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NIST Mission: 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.

Disclaimer

Certain commerciallequipment,
manufacturérs, instruments, or
materials are identified\in this
presentation in order to specify the
experimental procedure‘adequately.
Such identification is for informational
purposes only and is not intended to

Imply recommendation or endorsement

by the National Institute of Standards
and Technology,'nor is it intended to
imply that the manufacturer, materials,
or equif)ment arénecessarily the best
available for the purpose.
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~ensuring impartiality in the operations

measurement services activities.

e @ D @ A > & 0
17025 Quality Management System ™%,

NIST QMI 4.1 Impartiality 4.1.1 ;
Impartiality NIST conducts its //
measurement services in a fair and /)
open-minded manner thatis free of |
conflict of interests, bias or prejudice

and measurements of the laboratory.

NIST QMI 4.2 Confidentiality 4.2.1 NIST®
is legally obligated to provide protectio
of confidential or proprietary

information obtained or created during \
the performance of laboratory ,
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the gray, and advance the
measurement of quantities
important in the radiological
sciences through programs in
the dosimetry of x rays,
gamma rays, electrons and
other charged particles.

1Gy=1J/kg
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Calibration and Measurement Capabilities (CMCs)

The goal for Medical Physics Applications is to provide traceability of radiation
dose to clinical end users to ensure safety and efficacy of diagnostic and
therapeutic procedures that involve ionizing radiation.

17025 and 17043 Quality management system
BIPM.RI(I)-K2: Low energy x ray (10 kV to 50 kV)
BIPM.RI(1)-K3: Medium energy x ray (50 kV to 300 kV)
BIPM.RI(I)-K7: Mammography

AAPM ADCL traceability and TG-61

ISO 4037: Reference Radiation x-ray beams
FDA-MQSA

ANSI: personnel dosimetry performance standards, DHS

APPROVAL OF 2 APROBACION DEL SISTEMA DE
QUALITY MANAGEMENT $ IM BESTIGN DE LA CALIDAD
SYSTEM . ?>

National Institute of Standards of Technology (NIST) - USA

Ionizing Radiation: X- and Gamma Rays, Charged particles, Measurements
of Radioactivity, and Neutron Measurements

The Quality Managemest Syitem smpporting measurement  El Sestemus de Gestides de Calidad en qoe 3¢ apoyus Jos servicies
services, a5 defined @ 3 motion of the Qualty System Task 9 medicein, segin e defice w uoa mocdn del Orupo de
Force (QSTF), bas been reviewed and fownd to be i Trabajo del Sistemna de Calidad (QSTY). ba sido revisado v e
coaformance with the requrement of ISO/TEC mozyzoey, Db determinado que cumple cou los requisites de ISO/TEC
ISO mosy20eb, and 17043:2000 under the mandate of the  $7O3530w, 15O sroge:acb, y sﬂag 2030 bajo mamdato del
Ister-American Metrology Symem @ spport of the M Interamenicano de @ apoyo de las

of the CIPM Metaal 7. Ay expeetativas dal Acoerdo de Pacoooamsents Metee del CIPML

kﬁlfj o Au-u._u
Sally Bruce, Quality System Task Force Chair Appovval dater 02 Decesber 2023
Expratios date: 02 Decetnber 2026

Clazre Seundry, Presadent, SIM
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Air-Kerma Rate (Gy/s) Measurement

high-purity
filters
Mo or Rh
Rh
anode area
X-rays
[
exposure distance
(1. m)
o 1 e
g . Lx»

LCaIibration Coefficient Gy/C l

Nurmber of Fhotons - Normalized to Maximum Reak

Typical Mo and Rh spectra
5

0

08 4

06 4

04 4

02 4

0

17 4kev

&&&&&&&




Dosimetry of X Rays (E < 300 keV)

‘. r::.-_:‘_‘_::'_::-lul_ll-::::::::::}
Source d Air Volume
W) 1
Kair — Qair( arj
€ ,0 al rV

KERMA = Kinetic Energy Released per unit IVIAss

Secondary electrons memmmsliberated charge in a given mass of air

c[3397j} L
kg kg

Air kerma can be measured absolutely with a free-air ionization chamber



NIST Primary Free-Air lonization Chambers

T H.V.

Electronic Brachytherapy
Lamperti 10 kV to 60 kV
Air-path length 39 mm

1
>
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coléactor guard

Wyckoff-Attix 60 kV to 300 kV * Ritz 10 kV to 100 kV * Attix 10 kV to 50 kV
308 mm 127 mm 212 mm




The Sl unit of dose, Gy,
Air-Kerma Rate (Gy/s) as Realized by Free-Air Chambers

I K | W, 1

ey, B ParV € 1-04 7

K is the air-kerma rate at a given distance in air.

I/ (p,.V) isthe measured ionization current divided by the mass of air in the
measuring volume.

W, isthe mean energy expended by an electron of charge e to produce an ion
pair in dry air. The value used at NIST is W, /e =33.97 J/C.

g, isthe fraction of the initial kinetic energy of secondary electrons dissipated
in air through radiative processes, which is 0.0 (negligible) for x rays with
energies less than 300 keV.

Range of corrections: 0.983 to 1.13
Air attenuation: 1.005 to 1.05

ITk; is the product of various correction factors.
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Two pair of test chamber positions
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NIST MQSA Beam

PE rd mete rs Beam code Tube voltage (kV) Filtration (mm) Half-value layer (mm Al)

Mo Anode

Mo/Mo23 23 0.032 Mo 0.288

Mo/Mo25 25 0.032 Mo 0.313

Mo/Mo28 28 0.032 Mo 0.346

Mo/Mo30 30 0.032 Mo 0.370

Mo/Mo35 35 0.032 Mo 0.404

Mo/Rh28 28 0.029 Rh 0.420

Mo/Rh32 32 0.029 Rh 0.453

Mo/Mo25x 25 0.030 Mo + 2.0 Al 0.551

Mo/Mo28x 28 0.030 Mo + 2.0 Al 0.589

Mo/Mo30x 30 0.030 Mo + 2.0 Al 0.633

Mo/Mo35x 35 0.030 Mo + 2.0 Al 0.715
Rh Anode

Rh/Rh25 25 0.029 Rh 0.351

Rh/Rh30 30 0.029 Rh 0.438

Rh/Rh35 35 0.029 Rh 0.512

- Rh/Rh40 40 0.029 Rh 0.559

CIRMS History: 1994 MPD A.1 Rh/Rh30x 30 0.029 Rh + 2.0 Al 0.814

Rh/Rh35x 35 0.029 Rh + 2.0 Al 0.898



NIST H Series Beam

Beam code Additional filtration Half-value layer (HVL)
Pa ramters Al (mm) Cu(mm) Sn(mm) Pb(mm) Al(mm) Cu(mm)
- H10 0.105 0.051
H15 0.5 0.16
H20 1.01 0.36
H30 4.50 1.2
H40 4.53 0.26 2.93
H50 4.0 0.1 4.16 0.14
H60 4.0 0.61 6.06 0.25
H100 4.0 5.2 13.51 1.15
H150 4.0 4.0 1.51 16.93 2.43
H200 4.0 0.6 4.16 0.77 19.72 4.1
H250 4.0 0.6 1.04 2.72 21.59 5.19
H300 4.1 3.0 5.0 23.55 6.19
CIRMS History: Beam Series
1998 MPD A.5 NISTL, M, & H
M80 and M120 1SO 4037
Ldlagnostlc X-ray CCRI - BIPM

Mammography: ( Mo/Mo, Mo/Rh, Rh/Rh)
Mammography with W/ ( Ag, Mo, Rh, Al)



X-ray air kerma uncertainties Calibration:

| Al
REPORT OF AIR-KERMA CALIBRATION Type Type i
oF Components " B chamber ships
Customer Name -
Customer Address Primary standard to N IST
Chamber Model and SN air density 0.01
FAC stdev charge m
Calibration Conditions . B -
Chamber orientation: The cavity was positioned in the center of the beam with the stem of the humidity
chamber perpendicular to the beam direction. volume 0.04
Chamber potential: 500 volts was applied to the chamber and negative charge was collected. g
Chamber rotation: The high voltage wire faced the source of radiation.
Background current: The background current 1s less than 0.01 % of the exposure current. w/e HCR?QOJ
Current ratio: The current ratio at the full to half collection potential 1s 1.003 using the S60 beam. ICRU90 kiikw
Calibration date: Date range air attenuation, k,

Temperature range: 2942 K (21.1 °C) to 294.6 K (21.5 °C) Pressure range: 99.8 kPa to 100.1 kPa electric field distortion

electron loss, k,

penetration of aperture

RESULTS _
Beam Code Half-Value |Calibration Coefficient (Gy/C) Air-Kerma Beam Calibration penetration of chamber face
Layer at 295.15 K (22 °C) and Rate Diameter | Distance polarity difference
mm Al mm Cu 101.325 kPa (1 Atm) (Gyls) (cm) (cm) recombination loss, k,
M150 1030 | 0.66 1.034E+06 4 48E-04 10 100 fluorescence k,
M200 1473 | 164 1.042E+06 4 98E-04 10 100 Soh 5
M300 2177 | 53 1.058E+06 1.84E-04 10 100 scattered photons, ky .
S60 281 | 0.09 1.037E+06 3.82E-04 10 100 quadratic sum N I ST d e | IVers
combined standard uncertainty ca | | b ratl on
Expanded, Combined Uncertainty, in Percent FAC expanded uncertainty | I
Beam Code Air_Kerma Rate (Gy/s) Calibration Coefficient (Gy/C) report w |t h d
M150 0.91 093 Test Chamber p
M200 0.92 0.94 - . .
M300 0.92 095 air kerma rate . Ca | [ b ration
S60 0.92 0.94 air density
Test stdev charge
The results relate only to the instrument calibrated in this report. ] E C O effl C I e n t
distance .
humidity . (Gy/C) and
Dosimetry Group Number DG:12345-YR radiation background .
NIST r:#r.?u"::d:i?.’i‘{‘éﬁﬁum NIST ID 46011C Order Number: 682 02/0-0000012345 quadratic sum . uncertail nty to
h ' Report Date: MM/DY/YR bined standard rtai
Page 2 of § combined standard uncertainty

customer.

Test expanded uncertainty




REPORT OF PROFICIENCY TEST
FOR AIR-KERMA CALIBRATIONS

OF
Customer Name
Customer Address
Radiation Detection Chamber: NIST chamber Model and SN

Participant’s Calibration Conditions as reported by Participant
Calibration distance:

Chamber orientation: ' a
Chamber collection potential: rOV, e

e tomel P

Beam size:
Nominal Air-Kerma rates:
Comparative Results for the NIST Transfer Standard

Uncertainty:

NIST technical support for the

Mammography Quality Standards Act (MQSA)

Quantity

NIST Support

Beam quality (HVL)

MQSA Final Regulation or Action Levels
Regulation
Citation
Operating Voltage (kV) | Minimum HVL (mm Al)
: 20 0.20
900.12(e)(5)(iv) = T
30 0.30

17 reference beam
qualities between
23 kVp and 40 kVp

Dose

900.12(e)(5)(vi) | Cannot exceed 3.0 mGy (0.3 rad) per exposure

Air-kerma calibration

Instruments used by medical physicists in their annual survey to

measure the air kerma or air kerma rate from a mammography unit

Air-kerma calibration

and technical

NIST NIST Calibration Coefficient | Participant Calibration Coefficient | Difference shall be calibrated at least once every 2 years and each time the
Beam Code 20515 K (22 °C) and 205.15K (22 °C) and in Percent . ] ) = . 5 support to
101,32?(1;;1;%)(1 Atm) 101_32?3[}31 Atm) v Instrument calibration | 900.1 2(9)(1 2) instrumentis repaired. The instrument calibration mustbe pp
L ¥ o ; : : : : s
Moo3 NIST CC Customer CC .05 traceable to a national standard and calibrated with an accuracy of £6 | calibration facilities
MoMo2s NIST CC Customer CC 144 percent (95 percent confidence level) in the mammography energy
Mo/Mo28 NIST CC Customer CC -0.60 range.
Mo/Moa30 NISTCC Customer CC -1.16 Minimum output of 4.5 mGyis Air-kerma calibration
Mo/Mo33 NIST CC Customer CC 033

FDA MQSA
Calibration: +/-6 %
PT:+/-3 %

2-year frequency

Radiation output

using Mo/Mo28 at any SID where the system is designed to operate
with the detector center located 4.5 cm above the breast support
900.1 2(6) (5) (X) surface with compression paddle in between. After October 28, 2002,

the system, under the same measuring conditions shall be capable of
producing a minimum output of 7.0 mGy/s.

Dosimetry Group Number DG:12345-YR.

NIST ID 460508 Order Number: 682.02/0-0000012345-YR
Report Date: MM/DY/YR.

Page 4 of 13

Traceability

Instrument must be calibrated at either NIST or at a calibration

laboratory that participates ina proficiencytestwit NIST at
900.2(xx)

least once every 2 years and the agreement must be within +/= 3 %

of the NIST value.

NIST proficiency
test

KVp

900.12(e)(5)/i Cannot exceed +- 5% of indicated kVp

Proposed calibration

service




/ |
Calibration Facility
1.5%tod %

[ Clinical

g _—

(A calibration provides traceability.
A proficiency test demonstrates ability to transfer air kerma but requires a linking calibration.




Measurement Traceability for X-Ray Air-Kerma

—  ADCL
Proficiency Test
| DoD Lab
%
BIPM NIST R > End User
—— DoE Lab Instrument
Comparison Instrument Calibration
Traceability Calibration
Instrument
Manufacturer
Calibration

Facility



B

S

l_uilmm.—ﬁ:u 4 *.m., %

(¥p)
),
O
(O
O
Q
O
(D
-
s’
| -
QD
>
o
(¥p)
L
et

STANDARDS AND TECHNOLOGY
U.S.DEPARTMENT OF COMMERCE

NATIONAL INSTITUTE OF

X-ray Air-Kerma Calibration
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