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Measurements 
essential to 
commerce, trade, 
and innovation

Federal role established in 
the U.S. Constitution
Article I, section 8 gives Congress 
the power to “fix the standard of 
weights and measurement.”



Precision measurements of activity are the foundation for:

The becquerel in nuclear medicine

• Reliable administration of patient dosages

• Quantitative molecular imaging

• Personalized dosimetry

• Multicenter trials

https://images.app.goo.gl/DEytSwNtUHjsYsov6

https://www.snmmi.org/NewsPublications/NewsDetail.aspx?ItemNumber=29483Zimmerman et al., Z. Med. Phys. 27 (2017) 98.



Radionuclide metrology for medicine

NIST was measuring activity before there was a Bq. And 
there’s always been a focus on medical applications. 

https://www.nist.gov/blogs/taking-measure/saving-marie-curies-last-radium-standard



What is the activity of my source?



What is the activity of my source?

In most cases, producers and end-users 
measure activity via

• Radionuclide calibrator (reentrant 
well-type ionization chamber)

• Gamma-ray spectrometry

Iγ



• Physical standards are the 
basis for activity calibrations

• Standardizations are based on 
measurements with ‘primary’ 
methods
• Primary means internally 

consistent, self-calibrating

NIST defines the becquerel

Bq
Decays per second
(of a radionuclide)

NOTE: 1 mCi = 37 MBq



Absolute activity standards 
are the basis for radionuclide 
calibrator calibrations and 
absolute gamma-ray emission 
probabilities

NIST defines the becquerel

Bq
Decays per second
(of a radionuclide)

Iγ



Recently standardized alpha-emitters

Algeta approached NIST in 2005, at the direction of FDA, 

to develop measurement standards for 223RaCl2. 
With the success of this “first-in-class” alpha-therapeutic, 
we have seen increased demand for activity standards for 
other alpha-emitters with therapeutic potential.

Bayer participates in the NIST Measurement 
Assurance Program and shipments of Xofigo* 
to new sites include a NIST-traceable 
calibration source

*NIST does not endorse commercial products.



TDCR is well-suited for alpha-emitters

TDCR

N
D

Where TDCR = 1, ND is 
the decay rate.

• Liquid scintillation counting

• 3-detector system where double and 
triple coincidence events are counted

TDCR = NT/ND = εT/εD

• Vary efficiency
• As εT/εD → 1, ND (and NT) → N

• In practice, a bit more complicated, 
but we have good models!

Triple-to-double Coincidence 
Ratio (TDCR) counting

ε = efficiency; units 
“counts per decay”



LS counting efficiencies from decay data

TDCR = NT/ND = εT/εD

The MICELLE2 model* uses a 
Monte Carlo approach to 
calculate εT and εD for β- decay 
branches

Triple-to-double Coincidence 
Ratio (TDCR) counting
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We got about 5.65 
counts per 224Ra decay

*Kossert & Grau Carles, Appl. Radiat. Isotop. 68, 1482-1488 (2010).



Measurement science →measurement

Achieving a primary realization of the becquerel at 
NIST is only the beginning

Stakeholders care about 

dissemination
and 

traceability



Incoming

Secondary

Primary

Calibrations require precise links
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The TDCR-based 224Ra activity standard

1.1 M HCl

Master

Draw 1

Ra-224
From ORL

≈10 MBq total
In 1 mol/L HCl

(0.5mL to 1 mL vial) Dilute to 20 mL

10 MBq

20 mL
= 0.5 MBq/g

Dilute: 10 drops (0.16g) in 20mL 1.1 M HCl

HPGe

5ml

HPGe

20kBq

Draw 3

GW1  GW2   GW3

1g in each

5 mL (25 MBq) 
in each

TDCR1

B-TDCR

50mg 50 mg in each

B-U1

UG

UGAB

E2-U1     E2-U2    E2-U3  E2-U4    E2-U5    E2-U6

E2-UA1   E2-UA2    E2-UA3  E2-UA4  E2-UA5   E2-UA6

LT1      LT2      LT3

LTAC

0.2kBq    0.4kBq    10kBq

B-LT

50mg   100mg      250 mg

TDCR

Draw 2

TDCR

TDCR2

100mg 250 mg

TDCR3

TDCR

E2-A1 E2-A2 E2-A3 E2-A4

Vinten AutoIC

Draw 4

B-U2 B-UA1 B-UA2

E2-A3-R1

E2-A3-D1

E2-D1-A1 E2-D1-A2

B-GW

Day 1:

Day 2:

LS   COUNTER

Each experiment involves 
multiple dilutions and 
various measurements 
and impurity checks
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• Delivery of NIST-calibrated reference 
sources

• Guidance on clinical calibrations
• Benchmark calibrator settings
• Geometry/composition-

dependence

• Published results, including 
reviews/updates of decay data

From standard to measurements



Nuclear medicine standards and guidances

“The accuracy of the instruments… 
shall be such that the measured 
activity of a standard source… 
shall be within 10 % of the stated 
activity…”



• Projects proceed under 
agreements with private 
companies or other 
government agencies

• Collaborative approach invites 
students/post-docs to NIST

• We try to keep the queue 
moving

• International comparisons 
when possible

Which nuclide and when?

Blower, Dalton Trans.44 (2015) 4819.

“A nuclear chocolate box”



The Food and Drug 
Administration is responsible for 
protecting the public health by 
ensuring the safety, efficacy, and 
security of human and 
veterinary drugs, biological 
products, and medical devices; 
and by ensuring the safety of our 
nation's food supply, cosmetics, 
and products that emit 
radiation.

Aligned with US FDA mission

Activity standards support
• Reliable and accurate 

administration of 
radiopharmaceuticals

• Dose-response relationships
• Quantitative medical imaging 

& patient-specific dosimetry
• Multicenter trials

https://www.fda.gov/about-fda/what-we-do



NIST Nuclear Medicine Project Team
Brian E. Zimmerman (lead), Jeffrey T. Cessna
Ryan Fitzgerald, Leticia Pibida, Lizbeth 
Laureano-Pérez, Ron Collé

Questions? 
Contact:  denis.bergeron@nist.gov



Backup slides



2 CAMPUSES
GAITHERSBURG, MD [HQ] 
BOULDER, CO

3,500+ 
ASSOCIATES

10 
COLLABORATIVE 
INSTITUTES

5 
NOBEL PRIZES

400+ 
BUSINESSES USING 
NIST FACILITIES

3,400+ 
FEDERAL
EMPLOYEES

Industry’s National Laboratory

14 
NATL OFFICE FOR
MANUFACTURING 
INSTITUTES 

51 
MANUFACTURING 
EXTENSION 
PARTNERSHIP CENTERS

U.S. BALDRIGE 
PERFORMANCE 
EXCELLENCE PROGRAM

NIST AT A GLANCE



https://www.nist.gov/calibrations

Calibration Services

Contact: jeffrey.cessna@nist.gov

https://www.nist.gov/calibrations


The NIST Radioactivity 
Measurement Assurance 
Program (NRMAP) 

NRMAP Program
Month Isotope Low Level High Level Estimated Unc.

January I-131 5 MBq 750 MBq <1%

February Mo-99 5 MBq 1 GBq <1%

March OPEN MONTH

April Tl-201 5 MBq 500 MBq <1%

May Ga-67 5 MBq 500 MBq <1%

June OPEN MONTH

July In-111 5 MBq 500 MBq <1%

August Tc-99m N/A 1 GBq <1%

September OPEN MONTH

October Y-90 5 MBq 100 MBq <1%

November I-125 5 MBq 5 MBq <1%

December OPEN MONTH

https://www.us-rma.org

https://gcc02.safelinks.protection.outlook.com/?url=https%3A%2F%2Fwww.us-rma.org%2F&data=02%7C01%7Cdenis.bergeron%40nist.gov%7C7625fdd4a7ff4a46f33008d84f6ff999%7C2ab5d82fd8fa4797a93e054655c61dec%7C1%7C0%7C637346689633068593&sdata=jYFmgW8QFk%2FOW0EjVx%2B%2BuIwj%2FmB5TBIZg1zhDg0cM%2BY%3D&reserved=0


The NIST Radioactivity 
Measurement Assurance 
Program (NRMAP) 

NRMAP Program

https://www.us-rma.org

Membership in NRMAP demonstrates 
compliance with:

• NRC Reg Guide 4.15, Quality Assurance for 
Radiological Monitoring Programs;

• NUREG 1576, Multi-Agency Radiological 
Laboratory Analytical Protocols Manual; 
and

• ANSI N42.22-1995, American National 
Standard Traceability of Radioactive 
Sources to NIST and Associated 
Instrument Quality Control.

https://gcc02.safelinks.protection.outlook.com/?url=https%3A%2F%2Fwww.us-rma.org%2F&data=02%7C01%7Cdenis.bergeron%40nist.gov%7C7625fdd4a7ff4a46f33008d84f6ff999%7C2ab5d82fd8fa4797a93e054655c61dec%7C1%7C0%7C637346689633068593&sdata=jYFmgW8QFk%2FOW0EjVx%2B%2BuIwj%2FmB5TBIZg1zhDg0cM%2BY%3D&reserved=0

