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Scope and Applicability

BSU procures and uses analytical X-ray equipment under regulations issued by the Indiana State Health Department
(ISDH). Use of this equipment at BSU is subject to inspection and review by personnel from ISDH and regulations
require that BSU personnel use ISDH approved procedures for the control of all analytical X-ray equipment. ISDH
also requires that analytical X-ray equipment be registered with that agency. If ISDH finds that BSU is not in
compliance with state regulations, they may issue fines, or in the case of serious infractions, suspend or revoke
analytical X-ray equipment use campus wide. In order to ensure compliance with Indiana regulations for the control
of ionizing radiation, it is essential that BSU personnel understand and follow the provisions of BSU’s X-ray safety
program.

This Program applies to all personnel working at or visiting BSU who procure or utilize analytical X-ray equipment.
The Indiana Indoor Radiological Health Division of the ISDH defines analytical X-ray equipment as any device
which utilizes X-rays for examining the structure and/or composition of materials. This includes X-ray diffraction
and X-ray fluorescence analysis equipment, as well as any devices which, through their operation may emit X-rays,
such as transmission and scanning electron microscopes.

The relevant ISDH Rules and Regulations may be found at 410 IAC 5, and supporting documentation are on file in
the BSU Office of Environmental Health and Safety (EHS) and are available for review by BSU personnel.

Definitions

The following definitions are from Rule 410 IAC5-8, Radiation Safety Requirements for Analytical X-ray
Equipment, or are otherwise included for reference and are specific to this guideline:

Analytical x-ray equipment means equipment used for x-ray diffraction or fluorescence analysis.

Analytical x-ray system means a group of components utilizing x-rays to determine the elemental composition or to
examine the microstructure of materials.

Enclosed-beam system is a system in which all possible x-ray paths (primary and diffracted) are completely enclosed
so that no part of a human body can be exposed to the beam during normal operation.

Incidental x-ray device produces x-rays that are not wanted or used as a part of the designed purpose of the machine.
Examples include electron microscopes and high-voltage electron guns. Such devices may, if not properly
constructed, maintained, or operated allow exposure to backscattered electrons or x-rays produced in the process.

Intentional x-ray device is designed to generate an x-ray beam utilizing an x-ray tube for a particular use and is
typically housed within a fixed, interlocked and or shielded enclosure or room. Examples include x-ray diffraction
and fluorescence analysis systems, medical and diagnostic x-ray machines, and industrial cabinet and non-cabinet x-
ray installations.

Normal operating procedures mean step-by-step instructions necessary to accomplish the analysis. These
procedures shall include sample insertion and manipulation, equipment alignment, routine maintenance by the
registrant, and data-recording procedures which are related to radiation safety.

Open-beam configuration means an analytical x-ray system in which an individual could accidentally place some
part of his body in the primary beam path during normal operation – one or more beams are not enclosed.

Primary beam means radiation which passes through an aperture of the source housing by a direct path from the x-
ray tube or a radioactive source located in the radiation source housing.
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Section 1.0 - Overview of Safety Requirements for Analytical X-ray
Equipment

1.1 Acquisition and registration of X-ray Equipment

Registrants seeking to purchase or acquire X-ray equipment must contact BSU EHS for guidance
before proceeding. Registration for all Analytical X-ray equipment must be kept on file with the BSU
Office of Environmental Health and Safety (EHS), who will register the equipment with the ISDH.
The registrant must be a full time faculty, academic professional, or staff member at BSU who bears
overall responsibility for the safe use and operation of registered equipment. New equipment must be
registered prior to operation.

1.2 Training

All individuals operating analytical X-ray equipment must receive training on the hazards associated
with the equipment and proper safety control measures. Ordinarily, for analytical X-ray equipment,
this training will initially be provided by the equipment manufacturer or vendor upon delivery of the
equipment. Subsequent or repeat training for others in the safe and proper use of the X-ray
equipment may then be provided by those undergoing the initial training. Completion of this training
plus any equipment or department specific training must be completed prior to operation of the
equipment by an individual. Records of the training for each user, and the topics covered, must be
maintained by the responsible department.

1.3 Safety Control Measures

Analytical X-ray equipment must be operated under administrative and/or engineering control
measures approved by BSU EHS or the X-ray Radiation Safety Officer. Where applicable, these
measures shall include written procedures for operation and alignment, periodic testing of interlocks
and safety devices, proper labeling of equipment and posting of rooms, personal user dosimetry, and
limits on radiation fields produced by the equipment.

1.4 Safety Surveys

Periodic safety surveys of analytical X-ray equipment will be conducted by BSU EHS staff , the NRC
Radiation Safety Officer, the X-ray Radiation Safety Officer, or other qualified personnel. A
calibrated ion-chamber survey meter will be utilized for these surveys. These shall be performed
upon installation of the equipment and at least once every 12 months thereafter, or whenever any of
the following occur:

a. Following any change in the initial arrangement, number or type of local components in the
system;

b. Following any maintenance requiring the disassembly or removal of a local component in
the system;

c. During the performance of maintenance and alignment procedures if the procedures require
the presence of a primary x-ray beam when any local component in the system is
disassembled or removed;

d. Any time a visual inspection of the local components in the system reveals an abnormal
condition; and,

e. Whenever personnel monitoring devices show a significant increase over the previous
monitoring period or the readings are approaching the limits specified in 410 IAC 5-4-2.

It is the responsibility of the analytical x-ray machine registrant to notify the RSO should any of the
above conditions occur.
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Section 2.0 - Radiation Safety Organization at BSU

2.1 Radiation Safety Committee

BSU governs the possession and use of radioactive materials through the Radiation Safety
Committee (RSC). This committee is a group of professionals at BSU assigned to establish policy
and regulations for the use of radiation sources and to oversee all aspects of radiation safety. The
committee meets quarterly to review activity or changes to the university's radiation safety
program that is regulated under the BSU Nuclear Regulatory Commission (NRC) License. BSU
also maintains the necessary License from the ISDH under 410 IAC 5 for radioactive materials.
The Radiation Safety Officer for those activities is Dr. Saiful Islam of the Physics and Astronomy
Department. However, for purposes of compliance with 410 IAC 5-8, Radiation Safety
Requirements for Analytical X-ray Equipment, the term Radiation Safety Officer refers to the
Environmental Specialist/Chemical Hygiene Officer in the BSU EHS Office. Dr. Islam and the
RSC act in an advisory capacity for the Analytical X-ray Equipment safety program.

2.2 Radiation (X-ray) Safety Officer

The X-ray Radiation Safety Officer is responsible for designing and implementing the radiation
safety program elements described in this Manual, or as amended by the RSC. He is assisted in
these efforts by the NRC Radiation Safety Officer. Program oversight is provided by the
Radiation Safety Committee and administrative assistance may be provided by the EHS Office.

Specific duties of the X-ray Radiation Safety Officer include:

a. Furnishing consulting services on all aspects of radiation safety and protection;
b. Conducting surveys and making hazard evaluations for analytical X-ray equipment;
c. Assuring that the prescribed control measures are in effect, recommending or approving

substitute or alternate control measures when the primary ones are not feasible or
practical, and periodically auditing the status of those control measures in use;

d. Approving standard operating procedures, alignment procedures, and other procedures
that may be part of the requirements for administrative and procedural control measures;

e. Distributing and processing personnel monitoring devices, and maintaining personnel
exposure records;

f. Insuring that personnel are properly instructed in the appropriate procedures for using
analytical X-ray equipment;

g. Maintaining a current inventory of all analytical X-ray equipment at BSU; and
h. Ensure that BSU maintains compliance with all applicable state and federal laws related

to X-ray radiation safety.

The X-ray Radiation Safety Officer or the NRC RSO have the authority to restrict or terminate use
of X-ray Equipment in cases where use is determined to be in violation of regulations or otherwise
represents a radiological hazard. Such actions may be reviewed by the Radiation Safety
Committee when needed.

2.3 Registrants

All analytical X-ray equipment at BSU must be routed through the BSU EHS, who in turn
maintain the required device registrations with ISDH. All analytical X-ray equipment must be
registered to a faculty, academic professional, or staff member of BSU who maintains
responsibility for all aspects of safety for the registered equipment. Specific responsibilities of the
registrant include:
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a. Registration of new equipment with the Radiation Safety Officer/BSU EHS within 30
days of receipt and prior to operation.

b. Ensuring that operators are properly trained and made aware of hazards associated with
the equipment prior to operation of the equipment. Required training may require EHS
administered online or in person training for X-ray devices as well as lab specific training
administered by the registrant and/or the analytical equipment manufacturer or qualified
representative.

2.4 Operators

Individuals who operate analytical X-ray equipment must obtain safety training from either the
qualified manufacturer’s representative or the BSU EHS prior to use of the equipment. They must
also obtain instruction from the registrant on specific operating procedures for the equipment. The
various departments are responsible for maintaining the required training records for all users.
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Section 3.0 – Registration and Use of Equipment

3.1 Registration of Analytical X-ray Equipment

All analytical X-ray equipment at BSU must be registered with the Radiation Safety Officer/BSU
EHS. Registrants must be full time faculty, academic professional, or staff of BSU.

Analytical X-ray equipment is registered by contacting the Radiation Safety Officer or BSU EHS,
who will schedule a site inspection/consultation before filing the required equipment registration
with ISDH. Registration shall be completed within 30 days of receipt of new equipment or
reconfiguration of existing equipment, and prior to operation of the equipment.

Both intentional and incidental x-ray devices must be registered with the ISDH through the BSU
EHS Office. The registration certificates must be prominently displayed in the room or area where
the device is stored.

3.2 Training Required for Operators

BSU EHS offers X-ray Safety training which is mandatory for all authorized equipment operators.
This training is designed to cover basic safety issues which are consistent with all X-ray
equipment. This training is intended to be complemented with equipment or site-specific training
which is performed by the Registrant for all authorized users on his/her equipment.

Operators of intentional x-ray devices must receive training in the following topics:

a. The normal and proper operating procedures for the equipment and safety precautions;
b. Significance of the various radiation warning, safety devices, and interlocks incorporated

into the equipment, or the reasons they have not been installed on certain pieces of
equipment and the extra precautions required in such cases;

c. Types and amounts of radiation to which workers could be exposed;
d. Health effects of exposure to low doses of ionizing radiation and recognition of

symptoms of exposure;
e. Precautions and procedures to minimize exposure to ionizing radiation;
f. Applicable provisions of ISDH Rules and Regulations, and rules and regulations

established by BSU;
g. Responsibilities of personnel using X-ray Equipment including the need to bring

violations of ISDH and BSU Rules and Regulations to the attention of BSU EHS;
h. Response and reporting in the event of exposures to radiation and other emergencies;
i. Rights of workers to have access to radiation exposure records.
j. Correct procedures for safe and effective operation of the analytical X-ray equipment.

Operators and users of incidental x-ray devices (TEMs, SEMs, etc.) must receive training on the
following topics:

a. The normal operating procedures for the equipment and safety precautions;
b. The location of the applicable device operating manual and instructions;
c. That x-ray exposure may occur through improper operation, maintenance, or repair of the

device and its appurtenances; and,
d. The general hazards of x-ray exposure.

Documentation of the training of all users of the x-ray equipment—whether for intentional or
incidental devices--must be maintained by the registrant and department.
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Section 4.0 - Personnel Dosimetry

In instances which operators may be partially or completely within the regulated area during
operation or maintenance of X-ray equipment (i.e., no shielding between equipment and operator),
exposure monitoring may be required. Determination of the need for exposure monitoring will be
made by the Radiation Safety Officer at the time of the initial registration, during consultation for
changes to device or safety equipment configuration, or during periodic audits. Personnel
monitoring shall be performed under the following circumstances:

a. Finger or wrist dosimetric devices shall be provided to and used by analytical x-ray
equipment workers using systems having an open-beam configuration and not equipped
with a safety device; and,

b. Personnel maintaining analytical x-ray equipment if the maintenance procedures require
the presence of a primary x-ray beam when any local component in the analytical x-ray
system is disassembled or removed.

4.1 TLD Badges

TLD badges are used at BSU to monitor personnel for exposure of the body to penetrating
ionizing radiation such as gamma and X-rays, and exposure of the skin to less penetrating
radiation such as beta particles. For most individuals, results of the TLD badge readings are also
used as estimates for the exposure of the lens of the eye. TLD badges may be required for
operators of some analytical X-ray equipment at BSU depending on the characteristics and safety
features of the equipment, installation, and operation. They are not normally required for cabinet
type equipment with adequate safety features. Monitoring is also not required for the operation of
incidental x-ray devices such as electron microscopes.

TLD badges must be worn on the trunk of the body at or above the waist.

4.2 Extremity Dosimetry

Ring dosimetry devices are used at BSU to monitor for radiation exposure to the hands are issued
to personnel using analytical X-ray equipment with open beam configurations such as X-ray
Fluorescence (XRF) handheld devices. Ring badges must be worn with the sensitive portion of the
ring facing the source.
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Wear the ring dosimeter on the finger closest to the radiation
Source with the name label rotated toward the source.

a. A dosimeter is only to be worn by the individual to whom it is assigned;
b. Ring dosimeters may be worn beneath gloves;
c. Always wear dosimeter(s) while working with radiation sources;
d. Store the dosimeter(s) in a designated work site area away from radiation sources and

excessive heat and/or moisture (office or reception area)
e. Do not take dosimeter home or wear it during non-job or research related radiation

exposures such as medical or dental X-ray examinations;
f. Do not intentionally expose the dosimeter to a radiation source, or damage it in any way;
g. It is the responsibility of the wearer to change his or her dosimeter during the designated

quarterly change period.
h. If a dosimeter is lost or damaged (broken clip or strap, lost filter, etc.), call the RSO

immediately so a replacement may be arranged.
i. Quarterly radiation dosimetry reports are sent by the RSO to each monitored group. It is

the responsibility of the registrant to review these reports with the monitored staff.
j. If an individual is going to leave your facility or laboratory and they were being

monitored have them complete and sign the Radiation Dosimeter Termination Record
Form (attached). Keep their dosimeter and submit with others at the end of the quarter.

k. The “Control” dosimeter is to measure background radiation and should be stored with
the assigned dosimeters when they are not being worn and away from ionizing radiation
producing machines and materials.

4.3 Dosimeter Exchange

TLD badges and rings are exchanged on a quarterly basis. BSU EHS personnel hand deliver new
or replacement badges and rings to department offices during the last few days of each quarter.
Used dosimetry devices must be picked up by, or hand delivered to BSU EHS. Dosimetry devices
should be returned to BSU EHS during the first 5 working days of each new quarter. Campus mail
must not be used. This policy has been established to avoid exposure of TLDs and rings to sources
of radiation, heat, and humidity during transit and maintain the chain of custody.

4.4 Lost or Damaged Dosimeters

Rarely, dosimetry devices may be lost or damaged. This should be reported to the RSO
immediately so that replacement dosimeters can be arranged.

4.5 Regulatory Dose Limits

4.5.1 Limits for Radiation Workers

ISDH has imposed limits on the dose of ionizing radiation which may be received by individuals
working with sources of ionizing radiation. These limits are shown in Table 4-1.
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Table 4-1 Regulatory Dose Limits

Quarterly Limit, which is the more limiting of:

a. Whole body; head and trunk; active blood-forming organs;
lens of eyes; or gonads

b. Hands and forearms; feet and ankles

b. Skin of whole body

1.25 rem (0.0125 Sv)

18.75 rem (0.1875 Sv)

7.5 rem (0.075 Sv)

1/ For determining the doses specified in 410 IAC 5-4-2 a dose from x or gamma rays up to 10
MeV may be assumed to be equivalent to the exposure measured by a properly calibrated
appropriate instrument in air at or near the body surface in the region of the highest dose rate.

(b) A licensee or registrant may permit an individual in a restricted area to receive a total
occupational dose to the whole body greater than that permitted under 410 IAC 5-4-2(a), provided:

(1) During any calendar quarter, the total occupational dose to the whole body from sources of
radiation in the licensee's or registrant's possession shall not exceed 3 rems;
(2) The dose to the whole body, when added to the accumulated occupational dose to the
whole body, shall not exceed 5(N-18) rems where "N" equals the individual's age in years at
his last birthday; and
(3) The licensee or registrant has determined the individual's accumulated occupational dose to
the whole body on Board form "Y" or on a clear and legible record containing all the
information required in that form and has otherwise complied with the requirements of 410
IAC 5-4-3. As used in 410 IAC 5-4-2(b), "dose to the whole body" shall be deemed to include
any dose to the whole body, gonads, active blood-forming organs, head and trunk, or lens of
eye

4.5.2 Limits to the Embryo-Fetus of Declared Pregnant Workers

Occupationally Exposed Pregnant Women

To assure compliance with Nuclear Regulatory Commission (NRC) and State of
Indiana regulations pertaining to declared pregnant radiation workers, the following
procedure should be followed:

At the time of employment and on an annual basis thereafter, all personnel who work
with sources of ionizing radiation will be informed of the requirements of the NRC
relative to the control of radiation exposure received by declared pregnant women (see
NRC Regulatory Guide 8.13). The supervisor (permit holder, registrant or designate)
will be responsible for conducting this training which should include an explanation of
the category of "declared" pregnant radiation worker. In the event that a worker
declares pregnancy (in writing to her supervisor), the supervisor or his/her designate
shall contact the Radiation Safety Officer (RSO) to arrange for the completion of
specific training.

In addition to other recipients, declaration of pregnancy should be sent to the Radiation
Safety Officer and include the estimated date of conception. Individuals concerned
about radiation and pregnancy should feel free to speak to the Radiation Safety Officer.
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4.5.3. Limits for Members of the Public (unrestricted areas)

It is the intent of 410 IAC 5-4-6 to limit radiation levels so that it is unlikely that individuals in
unrestricted areas would receive a dose to the whole body in excess of 0.5 rem total effective dose
equivalent per year. This limit applies to all individuals who are not trained to work with sources
of ionizing radiation. At BSU this includes most faculty, staff , and students.

4.6 ALARA

In view of uncertainties that exist concerning the health effects of exposure to low doses of
Radiation (see Appendix B), it is prudent to keep doses to personnel "as low as is reasonably
achievable" (ALARA). Each user of radiation sources at BSU has the responsibility to incorporate
shielding, protective devices, or work controls, and to take any other steps required to keep doses
ALARA.

4.7 Investigation Levels

In order to maintain ALARA levels of exposure, investigational levels have been established at
BSU. These dose levels are shown in Table 4-2.

Personnel exposures equal to or greater than investigational Level I, are reviewed by the RSO,
who reports the results to the NRC RSO or the RSC at their next regularly scheduled meeting. The
findings may require corrective actions on the part of the RSO or registrant.

Personnel exposures equal to or exceeding Investigational Level II are investigated in a timely
manner by the RSO who takes immediate action if warranted. A report of the investigation,
actions taken, and a copy of the individual's radiation dosimetry history is included in that
individuals records, and a report with personal data redacted may be presented to the RSC at their
next scheduled meeting following completion of the investigation. The RSC may impose
restrictions on future use as warranted.

Investigational limits exceeding those listed in Table 4-2 may be established by the RSO for a
worker or group of workers when the higher investigational levels are consistent with good
ALARA practice for the work being conducted by the individual or group.

Table 4-2 Investigational Dose Levels

Limit Level (rem/quarter)

Level I Level II

a. Whole body; head and trunk; active blood-forming
organs; lens of eyes; or gonads

0.06 0.2

b. Hands and forearms; feet and ankles 0.94 3.0

b. Skin of whole body
0.376 1.2

4.8 Reports to Workers on Radiation Dosimetry

BSU EHS maintains records on results of radiation dosimetry for personnel enrolled in the BSU
dosimetry program. Individual records are available for review by these personnel.
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4.8.1 Review of Records in EHS

Personnel issued dosimeter devices are welcome to review dosimetry results on file with BSU
EHS. This review should be arranged with the RSO. Personnel must present positive identification
before gaining access to dosimetry results since these records are covered by state and federal
privacy laws.

4.8.2 Annual Dosimetry Report

During the spring of each year, a report on dosimetry results for the previous calendar year is sent
to each individual issued dosimeters at BSU. A summary of dosimetry results with personal
information redacted is also sent to the registrant responsible for supervising the work requiring
dosimetry.

4.8.3 Notification of Results Exceeding Investigation Limits

Personnel are notified quickly of results which exceed Investigation Levels listed in Table 4-2.
Personnel are not notified quarterly of routine dosimetry results which do not exceed the
Investigation Levels.

4.9 Radiation Dosimetry Units

The following paragraphs explain the dosimetry units used in this chapter.

4.9.1 Absorbed Dose

The amount of energy absorbed by irradiated tissue is an important variable in the assessment of
radiation risk and damage. The absorbed dose is defined as the energy absorbed per unit mass of
tissue. The traditional unit for absorbed dose is the rad.

1 rad = 100 erg / gram

The rad is being replaced by a new unit based on the International System of Units (SI). The new
unit is the Gray.

1 Gray = 1 joule / kg

Spending a little time with the units will reveal that

1 Gray = 100 rad

4.9.2 Dose Equivalent

Alpha, beta, gamma/x-radiation, and neutrons differ in the damage produced for a given absorbed
dose. Special units of dose equivalent are used to adjust the absorbed dose for this difference. The
traditional unit of dose equivalent is the rem.

1 rem = 1 rad x Q

Q is called the quality factor and is assigned to radiation based on the relative risk for a given
dose. Currently, a quality factor of 1 is used for photons, electrons, and positrons. A quality factor
of from 2.3 to 10 is used for neutrons, depending on their energy, and a quality factor of 20 is used
for alpha particles. The SI unit for dose equivalent is the Sievert.
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1 Sievert = 1 Gray x Q

RADIATION TYPE Q

x and gamma rays 1

beta particles 1

alpha particles 20

neutrons 2.3 to 10

Table 4-3 Radiation Quality Factors

4.9.3 Exposure

The energy absorbed by irradiated tissue is rarely measured directly. Most radiation detection
instrumentation used in radiation protection measures the number of ion pairs produced in a
volume of gas. The traditional unit used to measure ionization in air is the roentgen:

1 Roentgen = 2.58 x 104 coulombs / kg air

The roentgen is defined only for X-rays and gamma rays. It is not used for beta, alpha, or neutron
radiation.

Exposure of 1 roentgen of radiation results in an absorbed dose to tissue of 0.97 rad. For purposes
of radiation protection and dosimetry, it is usually assumed that the roentgen, rad, and rem are
numerically equivalent for gamma rays and X-rays.

4.9.4 Effective Dose Equivalent

The various organs and tissues in the body differ in their sensitivity to radiation. The bone marrow
and other blood forming tissues of the body are much more sensitive to radiation than the skin. In
order to quantify the risk from radiation exposure when the body is not irradiated uniformly
(different doses are delivered to different organs or tissues) a unit called the effective dose
equivalent has been developed. The effective dose equivalent is given the symbol H and is defined
as:

Where DI is the dose equivalent received by the ith tissue or organ, and WI is a weighting factor
which is assigned to the ith tissue or organ depending on its sensitivity to radiation. Weighting
factors currently in use are listed in the accompanying table. The units of the effective dose
equivalent are the rem and the Sievert depending on which is used for the individual tissue or
organ dose equivalent.

Table 4-4 Effective Dose Equivalent Weighting Factors

TISSUE WEIGHTING FACTOR

Gonads 0.25

Breast 0.15
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Red Bone Marrow 0.12

Lung 0.12

Thyroid 0.03

Bone Surfaces 0.03

Remainder 0.30

Whole Body 1.00

The 0.30 for remainder results from 0.06 for each of 5
remaining organs, excluding the skin and the lens of the
eye, that receive the highest doses.

4.9.5 Committed Effective Dose Equivalent

When radioactive materials are inhaled, ingested, or otherwise internalized, they may be retained
in some tissues for a long period of time. In some cases a fraction of the material may remain in
the body for years. The committed effective dose equivalent is the effective dose equivalent that
will be received from an intake of radioactive material by an individual during the 50 year period
following the intake.

4.9.6 Deep Dose Equivalent

The deep dose equivalent is the dose equivalent at a tissue depth of 1 cm.

4.9.7 Shallow Dose Equivalent

The shallow dose equivalent is the dose equivalent at a tissue depth of 0.0007 cm averaged over an
area of 1 square centimeter.

4.9.8 Eye Dose Equivalent

The eye dose equivalent is the dose equivalent to the lens of the eye.

4.9.9 Total Effective Dose Equivalent

The total effective dose equivalent is the sum of the committed effective dose equivalent for all
intakes of radioactive material and the deep dose equivalent to the whole body resulting from
exposure to external sources of radiation.
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Section 5.0 - Radiation Control Measures for Analytical X-ray Equipment

5.1 Administrative Requirements for Use of Analytical X-ray Equipment

5.1.1. Registration

Analytical X-ray equipment at BSU must be registered to a single member of the faculty,
academic professional, or staff who bears responsibility for safe use of the equipment by all other
individuals (Refer to Section 3.0).

5.1.2. Notification of Receipt of Equipment

BSU EHS must be notified within 30 working days of the receipt of analytical X-ray equipment or
reconfiguration of existing equipment (Refer to Section 3.0).

5.1.3. Radiation Surveys of Equipment

After initial installation, upon completion of alterations or maintenance, or as otherwise listed in
Section 1.4, BSU EHS may conduct a survey for radiation leakage before the unit may be placed
in service. Surveys may be scheduled by contacting the RSO, or BSU EHS.

5.1.4. Maintenance

Only maintenance personnel with adequate training to perform the task may install, repair, or
make other than routine changes to the X-ray generating apparatus and the tube housing apparatus.

5.1.5 Testing of Safety Devices

Safety interlocks and other safety devices will be tested semi-annually by registrants. Records of
these tests should be kept with the equipment by the registrant for review by the BSU EHS or
ISDH personnel.

5.1.6. Emergency Procedures

Written emergency procedures pertaining to radiation safety shall be established for each X-ray
producing apparatus. Emergency Procedures must be approved by the Radiation Safety Officer
and covered in the required training or posted in a conspicuous location. These procedures shall
list the telephone number(s) of the Radiation Safety Officer, the telephone number of the
responsible registrant for that equipment, and at a minimum include the following actions to be
taken in case of a known, or suspected accident involving radiation exposure:

a. Notify the Radiation Safety Officer, and
b. Arrange for medical examination.

In the event of a known or suspected accidental exposure exceeding established exposure limits, operators

must immediately follow the posted emergency procedures. If medical attention or treatment is required,

arrangements for medical intervention shall be made first. Notifications to the Radiation Safety Officer and

Registrant may be made once the medical needs of the exposed party are met.

5.1.7. Unattended Use of Equipment

Analytical X-ray equipment must not be left unattended while energized unless:
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a. An interlock device is provided to prevent accidental entry into the primary beam, and
b. The stray radiation at any accessible point at a distance of 10 inches from the tube

housing containment, as measured with monitoring instrument appropriate for the energy
range generated, is no greater than 2mR per hour.

5.2 Equipment Requirements

5.2.1. Labeling

All analytical X-ray equipment must be labeled with a readily discernible sign or signs bearing the
radiation symbol and the words:

a. "CAUTION - HIGH INTENSITY X-RAY BEAM", or words having a similar intent,
on the X-ray source housing; and

b. "CAUTION - RADIATION - THIS EQUIPMENT PRODUCES RADIATION
WHEN ENERGIZED", or words having similar intent, near any switch that energizes
an X-ray tube.

5.2.2. Visual Indicators

a. The primary on-off switch for each tube must include a visual indication of the tube
status, in the form of a warning light on the control console and a warning light on the
tube housing, wired so that the X-ray tube cannot be energized if the warning light fails.
Such lights must operate at all times when the tube is energized and must light at no other
times.

b. A shutter status (open or closed) indication must be provided in the area adjacent to the
tube head so that the position of the shutter is readily discernible.

5.2.3. Interlocks

a. An interlock device which prevents entry of limbs, fingers, hands, wrists, etc., into the
primary beam or causes the primary beam to be shut off, must be utilized, unless
otherwise approved by the Radiation Safety Officer.

b. In the event that an interlock is activated, it must not be possible to resume operation
without resetting the beam "ON" switch at the control panel.

5.2.4. Beam Shutters

On open-beam configurations, each port on the radiation source housing must be equipped with a
shutter that cannot be opened unless a collimator or a coupling has been connected to the port.

5.3. Facility Requirements

5.3.1. Dedicated Work Space

a. X-ray diffraction and spectrographic equipment must be operated in a dedicated work
space/room separate from other work areas, unless otherwise approved by the Radiation
Safety Officer or BSU EHS.

b. Access to rooms containing analytical X-ray equipment must be secured, or the unit itself
must be secured to prevent unauthorized use of equipment.

c. All X-ray Equipment installations must display warning signs on the outside of each
entrance to the room. Warning signs may be requested by contacting BSU EHS. These
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must display the radiation symbol and the words, CAUTION-X-RAY EQUIPMENT, or
words having a similar intent.

5.4. Radiation Limits

5.4.1. General

The local components of an analytical X-ray system must be located and arranged, and must
include sufficient shielding or access control such that no radiation levels in excess of 80 mR per
hour will exist in areas accessible to the fingers, hands, or forearms, or in excess of 5 mR per hour
will exist in areas accessible to the whole body, lens of the eyes, blood forming organs, or gonads.
When analytical X-ray equipment is placed in a room utilized by personnel other than operators of
the X-ray producing equipment, the limits for these radiation levels will be reduced by a factor of
twenty.

5.4.2. Other Radiation Limits

a. Each X-ray tube housing must be so constructed that with all shutters closed the leakage
radiation measured at a distance of 5 cm from its surface is not capable of producing a
dose in excess of 2.5 mrem in one hour at any specified tube rating.

b. Each X-ray generating device must be supplied with a protective cabinet which limits
leakage radiation measured at a distance of 5 cm from its surface such that it is not
capable of producing a dose in excess of 0.25 mrem in one hour.

c. Any apparatus utilized in beam alignment procedures must be designed in such a way
that excessive radiation will not strike the operator. Particular attention should be given to
viewing devices, in order to ascertain that lenses and other transparent components
attenuate the beam to an acceptable level.

5.5 Requirements of Users

5.5.1. Training and Other Responsibilities

No individual will be permitted to act as an operator of a particular instrument prior to completing
an acceptable amount of training in the correct use of specific equipment and in radiation safety
(refer to Section 3.0). Operators are responsible for:

a. Keeping radiation exposure to themselves and others as low as is practical.
b. Being familiar with safety procedures as they apply to each instrument.
c. Wearing of personnel monitoring devices, if required.
d. Notifying the Radiation Safety Officer of known or suspected excessive radiation

exposures.

5.5.2. Bypassing or Altering Interlocks and Safety Devices

If it becomes necessary to temporarily intentionally alter safety devices, such as bypassing
interlocks or removing a shield, such action shall be:

a. Specified in writing and posted near the X-ray tube housing so that other persons will
know the existing status of the machine.

b. Approved by EHS or the Radiation Safety Officer prior to proceeding.
c. Terminated as soon as possible.
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5.5.3. Other

a. Personnel must not expose any part of their body to the primary beam.
b. Unused tube head ports must be secured in the closed position. These must be checked

prior use when the machine has been left unattended.
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Section 6.0 – Emergency Procedures for Analytical X-ray Equipment

Over half of accidents with analytical x-ray machines resulting in excess exposure are caused by human error
including haste, overriding safety features, obscuring safety indicators, lack of training, ignoring equipment faults,
poor lighting, space restrictions or room conditions. Contributing factors include multiple users, lack of safety
procedures enforcement, poor attitude, multiple applications on the same machine, or multiple machines in close
proximity.

6.1 Accident Detection

a. X-rays are invisible – no sight, sound, or taste;
b. X-rays do not generate heat in tissue – no touch or burn sensation
c. A 400 rad exposure will raise the skin temperature by only 0.001C
d. X-rays do not produce detectable amounts of O3, NO, etc. – no smell

Accidental exposure detection is normally through personal dosimetry results, biological/health effects, or
survey instrument readings.

6.2 Accident Response

If conditions are observed (equipment malfunction, etc.) that may result in X-ray exposure to operators or
others, the following actions should be taken:

a. Activate the equipment kill switch and throw the circuit breaker serving the device;
b. Stop any action that would put you at risk of radiation exposure;
c. Leave the experiment or examination as is;
d. Contact your supervisor, lab manager, principal investigator, or x-ray equipment registrant, and

then the RSO (EHS Office) at once at 5-2807, through Work Control at 5-5081, or through the
Police Department at 5-1111 or 911;

e. Return all dosimetry badges or rings (if any) to the RSO at once for processing;
f. Make a note in the machine log, describe the accident in detail;
g. Seal off or secure the instrument and stop any action until a reasonable explanation for the

exposure is agreed upon;
h. Post warning signs and/or notify all personnel who may come in contact with the instrument;
i. Undertake a time and motion study. (EHS will also survey) – using any machine logs, computer

time stamps, agendas, notebooks, SOPs, and any other clues to where and when you could have
been exposed;

j. Complete a physical examination – report to the BSU Health Clinic for examination; or, if not
available, the Occupational Health Clinic, or IU Ball Memorial Hospital;

k. Provide a written description of the incident to the ORS (as soon as possible after the machine is
secured and the exposed individual(s) have been examined; and,

l. Contact the equipment manufacturer or vendor for examination and repair of the analytical x-ray
instrument or affected system.

Emergency Phone Numbers:

Ball State University Emergency: 911 or 5-1111
BSU Environmental Health and Safety: 5-2807
BSU Work Control 5-5081
Indiana State Health Department 317-351-7190
ISDH (after hours – say: Radiation Emergency”) 317-233-1325
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APPENDIX A: N.R.C Instruction Concerning Prenatal
Radiation Exposure
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APPENDIX B: NRC Instruction Concerning Risks from
Occupational Radiation Exposure
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APPENDIX C: Radiation Dosimetry Record
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APPENDIX D: Radiation Dosimetry Termination Request
Form
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Environmental Health
and Safety Office

RADIATION DOSIMETRY
TERMINATION
REQUEST FORM

Individual requesting dosimetry termination: _______________________________________

Type(s) of dosimeter currently worn: Body badge Ring Wrist Collar badge

Is individual leaving Ball State University: Yes No

If yes, the following information is required to enable the EHS Office to send the final radiation dose

history report to them.

Forwarding address of the above named individual.

Institution or Company: ________________________________________

Address: ________________________________________

Address: ________________________________________

City: ________________________________________

State: ___________ Zip Code: ___________________

ATTN (if applicable): ________________________________________

If no, will the individual be working with radiation at another location within the University:

Yes No

If yes, please give forwarding (new) BSU department:__________________________________

Phone number:___________________

Send this request to: Tom Russell, Chemical Hygiene Officer/X-ray Radiation Safety Officer, at:

Environmental Health and Safety Office

North Service Building, Room 112

Ball State University

3401 North Tillotson Avenue

Muncie IN 47303

Phone: 765-285-2807, or tlrussell@bsu.edu

The individual’s dosimeter will be retrieved by the EHS Office if necessary, or sent directly for analysis

and reporting by the department as scheduled.


