32
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We believe that our ability to personalize informatics for impact in our own missions is key to our likelihood of success.  As shown here (in what I think is a delightful pun), we believe that the “I’s” are in the eye of the beholder.  One size does not fit all.  There are a lot of ways that we can view the process.


®)
A Matrix View of “Who we are” and “What we need”
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Specific messaging and actions in each element of the matrix must be based on (a) what knowledge and
understanding each stakeholder needs and (b) what knowledge and understanding each stakeholder can provide. 33
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Expanding on our efforts to understand “who we are” and “what we need”, this slide displays our current “matrix view” of our unique needs and contributions as either workers, health and safety practitioners, managers, policy makers and regulators, equipment and facility providers, materials suppliers, financiers, insurers, members of the legal community, researchers, educators, students, emergency responders, the media, consumers, and members of the general society. We think we have a home for everyone.  And we think we need the involvement of everyone.

The following notes are not part of the script:

Additional information about this slide:

References:
Hoover, M.D., L.J. Cash, S.M. Mathews, I.L. Feitshans, J. Iskander, and S.L. Harper:  ‘Toxic’ and ‘Nontoxic’: Confirming Critical Terminology Concepts and Context for Clear Communication, in Encyclopedia of Toxicology,3rd edition (P. Wexler, ed), Elsevier, Oxford, 2014.

Also included in the Nanoinformatics 2020 Roadmap, available at http://eprints.internano.org/607/1/Roadmap_FINAL041311.pdf.
Citation:
de la Iglesia, D., S. Harper, M.D. Hoover, F. Klaessig, P. Lippell, B. Maddux, J. Morse, A. Nel, K. Rajan, R. Reznik-Zellen, M.T. Tuominen. Nanoinformatics 2020 Roadmap, 2011.  Available at: http://eprints.internano.org/607/.

The concept was illustrated in the following presentation from the Nanoinformatics 2010 Workshop:
Pilot of the Communication and Education Message and Audience Planning Tool for the Nanoinformatics 2020 Roadmap and Plan:  Illustration of Findings Related to Public Perception �Stephanie Mathews, MPH, CHES, Doctoral student, Department of Epidemiology and Biostatistics, University of Georgia, College of Public Health, Athens, GA


“ Informatics Roles and Responsibilities
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Communication and understanding are essential at all steps. 34
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As shown in this interactive network of nodes and interfaces, we believe that informatics can be applied for impact in our own missions by understanding and carrying out our roles and responsibilities as either a data customer, or a data creator, or a data curator, or a data analyst.  Sometimes we wear all four hats.  Sometimes we change back and forth among hats.  But the pitfalls are clear.  Credible actions are required within each of the four nodes and across each of the six interfaces.  And actually, there are 12 interfaces if we take into account the fact that each interface must work in both directions.  For example, just because the analyst has clearly articulated the data needs to run an applicable model doesn’t mean that the data creators or the data curators are going to be able to appropriately translate and respond to those data needs. No wonder so many real-life efforts in the business of science and the business of business go so poorly.  Good informatics is really not something for dabblers.  There are a lot of moving parts.


“/ The IH Decision-making Framework and Process

Anticipate > Evaluate Control and Confirm
and Recognize Protection

; Constant communication, continuous improvement 0—’

/ Risk Assessment \
4 )

Hazard Assessment

Identify and define dose-response
relationships and “Hazard Criteria”

e Occupational Exposure Limits
e Skin Notations, .

Risk

 Hazard Bands Risk
. _/ Characterization Management
I I I I I Characterize risks associated h
with “realistic” combinations Use the

Hierarchy of Controls
to apply “appropriate”
controls and programs
and confirm protection

of hazards and exposures

Exposure Assessment

Collect all “relevant and reliable”
- exposure information
for assessment against

and refinement of

\ the “Hazard Criteria”
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From the area in which I work, here is an example of a framework and process for assessing the applications of sensors and the need for an organized informatics approach.

Laszcz-Davis, C., A. Maier, and J. Perkins. The Hierarchy of OELs: A new organizing principle for occupational risk assessment, The Synergist March 2014: 27-30.
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Here are a family of quadrant tools for clarifying information needs and issues.

References are:

Hoover, M.D., L.J. Cash, S.M. Mathews, I.L. Feitshans, J. Iskander, and S.L. Harper:  ‘Toxic’ and ‘Nontoxic’: Confirming Critical Terminology Concepts and Context for Clear Communication, in Encyclopedia of Toxicology, 3rd edition (P. Wexler, ed), Elsevier, Oxford, Vol. 4, pp. 610–616, 2014.

Hoover, M.D., D.S. Myers, L.J. Cash, R.A. Guilmette, W.G. Kreyling, G. Oberdȍrster, R. Smith, J.R. Cassata, B.B. Boecker, and M.P. Grissom. Application of an informatics-based decision-making framework and process to the assessment of radiation safety in nanotechnology, Health Phys J., 108(2): 179-194, 2015.




“ Knowledge Spaces for Hazard-Informed
and Exposure-Informed Risk Assessment

Hazard
assessments Assessments
may not of risk are
be relevant likely to be
to actual valid
exposures

Hazards,

Exposure-
exposures, and

associated
hazards may not
yet be known

resulting risks
are poorly
understood

Low « Knowledge of Hazard - HiGH

Low < Knowledge of Exposure > HIGH

Draft for discussion — adapted from Hoover et al., 2015

Key ingredients:

e Hazard-Informed
Exposure Assessment

e Exposure-Informed
Hazard Assessment
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Hoover, M.D., L.J. Cash, S.M. Mathews, I.L. Feitshans, J. Iskander, and S.L. Harper:  ‘Toxic’ and ‘Nontoxic’: Confirming Critical Terminology Concepts and Context for Clear Communication, in Encyclopedia of Toxicology,3rd edition (P. Wexler, ed), Elsevier, Oxford, 2014.



U.S. National Nanotechnology Initiative

Nanotechnology Signature Initiatives
® Nanotechnology for Solar Energy Collection and Conversion

® Sustainable Nanomanufacturing:
Creating the Industries of the Future

® Nanoelectronics for 2020 and Beyond

N
® Nanotechnology Knowledge Infrastructure:
Enabling National Leadership in Sustainable Design
J
S
® Nanotechnology for Sensors and Sensors for
Nan otechnology: Improving and Protecting Health, Safety,
and the Environment y,

® Related initiative: Materials Genome Initiative

38
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The NKI and sensors signature initiatives.


U.S. National Nanotechnology Initiative

Our Premise:

We can accelerate discovery,
revolutionize design,
and sustain innovation through a

Knowledge
Infrastructure

Grass roots involvement is required! 39
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Our premise is that we can accelerate discovery, revolutionize design, and sustain innovation through what we are calling “a knowledge infrastructure”.  We believe that the return on investment for our collective efforts can be significant.  And we believe that success in our efforts requires substantial grass roots involvement. We need the experience and involvement of real people doing real things to achieve real outcomes with real materials. Today’s nanotechnology is what it is, (although most of us might be hard pressed to clearly state what that is), but tomorrow’s nanotechnology can be what we can make of it.  Thank you for engaging with us to define and apply nanoinformatics in a manner that will have measurable and positive impact for you in particular and for the community in general.



MaterialsHUB

OpenKIM ! e .Mme,[bo,, T
ﬁ fn:a‘terial'sda{a.nist.go(r

. r caNanol.ab
a._[b.'- ,- NAN®MATERIALREGISTRY
0 ; » </

?’-:1:1' 2 E P l "

Interatomic Potentials Reposﬂory Project S @B Keclelelel)

i AFLOW
% “ Automatic-FLOW for Materials Discovery

T an

Applications of Nanotechnology | Nano-4-Rem
for Safe and Sustainable
Extreme Scisnce and Engineering Environmental Remediations ANSSERS

J Dha:mlry Envirchment

. Supported 5§ NIH, NIOSH, NIST, NSF, ONR, DOE, EPA . YVVYY
A wide array of nanoinformatics activities are already underway. 40



Presenter
Presentation Notes
In this next slide it is a pleasure to note how many valuable activities are already underway in the NKI.  And this is just here in the U.S.  Across the country you can access materials data from the NIST material measurement laboratory, simulation tools from nanoHUB, characterization protocols and results from caNanoLab, examples of good industrial hygiene practice from the GoodNanoGuide, and curated information about specific nanomaterials from the NanoMaterialRegistry.  The drill-down into Nano-4-Rem that we will do in a webinar later today is benefiting from the broader partnering efforts in the NKI, and the NKI is benefiting from our lessons-learned in Nano-4-Rem.

http://www.goodnanoguide.org/tiki-index.php?page=HomePage
http://www.goodnanoguide.org/tiki-index.php?page=HomePage
https://www.google.com/url?sa=i&rct=j&q=&esrc=s&frm=1&source=images&cd=&cad=rja&uact=8&ved=0CAcQjRxqFQoTCL-1r-KlhsYCFdNjjAod0gEAVg&url=https://github.com/logos&ei=Q8p4Vf-HHNPHsQTSg4CwBQ&bvm=bv.95277229,d.cWc&psig=AFQjCNEG9X5D11EL7fpdu6xoqA3Embi6Eg&ust=1434065840824365
https://www.google.com/url?sa=i&rct=j&q=&esrc=s&frm=1&source=images&cd=&cad=rja&uact=8&ved=0CAcQjRxqFQoTCL-1r-KlhsYCFdNjjAod0gEAVg&url=https://github.com/logos&ei=Q8p4Vf-HHNPHsQTSg4CwBQ&bvm=bv.95277229,d.cWc&psig=AFQjCNEG9X5D11EL7fpdu6xoqA3Embi6Eg&ust=1434065840824365

U.S. National Nanotechnology Initiative

Data Readiness Levels

Summary of DRLs Versus Data Attributes

Attribute DRL DRL DRL DRL
0] 1 2 3
Units maybe yes yes yes yes yes
Precision and .
. either both both both
Noise
Independent ossibl es es es
Confirmation P Y Y Y Y
Related to
Larger Body of o es es
Scientific Y Y
Knowledge
Measurement specula- :
. . high low
Uncertainty tive
scaled theory
Examble little | unscaled | scaled | data; major coarse | refinement
or u?e to sensor | sensor | noise | scientific | validation and
none data data levels | advances | of theory | methods
defined validation

Data attribute details are application-dependent.
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And in this expanded presentation of the DRLs, we provide some of the data attributes that we consider relevant to their assignment, along with some examples and uses of the various data levels.  For example, DRL 0 data (of course) have little to no value (and it is useful for us to have such data flagged so they can be avoided) and DRL 6 data have a quality that merits there use for the refinement of theories and the validation of methods.  We think our activity to define the DRLs has value and we invite your comments and contributions though our NKI webpage on nano.gov.



U.S. National Nanotechnology Initiative

Four Steps for Community Action

to build and sustain leaders, cultures, and systems
for safety, health, well-being, and productivity

Engage the
community

Thank you for partnering with us for success. 42
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And in this final slide, we highlight the fact that we are engaged in a four-step process of community action to build and sustain leaders, cultures, and systems for safety, health, well-being, and productivity.  We are engaging the community, informing the interested, and (hopefully) rewarding the responsive (that is all of you).  And we ultimately need to understand and incentivize the reluctant.  That old saw of “Lead, Follow, or get out of the way” applies to what we are doing.  Thank you for engaging with us.  We hope that your involvement and the application of what you have learned will prove to be rewarding to you. That concludes what I wanted to cover. Please do feel free to contact me at any time to follow up on anything that you feel that I might be able to help with.


@Steps to Data Readiness for Decision-Making
Step Attribute

00  Establish CLEAR objectives

Address uncertainty

Address false positive conclusions
Address false negative conclusions
Apply appropriate decision levels
Apply appropriate evaluation methods
Differentiate correlation from causation
Apply appropriate extrapolations

Develop adequate documentation

o N o o b WO N - O

Address mishap or misconduct

Focus on doing the right things right.
Adapted from Hoover et al., 2014 43
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Adapted from the “Flaws in Decision-Making” slide in:
Hoover, M.D., L.J. Cash, S.M. Mathews, I.L. Feitshans, J. Iskander, and S.L. Harper:  ‘Toxic’ and ‘Nontoxic’: Confirming Critical Terminology Concepts and Context for Clear Communication, in Encyclopedia of Toxicology,3rd edition (P. Wexler, ed), Elsevier, Oxford, 2014.
This version of the “flaws in decision-making” figure changes from a focus on “flaws to avoid” to a focus on the key steps needed to build and sustain data readiness for good decision-making.  In other words, the a “Focus on doing the right things right.”
Capitalization of the word CLEAR is based on figure in the 2014 paper that describes communication that is  “concise, logical, ethical, accurate, and relevant” for the situation at hand.
The steps address the essential (and widely recognized) issues of type 1 and type 2 errors, adds a type 4 error (which I heard about “somewhere” many years ago, and found to be compelling, but for which no pedigree seems to exist), and then adds in other critical elements that we propose are essential to ensuring the reliability of decisions of all types.
Thanks to many of our colleagues who have helped us woodshed this formulation.
Use of the word “address” can be interpreted to refer to application of the ARECC decision-making framework (Anticipate, Recognize, Evaluate, Control, and Confirm completion of a successful mission, be it protection or advancement of worker safety, health, well-being, and productivity, or development and application of a new product, etc.


Focus of the NIOSH Sensor Center

* Coordinate a national agenda for direct-
reading methods and sensor technologies

* Develop guidance documents pertinent to
direct-reading methods and sensors, including
validation and performance characteristics

* Develop training protocols

* Establish partnerships to collaborate in the
Center’s activities

_—

Thank you for partnering with us for success. 44



Questions ?

Mark D. Hoover, PhD, CHP, CIH

Senior Research Scientist

Respiratory Health Division and

NIOSH Center for Direct Reading and Sensor Technologies
National Institute for Occupational Safety and Health
Centers for Disease Control and Prevention

1095 Willowdale Road

Morgantown, West Virginia 26505-2888

Phone: 304-285-6374

Emai: Mhooverl@cdc.gov
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Questions are welcome.
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