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Topics for Discussion

 Need for “Weights and Measures” throughout the Ages

 NIST:  Our Mission, Scope of Activities, and New 
Organizational Structure

 NCWM and NIST: Partners in Measurement Service 
Delivery

 Measuring our Worth



Mankind has long recognized the need for 
measurement science and standards to support 
construction, manufacturing and trade. 



The Need for Metrology: Recognized Through the Ages 

 Standard unit of length - the length of Pharaoh’s forearm 
plus the width of his palm 

– The Cubit
 The “Royal Cubit Master” 

– Primary standard in granite
 Realization of the Cubit: A stick of wood 

– Working Standard / Comparability
 Re-calibration of cubit stick required on each full moon

– Calibration / Traceability
– Severe penalty for non-compliance

Uniformity of length 
measurement was achieved to 

a relative accuracy of 0.05% 
over a distance of 230 meters

The ancient Egyptians were well known for their measurement capabilities

In addition to the well known Royal Cubit for length measurement, a host of 
other accurate measurement standards existed.  For example in mass:

Predynastic

Stone mass standard  

(5,000 to 7,000 years old) 

The Deben, 

12g, 27g, 93.3 g 

(3,000 to 5,000 years old)



Standards in Medieval Times

“Throughout the realm there shall be the 
same yard of the same size and it should 
be of iron”

Assize of Measures, 1196

Magna Carta of 1215
“There shall be standard measures of wine, 
ale, and corn (the London quarter), 
throughout the kingdom. There shall also 
be a standard width of dyed cloth, russett, 
and haberject, namely two ells within the 
selvedges. Weights are to be standardised
similarly.”
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U.S. Federal Role in Metrology
The Constitution of the United States

“Foreign traders had begun to voice concern that goods 
might not be assigned a proper quantitative value at 
American custom-houses and that, as a result, assessed 
duties might be unfair and uneven from port to port.”

John Quincy Adams (1817)

Article 1, Section 8: The Congress shall have the power … to 
coin money, regulate the value thereof, and of foreign coin … 
and fix the standard of weights and measures … (1788)



International Metrology Infrastructure:  The Early Years

International Metrology Infrastructure
20 May 1875
The Meter Convention, an intergovernmental treaty signed by representatives of 17 nations, 
established an organization structure for member governments to act in common accord on 
all matters relating to units of measurement.   
• It established a scientific and permanent International Bureau of Weights and Measures 

(BIPM) operated under the direction of an International Committee of Weights and 
Measures (CIPM) controlled by General Conference for Weights and Measures (CGPM).

In subsequent years, National Metrology Institutes were established
1887 PTB (PTR)
“to supervise and direct calibration and to establish metrological standards”

1900   NPL 
“for standardising and verifying instruments, for testing materials and for the 
determination of physical constants”

1901 NIST (NBS)
“for custody of the standards; the comparison of the standards…; the construction … of 
standards; the testing and calibration of standard measuring apparatus; solution of 
problems which arise in connection with standards; the determination of physical 
constants and the properties of materials …”



Needs for Measurement Standards in the U.S.

•
Article I, Section 8: The 
Congress shall have the 
power to…fix the standard of 
weights and measures

Currently, it is estimated that 80% of global merchandise trade is 
influenced by testing and other measurement-related requirements of 
regulations and standards

National Bureau of Standards 
established by Congress in 1901
 Eight different “authoritative” values for the gallon
 Electrical industry needed standards
 American instruments sent abroad for calibration
 Consumer products and construction materials 

uneven in quality and unreliable

N
at

io
na

l A
rc

hi
ve

s



National Institute of 
Standards and Technology (NIST)

• Non-regulatory 
agency within 
U.S. Department 
of Commerce 

• Founded in 1901 as 
National Bureau of 
Standards

Article I, Section 8: The Congress shall have the power to 
…coin money, regulate the value thereof, and of foreign coin, 
and fix the standard of weights and measures

Unique Mission within the Federal Government …
to promote U.S. innovation and industrial competitiveness by advancing 

measurement science, standards, and technology
in ways that enhance economic security and improve our quality of life 10



National Institute of 
Standards and Technology (NIST)

• Non-regulatory 
agency within 
U.S. Department 
of Commerce 

• Founded in 1901 as 
National Bureau of 
Standards

Article I, Section 8: The Congress shall have the power to 
…coin money, regulate the value thereof, and of foreign coin, 
and fix the standard of weights and measures

• Deep research expertise underpins technological innovation – e.g., new 
materials, advanced clinical diagnostics and therapies, advanced communications, etc.

• Non-regulatory status enables important role as a convener that facilitates 
collaboration between industry and government



Major Assets
• ~ 3,000 employees

• ~ 2,800 associates and facilities users

• ~ 1,600 field staff in partner organizations

• ~ 400 NIST staff on ~1,000 national and 
international standards committees 

Major Programs

• NIST Laboratories
• Baldrige Performance Excellence Program
• Hollings Manufacturing Extension Partnership

• JILA – applied physics

• JQI – quantum science

• IBBR – biotech

• HML – marine science

NIST-at-a-Glance

NIST has two main campuses……                                and four joint institutes

Gaithersburg, MD Boulder, CO



1901                 2012

Since our inception, in addition to maintaining the more traditional
National Physical Standards, we have also focused a significant
portion of our research and measurement services activities on
addressing contemporary societal needs.
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U.S. Innovation Agenda – NIST has an increasing role

Both the American Competitiveness Initiative & the America COMPETES Act 
called for substantially increased funding for NIST laboratory Programs
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$567 M

President’s
Request
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CNST

CHCO

CFMO

CIO

CFO

ITL

BFRL

MEP

TS

CSTL

MSEL

MEL

EEEL

NCNR

BNQP
TIP

PL

Director
Deputy

NIST (circa 1992 – 2010) 

Congressional Appropriations provided as 
Line Items for various scientific disciplines
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Executive Officer for 
Administration

Management and Organization 
Administrative Support

Director
Under Secretary of Commerce 
for Standards and Technology

Patrick D. Gallagher

Chief of Staff
Program Coordination

Public and Business Affairs
Congressional and Legislative Affairs

International and Academic Affairs

Associate Director for Laboratory 
Programs/Principal Deputy

Willie E. May

Standards Coordination Office
Special Programs Office

Associate Director for Innovation 
and Industry Services
Phillip A. Singerman

Technology Partnerships
Economic Analysis

Grants Management

Material Measurement Laboratory
Laurie E. Locascio

Physical Measurement Laboratory
Katharine B. Gebbie

Engineering Laboratory
S. Shyam-Sunder

Information Technology Laboratory
Charles H. Romine

Center for Nanoscale Science and 
Technology

Robert Celotta
NIST Center for Neutron Research

Robert M. Dimeo

Associate Director for Management 
Resources

David Robinson

Boulder Site Management 
Civil Rights and Diversity

Research Support Services
Strategic Resources

Baldrige Performance Excellence 
Program

Harry S. Hertz
Hollings Manufacturing Extension 

Partnership
Roger D. Kilmer

Technology Innovation Program
vacant

Office of Facilities and Property 
Management

Stella S. Fiotes
Office of Financial Resource 

Management
George E. Jenkins

Office of Workforce Management
Susanne K. Porch

Office of Information Systems 
Management

Delwin Brockett
Office of Safety, Health and 

Environment
Richard F. Kayser

New NIST Organizational Structure
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Structure for NIST Laboratory Program

Special Programs Office
Law Enforcement Standards, National Security 
Standards, Greenhouse Gases, Smart Grid…

Standards Coordination Office
Standards Services Division

Material 
Measurement 

Laboratory

Physical 
Measurement

Laboratory

Engineering 
Laboratory

Information 
Technology 
Laboratory

Center for 
Nanoscale 

Science and 
Technology

NIST Center 
for Neutron 
Research

Mary H. Saunders Richard Cavanagh

Laurie Locascio Katherine Gebbie Shyam Sunder Charles Romine Robert Celotta Robert Dimeo

Willie E. May

Associate Director for 
Laboratory Programs



NIST Metrology Laboratories

 The Physical Measurement Laboratory (PML)
develops and disseminates the national standards of
length, mass, force and shock, acceleration, time
and frequency, electricity, temperature, humidity,
pressure and vacuum, liquid and gas flow, and
electromagnetic, acoustic, ultrasonic, and ionizing
radiation through activities ranging from fundamental
measurement research to provision of measurement
services, including calibration services, standards, and
data. Houses NIST Office of Weights and Measures

 The Material Measurement Laboratory (MML) serves
as the national reference laboratory for
measurements in the chemical, biological, and
material sciences through activities ranging from
fundamental and applied research, to the development
and dissemination of certified reference materials,
critically evaluated data, and other programs/tools to
assure the quality of measurement results. Houses
NIST SRM and SRD Programs

Responsible for advancing the state-of-the-art for measurement science and the 
dissemination of this metrology into industry, other government agencies, and 
academia.
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Electronic Kilogram
Leading the Way to Replace the World’s Last Artifact Standard

Kilogram unit now …
•120 year-old artifact

Alternative e-Kilogram 
•Mass derived from atomic second, laser meter, 
Josephson volt, quantum Hall ohm
•Equivalent to measuring Planck’s constant
•NIST value with 32 ppb uncertainty is best in the world 
(goal 20 ppb)
•Need confirmation from rest of world

Ultimate Goal 
• redefined kg unit in terms of invariant 

quantum standards

Why?
• Reduced uncertainties of many 

fundamental constants
• Reduced uncertainties of electrical 

quantities and the practical realizations 
become part of the SI

• Invariance in time and space
• The SI becomes more accessible at the 

highest level of accuracy

Scatter in IPK copies e‐Kg scatter

Same vertical scale!



DNA as an Intrinsic Force Standard

 DNA can be manufactured to atomic precision 
anywhere in the world.

 The force required to induce DNA transition is 
used as a biophysics “standard” – but firm 
metrological basis does not exist

 NIST is working to measure the DNA transition 
force with traceable metrology using 
approaches based on both optical and AFM 
techniques.

65 pN

Optical trap
AFM 



Healthcare reform is a major issue throughout the world

 The rising cost of healthcare and increased prevalence of chronic 
diseases is having a devastating affect of economic security and quality 
of life in all parts of the world. 

 Major efforts are underway to reform healthcare and reduce spending 
through increased efficiency and quality, focusing on prevention of 
disease  and creating a healthier population.

It is a stated goal of the Obama Administration to improve the quality of U.S. health care 
while lowering its cost by computerizing all Americans’ medical records.  … “this will cut waste, 
eliminate red tape, and reduce the need to repeat expensive medical tests …. it will save lives by 
reducing the deadly but preventable medical errors that pervade our health care system”. 

• Need interoperable health IT network that is correct, complete, secure, usable, and 
testable

• Measurements that are comparable over space and time are key to achieving these 
goals.



Healthcare: Lack of Standards has Economic and 
Quality-of-Life Implications
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Isotope Dilution/MassIsotope Dilution/Mass
Spectrometry-based Definitive MethodsSpectrometry-based Definitive Methods
Addition of Known
Mass of Isotope labeled
Material to Known Mass
of Serum (or other matrix)

Isolation of the 
Analyte from the 
Matrix 

Further Separation
From Potential 
Interferences

Precise Isotope Ratio 
Measurements of the 
Labeled and Unlabeled
Forms

Calibration of the
Mass Spectrometer
With Known Mixtures
of Primary Reference
Material and Labeled 
Material

Tests and Corrections
for Blanks and
Interferences

Calculate Results and
Provide Complete 
Uncertainty Statement

Reference Systems are Currently in Place for Many Well-Defined Markers that are:
• Relatively small well-defined molecular or elemental species
• Typically, can be determined using isotope-dilution GC or ICP ID/MS-based  

methodologies

• Such as the following:

Glucose 

Marker Disease State
Calcium Cancer, Blood Clotting
Chloride Kidney Function
Cholesterol Heart Disease
Creatinine Kidney Function
Glucose Diabetes
Lithium Antipsychotic Treatment
Magnesium Heart Disease
Potassium Electrolyte Balance
Sodium Electrolyte Balance
Triglycerides Heart Disease
Urea Kidney Function
Uric Acid Gout
Vitamins Nutrition Status

NIST has maintained Standards for 
13+ Health Status Markers for 25+ years



>1300 units sold over past 21 months

Major purchasers: Quest Diagnostics (666); Perkin Elmer (97); Kaiser  Permanente (12); 
Vanderbilt University (11); CDC (9); Waters Instruments (9)

“Quest Acknowledges Errors in Vitamin D Tests”
“The nation’s largest medical laboratory company provided possibly 
erroneous results to thousands of people who had their vitamin D 
levels tested in the last two years, the company has acknowledged. “
“When the Quest tests have been inaccurate, the reading has 
typically been too high, although not in all cases.”

By ANDREW POLLACK, NY Times, JANUARY 7, 2009

NIST SRM 972 - Vitamin D in Human Serum
• Vitamin D deficiency has long been associated with osteoporosis and an 

increased risk of bone fractures; has recently been linked to increased risk of 
other common diseases. 

• Clinical labs perform hundreds of thousands of tests for vitamin D each year, 
and recent studies have shown that different labs often provide different  results 
for the same samples. 

• MML scientists have developed SRM 972, "Vitamin D in Human Serum," to 
provide a foundation for increased accuracy  for vitamin D measurements

• SRM 972, issued 9 Jun 2009, contains four serum samples with NIST assigned 
values for three vitamin D metabolites;  25(OH)D2, 25(OH)D3, and 3-epi-
25(OH)D3 



Reference systems for markers that typically exhibit:
• High molecular mass  (>20,000 daltons)
• Heterogeneity, low concentration, instability of analyte form
• Cannot all be determined using GC- ID/MS or ICP/MS-based 

methodologies
• Such as the following:

Genetic Testing
• Single Gene Mutations

• Genetics Directed Therapy
• Her2-Nu  Breast cancer
• CYP2C9 and VKORC1 Warfarin Dosage
• Kras Colon Cancer

• Diagnostics
• DNA Triplet Repeat  Fragile X
• CAG Repeats Huntington's Disease

• Genome Sequencing to support Direct to Consumer Genetic Testing

Protein Analysis
• Single Blood Protein Biomarkers

• Troponin-I Myocardial Infarction
• C-Reactive Protein Risk of Heart Attack
• PSA Prostate Cancer
• Albumin Kidney Function

Glycated Hemoglobin
Hemoglobin

C H N O S2838 4416 768 794 16

glucose
C H O6 12 6

+

Laboratory Medicine: NIST Program Expansion Plans

28



• EKGs often do not show evidence of heart damage
• Damage to heart tissue is accompanied by a rise in blood levels of certain proteins

- CK-MB not specific to heart tissue
- Troponin I specific to heart tissue

• Immunoassay-based methods are used to measure blood troponin levels
• Results among various immunoassays vary by more than 20-fold on same blood sample

• Cardiac Troponin I is a heart muscle protein that is observed in the bloodstream 
after myocardial damage

• Measurement Challenges:

• Low levels of detection needed: 0.1 - 20 ng/mL

• Heterogeneity of troponin forms (phosphorylation, complexation with other troponin subunits, 
degradation in serum)

Cardiac Troponin I

29

Assay Conc.    # Labs
Manufacturer ng/mL

A 19.9 115
B 6.7 489
C 0.85 27

From G. S. Bodor, Denver Health and Hospitals -- personal communication 1997



Prostate Specific Antigen (PSA)
• >37,000 deaths annually in U.S. from prostate cancer

• Blood tests for PSA are used to screen for the likelihood of prostate cancer

• PSA is a heterogeneous protein that occurs both free and complexed

• Immunoassays are the approach favored for routine measurement of PSA

• Wide variability among the results from immunoassays (see below)

• High incidence of false positives and false negatives

95% Confidence
# of Labs - Low - - Med.- -High- -Mean- - S.D. - %RSD Range

2672 10.8 19.4 34.5 19.67 2.14 10.9 15.39-23.95

2653 7.2 9.8 18 9.92 1.11 11.2 7.70-12.14
2689 5.3 7.3 12.8 7.36 0.79 10.7 5.78-8.94
2509 2.1 3 4.7 3.03 0.33 10.8 2.37-3.69
2504 0.6 0.7 1.5 0.73 0.11 14.5 0.51-0.95
2591 0.1 0.2 0.8 0.24 0.1 40.2 0.04-0.44

From:  http://www.cooleyville.com/cancer/capsava.htm



Normal Cell Nuclei

HER2
HER2

Normal Cell Nuclei Breast Cancer 
Cell Nuclei

http://online.wsj.com/article/SB119941325367266813.html

“The College of American Pathologists and the American Society of 
Clinical Oncology, which issued guidelines for the HER-2 …. estimated 
that around 40% of HER-2 testing may be inaccurate” (20% false positive; 
20% false negative) 

HER-2
Tests

False positive Get Herceptin unnecessarily
• Expensive
• Numerous side effects

False negative Herceptin Treatment withheld
• Inappropriate treatment
• Increased morbidity
• Increased mortality

180,000/year

Up to 36,000

Up to 36,000



Lack of recognition is a good thing!

The weights and measures system 
in the U.S. works so well that its 
accuracy is taken for granted. 

It’s not always pleasant, but it’s 
fair -- Thanks to your efforts.

© Arena Creative/shutterstock.com

© Corepics/shutterstock.com

© Tyler Olson/shutterstock.com



Weights and Measures in the news



Getting the word out
Your communities and the next 
generation of consumers are 
depending on you for guidance –
and protection !!! 

NISTNIST
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… and We’re Here to Help !!!
NIST is ramping up its 
training efforts

• $.5M toward new 
training programs

• 20 new regional 
instructors to train 3,000 
inspectors nationwide

• New hands-on and 
online courses, 
webinars for those who 
need training on a tight 
budget

NIST
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A challenge to you
The foundation of all 
knowledge is accurate data. 

• NIST and NCWM need your 
help to collect performance 
and impact data. 

• We need you to be our boots 
on the ground. 

• Let’s work together to define 
a methodology for data 
collection.

• With the right data, we can 
do the analysis needed to 
truly PROVE the WORTH of 
your efforts to our 
communities and economy.
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NIST: A Premier Scientific Institution

– 3 Nobel Laureates since 1997
– MacArthur Fellowship winner in 2003
– National Medal of Science winners in 1998, 

2008
– 60 National Academy Members (8 current)
– ~120 National Society Fellows and recipients 

of ~ 60 National/International Awards per year

A.V. Astin, Director of NBS (1951 – 1969)
The National Bureau of Standards, Physics Today, June, 1953

World-leading measurement science and standards program

“The Bureau staff believes first of all in the importance of scientific research as a 
means of intellectual and spiritual advancement, as the foundation of our 
technological economy and high standard of living, and as the bulwark of our national 
security.” “…a substantial portion of the program.. should be devoted to fundamental 
or nonprogrammatic research. … on ideas of their own choosing..”

“…the development and maintenance of the standards …provides the first and 
primary reason for the Bureau’s existence. …This standards work must … keep 
abreast of the expansion of the frontiers of science….”



Thanks for Your Attention 
Willie E. May

Associate Director for Laboratory Programs &  Principal Deputy 
National Institute of Standards and Technology

100 Bureau Drive
Gaithersburg, Maryland 20899-1000

(301) 975-2300
wem@nist.gov

Questions and Comments?
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