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Introduction

Breast cancer is the most frequently diagnosed cancer
among Canadian women and the second leading cause of
cancer death. In 1988, the National Workshop on the Early De-
tection of Breast Cancer made the recommendation that mam-
mography be encouraged and offered to women aged 50 to 69
on a biennial basis. Today mammography screening
programmes have been established across most Canadian
provinces and territories and the number of mammograms
performed yearly has increased substantially.

Mammography is currently the most accurate diagnostic
modality available for the detection of breast cancer. How-
ever, in order to have an effective mammography service, it is
essential that mammography be performed to meet rigorous
quality requirements. A good mammography programme is
one that provides the highest quality diagnostic information at
the lowest radiation risk to the patient, but quality must always
take precedence over radiation dose. The responsibility for the
quality of mammography in Canada is shared among federal,
provincial and territorial governments, and the medical profes-
sionals who carry out the procedure and interpret the films.

The purpose of this document is to provide guidance to
all mammography facilities, both screening and diagnostic, to
ensure mammography of the highest quality. It specifies per-
sonnel, equipment and quality assurance standards necessary
to achieve and maintain a good quality film-screen mammog-
raphy service. The contents of this document are built upon
and harmonized with existing Canadian standards pertaining
to mammography. This includes the Diagnostic X-ray Equip-

ment Regulations, Part XII, of the Radiation Emitting Devices

Act, which regulates the construction and functioning of
mammographic X-ray equipment, the requirements of the
Mammography Accreditation Program of the Canadian Asso-
ciation of Radiologists, provincial requirements, and Safety
Code 33 which addresses radiation protection in mammogra-
phy. It should be noted that other provincial or territorial re-
quirements may exist that supersede or add to provisions of
this document. This document does not apply to digital mam-
mography systems.

In a field in which technology is advancing rapidly and
where unexpected and unique problems continually develop,
this document cannot cover all possible situations. Blind ad-
herence to rules cannot substitute for the exercise of sound
judgement. Recommendations may be modified in unusual
circumstances, but only upon the advice of experts with recog-
nized competence in radiation protection and in the operation
of mammographic X-ray equipment. This document will be
reviewed and revised periodically and a particular requirement
may be reconsidered at any time if it becomes necessary to
cover an unforeseen situation. Interpretation or elaboration on
any point can be obtained by contacting the Consumer and
Clinical Radiation Protection Bureau, Health Canada, Ottawa,
Ontario, K1A 1C1.
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Personnel

The following requirements apply to all personnel
involved in any aspect of mammography, including the pro-
duction, processing, and interpretation of mammograms and
related quality assurance activities:

1. Interpreting Physicians
(Radiologists)

A. (1) Initial qualifications. Unless the exemption in para-
graph (2) of this section applies, before beginning to in-
terpret mammograms independently, the interpreting
physician must:

(a) possess qualifications required by any relevant
Federal and Provincial regulations or statutes;

(b) be certified in Diagnostic Radiology by the Royal
College of Physicians and Surgeons of Canada or
by the Collège des médecins du Québec; and

(c) have sufficient training in mammography. Training
shall include a minimum of 40 hours of documented
American Medical Association (AMA) Category I
credits in mammography, or Maintenance of Certif-
ication (MOCERT) evidence of learning in mam-
mography. It is required that about half of this
should be in AMA or MOCERT accredited
programmes and the remainder can be in self-
directed learning documented in MOCERT by
submission. Time spent in residency specifically
devoted to mammography is acceptable, if docu-
mentation from the training programme is supplied
by the radiologist.

(2)  Exemptions

(a) Radiologists, who have been in practice in Canada
as of January 1998, certified by other licensing
bodies and complying with provincial licensing
requirements.

B. Continuing experience and education. All interpreting
physicians must maintain their qualifications by meet-
ing the following requirements:

(a) Read a minimum of 480 mammograms per year. A
greater number of mammograms read per year are
preferred. This requirement may be altered in low
population areas where this number may not be
achievable.

(b) For re-certification (after the initial 3 year accredi-
tation), the equivalent of 15 hours of AMA Cate-
gory I credits, or MOCERT evidence of self-
directed learning in mammography in annual pro-
files is necessary. It is required that about half of
this should be in AMA or MOCERT accreditation
programmes and the remainder can be in self-
directed learning documented in MOCERT by sub-
mission of a suitable annual profile. Documentation
should be available upon request.

2. Mammography Technologists

A. Initial Requirements. All mammographic X-ray tech-
nologists must:

(a) possess qualifications required by any relevant
Federal and Provincial regulations and statutes;

(b) be certified according to a standard, such as that of
the Canadian Association of Medical Radiation
Technologists (CAMRT) or the equivalent provin-
cial license;

(c) have special training in mammography, either
through the training curriculum or special courses;
and

(d) be specifically trained in mammography Quality
Control.
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B. Continuing experience and education requirements. For
re-certification (after the initial 3 year accreditation),
each technologist must:

(a) have 15 hours of Continuing Education in mam-
mography, or as required by Provincial regulations,
and

(b) work the equivalent of at least 390 hours in mam-
mography each year for 3 years, or as required by
Provincial regulations. This is based on a 7.5 hour
work day and a minimum of 52 days per year.

3. Medical Physicists

All medical physicists conducting surveys of mammog-
raphy facilities and providing oversight of the facility quality
assurance programme shall meet the following requirements:

A. Initial Qualifications. The medical physicist must:

(a) be accredited in Medical Physics of mammography
by the Canadian College of Physicists in Medicine
(CCPM) or its equivalent, or any relevant
provincial/territorial licence.

B. Continuing experience and education requirements.

(a) Accreditation of physicists by CCPM is for three
years. To maintain accreditation, attendance of at
least 15 hours of continuing education on relevant
matters in mammography during these three years
is required, or its equivalent.

4. Retention of Professional Records

Documentation of professional qualifications of the
radiologists, mammography technologists, and medical
physicists must be retained by the facility.
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Equipment

All new, used and refurbished mammographic X-ray
equipment, and accessories for such equipment, which are
sold, imported or distributed in Canada, must conform to the
requirements of the Radiation Emitting Devices Act and the
Food and Drugs Act and their promulgated regulations. The
applicable standards for mammography equipment under the
Radiation Emitting Devices Regulations are published in
Part XII: Diagnostic X-Ray Equipment. These standards are
presented in Appendix I.

1. General

Only equipment designed specifically for mammogra-
phy shall be used.

2. Equipment Information
Requirements

Mammographic X-ray equipment must be accompanied
by the following information, which must be provided by the
manufacturer:

(a) installation instructions;

(b) the address of the manufacturer;

(c) instructions concerning any radiological safety pro-
cedures and additional precautions that are neces-
sary because of unique features of the equipment;

(d) maintenance instructions necessary to keep the
equipment in compliance with Part XII of the
Radiation Emitting Devices Regulations;

(e) the rated line voltage, the maximum line current and
the line voltage regulation for operation of the
equipment at the maximum line current;

(f) the loading factors that constitute the maximum line
current condition for the X-ray generator;

(g) for each X-ray tube assembly, the nominal focal
spot sizes and the method of their determination, the
cooling curves for the anode and for the X-ray tube

housing, the X-ray tube rating charts, and the
method by which the focal spot to image receptor
distance can be determined;

(h) the duty cycles, rectification type and the generator
rating;

(i) if the equipment is battery powered, the minimum
state of charge necessary for it to operate;

(j) the operating range of X-ray tube voltages and the
maximum deviation for any selected X-ray tube
voltage within the range of values;

(k) if the equipment is not operated exclusively under
automatic exposure control, the accuracy limits of
the controlling timer, the X-ray tube current, and the
current time product;

(l) where the equipment operates under automatic
exposure control, the accuracy limits of that con-
trol; and

(m) the conditions under which the information pro-
vided under paragraphs (j) to (l) is valid.

3. Equipment Labelling
Requirements

A. Mammographic X-ray equipment must display the fol-
lowing information in a manner that is legible, perma-
nent and visible on the specified surfaces:

(a) on the external surface of the main control panel

(i) a statement prohibiting unauthorized use and
warning that hazardous X-rays are emitted
when the equipment is in operation,

(ii) the X-ray warning symbol, which shall be dis-
played in two contrasting colours, be clearly
visible and identifiable from a distance of 1 m,
be at least 2 cm high and at least 2 cm wide,
bear the words “CAUTION: X-RAYS —
ATTENTION : RAYONS X”; and conform to
one of the following diagrams,

8



(b) with respect to the X-ray generator, the name of the
manufacturer, the model designation, the serial
number, the date of manufacture, and the country of
manufacture;

(c) on the external surface of the X-ray tube housing,
with respect to the X-ray tube assembly, the name
of the manufacturer, the model designation, the
serial number, the date of installation of the X-ray
tube in the X-ray tube housing, the country of man-
ufacture, and the minimum permanent inherent fil-
tration of the X-ray beam emitted from the X-ray
tube assembly, expressed in millimetres of alumi-
num equivalent at a specified X-ray tube voltage;

(d) on the external surface of the X-ray tube housing, or
another suitable structure permanently attached to
the X-ray tube housing, an indicator that enables the
focal spot to image receptor distance to be deter-
mined to within 2 percent of that distance, and if the
X-ray tube and the X-ray generator are not located
within a common enclosure, marks that clearly indi-
cate the anode and cathode terminals on the X-ray
tube housing and on the high-voltage generator, and

(e) on the external surface of any beam limiting device
that adds filtration to the X-ray beam, the total per-
manent filtration deliverable by the beam limiting
device, expressed in millimetres of aluminum
equivalent at a specified X-ray tube voltage.

B. All controls, metres, warning lights and other indicators
required by Part XII of the Radiation Emitting Devices
Regulations must be clearly labelled as to their function.

4. Construction Requirements

A. Mammography X-ray equipment must have

(a) a means, appropriate to its rectification type, to
compensate for variation in X-ray tube voltage
caused by line voltage fluctuations;

(b) a visual indicator or audible indicator that warns the
operator when the variation in line voltage exceed
the stated limits or a mechanism that, in that event,
prevents X-rays from being emitted;

(c) on the control panel, a warning light that indicates
when the equipment is ready to be energized, a sec-
ond warning light that indicated when X-rays are
being emitted, and if an automatic exposure control
is provided, a visual indicator showing when that
mode of operation is selected, or if the automatic
exposure control mode is not selected or does
not exist, controls and visual indicators that enable
the operator to select the loading factors before an
irradiation;

(d) a mechanism to initiate and terminate an irradiation;

(e) an audible signal to indicate the termination of an
irradiation;

(f) a beam limiting device;

(g) for equipment that operates within a range set out in
column 1 of an item of Table 1, radiation filters that
result in a measured half-value layer of aluminum,
with the compression paddle in place, of not less
than

(i) for each X-ray tube voltage set out in column 2
of that item, the corresponding value set out in
column 3 of that item, or

(ii) in any other case, the half-value layer obtained
by the following formula:

HVL mm of Alu um
X ray Tube Voltage kV

( )
( )

.min �
�

�
100

0 03
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Table 1.
Minimum half-value layer of aluminum requirement
for given X-ray tube voltages

Column 1
Operating Range
for
Normal Use
(kV)

Column 2

X-ray Tube
Voltage

(kV)

Column 3
Half-value

Layer of
Aluminum

(mm)

50 or less (a) 30
(b) 40
(c) 50

0.33
0.43
0.53

B. An irradiation switch which permit the emission of
X-rays only when the operator exerts continuous pres-
sure on the switch, and a controlling timer for mammog-
raphy X-ray equipment which must

(a) automatically terminate an irradiation on comple-
tion of a preset irradiation time, on attainment of a
preset current time product value, or on completion
of a preset number of X-ray pulses;

(b) permit the operator to terminate an irradiation at any
time;

(c) automatically reset itself to its original setting or to
zero on termination of an irradiation; and

(d) prevent the initiation of irradiation when the timer is
set at zero, at the “off” position or at an unmarked
setting.

C. When a support table (including all layers, excluding the
grid) is positioned between the patient and the X-ray
image receptor, the aluminum equivalent of the support
table shall not exceed 0.3 mm, as determined using an
X-ray beam that,

(a) is generated at an X-ray tube voltage of 30 kV;

(b) has a maximum X-ray tube voltage ripple of 10 per-
cent;

(c) has a half-value layer of aluminum of 0.3 mm; and

(d) any sensor used in automatic exposure control is
considered to be part of the X-ray image receptor.

D. For mammography X-ray equipment,

(a) the X-ray tube must be securely affixed to and
aligned within the X-ray tube housing;

(b) the radiation filters must be securely affixed to the
exit port of the X-ray tube housing or beam limiting
device, or both; and

(c) the X-ray source assembly must maintain its re-
quired position or movement without drift or vibra-
tion during operation.

E. Mammography equipment that is equipped with auto-
matic exposure control must have

(a) a means to automatically terminate the irradiation
when the current time product exceeds 1,200 mAs
per irradiation; and

(b) when an irradiation under automatic exposure
control terminates because the limits specified in
paragraph (a) have been reached, a visual indicator
or audible signal that warns the operator of the
termination, and a reset control that must be acti-
vated manually before another irradiation under
automatic exposure control can be made.

F. Mammography equipment must have

(a) a beam limiting device that limits the size of the
X-ray beam to prevent the X-ray field, at any focal
spot to image receptor distance for which the equip-
ment operates, from extending more than 5 mm
beyond the edge of the patient support next to the
chest wall of the patient, and more than a distance
equivalent to 2 percent of the focal spot to image
receptor distance beyond any other edge of the
image reception area;

(b) an image receptor supporting device that has pro-
tective shielding that limits the residual radiation,
extends to the patient’s chest wall, and at every
other edge, extends beyond the X-ray field by at
least one percent of the focal spot to image receptor
distance;

(c) a breast compression device that

(i) is foot-actuated to start the compression,

(ii) permits fine adjustment of motion during the
compression. (This requirement will come into
effect on January 1, 2003.)

(iii) permits rapid decompression,

(iv) has motion adjustment controls on both sides
of the position for the patient, and

(v) allows the portion of the compression plate in
contact with the breast to be brought to within
10 mm of the surface of the patient support;

(d) an X-ray field indicator that uses light to visually
define the X-ray field so that the limits of the X-ray
field are visible under the ambient lighting condi-
tions in an X-ray room;

(e) a means by which the operator may determine the
focal spot to image receptor distance to within
2 percent of that distance; and

(f) two different size image receptors; and

G. Mammography equipment with a removable, fixed-
aperture beam limiting device must display on its exter-
nal surface the dimensions of the image reception area,
and the focal spot to image receptor distance at which
the beam limiting device must be used.
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5. Functioning Requirements

Mammographic X-ray equipment must function in ac-
cordance with the requirements set out in sections 5A to 5I
during its operation under normal conditions of use.

A. For any combination of X-ray tube voltage, X-ray tube
current and irradiation time, or for any selected exposure
to the X-ray image receptor, when the line voltage for
each measurement is accurate to within one percent of
the mean line voltage value of all measurements, and
when all variable controls for the loading factors are
adjusted to alternate settings and reset to the test setting
before each measurement,

(a) the coefficient of variation of any 10 consecutive air
kerma or exposure measurements, taken at the same
point along the X-ray beam axis within a period of
one hour, must be no greater than 0.05; and

(b) each of the 10 air kerma or exposure measurements
taken under paragraph (a) must be within 15 percent
of the mean value of those measurements.

B. This section applies in respect of mammographic X-ray
equipment that has

(a) a high-voltage generator that is not a stored energy
high-voltage generator;

(b) loading factors that do not change automatically to
compensate for unintentional variations in X-ray
tube voltage; and

(c) an irradiation time of at least 0.1 s and a current time
product of at least 5 mAs.

Table 2.
Maximum deviation of loading factors
for mammography equipment

Item
Column 1

Loading Factor

Column 2
Maximum
Deviation
from the

Selected Value

1. X-ray tube voltage 5%

2. Irradiation time 10% plus 1 ms

3. X-ray tube current 20%

4. Current time product 10% plus 0.2 mAs

C. (1) The controlling timer or automatic exposure control
device of mammographic X-ray equipment must have
a minimum irradiation time capability that does not
exceed the greater of 1/60 s, or the time required to
deliver a current time product of 5 mAs.

(2) If the automatic exposure control of mammographic
X-ray equipment is selected, the variation in optical den-
sity set out in subsection (3) must be determined using
objects that are made of human- tissue equivalent mate-
rial and have thicknesses that are representative of the
actual range of the body thicknesses of the patients.

(3) For mammographic X-ray equipment, the automatic
exposure control device shall perform in such a way that
the variation of optical density in the resultant radio-
grams does not exceed the value of 0.15 of the mean
optical density when the thickness of a breast tissue
equivalent material is varied over a range of 2 to 6 cm
and the tube voltage, and anode filter combinations are
varied appropriately for such thickness. If this require-
ment cannot be met, a technique chart shall be devel-
oped showing appropriately loading factors for different
breast thickness and compositions that must be used so
that optical density within ±0.15 of the average under
automatic exposure control conditions can be produced.

D. (1) For any selected value of X-ray tube voltage within a
range determined in accordance with subsection (2), the
quotients of the average air kerma or exposure measure-
ment divided by the indicated current time product,
obtained at the applicable settings specified in subsec-
tion (3), must not differ by more than 0.10 times their
sum as determined by the formula

� �X X X X1 2 1 201� � �,

where X1 and X2 is the quotients of the average air kerma
or exposure measurement divided by the current time
product.

(2) The range referred to in subsection (1) is the smaller
of 40 percent to 90 percent of the maximum available
X-ray tube voltage, or the range of X-ray tube voltages
specified for the mammographic X-ray equipment by
the manufacturer.

(3) The quotients referred to in subsection (1) must be
determined at

(a) if the X-ray tube current is selected in discrete steps,
any two consecutive X-ray tube current settings;

(b) if the X-ray tube current selection is continuous,
any two X-ray tube current settings that differ by a
factor of 2 or less;

(c) if the current time product is selected in discrete
steps, any two consecutive X-ray current-time
product settings; or

(d) if the X-ray current time product selection is contin-
uous, any two current time product settings that
differ by a factor of 2 or less.
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(4) If mammographic X-ray equipment has more than
one focal spot, the quotients referred to in subsection (1)
must be determined for all combinations of two focal
spots that have a nominal focal spot size greater than
0.45 mm, and all combinations of two focal spots that
have a nominal focal spot size equal to or less than
0.45 mm at the applicable settings set out in subsec-
tion (3).

E. (1) For mammographic X-ray equipment, the residual
radiation behind the image receptor supporting device
must not exceed an air kerma measurement of 1.0 �Gy
or an exposure measurement of 0.115 mR per irradiation
when the equipment is operated at

(a) its maximum X-ray field and the minimum focal
spot to image receptor distance; and

(b) its maximum X-ray tube voltage and maximum
available current time product.

(2) The air kerma or exposure measurement must be
averaged over a detection area that is 100 cm2, of which
no linear dimension is greater than 20 cm, centred at
5 cm from any accessible surface beyond the image re-
ceptor supporting device.

F. (1) Mammography equipment must have a minimum
rate of radiation output of 7.0 mGy/s or 802 mR/s when
the equipment is operated

(a) with a molybdenum anode and molybdenum filter;

(b) with the breast compression device in place be-
tween the source and the detector; and

(c) at an X-ray tube voltage of 28 kV in standard mam-
mography mode at any focal spot to image receptor
distance.

(2) The minimum rate of radiation output must be

(a) measured at a position that is 4.5 cm above the
patient support; and

(b) average over a period of irradiation of 3.0 s.

G. (1) The leakage radiation from the X-ray source assem-
bly of mammographic X-ray equipment must not exceed
an air kerma rate of 1.0 mGy/h or an exposure rate of
115 mR/h when the assembly is operated at the nominal
X-ray tube conditions of loading that correspond to the
maximum specified energy input in one hour.

(2) The rate must be averaged over a detection area of
100 cm2, of which no linear dimension is greater than
20 cm, that is centred at 1 m from the focal spot.

H. (1) If high voltage can appear across the X-ray tube of
the diagnostic X-ray equipment, then the radiation emit-
ting from the X-ray source assembly of the equipment
must not exceed an air kerma rate of 20.0 µGy/h or an
exposure rate of 2.3 mR/h when the equipment is oper-
ated with its beam limiting device fully open; and the au-
tomatic exposure control or the irradiation switch has
not been activated.

(2) The rate must be averaged over a detection area of
10 cm2, of which no linear dimension is greater than
5 cm, that is centred at 5 cm from any accessible surface
of the X-ray source assembly.

I. (1) Under any operating condition, the radiation from
any component of diagnostic X-ray equipment, other
than the X-ray source assembly, must not exceed an air
kerma rate of 20.0 µGy/h or an exposure rate of
2.3 mR/h.

(2) The rate must be averaged over a detection area of
10 cm2, of which no linear dimension is greater than 5
cm, that is centred at 5 cm from any accessible surface of
the component.
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Quality Assurance

In mammography, quality assurance programme means
the planned and organized actions necessary to provide confi-
dence that mammographic equipment and related components
operated in a facility will reliably produce quality mammo-
grams providing the necessary information for accurate clini-
cal assessment with minimum dose to patients and staff.

Quality control procedures are an essential component
of quality assurance programmes which clearly specify the
technical procedures necessary for the monitoring and testing
of mammographic equipment and related components.

1. Quality Assurance
General Recommendations

Each facility must establish and maintain a quality
assurance programme.

A. Responsible Individuals. Although all staff members
are assigned individual responsibilities, it is imperative
that full cooperation exists among all concerned parties.

(a) Owner. The owner may be an individual, a corpora-
tion, a district, a province or some other entity. The
owner has the responsibility of

(i) implementing and maintaining an effective
diagnostic imaging quality assurance
programme for the facility, including quality
control testing procedures and record keeping;

(ii) ensuring the installation complies with all
applicable regulatory requirements;

(iii) consulting with the appropriate government
agencies
1. when a new facility is being constructed, or
modifications of an existing one are planned, to
ensure that radiation safety is adequate,

2. when mammographic X-ray equipment is
purchased to ensure adequate radiation safety,
and to register the equipment with the appro-
priate agency, and
3. to set periodic scheduled inspections for the
facility. In some jurisdictions, the agency
responsible for inspections has the mandate
for setting inspection schedules;

(iv) establishing safe working conditions;

(v) ensuring that
1. the equipment functions properly through
ongoing maintenance by competent personnel
and replacement of outdated or noncompliant
equipment,
2. safe operating procedures are established
and are followed,
3. quality control monitoring of mammo-
graphic X-ray equipment, image processor,
and ancillary equipment is carried out,
4. technologists are properly trained in the
operation of the equipment being used, and
5. technologists-in-training and inexperienced
personnel operate mammographic X-ray
equipment only under the direct supervision of
a licensed or certified technologist; and

(vi) ensuring professional qualifications are main-
tained.

(b) Interpreting Physicians (Radiologists). All inter-
preting physicians must

(i) participate fully in the quality assurance
programme

(ii) communicate with staff any changes in image
quality whether they are due to improper posi-
tioning, loading factors or image processing.

(c) Medical Physicists. The medical physicist is
responsible for
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(i) verifying the safety of an installation at the
time of planning and construction, and ensur-
ing that the installation complies with all appli-
cable regulatory requirements;

(ii) providing ongoing evaluations of the safety
procedures and recommending to the owner
the necessary changes to ensure optimum
patient and personnel safety, and instructing
personnel in proper radiation protection prac-
tices;

(iii) participating in the quality assurance
programme to
1. ensure that the quality assurance pro-
gramme is properly implemented and operated;
2. verify whether the optimal level of technical
image quality is obtained; and
3. ensure appropriate quality control monitor-
ing instruments are available and properly cali-
brated;

(iv) performing the required testing of
mammographic X-ray equipment, image
processor, and ancillary equipment according
to the proper record keeping procedures
described in section (B);

(v) providing a complete written report clearly
describing survey results; and

(vi) prompt oral communication of survey results
with a responsible individual within the
facility.

(d) Mammography Technologist. Mammography
technologists must participate fully in the quality
assurance programme by

(i) ensuring that the optimal level of diagnostic
image quality is maintained,

(ii) performing daily and routine quality control
tests of mammographic X-ray equipment, im-
age processor, and ancillary equipment and
keeping records of these tests, and

(iii) communicating with staff any changes in im-
age quality.

B. Quality Assurance Records. It is essential that
measurements and information gathered for the quality
assurance programme be clearly documented and
readily available for evaluation.

(a) The medical physics report should be circulated to
all staff and retained at the facility.

(b) As fas as practicable, recorded data must be indi-
cated as data points on a control chart when the
measurement is made. In this form, trends can be
more easily detected. A log book or other easily
identifiable method of recording must be used and
records must be keep for a minimum of 3 years.

(c) Processor quality control charts should be retained
in the Quality Control records for 1 year.

(d) Sensitometric films for the last full months Quality
Control chart should be retained.

(e) One monthly sample Quality Control phantom film
must be keep for a minimum of 3 years.

C. Evaluation of Data. Recorded data must be evaluated
immediately and necessary action taken expeditiously.

D. Baseline Performance Levels. Baseline performance
values of mammographic X-ray equipment and image
processing system must be established after verifying
that equipment functions properly. Images used for
determining baseline performance levels should be
obtained using the routine technique for a 4.2 cm com-
pressed breast. This baseline performance will be used
to diagnose any changes in equipment performance. It is
important to keep records of equipment operation data
and baseline performance measurements. These records
will be needed to diagnose any changes in image quality.

E. Testing Frequency. The frequency of testing should be
increased if the equipment exhibits significant changes
between scheduled Quality Control tests, or if the equip-
ment is used for an exceptionally high volume of proce-
dures. Additional testing should be performed if the
results of testing fall outside the limits of acceptability
for the tests, or after any corrective actions are made.
Equipment must be retested after service to any part
which may affect the image density, image quality or
radiation output from the X-ray tube.

The Quality Control programme should not be discon-
tinued if the results indicate relatively stable equipment
performance. The purpose of a Quality Control
programme is to control quality, and periodic measure-
ment of equipment performance is essential. The fre-
quency of testing described in sections (3) and (4)
should be considered a minimum.

F. Corrective Actions. There must be established repair
and calibration procedures to deal with significant prob-
lems. A decision tree system should be developed to
provide guidance to deal with events such as equipment
failure and to deal with circumstances when equipment
performance deviates beyond the set limits. A list of in-
dividuals having the authority to stop operation of a
mammographic unit should be established. The decision
tree should include the following steps:

(i) repeat test to confirm;

(ii) what to do if repeated test confirms perfor-
mance failure;

(iii) what to do if test fails only marginally;

(iv) what to do if test shows a history of failure; and

(v) what to do if test fails substantially.
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2. Quality Assurance –
Equipment Requirements

It is essential that the necessary quality control test
equipment be provided to the quality control technologist or
medical physicist. It is suggested that the required test equip-
ment be acquired when mammographic X-ray equipment
is purchased. A complete list of test equipment is shown in
Table 3 along with purchasing specifications for the accuracy
and reproducibility of the equipment.

If the facility elects to perform all quality control tests,
including testing carried out during implementation of the
programme to establish baseline values, daily quality control
monitoring, and tests to verify the ongoing performance of the
mammographic X-ray system, items 1-20 of the test equip-
ment listed in Table 3 are required.

If the facility elects instead to only perform daily quality
control testing and some of the tests to verify the ongoing per-
formance of the mammographic X-ray system, only items
1-12 of the test equipment listed in Table 3 are required.
Although it is recommended that all equipment be available at
each facility, only daily quality control equipment, items 1-6,
must be present on-site and items 7-12 should be accessible
when needed. It is assumed that the organization or individual
which provides testing services will be responsible for supply-
ing their own test equipment, items 13-20.
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Table 3.
Quality Control Equipment

Item Equipment Accuracy Reproducibility
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Sensitometer
(21 step optical attenuator with densities

ranging from approximately 0.00 to 4.80 in steps of 0.15)

± 0.02 log
exposure units

± 0.02 log
exposure units

2 Densitometer ± 0.02 O.D.
at 1.0 O.D.

± 0.01 O.D.
at 1.0 O.D.

3 Thermometer ± 0.3 oC ± 0.1 oC

4 Magnifying glass — —

5 Ultraviolet light — —

6 Uniform 3-5 cm thick cassette-sized phantom (acrylic) — —
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Phantom, with image quality evaluation objects
(RMI-156 or NA #18-220

are required for accreditation by MAP)
— —

8 Compression force test device ± 10% ± 5%

9 Stopwatch — —

10 Film/screen contact test tool (16 mesh/cm or 40 mech/in) — —

11 Fixer retention test kit — —

12 Ruler — —
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Dosimeter ± 5% ± 1%

14 Non-invasive X-ray tube voltage meter ± 1.5 kV ± 0.5 kV

15 Irradiation time meter ± 5% ± 1%

16 Light meter (for measurement of luminance and illuminance) ± 10% ± 5%

17 Aluminum filter (> 99.9% purity) 1% thickness —

18 Resolution test pattern for focal spot assessment
(maximum resolution of at least 16 lp/mm) — —

19 Sheets of uniform breast equivalent material
(at least four 2 cm thick sheets) — —

20 Metallic coins — —



3. Quality Assurance – Mammography
Technologists’ Quality Control Tests

A. Daily Quality Control Tests. Daily Quality Control
tests must be performed at the beginning of each day that
mammography is conducted before processing any
patient films.

(a) In order to maintain the cleanliness of the darkroom
all working surfaces, tops of counters and the floor
should be cleaned daily.

(b) Film processor function must be evaluated every
morning before performing clinical examinations,
after the processor has been turned on and has
reached the required development temperature; and
at other times as required, such as after a replenish-
ment rate change.

(i) The film processing solution levels must be
checked to ensure agreement with the manu-
facturers’ recommended baseline levels for the
particular processor and film type, for the given
number of films processed daily.

(ii) The film processing solution temperature must
be checked, using a non-mercury thermometer,
to ensure agreement with the manufacturers’
recommended baseline level for the particular
processor and film used.

(iii) Sensitometric strip processing must be per-
formed in order to monitor the performance of
the image processing system.
1. The base plus fog shall be within +0.03 of
the established operating level.
2. The mid-density shall be within ±0.15 of the
established operating level.
3. The density difference shall be within ±0.15
of the established operating level.

(c) Image quality evaluation tests should be performed.
A uniform phantom representing average breast
thickness should be routinely used to monitor and
maintain image density to ensure correct optical
density, the absence of excessive artifacts, and a
consistent current time product setting. While it is

strongly recommended that this test be performed

daily, this test must be performed at least weekly.

(i) The optical density of the film at the centre of
an image of a phantom shall be at least 1.40
when exposed under a typical clinical condi-
tion. It is strongly recommended that the opti-
cal density be greater than 1.60.

(ii) The optical density of the film at the centre of
the phantom image shall not change by more
than ±0.20 from the established operating
levels.

B. Weekly Quality Control Tests

(a) A visual test must be performed in the darkroom to
ensure the room is light tight. Particular attention
must be paid to the door seal and the mounting of
the film processor if the film insertion to the proces-
sor is done through a wall.

(b) Screens should be checked for cleanliness and
damage. Manufacturer recommended screen
cleaner should be used. An inspection for dust
particles should be done with an ultraviolet light.

(c) Cassettes should be checked for cleanliness, wear,
warping, fatigue of foam compression material and
closure mechanism, light leaks.

(d) The cassette holder tunnel should be checked for
dust and dirt.

(e) Viewboxes should be inspected visually for cleanli-
ness, viewing area discolouration and improper
illumination.

(f) A phantom, with image quality evaluation objects,
should be used to test imaging performance of the
mammographic X-ray system. While it is strongly

recommended that this test be performed weekly,

this test must be performed at least monthly for the

accreditation phantom.

(i) A minimum of the four largest fibres, the three
largest speck groups and the three largest
masses must be visible.

(ii) The number of test objects of each group type
(fibres, specks, and masses) visible in the phan-
tom image should not decrease by more than
one half.

(iii) The phantom image background optical den-
sity should be at least 1.4 and should not vary
by more than ±0.20 from the operating level.

(iv) The density difference due to a 4.0 mm acrylic
disc should be at least 0.40 and should not vary
by more than ±0.05 from the established oper-
ating level.

C. Monthly Quality Control Tests

(a) X-ray equipment should be visually inspected for
loose or broken components.

(b) The accuracy of the processor temperature display
should be checked regularly against a non-mercury
thermometer. The processor developer temperature
should be accurate to within 0.5 °C.

(c) The replenishment rate must be compared with the
manufacturers’ recommended baseline level for the
particular processor and film type, for the given
number of films processed daily and for the method
of processing.
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D. Quarterly Quality Control Tests

(a) Fixer retention tests should be performed to ensure
fixer is adequately removed from processed films
according to established baseline levels.

(b) An analysis must be done of the repeat records to
identify and correct any trends or errors. The repeat
rate must be between 2 and 5 percent, not including
Quality Control films. Facilities must maintain
records for every repeat by recording every repeat,
including the reason for the repeat along with any
corrective actions, immediately after the repeat film
is taken. If images contain some patient diagnostic
information, they should be maintained in the
patient file.

E. Semi-Annual Quality Control Tests

(a) Breast Compression Device. A compression force
of at least 11.4 kg (25 lbs) shall be provided. Effec-
tive October 28, 2002, the maximum compression
force for the initial power drive must be between
11.4 kg (25 lbs) and 20.5 kg (45 lbs).

(b) Level of Film Base Plus Fog. The level of optical
density from the base material and film must not be
greater than 0.25 units.

(c) Safelight Test for Darkroom Fog. An image of a
uniform cassette-sized phantom exposed to a mini-
mum optical density of 1.4 units must not show an
increase in optical density greater than 0.05 units in
two minutes exposure to the darkroom light envi-
ronment.

(d) Screen/Film Contact. All cassettes used in mam-
mography must be tested for screen/film contact
using a 16 mesh/cm (40 mesh/in) copper screen.
Large areas greater than 1 cm in diameter of poor
contact that are not eliminated by screen cleaning
and remain in the same location during subsequent
tests should replaced. Multiple small areas, less
than 1 cm in diameter, are acceptable.

4. Quality Assurance – Medical
Physicists’ Mammographic
Quality Control Tests

A. Annual Quality Control Tests

(a) X-ray Tube Radiation Output. The X-ray tube radi-
ation output shall be high enough to minimize irra-
diation time to eliminate perceptible motion
artifacts.

(i) For any combination of operating loading pa-
rameters, the coefficient of variation of any ten
consecutive radiation exposure measurements,
taken at the same source to detector distance
within a time period of one hour, must be no
greater than 0.05, and each of the ten radiation
exposure measurements must be within 15 per-
cent of the mean value of the ten measure-
ments.

(ii) For film-screen mammography equipment, the
X-ray tube output should be at least 7.0 mGy/s
(802 mR/s) over a 3 second period of time
when operating at 28 kV in the standard mam-
mography (Mo/Mo) mode at any clinically
used Source to Image Distance (SID).

(b) Radiation Beam Quality. The first half-value layer
should be determined for all commonly used clini-
cal X-ray tube voltages and target/filter combina-
tions. The unit should be set to manual timing, with
a time sufficiently long to provide an air kerma of
approximately 4.5 mGy when there is no aluminum
filtration placed in the beam.

(i) The first half-value layer of aluminum, mea-
sured with the compression paddle in place,
shall not be less than the values shown in
Table 4 for a selected X-ray tube voltages and
all target/filter combinations. For other X-ray
tube voltages, the half-value layer of the radia-
tion beam must be calculated by linear interpo-
lation from the values in Table 4, by using the
following formula:

HVL mm of Alu um
X ray Tube Voltage kV

( )
( )

.min �
�

�
100

0 03

(ii) The first half-value layer of aluminum, mea-
surement without the compression paddle in
place, shall not be less than the values shown in
Table 4 for selected X-ray tube voltages and all
target/filter combinations. For other X-ray tube
voltages, the half-value layer of the radiation
beam must be calculated by linear interpolation
from the values in Table 4, or by using the fol-
lowing formula:

HVL mm of Alu um
X ray Tube Voltage kV

( )
( )

min �
�

100
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Table 4.
Minimum first half-value layer for selected X-ray tube voltage at
any combinations of target and filter materials when measured
with and without the compression paddle in place.

X-ray Tube
Voltage
(kV)

Minimum First
Half-Value Layer

with
Compression

Paddle in Place
(mm Al)

Minimum First
Half-Value Layer

without
Compression

Paddle in Place
(mm Al)

24 0.27 0.24

26 0.29 0.26

28 0.31 0.28

30 0.33 0.30

35 0.38 0.35

(iii) The first half-value layer of aluminum, mea-
sured with the compression paddle in place,
should not be greater than the values obtained
using the following formula for a selected
X-ray tube voltage:

HVL mm of Alu um
X ray Tube Voltage kV

C( )
( )

min �
�

�
100

where
C = 0.12 mm Al for Mo/Mo,
C = 0.19 mm Al for Mo/Rh,
C = 0.22 mm Al for Rh/Rh, and
C = 0.30 mm Al for W/Rh.

Note that these half-value layer upper limits are
based on molybdenum filter thicknesses of
30 µm or less and rhodium filter thicknesses of
25 µm or less.

(c) Automatic Exposure Control System – Optical
Density Setting Response. The automatic exposure
control device must perform in such a way that the
variation of optical density in the resultant radio-
grams does not exceed ± 0.15 of the mean optical
density when the thickness of a uniformly attenuat-
ing breast tissue equivalent material is varied over a
range of 2 to 6 cm and the tube voltage, and anode
filter combinations are varied appropriately over
the range used clinically in the facility. The optical
density of the film in the centre of the phantom im-
age shall not be less than 1.20. If this requirement
cannot be met, a technique chart shall be developed
showing appropriately loading factors for different
breast thickness and compositions that must be used
so that optical density within ±0.15 of the average
under automatic exposure control conditions can be
produced.

(d) Screen/Film Speed Uniformity. The film optical
density must be within ± 0.15 units from the mean
for all cassettes used in the facility when tested with
identical loading factors.

(e) Representative Breast Surface Dose and Mean
Glandular Dose Calculations. Breast phantoms
such as RMI-156 or NA #18-220 which represent a
breast composed of 50 percent fat and 50 percent
glandular tissue and compressed to 42 mm thick-
ness, should be used to determine the representative
mean glandular dose for a breast of similar compo-
sition. The mean glandular dose should not exceed
3.0 mGy.

(f) Focal Spot Conditions – System Resolution. The
X-ray system used for mammography, in combina-
tion with the mammography screen-film combina-
tion used in the facility, shall provide a minimum
resolution of

(i) 11 line-pairs/mm when a high contrast resolu-
tion bar test pattern is oriented with the bars
perpendicular to the anode-cathode axis, and

(ii) 13 line-pairs/mm when the bars are parallel to
the axis.

The bar pattern shall be placed 4.5 cm above the
breast support surface, centred with respect to the
chest wall edge of the image receptor, and with the
edge of the pattern within 1 cm of the chest-wall
edge of the image receptor.

When more than one target material is provided, the
measurement shall be made using all possible com-
binations of focal spot and target material. When
more than one SID is provided, the test shall be per-
formed at the SID most commonly used clinically.
The test X-ray tube voltage shall be set at the value
used clinically by the facility for a standard breast
and shall be performed in the AEC mode, if avail-
able.

If necessary, a suitable absorber may be placed in
the beam to increase the exposure time. The
screen-film cassette combination used by the facil-
ity shall be used to test for this requirement and
shall be placed in the normal location used for clini-
cal procedures.

(g) Beam Limiting Device. For any focal spot to image
receptor distance, the x-ray field does not extend
beyond

(i) the edge of the patient support next to the chest
wall of the patient by more than 5 mm, and

(ii) any other edge of the image reception area by
more than 2 percent of the focal spot to image
receptor distance.
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(h) Light Field Alignment. If a light localizer designed
to define the outline of the X-ray field is included,
the separation between the perimeter of the visually
defined field and that of the X-ray field must not ex-
ceed 2 percent of the focal spot to image receptor
distance.

(i) Viewboxes. All viewboxes used for the interpreta-
tion of mammograms must be tested for compliance
with the following requirements. Ensure all
viewboxes have been turned on for a minimum of
30 minutes before obtaining measurements.

(i) Brightness. The view box brightness should be
at least 3,500 nits (cd/m2).

(ii) Light Output Uniformity. The light output
from the viewboxes should be uniform to
within 10 percent.

(iii) Light Output Homogeneity. The light output
homogeneity between all viewboxes used for
mammograms should be uniform to within
15 percent of the mean.

(iv) Ambient Light Control. The ambient light
within the reading room must be less than
50 lux. A value of 5-10 lux is recommended.

19



Appendix I:
Radiation Emitting Devices Regulations;
Part XII, excerpt for mammography X-ray Equipment

Diagnostic X-ray Equipment

Interpretation

1. (1) The definitions in this subsection apply in this Part.

“aluminum” means aluminum that has a degree of
purity of 99.9% or higher and a density of 2.70 g/cm3.
(aluminium)

“aluminum equivalent” means the attenuation equiva-
lent of an object expressed in thickness of aluminum.
(équivalent en aluminium)

“field emission device” means a device in which the
emission of electrons from the cathode is due solely to
the action of an electric field. (dispositif d’émission par

effet de champ)

“loading factor” means a factor the value of which influ-
ences the X-ray tube load, and includes

(a) for diagnostic X-ray equipment, if the X-ray beam
is produced by the discharge of the capacitor
through an X-ray tube, the X-ray tube voltage and
the amount of capacitor charge;

(b) for a field emission device, the X-ray tube voltage
and the number of pulses; and

(c) for any other diagnostic X-ray equipment, the X-ray
tube voltage and

(i) the X-ray tube current and irradiation time, or

(ii) the current time product. (paramètre de

charge)

“mammography equipment” means diagnostic X-ray
equipment that is used for the examination of breast tis-
sue. (appareil à mammographie)

“mobile equipment” means, with respect to diagnostic
X-ray equipment, equipment that is moved between in-
cidents of use. (appareil mobile)

“radiographic equipment” means diagnostic X-ray
equipment that implements a technique in which the
information contained in the X-ray pattern is obtained,
recorded and optionally processed. (appareil de

radiographie)

“rectification type” means, with respect to diagnostic
X-ray equipment, the process by which the X-ray gener-
ator converts high voltage to X-ray tube voltage. (type

de redressement)

“X-ray image receptor” means a device that converts in-
cident X-rays into a visible image or into a form that can
be made into a visible image by further transformation.
(récepteur d’image radiologique)

(2) Unless otherwise defined, words and expressions
used in this Part have the same meaning as in the Interna-
tional Electrotechnical Commission Standard entitled
Medical radiology – Terminology, Publication 788,
First edition, 1984.

Information and Labelling

Information

2. The manufacturer must ensure that the following infor-
mation accompanies each piece of diagnostic X-ray equip-
ment:

(a) the installation instructions;

(b) the address of the manufacturer;

(c) any radiological safety procedures and additional
precautions that are necessary because of any
unique features of the equipment;
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(d) the maintenance instructions necessary to keep the
equipment in compliance with the requirements of
this Part;

(e) the rated line voltage, the maximum line current and
the line voltage regulation for the operation of the
equipment at the maximum line current;

(f) the loading factors that constitute the maximum line
current condition for the X-ray generator;

(g) for each X-ray tube assembly,

(i) the nominal focal spot sizes and the method of
their determination,

(ii) the cooling curves for the anode and for the
X-ray tube housing,

(iii) the X-ray tube rating charts, and

(iv) the method by which the focal spot to image
receptor distance can be determined using the
indicator specified in subparagraph 3(c)(i);

(h) its duty cycles, rectification type and generator rat-
ing;

(i) if the equipment is battery powered, the minimum
state of charge necessary for it to operate;

(j) the operating range of X-ray tube voltages and the
maximum deviation for any selected X-ray tube
voltage within that range of values;

(k) if the equipment is not operated exclusively in auto-
matic exposure control mode, the accuracy limits of

(i) the controlling timer,

(ii) the X-ray tube current, and

(iii) the current time product;

(l) where the equipment operates under automatic ex-
posure control, the accuracy limits of that control;
and

(m) the conditions under which the information pro-
vided under paragraphs (j) to (l) is valid.

Labelling

3. Diagnostic X-ray equipment must display the following
information in a manner that is legible, permanent and visible
on the specified surfaces:

(a) on the external surface of the main control panel

(i) a statement prohibiting unauthorized use and
warning that hazardous X-rays are emitted
when the equipment is in operation,

(ii) the X-ray warning symbol described in sec-
tion 4, and

(iii) with respect to the X-ray generator,
(A)  the name of the manufacturer,
(B)  the model designation,

(C)  the serial number,
(D)  the date of manufacture, and
(E)  the country of manufacture;

(b) on the external surface of the X-ray tube housing,
with respect to the X-ray tube assembly,

(i) the name of the manufacturer,

(ii) the model designation,

(iii) the serial number,

(iv) the date of installation of the X-ray tube in the
X-ray tube housing,

(v) the country of manufacture, and

(vi) the minimum permanent inherent filtration of
the X-ray beam emitted from the X-ray tube
assembly, expressed in millimetres of alumi-
num equivalent at a specified X-ray tube volt-
age;

(c) on the external surface of the X-ray tube housing or
another suitable structure permanently attached to
the X-ray tube housing

(i) an indicator that enables the focal spot to image
receptor distance to be determined to within
2% of that distance, and

(ii) if the X-ray tube and the X-ray generator are
not located within a common enclosure, marks
that clearly indicate the anode and cathode ter-
minals on the X-ray tube housing and on the
high-voltage generator; and

(d) on the external surface of any beam limiting device
that adds filtration to the X-ray beam, the total per-
manent filtration deliverable by the beam limiting
device, expressed in millimetres of aluminum
equivalent at a specified X-ray tube voltage.

4. The X-ray warning symbol shall

(a) be displayed in two contrasting colours;

(b) be visible and identifiable from a distance of 1 m;

(c) be at least 2 cm high and at least 2 cm wide;

(d) bear the words “CAUTION: X-RAYS —
ATTENTION : RAYONS X”; and

(e) conform to

(i) the following diagram:
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or

(ii) symbol 03-03 in the report of the International
Electrotechnical Commission entitled Graphi-

cal symbols for electrical equipment in medical

practice, Publication 878, 1988, illustrated as
follows:

5. All controls, meters, warning lights and other indicators
required by this Part must be clearly labelled as to their func-
tion.

Construction Standards

General Requirements

6. Diagnostic X-ray equipment must have

(a) if more than one X-ray tube is controlled by one
control panel,

(i) a visual indicator on or near each X-ray tube
housing that shows that the X-ray tube to which
the indicator applies is connected and ready to
be energized, and

(ii) a visual indicator on the control panel that
shows which of the X-ray tubes are connected
and ready to be energized;

(b) a means, appropriate to the rectification type of the
equipment, to compensate for variations in X-ray
tube voltage caused by line voltage fluctuations;

(c) a visual or audible indicator that warns the operator
when the variation in line voltage exceeds the rate
set out in subsection 23(2) or a mechanism that, in
that event, prevents X-rays from being emitted;

(d) on the control panel

(i) a warning light that indicates when the equip-
ment is ready to be energized,

(ii) a second warning light that indicates when
X-rays are being emitted,

(iii) if an automatic exposure control is provided, a
visual indicator showing when that mode of
operation is selected, and

(iv) if the automatic exposure control mode is not
selected or does not exist, controls and visual
indicators that enable the operator to select the
loading factors before an irradiation;

(e) if the equipment is battery powered, a visual indica-
tor on the control panel showing whether the battery
is adequately charged for the proper operation of the
equipment;

(f) a mechanism to initiate and terminate an irradiation;

(g) an audible signal to indicate the termination of an
irradiation;

(i) if the equipment moves around a patient by remote
control, an emergency stop switch that immediately
terminates both the motion of the equipment and the
emission of X-rays;

(j) a beam limiting device; and

(k) for equipment that operates within a range set out in
column 1 of an item of the table to this paragraph,
radiation filters that result in a measured half-value
layer of aluminum of not less than

(i) for each X-ray tube voltage set out in column 2
of that item, the half-value layer set out in col-
umn 3 of that item, or

(ii) in any other case, the half-value layer obtained
by linear interpolation or extrapolation from
that table.

Table to paragraph 6 (k)
Minimum half-value layer of aluminum

Item

Column 1
Operating Range

for Normal Use
(kV)

Column 2
X-ray Tube

Voltage
(kV)

Column 3
Half-value

Layer of
Aluminum

(mm)

1. 50 or less (a)  30 0.3

(b)  40 0.4

(c)  50 0.5

7. (1) An irradiation switch for diagnostic X-ray equip-
ment must

(a) permit the emission of X-rays only when the opera-
tor exerts continuous pressure on the switch;

(b) in the case of a foot switch, prevent the emission of
any unintended X-rays when it is overturned; and

(c) in the case of mobile equipment, permit the operator
to stand at least 3 m from the X-ray source when the
X-ray tube is energized.

(2) The controlling timer for diagnostic X-ray equip-
ment must

(a) automatically terminate an irradiation
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(i) on completion of a preset irradiation time,

(ii) on attainment of a preset current time product
value, or

(iii) on completion of a preset number of X-ray
pulses;

(b) permit the operator to terminate an irradiation at any
time;

(c) automatically reset itself to its original setting or to
zero on termination of an irradiation; and

(d) prevent the initiation of irradiation when the timer is
set at zero, at the “off” position or at an unmarked
setting.

8. (2) In the case of mammography equipment, when an
object set out in column 1 of an item of the table to this sub-
section is positioned between the patient and the X-ray image
receptor, the aluminum equivalent of the object shall not ex-
ceed the amount set out in column 2 of that item, as determined
using an X-ray beam that

(a) is generated at an X-ray tube voltage of 30 kV;

(b) has a maximum X-ray tube voltage ripple of 10%;
and

(c) has a half-value layer of aluminum of 0.3 mm.

Table to subsection 8(2)
Mammography equipment – maximum aluminum equivalent of
interpositioned objects

Item
Column 1

Object

Column 2
Maximum Aluminum

Equivalent
(mm)

1. Support table,
including all layers 0.3

(3) For the purposes of subsection (2), any sensor used
in automatic exposure control is a part of the X-ray image
receptor.

9. For diagnostic X-ray equipment,

(a) the X-ray tube must be securely affixed to and
aligned within the X-ray tube housing;

(b) the radiation filters must be securely affixed to the
exit port of the X-ray tube housing or beam limiting
device, or both; and

(c) the X-ray source assembly must maintain its re-
quired position or movement without drift or vibra-
tion during operation.

Radiographic Equipment

10. Radiographic equipment that is equipped with an auto-
matic exposure control must have

(b) a means to automatically terminate the irradiation
when

(i) if the operating X-ray tube voltage is less
than 50 kV, the current time product exceeds
1,200 mAs per irradiation, and

(c) when an irradiation under automatic exposure con-
trol terminates because the limit specified in para-
graph (b) has been reached,

(i) a visual indicator or audible signal that warns
the operator of the termination, and

(ii) a reset control that must be activated manually
before another irradiation under automatic ex-
posure control can be made.

15. (1)  Mammography equipment must have

(a) a beam limiting device that limits the size of the
X-ray beam to prevent the X-ray field, at any focal
spot to image receptor distance at which the equip-
ment operates, from extending

(i) more than 5 mm beyond the edge of the patient
support next to the chest wall of the patient, and

(ii) more than a distance equivalent to 2% of the
focal spot to image receptor distance beyond
any other edge of the image reception area;

(b) an image receptor supporting device that

(i) has protective shielding that limits the residual
radiation in accordance with section 26,

(ii) extends to the patient’s chest wall, and

(iii) at every other edge, extends beyond the X-ray
field by at least 1% of the focal spot to image
receptor distance; and

(c) a breast compression device that

(i) is foot-actuated to start the compression,

(ii) permits fine adjustment of motion during the
compression,

(iii) permits rapid decompression,

(iv) has motion adjustment controls on both sides
of the position for the patient, and

(v) allows the portion of the compression plate in
contact with the breast to be brought to within
10 mm of the surface of the patient support.

(2) Mammography equipment that has a removable,
fixed-aperture beam limiting device must display the follow-
ing information on its external surface:

(a) the dimensions of the image reception area; and

(b) the focal spot to image receptor distance at which
the beam limiting device must be used.
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Functioning Standards

21. Diagnostic X-ray equipment must function in accor-
dance with the requirements set out in sections 22 to 32 during
its operation under normal conditions of use.

22. (1) The definitions in this subsection apply in this sec-
tion.

“coefficient of variation” means the ratio of the esti-
mated standard deviation to the mean value of a series of
measurements calculated using the equation:
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where
C is the coefficient of variation;
S is the estimated standard deviation;
X

i
is the value of the ith measurement;

X is the mean value of the measurements; and
n is the number of measurements.

(coefficient de variation)

“exposure to the X-ray image receptor” means the
amount of X-rays, registered by one or more detectors
located in a fixed position in proximity to the X-ray
image receptor, that is necessary to produce a radiogram
of the overall density sought by the operator. (dose

d’irradiation au récepteur d’image radiologique)

(2) For any combination of X-ray tube voltage, X-ray
tube current and irradiation time, or for any selected exposure
to the X-ray image receptor, when the line voltage for each
measurement is accurate to within 1% of the mean line voltage
value of all the measurements, and when all variable controls
for the loading factors are adjusted to alternate settings and re-
set to the test setting before each measurement,

(a) the coefficient of variation of any 10 consecutive air
kerma or exposure measurements, taken at the same
point along the X-ray beam axis within a period of
one hour, must be no greater than 0.05; and

(b) each of the 10 air kerma or exposure measurements
taken under paragraph (a) must be within 15% of
the mean value of those measurements.

(3) For the purposes of subsection (2), diagnostic X-ray
equipment with an automatic exposure control must have
attenuating material in the X-ray beam that is thick enough that
the loading factors can be adjusted to provide single irradia-
tions of at least

(a) 12 pulses, in the case of a field emission device that
operates in pulse mode; or

(b) 0.1 s, in the case of any other diagnostic X-ray
equipment.

23. (1) This section applies in respect of diagnostic X-ray
equipment that has

(a) a high-voltage generator that is not a stored energy
high-voltage generator;

(b) loading factors that do not change automatically to
compensate for unintentional variations in X-ray
tube voltage; and

(c) an irradiation time of at least 0.1 s and a current time
product of at least 5 mAs.

(2) In the case of a line voltage regulation of 6% or less,
the loading factor set out in column 1 of an item of the table to
this subsection must not deviate from the selected value, for
any combination of loading factors, by more than the quantity
set out in column 2 of that item.

Table to subsection 23(2)
Maximum deviation of loading factors

Item
Column 1

Loading Factor

Column 2
Maximum Deviation

from the
Selected Value

1. X-ray tube voltage of
mammography equipment 5%

3. Irradiation time 10% plus 1 ms

4. X-ray tube current 20%

5. Current time product 10% plus 0.2 mAs

24. (1) The controlling timer or automatic exposure control
device of diagnostic X-ray equipment must have a minimum
irradiation time capability that does not exceed the greater of:

(a) 1/60 s, or

(b) the time required to deliver a current time product
of 5 mAs.

(2) If the automatic exposure control of diagnostic
X-ray equipment is selected, the variation in optical density set
out in subsection (4) must be determined using objects that are
made of human-tissue equivalent material and have thick-
nesses that are representative of the actual range of the body
thicknesses of the patients.

(4) The automatic exposure control device of mammog-
raphy equipment, when both the X-ray tube voltage and the
thickness of the objects described in subsection (2) are varied,
must limit the variation in optical density of the resulting
radiograms to 0.15.

25. (1) For any selected value of X-ray tube voltage within
a range determined in accordance with subsection (2), the
quotients of the average air kerma or exposure measurement
divided by the indicated current time product, obtained at the
applicable settings specified in subsection (3), must not differ
by more than 0.10 times their sum as determined by the
formula
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where

X1 is the quotient of the average air kerma or exposure
measurement divided by the current time product
determined at the first of the two applicable settings
specified in subsection (3); and

X2 is the quotient of the average air kerma or exposure
measurement divided by the current time product
determined at the second of the two applicable set-
tings specified in subsection (3).

(2) The range referred to in subsection (1) is the smaller
of

(a) 40% to 90% of the maximum available X-ray tube
voltage, or

(b) the range of X-ray tube voltages specified for the
diagnostic X-ray equipment by the manufacturer.

(3) The quotients referred to in subsection (1) must be
determined at

(a) if the X-ray tube current is selected in discrete steps,
any two consecutive X-ray tube current settings;

(b) if the X-ray tube current selection is continuous,
any two X-ray tube current settings that differ by a
factor of 2 or less;

(c) if the current time product is selected in discrete
steps, any two consecutive current time product set-
tings; or

(d) if the current time product selection is continuous,
any two current time product settings that differ by
a factor of 2 or less.

(4) If diagnostic X-ray equipment has more than one
focal spot, the quotients referred to in subsection (1) must be
determined for all combinations of two focal spots that have a
nominal focal spot size greater than 0.45 mm, and all combina-
tions of two focal spots that have a nominal focal spot size
equal to or less than 0.45 mm at the applicable settings set out
in subsection (3).

26. (1) For mammography equipment, the residual radia-
tion behind the image receptor supporting device must not
exceed an air kerma measurement of 1.0 µGy or an exposure
measurement of 0.115 mR per irradiation when the equipment
is operated at

(a) its maximum X-ray field and minimum focal spot to
image receptor distance; and

(b) its maximum X-ray tube voltage and maximum cur-
rent time product.

(2) For the purposes of subsection (1), the air kerma or
exposure measurement must be averaged over a detection area

that is 100 cm2, of which no linear dimension is greater than
20 cm, centred at 5 cm from any accessible surface beyond the
image receptor supporting device.

27. (1) Mammography equipment must have a minimum
rate of radiation output of 7.0 mGy/s or 802 mR/s when the
equipment is operated

(a) with a molybdenum anode and molybdenum filter;

(b) with the breast compression device in place be-
tween the X-ray source and the detector; and

(c) at an X-ray tube voltage of 28 kV in standard mam-
mography mode at any focal spot to image receptor
distance.

(2) For the purposes of subsection (1), the minimum rate
of radiation output must be

(a) measured at a position that is 4.5 cm above the
patient support; and

(b) averaged over a period of irradiation of 3.0 s.

29. (1) The leakage radiation from the X-ray source assem-
bly of diagnostic X-ray equipment must not exceed an air
kerma rate of 1.0 mGy/h or an exposure rate of 115 mR/h when
the equipment is operated at the nominal X-ray tube conditions
of loading that correspond to the maximum specified energy
input in one hour.

(2) For the purposes of subsection (1), the rate must be
averaged over a detection area of 100 cm2, of which no linear
dimension is greater than 20 cm, that is centred at 1 m from the
focal point.

30. (1) If high voltage can appear across the X-ray tube of
the diagnostic X-ray equipment, then the radiation emitting
from the X-ray source assembly of the equipment must not
exceed an air kerma rate of 20.0 µGy/h or an exposure rate of
2.3 mR/h when

(a) the equipment is operated with its beam limiting de-
vice fully open; and

(b) the automatic exposure control or the irradiation
switch has not been activated.

(2) For the purposes of subsection (1), the rate must be
averaged over a detection area of 10 cm2, of which no linear di-
mension is greater than 5 cm, that is centred at 5 cm from any
accessible surface of the X-ray source assembly.

31. (1) Under any operating condition, the radiation from
any component of diagnostic X-ray equipment, other than the
X-ray source assembly, must not exceed an air kerma rate of
20.0 µGy/h or an exposure rate of 2.3 mR/h.

(2) For the purposes of subsection 1, the rate must be
averaged over a detection area of 10 cm2, of which no linear
dimension is greater than 5 cm, that is centred at 5 cm from any
accessible surface of the component.
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