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® Monitoring is used to ensure
occupational radiation exposure
levels are kept well below the EfD
limit (annual effective dose)

*Technologist should be aware of
the various radiation exposure
monitoring devices and their
functions




N 4

REQUIREMENTS FOR PERSONNEL

® Personnel dosimetry monitors the equivalent dose to any person ~
occupationally exposed on a regular basis to ionizing radiation

® Required when there is a likelihood that an individual will receive
more than one- quarter (~12.5 mSy) the recommended annual
dose of 50 mSv

® To keep with ALARA (As Low As Reasonably Achievable) concept,
most facilities issue devices when personnel might receive 1% of
that dose
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PURPOSE OF PERSONNEL DOSIMETERS

CAUT'ON ® Provides indication of working

habits and conditions of

' imaging personnel

'.’ ® Provides occupational exposure
FILM BADGE

Aﬁ%ﬂngsgn ® Measures the quantity of
PERSONNEL ionizing radiation exposure

~ONLY

Siowsioncen -

=¥ °* NOT a method of protection




PLACEMENT o/

During diagnostic radiology, the badge should
be worn at collar level facing forward on th

)

anterior side of the individual

Consistency of wearing in proper location is
responsibility of the technologist/student

When wearing a lead apron, the badge
should be worn at collar level on the outside
of the apron

Second monitor with apron (high level studies)

® Inside apron at waist level

Embryo-fetus monitor

® Inside apron at waist level

Extremity dosimeter

® When hands are required to be in the

primary beam

N

® Used in calculating monthly occupational doses

CONTROL BADGES

® Badge is kept in a distant, radiation-free area and the
reading (which consists of background radiation) is
subtracted from your total reading to give you your monthly
occupational dose
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ALARA INVESTIGATIONS

® ALARA | (calendar quarter)
® 125 mrem deep dose
® 1250 mrem shallow dose
® 375 mrem lens of the eye
® 1250 mrem to the limbs
® Involves advisement from the RSO

* ALARA Il (calendar quarter)
® 375 mrem deep dose
¢ 3750 mrem shallow dose
® 1125 mrem lens of the eye
¢ 3750 mrem to the limbs

®* Member of the RSO staff will investigate reasons for high levels

https://www.plmedical.com/index.php /faqs/
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MONITOR CHARACTERISTICS

Lightweight and easy to carry
Durable materials to tolerate daily use
Reliably detect exposures from small to large

Not effected by outside influences
®* Weather
® Humidity
® Mechanical shock

Inexpensive to purchase

Easy to maintain

@ Global Dosimetry
Solutions
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TYPES OF PERSONNEL MONITORING

® Film Badge

* OSL

* TLD

® Pocket lonization Chamber

® Digital lonization Dosimeter

N

FILM BADGE

®* Not used as often

® Records whole body radiation at low
rate over a long period of time

® Uses dental film

® Filters low energy x-ray, gamma and
beta

® Has aluminum and copper filters that
allow conversion to tfissue dose

FIGURE 5-4 Disassembled film badge, demonstrating
badge components: plastic holder, metal filters, and film
packet.

Radiation Protection in Medical Radiography, 6™ Ed.
Statkiewicz Sherer
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FILM BADGE ADVANTAGES

Cost efficient

* A few dollars a month
Provides permanent, legal record

Detects different types of radiation and can
discriminate between types

Measures as low as 0.1mGy

® Doses below that are recorded as minimal
Durable if dropped

Can determine if exposure is from scatter or

primary radiation

FILM BADGE DISADVANTAGES

® Accuracy is limited to +/- 20%

® Temps and humidity can cause

inaccurate readings by fogging

®* Not recommended to be used more
than 1 month

®* Not reusable

® Reading can take a longer time
because badge has be sent out to

be read
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TLD- THERMOLUMINESCENT DOSIMETER
[

® Light free device with crystalline form of lithium fluoride that
functions as the sensing material

® Energy stored by trapping electrons in crystal lattice

® Crystals are heated and the stored energy is released in form
of visible light which is measured by a photomultiplier tube.
The light emitted is directly proportional to exposure

TLD ADVANTAGES

® Not effected by humidity or normal temperature

changes

® Measures as low as 0.05 mGy

® Exposures below that are recorded as minimal
® Can be worn for 3 months

® Crystals can be reused after reading which can be

cost efficient
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TLD DISADVANTAGES

® High initial cost and cost of equipment to do reading

® Readings can be lost is not carefully recorded because once

energy is released from crystals it cannot be reread

® Records only exposure to area in which it is worn

N 4

OPTICALLY STIMU NESCENT DOSIMETER

® Best features of film nd TLD
® Detector is aluminum oxide
® Electrons are trapped in the badge. Read out is
done when dosimeter is struck by laser light.
® Releases energy in a form of a light.
® Luminescent is proportional to the amount of
exposure received
® Exposures below 0.01 mGy are recorded as
minimal

®* Newer development is a reader called the
microStar which reads a special OSL dot called a
nanoDot
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OPTICALLY STIMULATE INESCENT DOSIMETER

®* Most common type of device used to monitor occupational

exposure

® Best features of film badge and TLD

* Contains aluminum oxide layer e FovclorFim

® Contains 3 filters:
> aluminum (least absorption, shallow)

> tin (eye)

> copper (most absorption, deep)

\3 OSL ADVANTAGES

® Lightweight, durable and easy to carry & wear

* Self-contained preloaded packet
® Not affected by heat, moisture or pressure

®* Has extended wear up to one year, but recommended for

a 2 month period
* Offers complete reanalysis

® Reasonably inexpensive to purchase and maintain
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OSL DISADVANTAGES

® Only records exposure to area where it's worn

® Sent out to be read, so some time elapses before you
receive your reading

® Unless you have a nanoDot version of the OSL

POCKET IONIZATION CHAMBER

Also known as a pocket dosimeter

Most sensitive

Uncommon to use in diagnostic radiology

Resembles a fountain pen

Contains 2 electrodes, one positive, one negative charged

There is a:
* self reading (contains an electrometer to provide reading)
® non-self reading type (requires an accessory electrometer)

10
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POCKET IONIZATION CHAMBER
ADVANTAGES

® Provides immediate readout
* Compact, easy to carry

® Convenient

Radiation Protection in Medical

Radiography, 6™ Ed. Statkiewicz

Sherer

N

POCKET IONIZATION CHAMBER
DISADVANTAGES

® Fairly expensive

® $150 per unit
® Inaccurate if not read daily

® Can be discharged by a

mechanical shock

®* No permanent legal record

11



N DIRECT ION STORAGE DOSIMETER 4
(DIS)

® Fairly new device

® Provides immediate radiation exposure

but can also do long term

® Contains ionization chamber that

produces and stores electrical charge

® Connects to a computer to provide a

readout
Radiation Protection in Medical Radiography,

o 9™ Ed. Statkiewicz Sherer
® Activates the vendor’s software for

reading

N 4

DIRECT ION STORAGE DOSIMETER
ADVANTAGES

® Lightweight
® Instant reports
® Doesn’t have to be mailed in

® Isn’t easily affected by being dropped or bumped

12



DIRECT ION STORAGE DOSIMETER

DISADVANTAGES

* Not effective if not worn properly
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Occupational radiation monitor does NOT
‘protect against radiation exposure!

N 4

RECORDS OF PERSONNEL MONITORING [

® Purpose is to keep an ongoing tally of employee occupational
exposures

® Results must be recorded and maintained to meet state and
federal regulations

® Records must be kept permanently by facilities

¢ Should retrieve records from previous employers and present
them to new employer

14
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REQUIREMENTS OF PERSONNEL
MONITORING

® Timeframes
® Period of time wearing (monthly for RH)
* Quarterly
® Yearly
® Lifetime
® Doses
® Deep dose equivalent- DDE
® Tcm depth in soft tissue
® Absorbed dose
*® Shallow dose equivalent- SDE
® 0.007cm depth in soft tissue
® Dose to external skin
® Eye or Lens dose equivalent- EDE or LDE
® 0.3cm depth in the eye
® Exposure to the lens
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Badge reading / EDE - mRem

2011 readings

*
*
*

250
Badged staff at TRHMC

Lens of eye dose limit is 15 rem (15,000 mrem)

INTERNAL DOSES

17
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COMMITTED DOSE EQUIVALENT

* CDE

® Total dose received over a period of time, usually during
a 50 year period from an inhaled or ingested radioactive
material

® Examples; radon, contaminated food, absorption through the skin, or injected
radioisotopes

® Specific to a single organ or tissue

¢ 500 mSv annual dose limit to single organs

From NCRP 160

4

N

COMMITTED EFFECTIVE DOSE
EQUIVALENT

* CEDE

® Applies to long term radiation of individual organs
or tissue resulting from inhalation or ingestion of
long-lived radioactive material (long decay life)

® Sum of all organs (CDE) x weighting factor for
importance (tissue weighting factors)

® Delivered slowly over long period of time from an
inhaled or ingested material

18



TOTAL EFFECTIVE DOSE EQUIVALENT

* TEDE
® Defined by the NRC

® Sum of the deep dose equivalent for external
radiation and the committed dose equivalent
for internal radiation
* DDE + CDE = TEDE
® Annual dose limit is 50 mSv (whole body) to
limit the risk cancer, genetic effects, cataracts,

skin damage, sterility.....

I

RADIATION SURVEYS INSTRUMENTS

® Detects and measures

radiation

® Detects the presence or

absence of radiation

4

r,
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SURVEY INSTRUMENTS REQUIREMENTS

® Easy to carry and operated by one person

® Durable enough to withstand normal use

® Reliable

¢ Should interact with radiation similar to human tissue
¢ Should be able to detect all types of radiation

® Energy of the radiation should not affect the detector

® Should be cost effective

1 GAS FILLED RADIATION SURVEY
INSTRUMENTS

® lonization chamber “cutie pie”
® Proportional counter

® Geiger Muller (G-M) detector

20
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IONIZATION CHAMBER-TYPE SURVEY METER
“CUTIE PIE”

® Rate (measures the rate of exposure) and

survey meter

® Used to measure radiation in an area such as
a fluoro room, radioisotope storage areas, or

patients with radioactive sources

® Can be used to measure doses traveling

through barriers

N

“CUTIE PIE”

FIGURE 5-11 lonization chamber-type survey meter, or
“cutie pie.”

¢ Advantages

Radiation Protection in Medical Radiography, 6™ Ed.
Statkiewicz Sherer

®* Measures a wide range of exposures in a few seconds

® Can be used to calibrate x-ray equipment

¢ Disadvantages
® Without adequate warm up, could cause inaccurate readings
® Large size
® Delicate construction

® Not good with short exposure times

21
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PROPORTIONAL COUNTER

* No useful purpose in diagnostic radiology

® Used in laboratories to detect alpha and beta
radiation

® Detects small amounts of other types of contamination

N

GEIGER-MULLER (G-M) DETECTOR

¢ Used mainly in Nuclear Medicine

=

h'l .‘4
® Easily detects areas of contamination and has 7

an audio signal

*® Signal increases as radiation is more intense
(similar to how a metal detector responds to
metal)

® Reads in counts per minute

FIGURE 512 Geiger-Miiller (GM) Detector.

Radiation Protection in Medical
Radiography, 6™ Ed. Statkiewicz Sherer
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SAFETY FEATURES IN EQUIPMENT

® On and off switches

* Power equipment down

® Interlocks

® Detents

® Visual- audio monitors

® Timer and audible signal

® Emergency controls

® Breakers, stop buttons

\> CALIBRATION INSTRUMENTS /

® lonization chambers used in the rate mode can be used to calibrate
equipment when used with an electrometer (

® Used by medical physicist for standard measurements required by
state, federal, and accreditation organizations for x-ray and
fluoro units. Examples:

¢ X-ray output

® Reproducibility and linearity of output
® Timer accuracy

® Half value layer

® Beam quality

® Entrance exposures for fluoro

® With a calibrated parallel plate chamber it could
check mammo equipment

®* Examples:
® Collimation accuracy- 2%
® SID indication- 2%
® PBL- 2%
® Variation in exposure- 5%
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EQUIPMENT SURVEYS

® Surveys must be done by RSO and in writing

* Keep permanently and indicate if a resurvey is
necessary and if so when

*® Safety surveys are done in conjunction with
preventative maintenance

® Performance surveys are done annually

N

EQUIPMENT SURVEYS EXAMPLES

® Timer accuracy

® Exposure reproducibility
® kVp test

® Linearity of mAs

® Tube stability

® Beam limiting device

® Timer

® Primary barrier

* kVp and mAs indication
® High levels control

® Exposure rate limits

4
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REVIEW QUESTIONS

WHICH DOSE ON THE BADGE REPORT IS
CONSIDERED THE ABSORBED DOSE?

25% 25% 25% 25%
1.| Deep dose m

2. Shallow dose
3. Eye dose

4. Lens dose

4

25



1 WHAT TYPE OF PERSONNEL

MONITORING DEVICE DO WE
UTILIZE DAILY AT RH¢

. TLD 25% E%a 25% 25%

2. (03]

3. Film badge

4. Pocket dosimeter

WHERE CAN YOU LOCATE YOUR DEEP,
SHALLOW AND EYE DOSE LEVELS?

25%  25% 25% 25%

1. Compliance report

2. Quality assurance report

3.| Yearly evaluation

4. Personnel monitoring report

4

4
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WHICH SURVEY INSTRUMENT IS USED TO 4
LOCATE RADIOACTIVE MATERIALS IN NM? :

1\) <

1. TLD
2. (cutie pie |
3. GM counter

4. Proportional counter

1\} 7

WHICH OF THE FOLLOWING TIMEFRAMES IS [
NOT INCLUDED ON THE DOSE REPORT? !'

1. (Daily ]

2. Monthly
3. Quarterly
4. Yearly

27



1 WHICH PERSONNEL MONITORING DEVICE
PROVIDES AN IMMEDIATE READOUT?

. OSL
D 25% 25% 25% 25%
. |Film badge

. Pocket dosimeter

I

WHAT IS THE SENSING MATERIAL IN A TLD?

1. Barium sulfate
25% 25% 25% 25%

2. Calcium tungstate

3. | Lithium fluoride

4. Sodium iodide

4

r,
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Radiation Monitoring
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I

® Monitoring is used to ensure
occupational radiation exposure
levels are kept well below the EfD
limit (annual effective dose)

*Technologist should be aware of
the various radiation exposure
monitoring devices and their
functions
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REQUIREMENTS FOR PERSONNEL

® Personnel dosimetry monitors the equivalent dose to any person ~
occupationally exposed on a regular basis to ionizing radiation

® Required when there is a likelihood that an individual will receive
more than one- quarter (~12.5 mSy) the recommended annual
dose of 50 mSv

® To keep with ALARA (As Low As Reasonably Achievable) concept,
most facilities issue devices when personnel might receive 1% of
that dose
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PURPOSE OF PERSONNEL DOSIMETERS

CAUT'ON ® Provides indication of working

habits and conditions of

' imaging personnel

'.’ ® Provides occupational exposure
FILM BADGE

Aﬁ%ﬂngsgn ® Measures the quantity of
PERSONNEL ionizing radiation exposure

~ONLY

Siowsioncen -

=¥ °* NOT a method of protection




PLACEMENT o/

During diagnostic radiology, the badge should
be worn at collar level facing forward on th

)

anterior side of the individual

Consistency of wearing in proper location is
responsibility of the technologist/student

When wearing a lead apron, the badge
should be worn at collar level on the outside
of the apron

Second monitor with apron (high level studies)

® Inside apron at waist level

Embryo-fetus monitor

® Inside apron at waist level

Extremity dosimeter

® When hands are required to be in the

primary beam

N

® Used in calculating monthly occupational doses

CONTROL BADGES

® Badge is kept in a distant, radiation-free area and the
reading (which consists of background radiation) is
subtracted from your total reading to give you your monthly
occupational dose
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ALARA INVESTIGATIONS

® ALARA | (calendar quarter)
® 125 mrem deep dose
® 1250 mrem shallow dose
® 375 mrem lens of the eye
® 1250 mrem to the limbs
® Involves advisement from the RSO

* ALARA Il (calendar quarter)
® 375 mrem deep dose
¢ 3750 mrem shallow dose
® 1125 mrem lens of the eye
¢ 3750 mrem to the limbs

®* Member of the RSO staff will investigate reasons for high levels

https://www.plmedical.com/index.php /faqs/

N

MONITOR CHARACTERISTICS

Lightweight and easy to carry
Durable materials to tolerate daily use
Reliably detect exposures from small to large

Not effected by outside influences
®* Weather
® Humidity
® Mechanical shock

Inexpensive to purchase

Easy to maintain

@ Global Dosimetry
Solutions
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TYPES OF PERSONNEL MONITORING

® Film Badge

* OSL

* TLD

® Pocket lonization Chamber

® Digital lonization Dosimeter

N

FILM BADGE

®* Not used as often

® Records whole body radiation at low
rate over a long period of time

® Uses dental film

® Filters low energy x-ray, gamma and
beta

® Has aluminum and copper filters that
allow conversion to tfissue dose

FIGURE 5-4 Disassembled film badge, demonstrating
badge components: plastic holder, metal filters, and film
packet.

Radiation Protection in Medical Radiography, 6™ Ed.
Statkiewicz Sherer
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FILM BADGE ADVANTAGES

Cost efficient

* A few dollars a month
Provides permanent, legal record

Detects different types of radiation and can
discriminate between types

Measures as low as 0.1mGy

® Doses below that are recorded as minimal
Durable if dropped

Can determine if exposure is from scatter or

primary radiation

FILM BADGE DISADVANTAGES

® Accuracy is limited to +/- 20%

® Temps and humidity can cause

inaccurate readings by fogging

®* Not recommended to be used more
than 1 month

®* Not reusable

® Reading can take a longer time
because badge has be sent out to

be read
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TLD- THERMOLUMINESCENT DOSIMETER
[

® Light free device with crystalline form of lithium fluoride that
functions as the sensing material

® Energy stored by trapping electrons in crystal lattice

® Crystals are heated and the stored energy is released in form
of visible light which is measured by a photomultiplier tube.
The light emitted is directly proportional to exposure

TLD ADVANTAGES

® Not effected by humidity or normal temperature

changes

® Measures as low as 0.05 mGy

® Exposures below that are recorded as minimal
® Can be worn for 3 months

® Crystals can be reused after reading which can be

cost efficient
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TLD DISADVANTAGES

® High initial cost and cost of equipment to do reading

® Readings can be lost is not carefully recorded because once

energy is released from crystals it cannot be reread

® Records only exposure to area in which it is worn

N 4

OPTICALLY STIMU NESCENT DOSIMETER

® Best features of film nd TLD
® Detector is aluminum oxide
® Electrons are trapped in the badge. Read out is
done when dosimeter is struck by laser light.
® Releases energy in a form of a light.
® Luminescent is proportional to the amount of
exposure received
® Exposures below 0.01 mGy are recorded as
minimal

®* Newer development is a reader called the
microStar which reads a special OSL dot called a
nanoDot
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OPTICALLY STIMULATE INESCENT DOSIMETER

®* Most common type of device used to monitor occupational

exposure

® Best features of film badge and TLD

* Contains aluminum oxide layer e FovclorFim

® Contains 3 filters:
> aluminum (least absorption, shallow)

> tin (eye)

> copper (most absorption, deep)

\3 OSL ADVANTAGES

® Lightweight, durable and easy to carry & wear

* Self-contained preloaded packet
® Not affected by heat, moisture or pressure

®* Has extended wear up to one year, but recommended for

a 2 month period
* Offers complete reanalysis

® Reasonably inexpensive to purchase and maintain
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OSL DISADVANTAGES

® Only records exposure to area where it's worn

® Sent out to be read, so some time elapses before you
receive your reading

® Unless you have a nanoDot version of the OSL

POCKET IONIZATION CHAMBER

Also known as a pocket dosimeter

Most sensitive

Uncommon to use in diagnostic radiology

Resembles a fountain pen

Contains 2 electrodes, one positive, one negative charged

There is a:
* self reading (contains an electrometer to provide reading)
® non-self reading type (requires an accessory electrometer)

10
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POCKET IONIZATION CHAMBER
ADVANTAGES

® Provides immediate readout
* Compact, easy to carry

® Convenient

Radiation Protection in Medical

Radiography, 6™ Ed. Statkiewicz

Sherer

N

POCKET IONIZATION CHAMBER
DISADVANTAGES

® Fairly expensive

® $150 per unit
® Inaccurate if not read daily

® Can be discharged by a

mechanical shock

®* No permanent legal record

11



N DIRECT ION STORAGE DOSIMETER 4
(DIS)

® Fairly new device

® Provides immediate radiation exposure

but can also do long term

® Contains ionization chamber that

produces and stores electrical charge

® Connects to a computer to provide a

readout
Radiation Protection in Medical Radiography,

o 9™ Ed. Statkiewicz Sherer
® Activates the vendor’s software for

reading

N 4

DIRECT ION STORAGE DOSIMETER
ADVANTAGES

® Lightweight
® Instant reports
® Doesn’t have to be mailed in

® Isn’t easily affected by being dropped or bumped

12



DIRECT ION STORAGE DOSIMETER

DISADVANTAGES

* Not effective if not worn properly
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Occupational radiation monitor does NOT
‘protect against radiation exposure!

N 4

RECORDS OF PERSONNEL MONITORING [

® Purpose is to keep an ongoing tally of employee occupational
exposures

® Results must be recorded and maintained to meet state and
federal regulations

® Records must be kept permanently by facilities

¢ Should retrieve records from previous employers and present
them to new employer

14
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REQUIREMENTS OF PERSONNEL
MONITORING

® Timeframes
® Period of time wearing (monthly for RH)
* Quarterly
® Yearly
® Lifetime
® Doses
® Deep dose equivalent- DDE
® Tcm depth in soft tissue
® Absorbed dose
*® Shallow dose equivalent- SDE
® 0.007cm depth in soft tissue
® Dose to external skin
® Eye or Lens dose equivalent- EDE or LDE
® 0.3cm depth in the eye
® Exposure to the lens
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Badge reading / EDE - mRem

2011 readings

*
*
*

250
Badged staff at TRHMC

Lens of eye dose limit is 15 rem (15,000 mrem)

INTERNAL DOSES
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COMMITTED DOSE EQUIVALENT

* CDE

® Total dose received over a period of time, usually during
a 50 year period from an inhaled or ingested radioactive
material

® Examples; radon, contaminated food, absorption through the skin, or injected
radioisotopes

® Specific to a single organ or tissue

¢ 500 mSv annual dose limit to single organs

From NCRP 160

4

N

COMMITTED EFFECTIVE DOSE
EQUIVALENT

* CEDE

® Applies to long term radiation of individual organs
or tissue resulting from inhalation or ingestion of
long-lived radioactive material (long decay life)

® Sum of all organs (CDE) x weighting factor for
importance (tissue weighting factors)

® Delivered slowly over long period of time from an
inhaled or ingested material

18



TOTAL EFFECTIVE DOSE EQUIVALENT

* TEDE
® Defined by the NRC

® Sum of the deep dose equivalent for external
radiation and the committed dose equivalent
for internal radiation
* DDE + CDE = TEDE
® Annual dose limit is 50 mSv (whole body) to
limit the risk cancer, genetic effects, cataracts,

skin damage, sterility.....

I

RADIATION SURVEYS INSTRUMENTS

® Detects and measures

radiation

® Detects the presence or

absence of radiation

4

r,
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SURVEY INSTRUMENTS REQUIREMENTS

® Easy to carry and operated by one person

® Durable enough to withstand normal use

® Reliable

¢ Should interact with radiation similar to human tissue
¢ Should be able to detect all types of radiation

® Energy of the radiation should not affect the detector

® Should be cost effective

1 GAS FILLED RADIATION SURVEY
INSTRUMENTS

® lonization chamber “cutie pie”
® Proportional counter

® Geiger Muller (G-M) detector

20
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IONIZATION CHAMBER-TYPE SURVEY METER
“CUTIE PIE”

® Rate (measures the rate of exposure) and

survey meter

® Used to measure radiation in an area such as
a fluoro room, radioisotope storage areas, or

patients with radioactive sources

® Can be used to measure doses traveling

through barriers

N

“CUTIE PIE”

FIGURE 5-11 lonization chamber-type survey meter, or
“cutie pie.”

¢ Advantages

Radiation Protection in Medical Radiography, 6™ Ed.
Statkiewicz Sherer

®* Measures a wide range of exposures in a few seconds

® Can be used to calibrate x-ray equipment

¢ Disadvantages
® Without adequate warm up, could cause inaccurate readings
® Large size
® Delicate construction

® Not good with short exposure times

21
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PROPORTIONAL COUNTER

* No useful purpose in diagnostic radiology

® Used in laboratories to detect alpha and beta
radiation

® Detects small amounts of other types of contamination

N

GEIGER-MULLER (G-M) DETECTOR

¢ Used mainly in Nuclear Medicine

=

h'l .‘4
® Easily detects areas of contamination and has 7

an audio signal

*® Signal increases as radiation is more intense
(similar to how a metal detector responds to
metal)

® Reads in counts per minute

FIGURE 512 Geiger-Miiller (GM) Detector.

Radiation Protection in Medical
Radiography, 6™ Ed. Statkiewicz Sherer
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SAFETY FEATURES IN EQUIPMENT

® On and off switches

* Power equipment down

® Interlocks

® Detents

® Visual- audio monitors

® Timer and audible signal

® Emergency controls

® Breakers, stop buttons

\> CALIBRATION INSTRUMENTS /

® lonization chambers used in the rate mode can be used to calibrate
equipment when used with an electrometer (

® Used by medical physicist for standard measurements required by
state, federal, and accreditation organizations for x-ray and
fluoro units. Examples:

¢ X-ray output

® Reproducibility and linearity of output
® Timer accuracy

® Half value layer

® Beam quality

® Entrance exposures for fluoro

® With a calibrated parallel plate chamber it could
check mammo equipment

®* Examples:
® Collimation accuracy- 2%
® SID indication- 2%
® PBL- 2%
® Variation in exposure- 5%




N

EQUIPMENT SURVEYS

® Surveys must be done by RSO and in writing

* Keep permanently and indicate if a resurvey is
necessary and if so when

*® Safety surveys are done in conjunction with
preventative maintenance

® Performance surveys are done annually

N

EQUIPMENT SURVEYS EXAMPLES

® Timer accuracy

® Exposure reproducibility
® kVp test

® Linearity of mAs

® Tube stability

® Beam limiting device

® Timer

® Primary barrier

* kVp and mAs indication
® High levels control

® Exposure rate limits

4
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REVIEW QUESTIONS

WHICH DOSE ON THE BADGE REPORT IS
CONSIDERED THE ABSORBED DOSE?

25% 25% 25% 25%
1.| Deep dose m

2. Shallow dose
3. Eye dose

4. Lens dose

4

25



1 WHAT TYPE OF PERSONNEL

MONITORING DEVICE DO WE
UTILIZE DAILY AT RH¢

. TLD 25% E%a 25% 25%

2. (03]

3. Film badge

4. Pocket dosimeter

WHERE CAN YOU LOCATE YOUR DEEP,
SHALLOW AND EYE DOSE LEVELS?

25%  25% 25% 25%

1. Compliance report

2. Quality assurance report

3.| Yearly evaluation

4. Personnel monitoring report

4

4
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WHICH SURVEY INSTRUMENT IS USED TO 4
LOCATE RADIOACTIVE MATERIALS IN NM? :

1\) <

1. TLD
2. (cutie pie |
3. GM counter

4. Proportional counter

1\} 7

WHICH OF THE FOLLOWING TIMEFRAMES IS [
NOT INCLUDED ON THE DOSE REPORT? !'

1. (Daily ]

2. Monthly
3. Quarterly
4. Yearly

27



1 WHICH PERSONNEL MONITORING DEVICE
PROVIDES AN IMMEDIATE READOUT?

. OSL
D 25% 25% 25% 25%
. |Film badge

. Pocket dosimeter

I

WHAT IS THE SENSING MATERIAL IN A TLD?

1. Barium sulfate
25% 25% 25% 25%

2. Calcium tungstate

3. | Lithium fluoride

4. Sodium iodide

4

r,
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Radiation Monitoring

Ms. Taryn Smith B.S. RT (R)
MI 120 Ch. 5 Summer 2022

I

® Monitoring is used to ensure
occupational radiation exposure
levels are kept well below the EfD
limit (annual effective dose)

*Technologist should be aware of
the various radiation exposure
monitoring devices and their
functions




N 4

REQUIREMENTS FOR PERSONNEL

® Personnel dosimetry monitors the equivalent dose to any person ~
occupationally exposed on a regular basis to ionizing radiation

® Required when there is a likelihood that an individual will receive
more than one- quarter (~12.5 mSy) the recommended annual
dose of 50 mSv

® To keep with ALARA (As Low As Reasonably Achievable) concept,
most facilities issue devices when personnel might receive 1% of
that dose

Cobar [red] and Wit el e Fatal hest |single Dosmeter] Eng
CAER LEAD UNDER LEAD UMDER LEAD LTVER LEALK LINGIER GLOVES

@ .&%

N 4

PURPOSE OF PERSONNEL DOSIMETERS

CAUT'ON ® Provides indication of working

habits and conditions of

' imaging personnel

'.’ ® Provides occupational exposure
FILM BADGE

Aﬁ%ﬂngsgn ® Measures the quantity of
PERSONNEL ionizing radiation exposure

~ONLY

Siowsioncen -

=¥ °* NOT a method of protection




PLACEMENT o/

During diagnostic radiology, the badge should
be worn at collar level facing forward on th

)

anterior side of the individual

Consistency of wearing in proper location is
responsibility of the technologist/student

When wearing a lead apron, the badge
should be worn at collar level on the outside
of the apron

Second monitor with apron (high level studies)

® Inside apron at waist level

Embryo-fetus monitor

® Inside apron at waist level

Extremity dosimeter

® When hands are required to be in the

primary beam

N

® Used in calculating monthly occupational doses

CONTROL BADGES

® Badge is kept in a distant, radiation-free area and the
reading (which consists of background radiation) is
subtracted from your total reading to give you your monthly
occupational dose




N

ALARA INVESTIGATIONS

® ALARA | (calendar quarter)
® 125 mrem deep dose
® 1250 mrem shallow dose
® 375 mrem lens of the eye
® 1250 mrem to the limbs
® Involves advisement from the RSO

* ALARA Il (calendar quarter)
® 375 mrem deep dose
¢ 3750 mrem shallow dose
® 1125 mrem lens of the eye
¢ 3750 mrem to the limbs

®* Member of the RSO staff will investigate reasons for high levels

https://www.plmedical.com/index.php /faqs/

N

MONITOR CHARACTERISTICS

Lightweight and easy to carry
Durable materials to tolerate daily use
Reliably detect exposures from small to large

Not effected by outside influences
®* Weather
® Humidity
® Mechanical shock

Inexpensive to purchase

Easy to maintain

@ Global Dosimetry
Solutions




N 4

TYPES OF PERSONNEL MONITORING

® Film Badge

* OSL

* TLD

® Pocket lonization Chamber

® Digital lonization Dosimeter

N

FILM BADGE

®* Not used as often

® Records whole body radiation at low
rate over a long period of time

® Uses dental film

® Filters low energy x-ray, gamma and
beta

® Has aluminum and copper filters that
allow conversion to tfissue dose

FIGURE 5-4 Disassembled film badge, demonstrating
badge components: plastic holder, metal filters, and film
packet.

Radiation Protection in Medical Radiography, 6™ Ed.
Statkiewicz Sherer




N

FILM BADGE ADVANTAGES

Cost efficient

* A few dollars a month
Provides permanent, legal record

Detects different types of radiation and can
discriminate between types

Measures as low as 0.1mGy

® Doses below that are recorded as minimal
Durable if dropped

Can determine if exposure is from scatter or

primary radiation

FILM BADGE DISADVANTAGES

® Accuracy is limited to +/- 20%

® Temps and humidity can cause

inaccurate readings by fogging

®* Not recommended to be used more
than 1 month

®* Not reusable

® Reading can take a longer time
because badge has be sent out to

be read




N 4

TLD- THERMOLUMINESCENT DOSIMETER
[

® Light free device with crystalline form of lithium fluoride that
functions as the sensing material

® Energy stored by trapping electrons in crystal lattice

® Crystals are heated and the stored energy is released in form
of visible light which is measured by a photomultiplier tube.
The light emitted is directly proportional to exposure

TLD ADVANTAGES

® Not effected by humidity or normal temperature

changes

® Measures as low as 0.05 mGy

® Exposures below that are recorded as minimal
® Can be worn for 3 months

® Crystals can be reused after reading which can be

cost efficient




N

TLD DISADVANTAGES

® High initial cost and cost of equipment to do reading

® Readings can be lost is not carefully recorded because once

energy is released from crystals it cannot be reread

® Records only exposure to area in which it is worn

N 4

OPTICALLY STIMU NESCENT DOSIMETER

® Best features of film nd TLD
® Detector is aluminum oxide
® Electrons are trapped in the badge. Read out is
done when dosimeter is struck by laser light.
® Releases energy in a form of a light.
® Luminescent is proportional to the amount of
exposure received
® Exposures below 0.01 mGy are recorded as
minimal

®* Newer development is a reader called the
microStar which reads a special OSL dot called a
nanoDot




N =,

OPTICALLY STIMULATE INESCENT DOSIMETER

®* Most common type of device used to monitor occupational

exposure

® Best features of film badge and TLD

* Contains aluminum oxide layer e FovclorFim

® Contains 3 filters:
> aluminum (least absorption, shallow)

> tin (eye)

> copper (most absorption, deep)

\3 OSL ADVANTAGES

® Lightweight, durable and easy to carry & wear

* Self-contained preloaded packet
® Not affected by heat, moisture or pressure

®* Has extended wear up to one year, but recommended for

a 2 month period
* Offers complete reanalysis

® Reasonably inexpensive to purchase and maintain




N

OSL DISADVANTAGES

® Only records exposure to area where it's worn

® Sent out to be read, so some time elapses before you
receive your reading

® Unless you have a nanoDot version of the OSL

POCKET IONIZATION CHAMBER

Also known as a pocket dosimeter

Most sensitive

Uncommon to use in diagnostic radiology

Resembles a fountain pen

Contains 2 electrodes, one positive, one negative charged

There is a:
* self reading (contains an electrometer to provide reading)
® non-self reading type (requires an accessory electrometer)

10



N

POCKET IONIZATION CHAMBER
ADVANTAGES

® Provides immediate readout
* Compact, easy to carry

® Convenient

Radiation Protection in Medical

Radiography, 6™ Ed. Statkiewicz

Sherer

N

POCKET IONIZATION CHAMBER
DISADVANTAGES

® Fairly expensive

® $150 per unit
® Inaccurate if not read daily

® Can be discharged by a

mechanical shock

®* No permanent legal record

11



N DIRECT ION STORAGE DOSIMETER 4
(DIS)

® Fairly new device

® Provides immediate radiation exposure

but can also do long term

® Contains ionization chamber that

produces and stores electrical charge

® Connects to a computer to provide a

readout
Radiation Protection in Medical Radiography,

o 9™ Ed. Statkiewicz Sherer
® Activates the vendor’s software for

reading

N 4

DIRECT ION STORAGE DOSIMETER
ADVANTAGES

® Lightweight
® Instant reports
® Doesn’t have to be mailed in

® Isn’t easily affected by being dropped or bumped

12



DIRECT ION STORAGE DOSIMETER

DISADVANTAGES

* Not effective if not worn properly

M| uaron

s

Personal
Dosimeters

Acrvdtaven

sang
o o Pt

T D Al 1
(ST Er——

am . Ln

Most Innovative On-Demand Dosimetry System

it 15
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g 82 e
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Occupational radiation monitor does NOT
‘protect against radiation exposure!

N 4

RECORDS OF PERSONNEL MONITORING [

® Purpose is to keep an ongoing tally of employee occupational
exposures

® Results must be recorded and maintained to meet state and
federal regulations

® Records must be kept permanently by facilities

¢ Should retrieve records from previous employers and present
them to new employer

14



4

REQUIREMENTS OF PERSONNEL
MONITORING

® Timeframes
® Period of time wearing (monthly for RH)
* Quarterly
® Yearly
® Lifetime
® Doses
® Deep dose equivalent- DDE
® Tcm depth in soft tissue
® Absorbed dose
*® Shallow dose equivalent- SDE
® 0.007cm depth in soft tissue
® Dose to external skin
® Eye or Lens dose equivalent- EDE or LDE
® 0.3cm depth in the eye
® Exposure to the lens

- N—
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Badge reading / EDE - mRem

2011 readings

*
*
*

250
Badged staff at TRHMC

Lens of eye dose limit is 15 rem (15,000 mrem)

INTERNAL DOSES
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N 4

COMMITTED DOSE EQUIVALENT

* CDE

® Total dose received over a period of time, usually during
a 50 year period from an inhaled or ingested radioactive
material

® Examples; radon, contaminated food, absorption through the skin, or injected
radioisotopes

® Specific to a single organ or tissue

¢ 500 mSv annual dose limit to single organs

From NCRP 160

4

N

COMMITTED EFFECTIVE DOSE
EQUIVALENT

* CEDE

® Applies to long term radiation of individual organs
or tissue resulting from inhalation or ingestion of
long-lived radioactive material (long decay life)

® Sum of all organs (CDE) x weighting factor for
importance (tissue weighting factors)

® Delivered slowly over long period of time from an
inhaled or ingested material

18



TOTAL EFFECTIVE DOSE EQUIVALENT

* TEDE
® Defined by the NRC

® Sum of the deep dose equivalent for external
radiation and the committed dose equivalent
for internal radiation
* DDE + CDE = TEDE
® Annual dose limit is 50 mSv (whole body) to
limit the risk cancer, genetic effects, cataracts,

skin damage, sterility.....

I

RADIATION SURVEYS INSTRUMENTS

® Detects and measures

radiation

® Detects the presence or

absence of radiation

4

r,
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SURVEY INSTRUMENTS REQUIREMENTS

® Easy to carry and operated by one person

® Durable enough to withstand normal use

® Reliable

¢ Should interact with radiation similar to human tissue
¢ Should be able to detect all types of radiation

® Energy of the radiation should not affect the detector

® Should be cost effective

1 GAS FILLED RADIATION SURVEY
INSTRUMENTS

® lonization chamber “cutie pie”
® Proportional counter

® Geiger Muller (G-M) detector

20



N 4

IONIZATION CHAMBER-TYPE SURVEY METER
“CUTIE PIE”

® Rate (measures the rate of exposure) and

survey meter

® Used to measure radiation in an area such as
a fluoro room, radioisotope storage areas, or

patients with radioactive sources

® Can be used to measure doses traveling

through barriers

N

“CUTIE PIE”

FIGURE 5-11 lonization chamber-type survey meter, or
“cutie pie.”

¢ Advantages

Radiation Protection in Medical Radiography, 6™ Ed.
Statkiewicz Sherer

®* Measures a wide range of exposures in a few seconds

® Can be used to calibrate x-ray equipment

¢ Disadvantages
® Without adequate warm up, could cause inaccurate readings
® Large size
® Delicate construction

® Not good with short exposure times

21
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PROPORTIONAL COUNTER

* No useful purpose in diagnostic radiology

® Used in laboratories to detect alpha and beta
radiation

® Detects small amounts of other types of contamination

N

GEIGER-MULLER (G-M) DETECTOR

¢ Used mainly in Nuclear Medicine

=

h'l .‘4
® Easily detects areas of contamination and has 7

an audio signal

*® Signal increases as radiation is more intense
(similar to how a metal detector responds to
metal)

® Reads in counts per minute

FIGURE 512 Geiger-Miiller (GM) Detector.

Radiation Protection in Medical
Radiography, 6™ Ed. Statkiewicz Sherer

22
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SAFETY FEATURES IN EQUIPMENT

® On and off switches

* Power equipment down

® Interlocks

® Detents

® Visual- audio monitors

® Timer and audible signal

® Emergency controls

® Breakers, stop buttons

\> CALIBRATION INSTRUMENTS /

® lonization chambers used in the rate mode can be used to calibrate
equipment when used with an electrometer (

® Used by medical physicist for standard measurements required by
state, federal, and accreditation organizations for x-ray and
fluoro units. Examples:

¢ X-ray output

® Reproducibility and linearity of output
® Timer accuracy

® Half value layer

® Beam quality

® Entrance exposures for fluoro

® With a calibrated parallel plate chamber it could
check mammo equipment

®* Examples:
® Collimation accuracy- 2%
® SID indication- 2%
® PBL- 2%
® Variation in exposure- 5%




N

EQUIPMENT SURVEYS

® Surveys must be done by RSO and in writing

* Keep permanently and indicate if a resurvey is
necessary and if so when

*® Safety surveys are done in conjunction with
preventative maintenance

® Performance surveys are done annually

N

EQUIPMENT SURVEYS EXAMPLES

® Timer accuracy

® Exposure reproducibility
® kVp test

® Linearity of mAs

® Tube stability

® Beam limiting device

® Timer

® Primary barrier

* kVp and mAs indication
® High levels control

® Exposure rate limits

4
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REVIEW QUESTIONS

WHICH DOSE ON THE BADGE REPORT IS
CONSIDERED THE ABSORBED DOSE?

25% 25% 25% 25%
1.| Deep dose m

2. Shallow dose
3. Eye dose

4. Lens dose

4

25



1 WHAT TYPE OF PERSONNEL

MONITORING DEVICE DO WE
UTILIZE DAILY AT RH¢

. TLD 25% E%a 25% 25%

2. (03]

3. Film badge

4. Pocket dosimeter

WHERE CAN YOU LOCATE YOUR DEEP,
SHALLOW AND EYE DOSE LEVELS?

25%  25% 25% 25%

1. Compliance report

2. Quality assurance report

3.| Yearly evaluation

4. Personnel monitoring report

4

4
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WHICH SURVEY INSTRUMENT IS USED TO 4
LOCATE RADIOACTIVE MATERIALS IN NM? :

1\) <

1. TLD
2. (cutie pie |
3. GM counter

4. Proportional counter

1\} 7

WHICH OF THE FOLLOWING TIMEFRAMES IS [
NOT INCLUDED ON THE DOSE REPORT? !'

1. (Daily ]

2. Monthly
3. Quarterly
4. Yearly

27



1 WHICH PERSONNEL MONITORING DEVICE
PROVIDES AN IMMEDIATE READOUT?

. OSL
D 25% 25% 25% 25%
. |Film badge

. Pocket dosimeter

I

WHAT IS THE SENSING MATERIAL IN A TLD?

1. Barium sulfate
25% 25% 25% 25%

2. Calcium tungstate

3. | Lithium fluoride

4. Sodium iodide

4

r,
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Radiation Monitoring

Ms. Taryn Smith B.S. RT (R)
MI 120 Ch. 5 Summer 2022

I

® Monitoring is used to ensure
occupational radiation exposure
levels are kept well below the EfD
limit (annual effective dose)

*Technologist should be aware of
the various radiation exposure
monitoring devices and their
functions
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REQUIREMENTS FOR PERSONNEL

® Personnel dosimetry monitors the equivalent dose to any person ~
occupationally exposed on a regular basis to ionizing radiation

® Required when there is a likelihood that an individual will receive
more than one- quarter (~12.5 mSy) the recommended annual
dose of 50 mSv

® To keep with ALARA (As Low As Reasonably Achievable) concept,
most facilities issue devices when personnel might receive 1% of
that dose

Cobar [red] and Wit el e Fatal hest |single Dosmeter] Eng
CAER LEAD UNDER LEAD UMDER LEAD LTVER LEALK LINGIER GLOVES

@ .&%

N 4

PURPOSE OF PERSONNEL DOSIMETERS

CAUT'ON ® Provides indication of working

habits and conditions of

' imaging personnel

'.’ ® Provides occupational exposure
FILM BADGE

Aﬁ%ﬂngsgn ® Measures the quantity of
PERSONNEL ionizing radiation exposure

~ONLY

Siowsioncen -

=¥ °* NOT a method of protection




PLACEMENT o/

During diagnostic radiology, the badge should
be worn at collar level facing forward on th

)

anterior side of the individual

Consistency of wearing in proper location is
responsibility of the technologist/student

When wearing a lead apron, the badge
should be worn at collar level on the outside
of the apron

Second monitor with apron (high level studies)

® Inside apron at waist level

Embryo-fetus monitor

® Inside apron at waist level

Extremity dosimeter

® When hands are required to be in the

primary beam

N

® Used in calculating monthly occupational doses

CONTROL BADGES

® Badge is kept in a distant, radiation-free area and the
reading (which consists of background radiation) is
subtracted from your total reading to give you your monthly
occupational dose




N

ALARA INVESTIGATIONS

® ALARA | (calendar quarter)
® 125 mrem deep dose
® 1250 mrem shallow dose
® 375 mrem lens of the eye
® 1250 mrem to the limbs
® Involves advisement from the RSO

* ALARA Il (calendar quarter)
® 375 mrem deep dose
¢ 3750 mrem shallow dose
® 1125 mrem lens of the eye
¢ 3750 mrem to the limbs

®* Member of the RSO staff will investigate reasons for high levels

https://www.plmedical.com/index.php /faqs/

N

MONITOR CHARACTERISTICS

Lightweight and easy to carry
Durable materials to tolerate daily use
Reliably detect exposures from small to large

Not effected by outside influences
®* Weather
® Humidity
® Mechanical shock

Inexpensive to purchase

Easy to maintain

@ Global Dosimetry
Solutions
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TYPES OF PERSONNEL MONITORING

® Film Badge

* OSL

* TLD

® Pocket lonization Chamber

® Digital lonization Dosimeter

N

FILM BADGE

®* Not used as often

® Records whole body radiation at low
rate over a long period of time

® Uses dental film

® Filters low energy x-ray, gamma and
beta

® Has aluminum and copper filters that
allow conversion to tfissue dose

FIGURE 5-4 Disassembled film badge, demonstrating
badge components: plastic holder, metal filters, and film
packet.

Radiation Protection in Medical Radiography, 6™ Ed.
Statkiewicz Sherer
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FILM BADGE ADVANTAGES

Cost efficient

* A few dollars a month
Provides permanent, legal record

Detects different types of radiation and can
discriminate between types

Measures as low as 0.1mGy

® Doses below that are recorded as minimal
Durable if dropped

Can determine if exposure is from scatter or

primary radiation

FILM BADGE DISADVANTAGES

® Accuracy is limited to +/- 20%

® Temps and humidity can cause

inaccurate readings by fogging

®* Not recommended to be used more
than 1 month

®* Not reusable

® Reading can take a longer time
because badge has be sent out to

be read
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TLD- THERMOLUMINESCENT DOSIMETER
[

® Light free device with crystalline form of lithium fluoride that
functions as the sensing material

® Energy stored by trapping electrons in crystal lattice

® Crystals are heated and the stored energy is released in form
of visible light which is measured by a photomultiplier tube.
The light emitted is directly proportional to exposure

TLD ADVANTAGES

® Not effected by humidity or normal temperature

changes

® Measures as low as 0.05 mGy

® Exposures below that are recorded as minimal
® Can be worn for 3 months

® Crystals can be reused after reading which can be

cost efficient




N

TLD DISADVANTAGES

® High initial cost and cost of equipment to do reading

® Readings can be lost is not carefully recorded because once

energy is released from crystals it cannot be reread

® Records only exposure to area in which it is worn

N 4

OPTICALLY STIMU NESCENT DOSIMETER

® Best features of film nd TLD
® Detector is aluminum oxide
® Electrons are trapped in the badge. Read out is
done when dosimeter is struck by laser light.
® Releases energy in a form of a light.
® Luminescent is proportional to the amount of
exposure received
® Exposures below 0.01 mGy are recorded as
minimal

®* Newer development is a reader called the
microStar which reads a special OSL dot called a
nanoDot
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OPTICALLY STIMULATE INESCENT DOSIMETER

®* Most common type of device used to monitor occupational

exposure

® Best features of film badge and TLD

* Contains aluminum oxide layer e FovclorFim

® Contains 3 filters:
> aluminum (least absorption, shallow)

> tin (eye)

> copper (most absorption, deep)

\3 OSL ADVANTAGES

® Lightweight, durable and easy to carry & wear

* Self-contained preloaded packet
® Not affected by heat, moisture or pressure

®* Has extended wear up to one year, but recommended for

a 2 month period
* Offers complete reanalysis

® Reasonably inexpensive to purchase and maintain
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OSL DISADVANTAGES

® Only records exposure to area where it's worn

® Sent out to be read, so some time elapses before you
receive your reading

® Unless you have a nanoDot version of the OSL

POCKET IONIZATION CHAMBER

Also known as a pocket dosimeter

Most sensitive

Uncommon to use in diagnostic radiology

Resembles a fountain pen

Contains 2 electrodes, one positive, one negative charged

There is a:
* self reading (contains an electrometer to provide reading)
® non-self reading type (requires an accessory electrometer)

10
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POCKET IONIZATION CHAMBER
ADVANTAGES

® Provides immediate readout
* Compact, easy to carry

® Convenient

Radiation Protection in Medical

Radiography, 6™ Ed. Statkiewicz

Sherer

N

POCKET IONIZATION CHAMBER
DISADVANTAGES

® Fairly expensive

® $150 per unit
® Inaccurate if not read daily

® Can be discharged by a

mechanical shock

®* No permanent legal record

11



N DIRECT ION STORAGE DOSIMETER 4
(DIS)

® Fairly new device

® Provides immediate radiation exposure

but can also do long term

® Contains ionization chamber that

produces and stores electrical charge

® Connects to a computer to provide a

readout
Radiation Protection in Medical Radiography,

o 9™ Ed. Statkiewicz Sherer
® Activates the vendor’s software for

reading

N 4

DIRECT ION STORAGE DOSIMETER
ADVANTAGES

® Lightweight
® Instant reports
® Doesn’t have to be mailed in

® Isn’t easily affected by being dropped or bumped

12



DIRECT ION STORAGE DOSIMETER

DISADVANTAGES

* Not effective if not worn properly
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Occupational radiation monitor does NOT
‘protect against radiation exposure!

N 4

RECORDS OF PERSONNEL MONITORING [

® Purpose is to keep an ongoing tally of employee occupational
exposures

® Results must be recorded and maintained to meet state and
federal regulations

® Records must be kept permanently by facilities

¢ Should retrieve records from previous employers and present
them to new employer

14
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REQUIREMENTS OF PERSONNEL
MONITORING

® Timeframes
® Period of time wearing (monthly for RH)
* Quarterly
® Yearly
® Lifetime
® Doses
® Deep dose equivalent- DDE
® Tcm depth in soft tissue
® Absorbed dose
*® Shallow dose equivalent- SDE
® 0.007cm depth in soft tissue
® Dose to external skin
® Eye or Lens dose equivalent- EDE or LDE
® 0.3cm depth in the eye
® Exposure to the lens
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Badge reading / EDE - mRem

2011 readings

*
*
*

250
Badged staff at TRHMC

Lens of eye dose limit is 15 rem (15,000 mrem)

INTERNAL DOSES

17
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COMMITTED DOSE EQUIVALENT

* CDE

® Total dose received over a period of time, usually during
a 50 year period from an inhaled or ingested radioactive
material

® Examples; radon, contaminated food, absorption through the skin, or injected
radioisotopes

® Specific to a single organ or tissue

¢ 500 mSv annual dose limit to single organs

From NCRP 160

4

N

COMMITTED EFFECTIVE DOSE
EQUIVALENT

* CEDE

® Applies to long term radiation of individual organs
or tissue resulting from inhalation or ingestion of
long-lived radioactive material (long decay life)

® Sum of all organs (CDE) x weighting factor for
importance (tissue weighting factors)

® Delivered slowly over long period of time from an
inhaled or ingested material

18



TOTAL EFFECTIVE DOSE EQUIVALENT

* TEDE
® Defined by the NRC

® Sum of the deep dose equivalent for external
radiation and the committed dose equivalent
for internal radiation
* DDE + CDE = TEDE
® Annual dose limit is 50 mSv (whole body) to
limit the risk cancer, genetic effects, cataracts,

skin damage, sterility.....

I

RADIATION SURVEYS INSTRUMENTS

® Detects and measures

radiation

® Detects the presence or

absence of radiation

4

r,

19
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SURVEY INSTRUMENTS REQUIREMENTS

® Easy to carry and operated by one person

® Durable enough to withstand normal use

® Reliable

¢ Should interact with radiation similar to human tissue
¢ Should be able to detect all types of radiation

® Energy of the radiation should not affect the detector

® Should be cost effective

1 GAS FILLED RADIATION SURVEY
INSTRUMENTS

® lonization chamber “cutie pie”
® Proportional counter

® Geiger Muller (G-M) detector

20



N 4

IONIZATION CHAMBER-TYPE SURVEY METER
“CUTIE PIE”

® Rate (measures the rate of exposure) and

survey meter

® Used to measure radiation in an area such as
a fluoro room, radioisotope storage areas, or

patients with radioactive sources

® Can be used to measure doses traveling

through barriers

N

“CUTIE PIE”

FIGURE 5-11 lonization chamber-type survey meter, or
“cutie pie.”

¢ Advantages

Radiation Protection in Medical Radiography, 6™ Ed.
Statkiewicz Sherer

®* Measures a wide range of exposures in a few seconds

® Can be used to calibrate x-ray equipment

¢ Disadvantages
® Without adequate warm up, could cause inaccurate readings
® Large size
® Delicate construction

® Not good with short exposure times

21



N

PROPORTIONAL COUNTER

* No useful purpose in diagnostic radiology

® Used in laboratories to detect alpha and beta
radiation

® Detects small amounts of other types of contamination

N

GEIGER-MULLER (G-M) DETECTOR

¢ Used mainly in Nuclear Medicine

=

h'l .‘4
® Easily detects areas of contamination and has 7

an audio signal

*® Signal increases as radiation is more intense
(similar to how a metal detector responds to
metal)

® Reads in counts per minute

FIGURE 512 Geiger-Miiller (GM) Detector.

Radiation Protection in Medical
Radiography, 6™ Ed. Statkiewicz Sherer

22
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SAFETY FEATURES IN EQUIPMENT

® On and off switches

* Power equipment down

® Interlocks

® Detents

® Visual- audio monitors

® Timer and audible signal

® Emergency controls

® Breakers, stop buttons

\> CALIBRATION INSTRUMENTS /

® lonization chambers used in the rate mode can be used to calibrate
equipment when used with an electrometer (

® Used by medical physicist for standard measurements required by
state, federal, and accreditation organizations for x-ray and
fluoro units. Examples:

¢ X-ray output

® Reproducibility and linearity of output
® Timer accuracy

® Half value layer

® Beam quality

® Entrance exposures for fluoro

® With a calibrated parallel plate chamber it could
check mammo equipment

®* Examples:
® Collimation accuracy- 2%
® SID indication- 2%
® PBL- 2%
® Variation in exposure- 5%
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EQUIPMENT SURVEYS

® Surveys must be done by RSO and in writing

* Keep permanently and indicate if a resurvey is
necessary and if so when

*® Safety surveys are done in conjunction with
preventative maintenance

® Performance surveys are done annually

N

EQUIPMENT SURVEYS EXAMPLES

® Timer accuracy

® Exposure reproducibility
® kVp test

® Linearity of mAs

® Tube stability

® Beam limiting device

® Timer

® Primary barrier

* kVp and mAs indication
® High levels control

® Exposure rate limits

4
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REVIEW QUESTIONS

WHICH DOSE ON THE BADGE REPORT IS
CONSIDERED THE ABSORBED DOSE?

25% 25% 25% 25%
1.| Deep dose m

2. Shallow dose
3. Eye dose

4. Lens dose

4

25



1 WHAT TYPE OF PERSONNEL

MONITORING DEVICE DO WE
UTILIZE DAILY AT RH¢

. TLD 25% E%a 25% 25%

2. (03]

3. Film badge

4. Pocket dosimeter

WHERE CAN YOU LOCATE YOUR DEEP,
SHALLOW AND EYE DOSE LEVELS?

25%  25% 25% 25%

1. Compliance report

2. Quality assurance report

3.| Yearly evaluation

4. Personnel monitoring report

4

4

26



WHICH SURVEY INSTRUMENT IS USED TO 4
LOCATE RADIOACTIVE MATERIALS IN NM? :

1\) <

1. TLD
2. (cutie pie |
3. GM counter

4. Proportional counter

1\} 7

WHICH OF THE FOLLOWING TIMEFRAMES IS [
NOT INCLUDED ON THE DOSE REPORT? !'

1. (Daily ]

2. Monthly
3. Quarterly
4. Yearly

27



1 WHICH PERSONNEL MONITORING DEVICE
PROVIDES AN IMMEDIATE READOUT?

. OSL
D 25% 25% 25% 25%
. |Film badge

. Pocket dosimeter

I

WHAT IS THE SENSING MATERIAL IN A TLD?

1. Barium sulfate
25% 25% 25% 25%

2. Calcium tungstate

3. | Lithium fluoride

4. Sodium iodide

4

r,
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Radiation Monitoring

Ms. Taryn Smith B.S. RT (R)
MI 120 Ch. 5 Summer 2022

I

® Monitoring is used to ensure
occupational radiation exposure
levels are kept well below the EfD
limit (annual effective dose)

*Technologist should be aware of
the various radiation exposure
monitoring devices and their
functions
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REQUIREMENTS FOR PERSONNEL

® Personnel dosimetry monitors the equivalent dose to any person ~
occupationally exposed on a regular basis to ionizing radiation

® Required when there is a likelihood that an individual will receive
more than one- quarter (~12.5 mSy) the recommended annual
dose of 50 mSv

® To keep with ALARA (As Low As Reasonably Achievable) concept,
most facilities issue devices when personnel might receive 1% of
that dose

Cobar [red] and Wit el e Fatal hest |single Dosmeter] Eng
CAER LEAD UNDER LEAD UMDER LEAD LTVER LEALK LINGIER GLOVES

@ .&%

N 4

PURPOSE OF PERSONNEL DOSIMETERS

CAUT'ON ® Provides indication of working

habits and conditions of

' imaging personnel

'.’ ® Provides occupational exposure
FILM BADGE

Aﬁ%ﬂngsgn ® Measures the quantity of
PERSONNEL ionizing radiation exposure

~ONLY

Siowsioncen -

=¥ °* NOT a method of protection




PLACEMENT o/

During diagnostic radiology, the badge should
be worn at collar level facing forward on th

)

anterior side of the individual

Consistency of wearing in proper location is
responsibility of the technologist/student

When wearing a lead apron, the badge
should be worn at collar level on the outside
of the apron

Second monitor with apron (high level studies)

® Inside apron at waist level

Embryo-fetus monitor

® Inside apron at waist level

Extremity dosimeter

® When hands are required to be in the

primary beam

N

® Used in calculating monthly occupational doses

CONTROL BADGES

® Badge is kept in a distant, radiation-free area and the
reading (which consists of background radiation) is
subtracted from your total reading to give you your monthly
occupational dose




N

ALARA INVESTIGATIONS

® ALARA | (calendar quarter)
® 125 mrem deep dose
® 1250 mrem shallow dose
® 375 mrem lens of the eye
® 1250 mrem to the limbs
® Involves advisement from the RSO

* ALARA Il (calendar quarter)
® 375 mrem deep dose
¢ 3750 mrem shallow dose
® 1125 mrem lens of the eye
¢ 3750 mrem to the limbs

®* Member of the RSO staff will investigate reasons for high levels

https://www.plmedical.com/index.php /faqs/

N

MONITOR CHARACTERISTICS

Lightweight and easy to carry
Durable materials to tolerate daily use
Reliably detect exposures from small to large

Not effected by outside influences
®* Weather
® Humidity
® Mechanical shock

Inexpensive to purchase

Easy to maintain

@ Global Dosimetry
Solutions
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TYPES OF PERSONNEL MONITORING

® Film Badge

* OSL

* TLD

® Pocket lonization Chamber

® Digital lonization Dosimeter

N

FILM BADGE

®* Not used as often

® Records whole body radiation at low
rate over a long period of time

® Uses dental film

® Filters low energy x-ray, gamma and
beta

® Has aluminum and copper filters that
allow conversion to tfissue dose

FIGURE 5-4 Disassembled film badge, demonstrating
badge components: plastic holder, metal filters, and film
packet.

Radiation Protection in Medical Radiography, 6™ Ed.
Statkiewicz Sherer
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FILM BADGE ADVANTAGES

Cost efficient

* A few dollars a month
Provides permanent, legal record

Detects different types of radiation and can
discriminate between types

Measures as low as 0.1mGy

® Doses below that are recorded as minimal
Durable if dropped

Can determine if exposure is from scatter or

primary radiation

FILM BADGE DISADVANTAGES

® Accuracy is limited to +/- 20%

® Temps and humidity can cause

inaccurate readings by fogging

®* Not recommended to be used more
than 1 month

®* Not reusable

® Reading can take a longer time
because badge has be sent out to

be read
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TLD- THERMOLUMINESCENT DOSIMETER
[

® Light free device with crystalline form of lithium fluoride that
functions as the sensing material

® Energy stored by trapping electrons in crystal lattice

® Crystals are heated and the stored energy is released in form
of visible light which is measured by a photomultiplier tube.
The light emitted is directly proportional to exposure

TLD ADVANTAGES

® Not effected by humidity or normal temperature

changes

® Measures as low as 0.05 mGy

® Exposures below that are recorded as minimal
® Can be worn for 3 months

® Crystals can be reused after reading which can be

cost efficient
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TLD DISADVANTAGES

® High initial cost and cost of equipment to do reading

® Readings can be lost is not carefully recorded because once

energy is released from crystals it cannot be reread

® Records only exposure to area in which it is worn

N 4

OPTICALLY STIMU NESCENT DOSIMETER

® Best features of film nd TLD
® Detector is aluminum oxide
® Electrons are trapped in the badge. Read out is
done when dosimeter is struck by laser light.
® Releases energy in a form of a light.
® Luminescent is proportional to the amount of
exposure received
® Exposures below 0.01 mGy are recorded as
minimal

®* Newer development is a reader called the
microStar which reads a special OSL dot called a
nanoDot
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OPTICALLY STIMULATE INESCENT DOSIMETER

®* Most common type of device used to monitor occupational

exposure

® Best features of film badge and TLD

* Contains aluminum oxide layer e FovclorFim

® Contains 3 filters:
> aluminum (least absorption, shallow)

> tin (eye)

> copper (most absorption, deep)

\3 OSL ADVANTAGES

® Lightweight, durable and easy to carry & wear

* Self-contained preloaded packet
® Not affected by heat, moisture or pressure

®* Has extended wear up to one year, but recommended for

a 2 month period
* Offers complete reanalysis

® Reasonably inexpensive to purchase and maintain
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OSL DISADVANTAGES

® Only records exposure to area where it's worn

® Sent out to be read, so some time elapses before you
receive your reading

® Unless you have a nanoDot version of the OSL

POCKET IONIZATION CHAMBER

Also known as a pocket dosimeter

Most sensitive

Uncommon to use in diagnostic radiology

Resembles a fountain pen

Contains 2 electrodes, one positive, one negative charged

There is a:
* self reading (contains an electrometer to provide reading)
® non-self reading type (requires an accessory electrometer)

10
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POCKET IONIZATION CHAMBER
ADVANTAGES

® Provides immediate readout
* Compact, easy to carry

® Convenient

Radiation Protection in Medical

Radiography, 6™ Ed. Statkiewicz

Sherer

N

POCKET IONIZATION CHAMBER
DISADVANTAGES

® Fairly expensive

® $150 per unit
® Inaccurate if not read daily

® Can be discharged by a

mechanical shock

®* No permanent legal record

11



N DIRECT ION STORAGE DOSIMETER 4
(DIS)

® Fairly new device

® Provides immediate radiation exposure

but can also do long term

® Contains ionization chamber that

produces and stores electrical charge

® Connects to a computer to provide a

readout
Radiation Protection in Medical Radiography,

o 9™ Ed. Statkiewicz Sherer
® Activates the vendor’s software for

reading

N 4

DIRECT ION STORAGE DOSIMETER
ADVANTAGES

® Lightweight
® Instant reports
® Doesn’t have to be mailed in

® Isn’t easily affected by being dropped or bumped

12



DIRECT ION STORAGE DOSIMETER

DISADVANTAGES

* Not effective if not worn properly

M| uaron

s

Personal
Dosimeters
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Most Innovative On-Demand Dosimetry System
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Occupational radiation monitor does NOT
‘protect against radiation exposure!

N 4

RECORDS OF PERSONNEL MONITORING [

® Purpose is to keep an ongoing tally of employee occupational
exposures

® Results must be recorded and maintained to meet state and
federal regulations

® Records must be kept permanently by facilities

¢ Should retrieve records from previous employers and present
them to new employer

14



4

REQUIREMENTS OF PERSONNEL
MONITORING

® Timeframes
® Period of time wearing (monthly for RH)
* Quarterly
® Yearly
® Lifetime
® Doses
® Deep dose equivalent- DDE
® Tcm depth in soft tissue
® Absorbed dose
*® Shallow dose equivalent- SDE
® 0.007cm depth in soft tissue
® Dose to external skin
® Eye or Lens dose equivalent- EDE or LDE
® 0.3cm depth in the eye
® Exposure to the lens

- N—
READING HOSPITAL Hecervod Dain | Raparing Daln_| 20220310 | a2.00-28
T ! J I.ANDAUER'
PO BOK 16052 L RLL [W LANDALER, ., 2 Scianc
READING, PA 196126052 Anatybical Work Drlee | O Felmse | 2207700128 § LCA Gnumnu Inmhmzs-lue
TESTING

Coty ) Verwom | B/ 1 e

" i (708) 755-7000
WYLAP LAB CODE 1004180 F::IPIMIQJWHJJJ'BG-N 16

i “*No NVLAP acesaditsl & available from WLAPWWMMMIW“M&IM When m osults
Radiation Dosimetry Report = R ho o [
Account: T8 beccount: 14S6718  Sedes: SHS AR A,

L Dase Equivalant (mewm) for Periods Shown Below
i E DDE Dosn LOE L SDE Egqurealon! ! 5
E E Poriod Shown Bolow ‘Guartor o Do Yoar 4 Dals Litetene 10 Dale E
ooe | e | soe wELu:EJs.oE oot | woe | so uue]LneJeue 3
G0 maeEEata | GUARTEN{ OFETME
CETE
13 13 13
| S T (I W i W o Ty G WA
.I ) ] ) M W &l W M ] e ’I:l ORI | AL
(i (Ca—C"} VR |TRBE
k I" E. g ) M M M M ‘! 47 &7
cl [ (] SR (TE=T T
m N u o o u [t W |~l |lw I 'NE
W CTE T —
u u " " m u M " lna | i) |'a
[& L ) TG TR
gl U] M | M | - L "ng 'I‘n
igred 000 Datod on ELL2 Cacaaion
[ L IOGT | WL
(IR ) U u M u M |un | 1850 | 15

This repor must net e unu ‘a claim

PrOCUC] confication, sppio:
prsorsament by NVLAP RS ot any
W

agancy of fn

30



i o
= W g,

. Pt Tt o P st M.
—

i | et 1

il
= - e - nie | i
03 o g P e i sy e saonesr [
ey o o rexa ) —
el T e e e e e B ey I Ty R B
Povihs e g, wsi T e | i | A [
skt e, s s b 1 e bt
e | bt | i
= WAL Lo Rah Y Wi fhacte
" it Lan
-
Lo tuss [ —— w6 e
e rbe S SR o o LR e 3y e e e
i d AN 0 T T b e e e A By T
v - Uy " P T s e e e e b o
x L2 It g g 0§ B Fuigreas I
el FL s T M Sy
| — = Lok gy 0 T it e
it o e 7 o 1 i A i o e i
[re— | = ] = [—— e St e et et L
o i e e e T W e
— LA st et i 120
S ; oot e Ay
0 okt e . L O SO » 184 ki T » Mg = . i iy oo LASIUACE Y bt o i o
e ar . T A 357G o 5 P ST b
EEC w3 e 1 e e i 13 i A Pk ;
L e i [
T 1 e o s G - i e L B ; PO oy
OO 1~ Avineee D s et 2 ! e e e SR B L R e s
Lupsr s Lo e L e 8 -
fro B el LI T A LS TR
v " e
1 T G061 i T ol b o et i - A
.8 iruar e s A + Wt B " i i W, ot
DS T 1 i oy o vt o e =
L P b -
" s s s e b 2
n bt b ey e A b
- ) ke ey #3804 b AL
reirs s e
o ST ~ I e
s i
el =8

How to Read Your Dosimetry Report f
LANDAUER - YouTube

16



Badge reading / EDE - mRem

2011 readings

*
*
*

250
Badged staff at TRHMC

Lens of eye dose limit is 15 rem (15,000 mrem)

INTERNAL DOSES
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COMMITTED DOSE EQUIVALENT

* CDE

® Total dose received over a period of time, usually during
a 50 year period from an inhaled or ingested radioactive
material

® Examples; radon, contaminated food, absorption through the skin, or injected
radioisotopes

® Specific to a single organ or tissue

¢ 500 mSv annual dose limit to single organs

From NCRP 160

4

N

COMMITTED EFFECTIVE DOSE
EQUIVALENT

* CEDE

® Applies to long term radiation of individual organs
or tissue resulting from inhalation or ingestion of
long-lived radioactive material (long decay life)

® Sum of all organs (CDE) x weighting factor for
importance (tissue weighting factors)

® Delivered slowly over long period of time from an
inhaled or ingested material

18



TOTAL EFFECTIVE DOSE EQUIVALENT

* TEDE
® Defined by the NRC

® Sum of the deep dose equivalent for external
radiation and the committed dose equivalent
for internal radiation
* DDE + CDE = TEDE
® Annual dose limit is 50 mSv (whole body) to
limit the risk cancer, genetic effects, cataracts,

skin damage, sterility.....

I

RADIATION SURVEYS INSTRUMENTS

® Detects and measures

radiation

® Detects the presence or

absence of radiation

4

r,
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SURVEY INSTRUMENTS REQUIREMENTS

® Easy to carry and operated by one person

® Durable enough to withstand normal use

® Reliable

¢ Should interact with radiation similar to human tissue
¢ Should be able to detect all types of radiation

® Energy of the radiation should not affect the detector

® Should be cost effective

1 GAS FILLED RADIATION SURVEY
INSTRUMENTS

® lonization chamber “cutie pie”
® Proportional counter

® Geiger Muller (G-M) detector

20
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IONIZATION CHAMBER-TYPE SURVEY METER
“CUTIE PIE”

® Rate (measures the rate of exposure) and

survey meter

® Used to measure radiation in an area such as
a fluoro room, radioisotope storage areas, or

patients with radioactive sources

® Can be used to measure doses traveling

through barriers

N

“CUTIE PIE”

FIGURE 5-11 lonization chamber-type survey meter, or
“cutie pie.”

¢ Advantages

Radiation Protection in Medical Radiography, 6™ Ed.
Statkiewicz Sherer

®* Measures a wide range of exposures in a few seconds

® Can be used to calibrate x-ray equipment

¢ Disadvantages
® Without adequate warm up, could cause inaccurate readings
® Large size
® Delicate construction

® Not good with short exposure times

21
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PROPORTIONAL COUNTER

* No useful purpose in diagnostic radiology

® Used in laboratories to detect alpha and beta
radiation

® Detects small amounts of other types of contamination

N

GEIGER-MULLER (G-M) DETECTOR

¢ Used mainly in Nuclear Medicine

=

h'l .‘4
® Easily detects areas of contamination and has 7

an audio signal

*® Signal increases as radiation is more intense
(similar to how a metal detector responds to
metal)

® Reads in counts per minute

FIGURE 512 Geiger-Miiller (GM) Detector.

Radiation Protection in Medical
Radiography, 6™ Ed. Statkiewicz Sherer
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SAFETY FEATURES IN EQUIPMENT

® On and off switches

* Power equipment down

® Interlocks

® Detents

® Visual- audio monitors

® Timer and audible signal

® Emergency controls

® Breakers, stop buttons

\> CALIBRATION INSTRUMENTS /

® lonization chambers used in the rate mode can be used to calibrate
equipment when used with an electrometer (

® Used by medical physicist for standard measurements required by
state, federal, and accreditation organizations for x-ray and
fluoro units. Examples:

¢ X-ray output

® Reproducibility and linearity of output
® Timer accuracy

® Half value layer

® Beam quality

® Entrance exposures for fluoro

® With a calibrated parallel plate chamber it could
check mammo equipment

®* Examples:
® Collimation accuracy- 2%
® SID indication- 2%
® PBL- 2%
® Variation in exposure- 5%




N

EQUIPMENT SURVEYS

® Surveys must be done by RSO and in writing

* Keep permanently and indicate if a resurvey is
necessary and if so when

*® Safety surveys are done in conjunction with
preventative maintenance

® Performance surveys are done annually

N

EQUIPMENT SURVEYS EXAMPLES

® Timer accuracy

® Exposure reproducibility
® kVp test

® Linearity of mAs

® Tube stability

® Beam limiting device

® Timer

® Primary barrier

* kVp and mAs indication
® High levels control

® Exposure rate limits

4
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REVIEW QUESTIONS

WHICH DOSE ON THE BADGE REPORT IS
CONSIDERED THE ABSORBED DOSE?

25% 25% 25% 25%
1.| Deep dose m

2. Shallow dose
3. Eye dose

4. Lens dose

4

25



1 WHAT TYPE OF PERSONNEL

MONITORING DEVICE DO WE
UTILIZE DAILY AT RH¢

. TLD 25% E%a 25% 25%

2. (03]

3. Film badge

4. Pocket dosimeter

WHERE CAN YOU LOCATE YOUR DEEP,
SHALLOW AND EYE DOSE LEVELS?

25%  25% 25% 25%

1. Compliance report

2. Quality assurance report

3.| Yearly evaluation

4. Personnel monitoring report

4

4
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WHICH SURVEY INSTRUMENT IS USED TO 4
LOCATE RADIOACTIVE MATERIALS IN NM? :

1\) <

1. TLD
2. (cutie pie |
3. GM counter

4. Proportional counter

1\} 7

WHICH OF THE FOLLOWING TIMEFRAMES IS [
NOT INCLUDED ON THE DOSE REPORT? !'

1. (Daily ]

2. Monthly
3. Quarterly
4. Yearly

27



1 WHICH PERSONNEL MONITORING DEVICE
PROVIDES AN IMMEDIATE READOUT?

. OSL
D 25% 25% 25% 25%
. |Film badge

. Pocket dosimeter

I

WHAT IS THE SENSING MATERIAL IN A TLD?

1. Barium sulfate
25% 25% 25% 25%

2. Calcium tungstate

3. | Lithium fluoride

4. Sodium iodide

4

r,
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Radiation Monitoring

Ms. Taryn Smith B.S. RT (R)
MI 120 Ch. 5 Summer 2022

I

® Monitoring is used to ensure
occupational radiation exposure
levels are kept well below the EfD
limit (annual effective dose)

*Technologist should be aware of
the various radiation exposure
monitoring devices and their
functions




N 4

REQUIREMENTS FOR PERSONNEL

® Personnel dosimetry monitors the equivalent dose to any person ~
occupationally exposed on a regular basis to ionizing radiation

® Required when there is a likelihood that an individual will receive
more than one- quarter (~12.5 mSy) the recommended annual
dose of 50 mSv

® To keep with ALARA (As Low As Reasonably Achievable) concept,
most facilities issue devices when personnel might receive 1% of
that dose

Cobar [red] and Wit el e Fatal hest |single Dosmeter] Eng
CAER LEAD UNDER LEAD UMDER LEAD LTVER LEALK LINGIER GLOVES

@ .&%

N 4

PURPOSE OF PERSONNEL DOSIMETERS

CAUT'ON ® Provides indication of working

habits and conditions of

' imaging personnel

'.’ ® Provides occupational exposure
FILM BADGE

Aﬁ%ﬂngsgn ® Measures the quantity of
PERSONNEL ionizing radiation exposure

~ONLY

Siowsioncen -

=¥ °* NOT a method of protection




PLACEMENT o/

During diagnostic radiology, the badge should
be worn at collar level facing forward on th

)

anterior side of the individual

Consistency of wearing in proper location is
responsibility of the technologist/student

When wearing a lead apron, the badge
should be worn at collar level on the outside
of the apron

Second monitor with apron (high level studies)

® Inside apron at waist level

Embryo-fetus monitor

® Inside apron at waist level

Extremity dosimeter

® When hands are required to be in the

primary beam

N

® Used in calculating monthly occupational doses

CONTROL BADGES

® Badge is kept in a distant, radiation-free area and the
reading (which consists of background radiation) is
subtracted from your total reading to give you your monthly
occupational dose




N

ALARA INVESTIGATIONS

® ALARA | (calendar quarter)
® 125 mrem deep dose
® 1250 mrem shallow dose
® 375 mrem lens of the eye
® 1250 mrem to the limbs
® Involves advisement from the RSO

* ALARA Il (calendar quarter)
® 375 mrem deep dose
¢ 3750 mrem shallow dose
® 1125 mrem lens of the eye
¢ 3750 mrem to the limbs

®* Member of the RSO staff will investigate reasons for high levels

https://www.plmedical.com/index.php /faqs/

N

MONITOR CHARACTERISTICS

Lightweight and easy to carry
Durable materials to tolerate daily use
Reliably detect exposures from small to large

Not effected by outside influences
®* Weather
® Humidity
® Mechanical shock

Inexpensive to purchase

Easy to maintain

@ Global Dosimetry
Solutions




N 4

TYPES OF PERSONNEL MONITORING

® Film Badge

* OSL

* TLD

® Pocket lonization Chamber

® Digital lonization Dosimeter

N

FILM BADGE

®* Not used as often

® Records whole body radiation at low
rate over a long period of time

® Uses dental film

® Filters low energy x-ray, gamma and
beta

® Has aluminum and copper filters that
allow conversion to tfissue dose

FIGURE 5-4 Disassembled film badge, demonstrating
badge components: plastic holder, metal filters, and film
packet.

Radiation Protection in Medical Radiography, 6™ Ed.
Statkiewicz Sherer
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FILM BADGE ADVANTAGES

Cost efficient

* A few dollars a month
Provides permanent, legal record

Detects different types of radiation and can
discriminate between types

Measures as low as 0.1mGy

® Doses below that are recorded as minimal
Durable if dropped

Can determine if exposure is from scatter or

primary radiation

FILM BADGE DISADVANTAGES

® Accuracy is limited to +/- 20%

® Temps and humidity can cause

inaccurate readings by fogging

®* Not recommended to be used more
than 1 month

®* Not reusable

® Reading can take a longer time
because badge has be sent out to

be read




N 4

TLD- THERMOLUMINESCENT DOSIMETER
[

® Light free device with crystalline form of lithium fluoride that
functions as the sensing material

® Energy stored by trapping electrons in crystal lattice

® Crystals are heated and the stored energy is released in form
of visible light which is measured by a photomultiplier tube.
The light emitted is directly proportional to exposure

TLD ADVANTAGES

® Not effected by humidity or normal temperature

changes

® Measures as low as 0.05 mGy

® Exposures below that are recorded as minimal
® Can be worn for 3 months

® Crystals can be reused after reading which can be

cost efficient




N

TLD DISADVANTAGES

® High initial cost and cost of equipment to do reading

® Readings can be lost is not carefully recorded because once

energy is released from crystals it cannot be reread

® Records only exposure to area in which it is worn

N 4

OPTICALLY STIMU NESCENT DOSIMETER

® Best features of film nd TLD
® Detector is aluminum oxide
® Electrons are trapped in the badge. Read out is
done when dosimeter is struck by laser light.
® Releases energy in a form of a light.
® Luminescent is proportional to the amount of
exposure received
® Exposures below 0.01 mGy are recorded as
minimal

®* Newer development is a reader called the
microStar which reads a special OSL dot called a
nanoDot




N =,

OPTICALLY STIMULATE INESCENT DOSIMETER

®* Most common type of device used to monitor occupational

exposure

® Best features of film badge and TLD

* Contains aluminum oxide layer e FovclorFim

® Contains 3 filters:
> aluminum (least absorption, shallow)

> tin (eye)

> copper (most absorption, deep)

\3 OSL ADVANTAGES

® Lightweight, durable and easy to carry & wear

* Self-contained preloaded packet
® Not affected by heat, moisture or pressure

®* Has extended wear up to one year, but recommended for

a 2 month period
* Offers complete reanalysis

® Reasonably inexpensive to purchase and maintain




N

OSL DISADVANTAGES

® Only records exposure to area where it's worn

® Sent out to be read, so some time elapses before you
receive your reading

® Unless you have a nanoDot version of the OSL

POCKET IONIZATION CHAMBER

Also known as a pocket dosimeter

Most sensitive

Uncommon to use in diagnostic radiology

Resembles a fountain pen

Contains 2 electrodes, one positive, one negative charged

There is a:
* self reading (contains an electrometer to provide reading)
® non-self reading type (requires an accessory electrometer)

10
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POCKET IONIZATION CHAMBER
ADVANTAGES

® Provides immediate readout
* Compact, easy to carry

® Convenient

Radiation Protection in Medical

Radiography, 6™ Ed. Statkiewicz

Sherer

N

POCKET IONIZATION CHAMBER
DISADVANTAGES

® Fairly expensive

® $150 per unit
® Inaccurate if not read daily

® Can be discharged by a

mechanical shock

®* No permanent legal record

11



N DIRECT ION STORAGE DOSIMETER 4
(DIS)

® Fairly new device

® Provides immediate radiation exposure

but can also do long term

® Contains ionization chamber that

produces and stores electrical charge

® Connects to a computer to provide a

readout
Radiation Protection in Medical Radiography,

o 9™ Ed. Statkiewicz Sherer
® Activates the vendor’s software for

reading

N 4

DIRECT ION STORAGE DOSIMETER
ADVANTAGES

® Lightweight
® Instant reports
® Doesn’t have to be mailed in

® Isn’t easily affected by being dropped or bumped

12



DIRECT ION STORAGE DOSIMETER

DISADVANTAGES

* Not effective if not worn properly

M| uaron

s

Personal
Dosimeters

Acrvdtaven
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o o Pt

T D Al 1
(ST Er——

am . Ln

Most Innovative On-Demand Dosimetry System

it 15
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13



Occupational radiation monitor does NOT
‘protect against radiation exposure!

N 4

RECORDS OF PERSONNEL MONITORING [

® Purpose is to keep an ongoing tally of employee occupational
exposures

® Results must be recorded and maintained to meet state and
federal regulations

® Records must be kept permanently by facilities

¢ Should retrieve records from previous employers and present
them to new employer

14
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REQUIREMENTS OF PERSONNEL
MONITORING

® Timeframes
® Period of time wearing (monthly for RH)
* Quarterly
® Yearly
® Lifetime
® Doses
® Deep dose equivalent- DDE
® Tcm depth in soft tissue
® Absorbed dose
*® Shallow dose equivalent- SDE
® 0.007cm depth in soft tissue
® Dose to external skin
® Eye or Lens dose equivalent- EDE or LDE
® 0.3cm depth in the eye
® Exposure to the lens
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Badge reading / EDE - mRem

2011 readings

*
*
*

250
Badged staff at TRHMC

Lens of eye dose limit is 15 rem (15,000 mrem)

INTERNAL DOSES
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N 4

COMMITTED DOSE EQUIVALENT

* CDE

® Total dose received over a period of time, usually during
a 50 year period from an inhaled or ingested radioactive
material

® Examples; radon, contaminated food, absorption through the skin, or injected
radioisotopes

® Specific to a single organ or tissue

¢ 500 mSv annual dose limit to single organs

From NCRP 160

4

N

COMMITTED EFFECTIVE DOSE
EQUIVALENT

* CEDE

® Applies to long term radiation of individual organs
or tissue resulting from inhalation or ingestion of
long-lived radioactive material (long decay life)

® Sum of all organs (CDE) x weighting factor for
importance (tissue weighting factors)

® Delivered slowly over long period of time from an
inhaled or ingested material

18



TOTAL EFFECTIVE DOSE EQUIVALENT

* TEDE
® Defined by the NRC

® Sum of the deep dose equivalent for external
radiation and the committed dose equivalent
for internal radiation
* DDE + CDE = TEDE
® Annual dose limit is 50 mSv (whole body) to
limit the risk cancer, genetic effects, cataracts,

skin damage, sterility.....

I

RADIATION SURVEYS INSTRUMENTS

® Detects and measures

radiation

® Detects the presence or

absence of radiation

4

r,
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SURVEY INSTRUMENTS REQUIREMENTS

® Easy to carry and operated by one person

® Durable enough to withstand normal use

® Reliable

¢ Should interact with radiation similar to human tissue
¢ Should be able to detect all types of radiation

® Energy of the radiation should not affect the detector

® Should be cost effective

1 GAS FILLED RADIATION SURVEY
INSTRUMENTS

® lonization chamber “cutie pie”
® Proportional counter

® Geiger Muller (G-M) detector

20



N 4

IONIZATION CHAMBER-TYPE SURVEY METER
“CUTIE PIE”

® Rate (measures the rate of exposure) and

survey meter

® Used to measure radiation in an area such as
a fluoro room, radioisotope storage areas, or

patients with radioactive sources

® Can be used to measure doses traveling

through barriers

N

“CUTIE PIE”

FIGURE 5-11 lonization chamber-type survey meter, or
“cutie pie.”

¢ Advantages

Radiation Protection in Medical Radiography, 6™ Ed.
Statkiewicz Sherer

®* Measures a wide range of exposures in a few seconds

® Can be used to calibrate x-ray equipment

¢ Disadvantages
® Without adequate warm up, could cause inaccurate readings
® Large size
® Delicate construction

® Not good with short exposure times

21
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PROPORTIONAL COUNTER

* No useful purpose in diagnostic radiology

® Used in laboratories to detect alpha and beta
radiation

® Detects small amounts of other types of contamination

N

GEIGER-MULLER (G-M) DETECTOR

¢ Used mainly in Nuclear Medicine

=

h'l .‘4
® Easily detects areas of contamination and has 7

an audio signal

*® Signal increases as radiation is more intense
(similar to how a metal detector responds to
metal)

® Reads in counts per minute

FIGURE 512 Geiger-Miiller (GM) Detector.

Radiation Protection in Medical
Radiography, 6™ Ed. Statkiewicz Sherer
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SAFETY FEATURES IN EQUIPMENT

® On and off switches

* Power equipment down

® Interlocks

® Detents

® Visual- audio monitors

® Timer and audible signal

® Emergency controls

® Breakers, stop buttons

\> CALIBRATION INSTRUMENTS /

® lonization chambers used in the rate mode can be used to calibrate
equipment when used with an electrometer (

® Used by medical physicist for standard measurements required by
state, federal, and accreditation organizations for x-ray and
fluoro units. Examples:

¢ X-ray output

® Reproducibility and linearity of output
® Timer accuracy

® Half value layer

® Beam quality

® Entrance exposures for fluoro

® With a calibrated parallel plate chamber it could
check mammo equipment

®* Examples:
® Collimation accuracy- 2%
® SID indication- 2%
® PBL- 2%
® Variation in exposure- 5%




N

EQUIPMENT SURVEYS

® Surveys must be done by RSO and in writing

* Keep permanently and indicate if a resurvey is
necessary and if so when

*® Safety surveys are done in conjunction with
preventative maintenance

® Performance surveys are done annually

N

EQUIPMENT SURVEYS EXAMPLES

® Timer accuracy

® Exposure reproducibility
® kVp test

® Linearity of mAs

® Tube stability

® Beam limiting device

® Timer

® Primary barrier

* kVp and mAs indication
® High levels control

® Exposure rate limits

4
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REVIEW QUESTIONS

WHICH DOSE ON THE BADGE REPORT IS
CONSIDERED THE ABSORBED DOSE?

25% 25% 25% 25%
1.| Deep dose m

2. Shallow dose
3. Eye dose

4. Lens dose

4
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1 WHAT TYPE OF PERSONNEL

MONITORING DEVICE DO WE
UTILIZE DAILY AT RH¢

. TLD 25% E%a 25% 25%

2. (03]

3. Film badge

4. Pocket dosimeter

WHERE CAN YOU LOCATE YOUR DEEP,
SHALLOW AND EYE DOSE LEVELS?

25%  25% 25% 25%

1. Compliance report

2. Quality assurance report

3.| Yearly evaluation

4. Personnel monitoring report

4

4
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WHICH SURVEY INSTRUMENT IS USED TO 4
LOCATE RADIOACTIVE MATERIALS IN NM? :

1\) <

1. TLD
2. (cutie pie |
3. GM counter

4. Proportional counter

1\} 7

WHICH OF THE FOLLOWING TIMEFRAMES IS [
NOT INCLUDED ON THE DOSE REPORT? !'

1. (Daily ]

2. Monthly
3. Quarterly
4. Yearly

27



1 WHICH PERSONNEL MONITORING DEVICE
PROVIDES AN IMMEDIATE READOUT?

. OSL
D 25% 25% 25% 25%
. |Film badge

. Pocket dosimeter

I

WHAT IS THE SENSING MATERIAL IN A TLD?

1. Barium sulfate
25% 25% 25% 25%

2. Calcium tungstate

3. | Lithium fluoride

4. Sodium iodide

4

r,
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Radiation Monitoring

Ms. Taryn Smith B.S. RT (R)
MI 120 Ch. 5 Summer 2022

I

® Monitoring is used to ensure
occupational radiation exposure
levels are kept well below the EfD
limit (annual effective dose)

*Technologist should be aware of
the various radiation exposure
monitoring devices and their
functions




N 4

REQUIREMENTS FOR PERSONNEL

® Personnel dosimetry monitors the equivalent dose to any person ~
occupationally exposed on a regular basis to ionizing radiation

® Required when there is a likelihood that an individual will receive
more than one- quarter (~12.5 mSy) the recommended annual
dose of 50 mSv

® To keep with ALARA (As Low As Reasonably Achievable) concept,
most facilities issue devices when personnel might receive 1% of
that dose

Cobar [red] and Wit el e Fatal hest |single Dosmeter] Eng
CAER LEAD UNDER LEAD UMDER LEAD LTVER LEALK LINGIER GLOVES

@ .&%

N 4

PURPOSE OF PERSONNEL DOSIMETERS

CAUT'ON ® Provides indication of working

habits and conditions of

' imaging personnel

'.’ ® Provides occupational exposure
FILM BADGE

Aﬁ%ﬂngsgn ® Measures the quantity of
PERSONNEL ionizing radiation exposure

~ONLY

Siowsioncen -

=¥ °* NOT a method of protection




PLACEMENT o/

During diagnostic radiology, the badge should
be worn at collar level facing forward on th

)

anterior side of the individual

Consistency of wearing in proper location is
responsibility of the technologist/student

When wearing a lead apron, the badge
should be worn at collar level on the outside
of the apron

Second monitor with apron (high level studies)

® Inside apron at waist level

Embryo-fetus monitor

® Inside apron at waist level

Extremity dosimeter

® When hands are required to be in the

primary beam

N

® Used in calculating monthly occupational doses

CONTROL BADGES

® Badge is kept in a distant, radiation-free area and the
reading (which consists of background radiation) is
subtracted from your total reading to give you your monthly
occupational dose




N

ALARA INVESTIGATIONS

® ALARA | (calendar quarter)
® 125 mrem deep dose
® 1250 mrem shallow dose
® 375 mrem lens of the eye
® 1250 mrem to the limbs
® Involves advisement from the RSO

* ALARA Il (calendar quarter)
® 375 mrem deep dose
¢ 3750 mrem shallow dose
® 1125 mrem lens of the eye
¢ 3750 mrem to the limbs

®* Member of the RSO staff will investigate reasons for high levels

https://www.plmedical.com/index.php /faqs/

N

MONITOR CHARACTERISTICS

Lightweight and easy to carry
Durable materials to tolerate daily use
Reliably detect exposures from small to large

Not effected by outside influences
®* Weather
® Humidity
® Mechanical shock

Inexpensive to purchase

Easy to maintain

@ Global Dosimetry
Solutions
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TYPES OF PERSONNEL MONITORING

® Film Badge

* OSL

* TLD

® Pocket lonization Chamber

® Digital lonization Dosimeter

N

FILM BADGE

®* Not used as often

® Records whole body radiation at low
rate over a long period of time

® Uses dental film

® Filters low energy x-ray, gamma and
beta

® Has aluminum and copper filters that
allow conversion to tfissue dose

FIGURE 5-4 Disassembled film badge, demonstrating
badge components: plastic holder, metal filters, and film
packet.

Radiation Protection in Medical Radiography, 6™ Ed.
Statkiewicz Sherer
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FILM BADGE ADVANTAGES

Cost efficient

* A few dollars a month
Provides permanent, legal record

Detects different types of radiation and can
discriminate between types

Measures as low as 0.1mGy

® Doses below that are recorded as minimal
Durable if dropped

Can determine if exposure is from scatter or

primary radiation

FILM BADGE DISADVANTAGES

® Accuracy is limited to +/- 20%

® Temps and humidity can cause

inaccurate readings by fogging

®* Not recommended to be used more
than 1 month

®* Not reusable

® Reading can take a longer time
because badge has be sent out to

be read
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TLD- THERMOLUMINESCENT DOSIMETER
[

® Light free device with crystalline form of lithium fluoride that
functions as the sensing material

® Energy stored by trapping electrons in crystal lattice

® Crystals are heated and the stored energy is released in form
of visible light which is measured by a photomultiplier tube.
The light emitted is directly proportional to exposure

TLD ADVANTAGES

® Not effected by humidity or normal temperature

changes

® Measures as low as 0.05 mGy

® Exposures below that are recorded as minimal
® Can be worn for 3 months

® Crystals can be reused after reading which can be

cost efficient




N

TLD DISADVANTAGES

® High initial cost and cost of equipment to do reading

® Readings can be lost is not carefully recorded because once

energy is released from crystals it cannot be reread

® Records only exposure to area in which it is worn

N 4

OPTICALLY STIMU NESCENT DOSIMETER

® Best features of film nd TLD
® Detector is aluminum oxide
® Electrons are trapped in the badge. Read out is
done when dosimeter is struck by laser light.
® Releases energy in a form of a light.
® Luminescent is proportional to the amount of
exposure received
® Exposures below 0.01 mGy are recorded as
minimal

®* Newer development is a reader called the
microStar which reads a special OSL dot called a
nanoDot
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OPTICALLY STIMULATE INESCENT DOSIMETER

®* Most common type of device used to monitor occupational

exposure

® Best features of film badge and TLD

* Contains aluminum oxide layer e FovclorFim

® Contains 3 filters:
> aluminum (least absorption, shallow)

> tin (eye)

> copper (most absorption, deep)

\3 OSL ADVANTAGES

® Lightweight, durable and easy to carry & wear

* Self-contained preloaded packet
® Not affected by heat, moisture or pressure

®* Has extended wear up to one year, but recommended for

a 2 month period
* Offers complete reanalysis

® Reasonably inexpensive to purchase and maintain
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OSL DISADVANTAGES

® Only records exposure to area where it's worn

® Sent out to be read, so some time elapses before you
receive your reading

® Unless you have a nanoDot version of the OSL

POCKET IONIZATION CHAMBER

Also known as a pocket dosimeter

Most sensitive

Uncommon to use in diagnostic radiology

Resembles a fountain pen

Contains 2 electrodes, one positive, one negative charged

There is a:
* self reading (contains an electrometer to provide reading)
® non-self reading type (requires an accessory electrometer)

10
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POCKET IONIZATION CHAMBER
ADVANTAGES

® Provides immediate readout
* Compact, easy to carry

® Convenient

Radiation Protection in Medical

Radiography, 6™ Ed. Statkiewicz

Sherer

N

POCKET IONIZATION CHAMBER
DISADVANTAGES

® Fairly expensive

® $150 per unit
® Inaccurate if not read daily

® Can be discharged by a

mechanical shock

®* No permanent legal record

11



N DIRECT ION STORAGE DOSIMETER 4
(DIS)

® Fairly new device

® Provides immediate radiation exposure

but can also do long term

® Contains ionization chamber that

produces and stores electrical charge

® Connects to a computer to provide a

readout
Radiation Protection in Medical Radiography,

o 9™ Ed. Statkiewicz Sherer
® Activates the vendor’s software for

reading

N 4

DIRECT ION STORAGE DOSIMETER
ADVANTAGES

® Lightweight
® Instant reports
® Doesn’t have to be mailed in

® Isn’t easily affected by being dropped or bumped

12



DIRECT ION STORAGE DOSIMETER

DISADVANTAGES

* Not effective if not worn properly

M| uaron
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Occupational radiation monitor does NOT
‘protect against radiation exposure!

N 4

RECORDS OF PERSONNEL MONITORING [

® Purpose is to keep an ongoing tally of employee occupational
exposures

® Results must be recorded and maintained to meet state and
federal regulations

® Records must be kept permanently by facilities

¢ Should retrieve records from previous employers and present
them to new employer

14
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REQUIREMENTS OF PERSONNEL
MONITORING

® Timeframes
® Period of time wearing (monthly for RH)
* Quarterly
® Yearly
® Lifetime
® Doses
® Deep dose equivalent- DDE
® Tcm depth in soft tissue
® Absorbed dose
*® Shallow dose equivalent- SDE
® 0.007cm depth in soft tissue
® Dose to external skin
® Eye or Lens dose equivalent- EDE or LDE
® 0.3cm depth in the eye
® Exposure to the lens
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Badge reading / EDE - mRem

2011 readings

*
*
*

250
Badged staff at TRHMC

Lens of eye dose limit is 15 rem (15,000 mrem)

INTERNAL DOSES

17
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COMMITTED DOSE EQUIVALENT

* CDE

® Total dose received over a period of time, usually during
a 50 year period from an inhaled or ingested radioactive
material

® Examples; radon, contaminated food, absorption through the skin, or injected
radioisotopes

® Specific to a single organ or tissue

¢ 500 mSv annual dose limit to single organs

From NCRP 160

4

N

COMMITTED EFFECTIVE DOSE
EQUIVALENT

* CEDE

® Applies to long term radiation of individual organs
or tissue resulting from inhalation or ingestion of
long-lived radioactive material (long decay life)

® Sum of all organs (CDE) x weighting factor for
importance (tissue weighting factors)

® Delivered slowly over long period of time from an
inhaled or ingested material

18



TOTAL EFFECTIVE DOSE EQUIVALENT

* TEDE
® Defined by the NRC

® Sum of the deep dose equivalent for external
radiation and the committed dose equivalent
for internal radiation
* DDE + CDE = TEDE
® Annual dose limit is 50 mSv (whole body) to
limit the risk cancer, genetic effects, cataracts,

skin damage, sterility.....

I

RADIATION SURVEYS INSTRUMENTS

® Detects and measures

radiation

® Detects the presence or

absence of radiation

4

r,

19
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SURVEY INSTRUMENTS REQUIREMENTS

® Easy to carry and operated by one person

® Durable enough to withstand normal use

® Reliable

¢ Should interact with radiation similar to human tissue
¢ Should be able to detect all types of radiation

® Energy of the radiation should not affect the detector

® Should be cost effective

1 GAS FILLED RADIATION SURVEY
INSTRUMENTS

® lonization chamber “cutie pie”
® Proportional counter

® Geiger Muller (G-M) detector

20



N 4

IONIZATION CHAMBER-TYPE SURVEY METER
“CUTIE PIE”

® Rate (measures the rate of exposure) and

survey meter

® Used to measure radiation in an area such as
a fluoro room, radioisotope storage areas, or

patients with radioactive sources

® Can be used to measure doses traveling

through barriers

N

“CUTIE PIE”

FIGURE 5-11 lonization chamber-type survey meter, or
“cutie pie.”

¢ Advantages

Radiation Protection in Medical Radiography, 6™ Ed.
Statkiewicz Sherer

®* Measures a wide range of exposures in a few seconds

® Can be used to calibrate x-ray equipment

¢ Disadvantages
® Without adequate warm up, could cause inaccurate readings
® Large size
® Delicate construction

® Not good with short exposure times

21
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PROPORTIONAL COUNTER

* No useful purpose in diagnostic radiology

® Used in laboratories to detect alpha and beta
radiation

® Detects small amounts of other types of contamination

N

GEIGER-MULLER (G-M) DETECTOR

¢ Used mainly in Nuclear Medicine

=

h'l .‘4
® Easily detects areas of contamination and has 7

an audio signal

*® Signal increases as radiation is more intense
(similar to how a metal detector responds to
metal)

® Reads in counts per minute

FIGURE 512 Geiger-Miiller (GM) Detector.

Radiation Protection in Medical
Radiography, 6™ Ed. Statkiewicz Sherer

22
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SAFETY FEATURES IN EQUIPMENT

® On and off switches

* Power equipment down

® Interlocks

® Detents

® Visual- audio monitors

® Timer and audible signal

® Emergency controls

® Breakers, stop buttons

\> CALIBRATION INSTRUMENTS /

® lonization chambers used in the rate mode can be used to calibrate
equipment when used with an electrometer (

® Used by medical physicist for standard measurements required by
state, federal, and accreditation organizations for x-ray and
fluoro units. Examples:

¢ X-ray output

® Reproducibility and linearity of output
® Timer accuracy

® Half value layer

® Beam quality

® Entrance exposures for fluoro

® With a calibrated parallel plate chamber it could
check mammo equipment

®* Examples:
® Collimation accuracy- 2%
® SID indication- 2%
® PBL- 2%
® Variation in exposure- 5%
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EQUIPMENT SURVEYS

® Surveys must be done by RSO and in writing

* Keep permanently and indicate if a resurvey is
necessary and if so when

*® Safety surveys are done in conjunction with
preventative maintenance

® Performance surveys are done annually

N

EQUIPMENT SURVEYS EXAMPLES

® Timer accuracy

® Exposure reproducibility
® kVp test

® Linearity of mAs

® Tube stability

® Beam limiting device

® Timer

® Primary barrier

* kVp and mAs indication
® High levels control

® Exposure rate limits

4
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REVIEW QUESTIONS

WHICH DOSE ON THE BADGE REPORT IS
CONSIDERED THE ABSORBED DOSE?

25% 25% 25% 25%
1.| Deep dose m

2. Shallow dose
3. Eye dose

4. Lens dose

4

25



1 WHAT TYPE OF PERSONNEL

MONITORING DEVICE DO WE
UTILIZE DAILY AT RH¢

. TLD 25% E%a 25% 25%

2. (03]

3. Film badge

4. Pocket dosimeter

WHERE CAN YOU LOCATE YOUR DEEP,
SHALLOW AND EYE DOSE LEVELS?

25%  25% 25% 25%

1. Compliance report

2. Quality assurance report

3.| Yearly evaluation

4. Personnel monitoring report

4

4

26



WHICH SURVEY INSTRUMENT IS USED TO 4
LOCATE RADIOACTIVE MATERIALS IN NM? :

1\) <

1. TLD
2. (cutie pie |
3. GM counter

4. Proportional counter

1\} 7

WHICH OF THE FOLLOWING TIMEFRAMES IS [
NOT INCLUDED ON THE DOSE REPORT? !'

1. (Daily ]

2. Monthly
3. Quarterly
4. Yearly

27



1 WHICH PERSONNEL MONITORING DEVICE
PROVIDES AN IMMEDIATE READOUT?

. OSL
D 25% 25% 25% 25%
. |Film badge

. Pocket dosimeter

I

WHAT IS THE SENSING MATERIAL IN A TLD?

1. Barium sulfate
25% 25% 25% 25%

2. Calcium tungstate

3. | Lithium fluoride

4. Sodium iodide

4

r,
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Radiation Monitoring

Ms. Taryn Smith B.S. RT (R)
MI 120 Ch. 5 Summer 2022

I

® Monitoring is used to ensure
occupational radiation exposure
levels are kept well below the EfD
limit (annual effective dose)

*Technologist should be aware of
the various radiation exposure
monitoring devices and their
functions




N 4

REQUIREMENTS FOR PERSONNEL

® Personnel dosimetry monitors the equivalent dose to any person ~
occupationally exposed on a regular basis to ionizing radiation

® Required when there is a likelihood that an individual will receive
more than one- quarter (~12.5 mSy) the recommended annual
dose of 50 mSv

® To keep with ALARA (As Low As Reasonably Achievable) concept,
most facilities issue devices when personnel might receive 1% of
that dose

Cobar [red] and Wit el e Fatal hest |single Dosmeter] Eng
CAER LEAD UNDER LEAD UMDER LEAD LTVER LEALK LINGIER GLOVES

@ .&%

N 4

PURPOSE OF PERSONNEL DOSIMETERS

CAUT'ON ® Provides indication of working

habits and conditions of

' imaging personnel

'.’ ® Provides occupational exposure
FILM BADGE

Aﬁ%ﬂngsgn ® Measures the quantity of
PERSONNEL ionizing radiation exposure

~ONLY

Siowsioncen -

=¥ °* NOT a method of protection




PLACEMENT o/

During diagnostic radiology, the badge should
be worn at collar level facing forward on th

)

anterior side of the individual

Consistency of wearing in proper location is
responsibility of the technologist/student

When wearing a lead apron, the badge
should be worn at collar level on the outside
of the apron

Second monitor with apron (high level studies)

® Inside apron at waist level

Embryo-fetus monitor

® Inside apron at waist level

Extremity dosimeter

® When hands are required to be in the

primary beam

N

® Used in calculating monthly occupational doses

CONTROL BADGES

® Badge is kept in a distant, radiation-free area and the
reading (which consists of background radiation) is
subtracted from your total reading to give you your monthly
occupational dose




N

ALARA INVESTIGATIONS

® ALARA | (calendar quarter)
® 125 mrem deep dose
® 1250 mrem shallow dose
® 375 mrem lens of the eye
® 1250 mrem to the limbs
® Involves advisement from the RSO

* ALARA Il (calendar quarter)
® 375 mrem deep dose
¢ 3750 mrem shallow dose
® 1125 mrem lens of the eye
¢ 3750 mrem to the limbs

®* Member of the RSO staff will investigate reasons for high levels

https://www.plmedical.com/index.php /faqs/

N

MONITOR CHARACTERISTICS

Lightweight and easy to carry
Durable materials to tolerate daily use
Reliably detect exposures from small to large

Not effected by outside influences
®* Weather
® Humidity
® Mechanical shock

Inexpensive to purchase

Easy to maintain

@ Global Dosimetry
Solutions
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TYPES OF PERSONNEL MONITORING

® Film Badge

* OSL

* TLD

® Pocket lonization Chamber

® Digital lonization Dosimeter

N

FILM BADGE

®* Not used as often

® Records whole body radiation at low
rate over a long period of time

® Uses dental film

® Filters low energy x-ray, gamma and
beta

® Has aluminum and copper filters that
allow conversion to tfissue dose

FIGURE 5-4 Disassembled film badge, demonstrating
badge components: plastic holder, metal filters, and film
packet.

Radiation Protection in Medical Radiography, 6™ Ed.
Statkiewicz Sherer
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FILM BADGE ADVANTAGES

Cost efficient

* A few dollars a month
Provides permanent, legal record

Detects different types of radiation and can
discriminate between types

Measures as low as 0.1mGy

® Doses below that are recorded as minimal
Durable if dropped

Can determine if exposure is from scatter or

primary radiation

FILM BADGE DISADVANTAGES

® Accuracy is limited to +/- 20%

® Temps and humidity can cause

inaccurate readings by fogging

®* Not recommended to be used more
than 1 month

®* Not reusable

® Reading can take a longer time
because badge has be sent out to

be read
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TLD- THERMOLUMINESCENT DOSIMETER
[

® Light free device with crystalline form of lithium fluoride that
functions as the sensing material

® Energy stored by trapping electrons in crystal lattice

® Crystals are heated and the stored energy is released in form
of visible light which is measured by a photomultiplier tube.
The light emitted is directly proportional to exposure

TLD ADVANTAGES

® Not effected by humidity or normal temperature

changes

® Measures as low as 0.05 mGy

® Exposures below that are recorded as minimal
® Can be worn for 3 months

® Crystals can be reused after reading which can be

cost efficient
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TLD DISADVANTAGES

® High initial cost and cost of equipment to do reading

® Readings can be lost is not carefully recorded because once

energy is released from crystals it cannot be reread

® Records only exposure to area in which it is worn

N 4

OPTICALLY STIMU NESCENT DOSIMETER

® Best features of film nd TLD
® Detector is aluminum oxide
® Electrons are trapped in the badge. Read out is
done when dosimeter is struck by laser light.
® Releases energy in a form of a light.
® Luminescent is proportional to the amount of
exposure received
® Exposures below 0.01 mGy are recorded as
minimal

®* Newer development is a reader called the
microStar which reads a special OSL dot called a
nanoDot
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OPTICALLY STIMULATE INESCENT DOSIMETER

®* Most common type of device used to monitor occupational

exposure

® Best features of film badge and TLD

* Contains aluminum oxide layer e FovclorFim

® Contains 3 filters:
> aluminum (least absorption, shallow)

> tin (eye)

> copper (most absorption, deep)

\3 OSL ADVANTAGES

® Lightweight, durable and easy to carry & wear

* Self-contained preloaded packet
® Not affected by heat, moisture or pressure

®* Has extended wear up to one year, but recommended for

a 2 month period
* Offers complete reanalysis

® Reasonably inexpensive to purchase and maintain
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OSL DISADVANTAGES

® Only records exposure to area where it's worn

® Sent out to be read, so some time elapses before you
receive your reading

® Unless you have a nanoDot version of the OSL

POCKET IONIZATION CHAMBER

Also known as a pocket dosimeter

Most sensitive

Uncommon to use in diagnostic radiology

Resembles a fountain pen

Contains 2 electrodes, one positive, one negative charged

There is a:
* self reading (contains an electrometer to provide reading)
® non-self reading type (requires an accessory electrometer)

10
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POCKET IONIZATION CHAMBER
ADVANTAGES

® Provides immediate readout
* Compact, easy to carry

® Convenient

Radiation Protection in Medical

Radiography, 6™ Ed. Statkiewicz

Sherer

N

POCKET IONIZATION CHAMBER
DISADVANTAGES

® Fairly expensive

® $150 per unit
® Inaccurate if not read daily

® Can be discharged by a

mechanical shock

®* No permanent legal record

11



N DIRECT ION STORAGE DOSIMETER 4
(DIS)

® Fairly new device

® Provides immediate radiation exposure

but can also do long term

® Contains ionization chamber that

produces and stores electrical charge

® Connects to a computer to provide a

readout
Radiation Protection in Medical Radiography,

o 9™ Ed. Statkiewicz Sherer
® Activates the vendor’s software for

reading

N 4

DIRECT ION STORAGE DOSIMETER
ADVANTAGES

® Lightweight
® Instant reports
® Doesn’t have to be mailed in

® Isn’t easily affected by being dropped or bumped

12



DIRECT ION STORAGE DOSIMETER

DISADVANTAGES

* Not effective if not worn properly
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Dosimeters
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Most Innovative On-Demand Dosimetry System
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Occupational radiation monitor does NOT
‘protect against radiation exposure!

N 4

RECORDS OF PERSONNEL MONITORING [

® Purpose is to keep an ongoing tally of employee occupational
exposures

® Results must be recorded and maintained to meet state and
federal regulations

® Records must be kept permanently by facilities

¢ Should retrieve records from previous employers and present
them to new employer

14
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REQUIREMENTS OF PERSONNEL
MONITORING

® Timeframes
® Period of time wearing (monthly for RH)
* Quarterly
® Yearly
® Lifetime
® Doses
® Deep dose equivalent- DDE
® Tcm depth in soft tissue
® Absorbed dose
*® Shallow dose equivalent- SDE
® 0.007cm depth in soft tissue
® Dose to external skin
® Eye or Lens dose equivalent- EDE or LDE
® 0.3cm depth in the eye
® Exposure to the lens
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Badge reading / EDE - mRem

2011 readings

*
*
*

250
Badged staff at TRHMC

Lens of eye dose limit is 15 rem (15,000 mrem)

INTERNAL DOSES

17



N 4

COMMITTED DOSE EQUIVALENT

* CDE

® Total dose received over a period of time, usually during
a 50 year period from an inhaled or ingested radioactive
material

® Examples; radon, contaminated food, absorption through the skin, or injected
radioisotopes

® Specific to a single organ or tissue

¢ 500 mSv annual dose limit to single organs

From NCRP 160

4

N

COMMITTED EFFECTIVE DOSE
EQUIVALENT

* CEDE

® Applies to long term radiation of individual organs
or tissue resulting from inhalation or ingestion of
long-lived radioactive material (long decay life)

® Sum of all organs (CDE) x weighting factor for
importance (tissue weighting factors)

® Delivered slowly over long period of time from an
inhaled or ingested material

18



TOTAL EFFECTIVE DOSE EQUIVALENT

* TEDE
® Defined by the NRC

® Sum of the deep dose equivalent for external
radiation and the committed dose equivalent
for internal radiation
* DDE + CDE = TEDE
® Annual dose limit is 50 mSv (whole body) to
limit the risk cancer, genetic effects, cataracts,

skin damage, sterility.....

I

RADIATION SURVEYS INSTRUMENTS

® Detects and measures

radiation

® Detects the presence or

absence of radiation

4

r,
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SURVEY INSTRUMENTS REQUIREMENTS

® Easy to carry and operated by one person

® Durable enough to withstand normal use

® Reliable

¢ Should interact with radiation similar to human tissue
¢ Should be able to detect all types of radiation

® Energy of the radiation should not affect the detector

® Should be cost effective

1 GAS FILLED RADIATION SURVEY
INSTRUMENTS

® lonization chamber “cutie pie”
® Proportional counter

® Geiger Muller (G-M) detector

20
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IONIZATION CHAMBER-TYPE SURVEY METER
“CUTIE PIE”

® Rate (measures the rate of exposure) and

survey meter

® Used to measure radiation in an area such as
a fluoro room, radioisotope storage areas, or

patients with radioactive sources

® Can be used to measure doses traveling

through barriers

N

“CUTIE PIE”

FIGURE 5-11 lonization chamber-type survey meter, or
“cutie pie.”

¢ Advantages

Radiation Protection in Medical Radiography, 6™ Ed.
Statkiewicz Sherer

®* Measures a wide range of exposures in a few seconds

® Can be used to calibrate x-ray equipment

¢ Disadvantages
® Without adequate warm up, could cause inaccurate readings
® Large size
® Delicate construction

® Not good with short exposure times

21
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PROPORTIONAL COUNTER

* No useful purpose in diagnostic radiology

® Used in laboratories to detect alpha and beta
radiation

® Detects small amounts of other types of contamination

N

GEIGER-MULLER (G-M) DETECTOR

¢ Used mainly in Nuclear Medicine

=

h'l .‘4
® Easily detects areas of contamination and has 7

an audio signal

*® Signal increases as radiation is more intense
(similar to how a metal detector responds to
metal)

® Reads in counts per minute

FIGURE 512 Geiger-Miiller (GM) Detector.

Radiation Protection in Medical
Radiography, 6™ Ed. Statkiewicz Sherer
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SAFETY FEATURES IN EQUIPMENT

® On and off switches

* Power equipment down

® Interlocks

® Detents

® Visual- audio monitors

® Timer and audible signal

® Emergency controls

® Breakers, stop buttons

\> CALIBRATION INSTRUMENTS /

® lonization chambers used in the rate mode can be used to calibrate
equipment when used with an electrometer (

® Used by medical physicist for standard measurements required by
state, federal, and accreditation organizations for x-ray and
fluoro units. Examples:

¢ X-ray output

® Reproducibility and linearity of output
® Timer accuracy

® Half value layer

® Beam quality

® Entrance exposures for fluoro

® With a calibrated parallel plate chamber it could
check mammo equipment

®* Examples:
® Collimation accuracy- 2%
® SID indication- 2%
® PBL- 2%
® Variation in exposure- 5%
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EQUIPMENT SURVEYS

® Surveys must be done by RSO and in writing

* Keep permanently and indicate if a resurvey is
necessary and if so when

*® Safety surveys are done in conjunction with
preventative maintenance

® Performance surveys are done annually

N

EQUIPMENT SURVEYS EXAMPLES

® Timer accuracy

® Exposure reproducibility
® kVp test

® Linearity of mAs

® Tube stability

® Beam limiting device

® Timer

® Primary barrier

* kVp and mAs indication
® High levels control

® Exposure rate limits

4
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REVIEW QUESTIONS

WHICH DOSE ON THE BADGE REPORT IS
CONSIDERED THE ABSORBED DOSE?

25% 25% 25% 25%
1.| Deep dose m

2. Shallow dose
3. Eye dose

4. Lens dose

4

25



1 WHAT TYPE OF PERSONNEL

MONITORING DEVICE DO WE
UTILIZE DAILY AT RH¢

. TLD 25% E%a 25% 25%

2. (03]

3. Film badge

4. Pocket dosimeter

WHERE CAN YOU LOCATE YOUR DEEP,
SHALLOW AND EYE DOSE LEVELS?

25%  25% 25% 25%

1. Compliance report

2. Quality assurance report

3.| Yearly evaluation

4. Personnel monitoring report

4

4
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WHICH SURVEY INSTRUMENT IS USED TO 4
LOCATE RADIOACTIVE MATERIALS IN NM? :

1\) <

1. TLD
2. (cutie pie |
3. GM counter

4. Proportional counter

1\} 7

WHICH OF THE FOLLOWING TIMEFRAMES IS [
NOT INCLUDED ON THE DOSE REPORT? !'

1. (Daily ]

2. Monthly
3. Quarterly
4. Yearly

27



1 WHICH PERSONNEL MONITORING DEVICE
PROVIDES AN IMMEDIATE READOUT?

. OSL
D 25% 25% 25% 25%
. |Film badge

. Pocket dosimeter

I

WHAT IS THE SENSING MATERIAL IN A TLD?

1. Barium sulfate
25% 25% 25% 25%

2. Calcium tungstate

3. | Lithium fluoride

4. Sodium iodide

4

r,
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Radiation Monitoring

Ms. Taryn Smith B.S. RT (R)
MI 120 Ch. 5 Summer 2022

I

® Monitoring is used to ensure
occupational radiation exposure
levels are kept well below the EfD
limit (annual effective dose)

*Technologist should be aware of
the various radiation exposure
monitoring devices and their
functions




N 4

REQUIREMENTS FOR PERSONNEL

® Personnel dosimetry monitors the equivalent dose to any person ~
occupationally exposed on a regular basis to ionizing radiation

® Required when there is a likelihood that an individual will receive
more than one- quarter (~12.5 mSy) the recommended annual
dose of 50 mSv

® To keep with ALARA (As Low As Reasonably Achievable) concept,
most facilities issue devices when personnel might receive 1% of
that dose

Cobar [red] and Wit el e Fatal hest |single Dosmeter] Eng
CAER LEAD UNDER LEAD UMDER LEAD LTVER LEALK LINGIER GLOVES

@ .&%

N 4

PURPOSE OF PERSONNEL DOSIMETERS

CAUT'ON ® Provides indication of working

habits and conditions of

' imaging personnel

'.’ ® Provides occupational exposure
FILM BADGE

Aﬁ%ﬂngsgn ® Measures the quantity of
PERSONNEL ionizing radiation exposure

~ONLY

Siowsioncen -

=¥ °* NOT a method of protection




PLACEMENT o/

During diagnostic radiology, the badge should
be worn at collar level facing forward on th

)

anterior side of the individual

Consistency of wearing in proper location is
responsibility of the technologist/student

When wearing a lead apron, the badge
should be worn at collar level on the outside
of the apron

Second monitor with apron (high level studies)

® Inside apron at waist level

Embryo-fetus monitor

® Inside apron at waist level

Extremity dosimeter

® When hands are required to be in the

primary beam

N

® Used in calculating monthly occupational doses

CONTROL BADGES

® Badge is kept in a distant, radiation-free area and the
reading (which consists of background radiation) is
subtracted from your total reading to give you your monthly
occupational dose




N

ALARA INVESTIGATIONS

® ALARA | (calendar quarter)
® 125 mrem deep dose
® 1250 mrem shallow dose
® 375 mrem lens of the eye
® 1250 mrem to the limbs
® Involves advisement from the RSO

* ALARA Il (calendar quarter)
® 375 mrem deep dose
¢ 3750 mrem shallow dose
® 1125 mrem lens of the eye
¢ 3750 mrem to the limbs

®* Member of the RSO staff will investigate reasons for high levels

https://www.plmedical.com/index.php /faqs/

N

MONITOR CHARACTERISTICS

Lightweight and easy to carry
Durable materials to tolerate daily use
Reliably detect exposures from small to large

Not effected by outside influences
®* Weather
® Humidity
® Mechanical shock

Inexpensive to purchase

Easy to maintain

@ Global Dosimetry
Solutions




N 4

TYPES OF PERSONNEL MONITORING

® Film Badge

* OSL

* TLD

® Pocket lonization Chamber

® Digital lonization Dosimeter

N

FILM BADGE

®* Not used as often

® Records whole body radiation at low
rate over a long period of time

® Uses dental film

® Filters low energy x-ray, gamma and
beta

® Has aluminum and copper filters that
allow conversion to tfissue dose

FIGURE 5-4 Disassembled film badge, demonstrating
badge components: plastic holder, metal filters, and film
packet.

Radiation Protection in Medical Radiography, 6™ Ed.
Statkiewicz Sherer
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FILM BADGE ADVANTAGES

Cost efficient

* A few dollars a month
Provides permanent, legal record

Detects different types of radiation and can
discriminate between types

Measures as low as 0.1mGy

® Doses below that are recorded as minimal
Durable if dropped

Can determine if exposure is from scatter or

primary radiation

FILM BADGE DISADVANTAGES

® Accuracy is limited to +/- 20%

® Temps and humidity can cause

inaccurate readings by fogging

®* Not recommended to be used more
than 1 month

®* Not reusable

® Reading can take a longer time
because badge has be sent out to

be read




N 4

TLD- THERMOLUMINESCENT DOSIMETER
[

® Light free device with crystalline form of lithium fluoride that
functions as the sensing material

® Energy stored by trapping electrons in crystal lattice

® Crystals are heated and the stored energy is released in form
of visible light which is measured by a photomultiplier tube.
The light emitted is directly proportional to exposure

TLD ADVANTAGES

® Not effected by humidity or normal temperature

changes

® Measures as low as 0.05 mGy

® Exposures below that are recorded as minimal
® Can be worn for 3 months

® Crystals can be reused after reading which can be

cost efficient




N

TLD DISADVANTAGES

® High initial cost and cost of equipment to do reading

® Readings can be lost is not carefully recorded because once

energy is released from crystals it cannot be reread

® Records only exposure to area in which it is worn

N 4

OPTICALLY STIMU NESCENT DOSIMETER

® Best features of film nd TLD
® Detector is aluminum oxide
® Electrons are trapped in the badge. Read out is
done when dosimeter is struck by laser light.
® Releases energy in a form of a light.
® Luminescent is proportional to the amount of
exposure received
® Exposures below 0.01 mGy are recorded as
minimal

®* Newer development is a reader called the
microStar which reads a special OSL dot called a
nanoDot




N =,

OPTICALLY STIMULATE INESCENT DOSIMETER

®* Most common type of device used to monitor occupational

exposure

® Best features of film badge and TLD

* Contains aluminum oxide layer e FovclorFim

® Contains 3 filters:
> aluminum (least absorption, shallow)

> tin (eye)

> copper (most absorption, deep)

\3 OSL ADVANTAGES

® Lightweight, durable and easy to carry & wear

* Self-contained preloaded packet
® Not affected by heat, moisture or pressure

®* Has extended wear up to one year, but recommended for

a 2 month period
* Offers complete reanalysis

® Reasonably inexpensive to purchase and maintain
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OSL DISADVANTAGES

® Only records exposure to area where it's worn

® Sent out to be read, so some time elapses before you
receive your reading

® Unless you have a nanoDot version of the OSL

POCKET IONIZATION CHAMBER

Also known as a pocket dosimeter

Most sensitive

Uncommon to use in diagnostic radiology

Resembles a fountain pen

Contains 2 electrodes, one positive, one negative charged

There is a:
* self reading (contains an electrometer to provide reading)
® non-self reading type (requires an accessory electrometer)

10
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POCKET IONIZATION CHAMBER
ADVANTAGES

® Provides immediate readout
* Compact, easy to carry

® Convenient

Radiation Protection in Medical

Radiography, 6™ Ed. Statkiewicz

Sherer

N

POCKET IONIZATION CHAMBER
DISADVANTAGES

® Fairly expensive

® $150 per unit
® Inaccurate if not read daily

® Can be discharged by a

mechanical shock

®* No permanent legal record

11



N DIRECT ION STORAGE DOSIMETER 4
(DIS)

® Fairly new device

® Provides immediate radiation exposure

but can also do long term

® Contains ionization chamber that

produces and stores electrical charge

® Connects to a computer to provide a

readout
Radiation Protection in Medical Radiography,

o 9™ Ed. Statkiewicz Sherer
® Activates the vendor’s software for

reading

N 4

DIRECT ION STORAGE DOSIMETER
ADVANTAGES

® Lightweight
® Instant reports
® Doesn’t have to be mailed in

® Isn’t easily affected by being dropped or bumped

12



DIRECT ION STORAGE DOSIMETER

DISADVANTAGES

* Not effective if not worn properly

M| uaron

s

Personal
Dosimeters

Acrvdtaven
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o o Pt
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(ST Er——

am . Ln

Most Innovative On-Demand Dosimetry System
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Occupational radiation monitor does NOT
‘protect against radiation exposure!

N 4

RECORDS OF PERSONNEL MONITORING [

® Purpose is to keep an ongoing tally of employee occupational
exposures

® Results must be recorded and maintained to meet state and
federal regulations

® Records must be kept permanently by facilities

¢ Should retrieve records from previous employers and present
them to new employer

14



4

REQUIREMENTS OF PERSONNEL
MONITORING

® Timeframes
® Period of time wearing (monthly for RH)
* Quarterly
® Yearly
® Lifetime
® Doses
® Deep dose equivalent- DDE
® Tcm depth in soft tissue
® Absorbed dose
*® Shallow dose equivalent- SDE
® 0.007cm depth in soft tissue
® Dose to external skin
® Eye or Lens dose equivalent- EDE or LDE
® 0.3cm depth in the eye
® Exposure to the lens
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Badge reading / EDE - mRem

2011 readings

*
*
*

250
Badged staff at TRHMC

Lens of eye dose limit is 15 rem (15,000 mrem)

INTERNAL DOSES

17



N 4

COMMITTED DOSE EQUIVALENT

* CDE

® Total dose received over a period of time, usually during
a 50 year period from an inhaled or ingested radioactive
material

® Examples; radon, contaminated food, absorption through the skin, or injected
radioisotopes

® Specific to a single organ or tissue

¢ 500 mSv annual dose limit to single organs

From NCRP 160

4

N

COMMITTED EFFECTIVE DOSE
EQUIVALENT

* CEDE

® Applies to long term radiation of individual organs
or tissue resulting from inhalation or ingestion of
long-lived radioactive material (long decay life)

® Sum of all organs (CDE) x weighting factor for
importance (tissue weighting factors)

® Delivered slowly over long period of time from an
inhaled or ingested material

18



TOTAL EFFECTIVE DOSE EQUIVALENT

* TEDE
® Defined by the NRC

® Sum of the deep dose equivalent for external
radiation and the committed dose equivalent
for internal radiation
* DDE + CDE = TEDE
® Annual dose limit is 50 mSv (whole body) to
limit the risk cancer, genetic effects, cataracts,

skin damage, sterility.....

I

RADIATION SURVEYS INSTRUMENTS

® Detects and measures

radiation

® Detects the presence or

absence of radiation

4

r,
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SURVEY INSTRUMENTS REQUIREMENTS

® Easy to carry and operated by one person

® Durable enough to withstand normal use

® Reliable

¢ Should interact with radiation similar to human tissue
¢ Should be able to detect all types of radiation

® Energy of the radiation should not affect the detector

® Should be cost effective

1 GAS FILLED RADIATION SURVEY
INSTRUMENTS

® lonization chamber “cutie pie”
® Proportional counter

® Geiger Muller (G-M) detector

20



N 4

IONIZATION CHAMBER-TYPE SURVEY METER
“CUTIE PIE”

® Rate (measures the rate of exposure) and

survey meter

® Used to measure radiation in an area such as
a fluoro room, radioisotope storage areas, or

patients with radioactive sources

® Can be used to measure doses traveling

through barriers

N

“CUTIE PIE”

FIGURE 5-11 lonization chamber-type survey meter, or
“cutie pie.”

¢ Advantages

Radiation Protection in Medical Radiography, 6™ Ed.
Statkiewicz Sherer

®* Measures a wide range of exposures in a few seconds

® Can be used to calibrate x-ray equipment

¢ Disadvantages
® Without adequate warm up, could cause inaccurate readings
® Large size
® Delicate construction

® Not good with short exposure times

21
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PROPORTIONAL COUNTER

* No useful purpose in diagnostic radiology

® Used in laboratories to detect alpha and beta
radiation

® Detects small amounts of other types of contamination

N

GEIGER-MULLER (G-M) DETECTOR

¢ Used mainly in Nuclear Medicine

=

h'l .‘4
® Easily detects areas of contamination and has 7

an audio signal

*® Signal increases as radiation is more intense
(similar to how a metal detector responds to
metal)

® Reads in counts per minute

FIGURE 512 Geiger-Miiller (GM) Detector.

Radiation Protection in Medical
Radiography, 6™ Ed. Statkiewicz Sherer
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SAFETY FEATURES IN EQUIPMENT

® On and off switches

* Power equipment down

® Interlocks

® Detents

® Visual- audio monitors

® Timer and audible signal

® Emergency controls

® Breakers, stop buttons

\> CALIBRATION INSTRUMENTS /

® lonization chambers used in the rate mode can be used to calibrate
equipment when used with an electrometer (

® Used by medical physicist for standard measurements required by
state, federal, and accreditation organizations for x-ray and
fluoro units. Examples:

¢ X-ray output

® Reproducibility and linearity of output
® Timer accuracy

® Half value layer

® Beam quality

® Entrance exposures for fluoro

® With a calibrated parallel plate chamber it could
check mammo equipment

®* Examples:
® Collimation accuracy- 2%
® SID indication- 2%
® PBL- 2%
® Variation in exposure- 5%
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EQUIPMENT SURVEYS

® Surveys must be done by RSO and in writing

* Keep permanently and indicate if a resurvey is
necessary and if so when

*® Safety surveys are done in conjunction with
preventative maintenance

® Performance surveys are done annually

N

EQUIPMENT SURVEYS EXAMPLES

® Timer accuracy

® Exposure reproducibility
® kVp test

® Linearity of mAs

® Tube stability

® Beam limiting device

® Timer

® Primary barrier

* kVp and mAs indication
® High levels control

® Exposure rate limits

4
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REVIEW QUESTIONS

WHICH DOSE ON THE BADGE REPORT IS
CONSIDERED THE ABSORBED DOSE?

25% 25% 25% 25%
1.| Deep dose m

2. Shallow dose
3. Eye dose

4. Lens dose

4
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1 WHAT TYPE OF PERSONNEL

MONITORING DEVICE DO WE
UTILIZE DAILY AT RH¢

. TLD 25% E%a 25% 25%

2. (03]

3. Film badge

4. Pocket dosimeter

WHERE CAN YOU LOCATE YOUR DEEP,
SHALLOW AND EYE DOSE LEVELS?

25%  25% 25% 25%

1. Compliance report

2. Quality assurance report

3.| Yearly evaluation

4. Personnel monitoring report

4

4
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WHICH SURVEY INSTRUMENT IS USED TO 4
LOCATE RADIOACTIVE MATERIALS IN NM? :

1\) <

1. TLD
2. (cutie pie |
3. GM counter

4. Proportional counter

1\} 7

WHICH OF THE FOLLOWING TIMEFRAMES IS [
NOT INCLUDED ON THE DOSE REPORT? !'

1. (Daily ]

2. Monthly
3. Quarterly
4. Yearly

27



1 WHICH PERSONNEL MONITORING DEVICE
PROVIDES AN IMMEDIATE READOUT?

. OSL
D 25% 25% 25% 25%
. |Film badge

. Pocket dosimeter

I

WHAT IS THE SENSING MATERIAL IN A TLD?

1. Barium sulfate
25% 25% 25% 25%

2. Calcium tungstate

3. | Lithium fluoride

4. Sodium iodide

4

r,
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Radiation Monitoring

Ms. Taryn Smith B.S. RT (R)
MI 120 Ch. 5 Summer 2022

I

® Monitoring is used to ensure
occupational radiation exposure
levels are kept well below the EfD
limit (annual effective dose)

*Technologist should be aware of
the various radiation exposure
monitoring devices and their
functions
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REQUIREMENTS FOR PERSONNEL

® Personnel dosimetry monitors the equivalent dose to any person ~
occupationally exposed on a regular basis to ionizing radiation

® Required when there is a likelihood that an individual will receive
more than one- quarter (~12.5 mSy) the recommended annual
dose of 50 mSv

® To keep with ALARA (As Low As Reasonably Achievable) concept,
most facilities issue devices when personnel might receive 1% of
that dose

Cobar [red] and Wit el e Fatal hest |single Dosmeter] Eng
CAER LEAD UNDER LEAD UMDER LEAD LTVER LEALK LINGIER GLOVES

@ .&%

N 4

PURPOSE OF PERSONNEL DOSIMETERS

CAUT'ON ® Provides indication of working

habits and conditions of

' imaging personnel

'.’ ® Provides occupational exposure
FILM BADGE

Aﬁ%ﬂngsgn ® Measures the quantity of
PERSONNEL ionizing radiation exposure

~ONLY

Siowsioncen -

=¥ °* NOT a method of protection




PLACEMENT o/

During diagnostic radiology, the badge should
be worn at collar level facing forward on th

)

anterior side of the individual

Consistency of wearing in proper location is
responsibility of the technologist/student

When wearing a lead apron, the badge
should be worn at collar level on the outside
of the apron

Second monitor with apron (high level studies)

® Inside apron at waist level

Embryo-fetus monitor

® Inside apron at waist level

Extremity dosimeter

® When hands are required to be in the

primary beam

N

® Used in calculating monthly occupational doses

CONTROL BADGES

® Badge is kept in a distant, radiation-free area and the
reading (which consists of background radiation) is
subtracted from your total reading to give you your monthly
occupational dose




N

ALARA INVESTIGATIONS

® ALARA | (calendar quarter)
® 125 mrem deep dose
® 1250 mrem shallow dose
® 375 mrem lens of the eye
® 1250 mrem to the limbs
® Involves advisement from the RSO

* ALARA Il (calendar quarter)
® 375 mrem deep dose
¢ 3750 mrem shallow dose
® 1125 mrem lens of the eye
¢ 3750 mrem to the limbs

®* Member of the RSO staff will investigate reasons for high levels

https://www.plmedical.com/index.php /faqs/

N

MONITOR CHARACTERISTICS

Lightweight and easy to carry
Durable materials to tolerate daily use
Reliably detect exposures from small to large

Not effected by outside influences
®* Weather
® Humidity
® Mechanical shock

Inexpensive to purchase

Easy to maintain

@ Global Dosimetry
Solutions
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TYPES OF PERSONNEL MONITORING

® Film Badge

* OSL

* TLD

® Pocket lonization Chamber

® Digital lonization Dosimeter

N

FILM BADGE

®* Not used as often

® Records whole body radiation at low
rate over a long period of time

® Uses dental film

® Filters low energy x-ray, gamma and
beta

® Has aluminum and copper filters that
allow conversion to tfissue dose

FIGURE 5-4 Disassembled film badge, demonstrating
badge components: plastic holder, metal filters, and film
packet.

Radiation Protection in Medical Radiography, 6™ Ed.
Statkiewicz Sherer
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FILM BADGE ADVANTAGES

Cost efficient

* A few dollars a month
Provides permanent, legal record

Detects different types of radiation and can
discriminate between types

Measures as low as 0.1mGy

® Doses below that are recorded as minimal
Durable if dropped

Can determine if exposure is from scatter or

primary radiation

FILM BADGE DISADVANTAGES

® Accuracy is limited to +/- 20%

® Temps and humidity can cause

inaccurate readings by fogging

®* Not recommended to be used more
than 1 month

®* Not reusable

® Reading can take a longer time
because badge has be sent out to

be read
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TLD- THERMOLUMINESCENT DOSIMETER
[

® Light free device with crystalline form of lithium fluoride that
functions as the sensing material

® Energy stored by trapping electrons in crystal lattice

® Crystals are heated and the stored energy is released in form
of visible light which is measured by a photomultiplier tube.
The light emitted is directly proportional to exposure

TLD ADVANTAGES

® Not effected by humidity or normal temperature

changes

® Measures as low as 0.05 mGy

® Exposures below that are recorded as minimal
® Can be worn for 3 months

® Crystals can be reused after reading which can be

cost efficient




N

TLD DISADVANTAGES

® High initial cost and cost of equipment to do reading

® Readings can be lost is not carefully recorded because once

energy is released from crystals it cannot be reread

® Records only exposure to area in which it is worn

N 4

OPTICALLY STIMU NESCENT DOSIMETER

® Best features of film nd TLD
® Detector is aluminum oxide
® Electrons are trapped in the badge. Read out is
done when dosimeter is struck by laser light.
® Releases energy in a form of a light.
® Luminescent is proportional to the amount of
exposure received
® Exposures below 0.01 mGy are recorded as
minimal

®* Newer development is a reader called the
microStar which reads a special OSL dot called a
nanoDot




N =,

OPTICALLY STIMULATE INESCENT DOSIMETER

®* Most common type of device used to monitor occupational

exposure

® Best features of film badge and TLD

* Contains aluminum oxide layer e FovclorFim

® Contains 3 filters:
> aluminum (least absorption, shallow)

> tin (eye)

> copper (most absorption, deep)

\3 OSL ADVANTAGES

® Lightweight, durable and easy to carry & wear

* Self-contained preloaded packet
® Not affected by heat, moisture or pressure

®* Has extended wear up to one year, but recommended for

a 2 month period
* Offers complete reanalysis

® Reasonably inexpensive to purchase and maintain
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OSL DISADVANTAGES

® Only records exposure to area where it's worn

® Sent out to be read, so some time elapses before you
receive your reading

® Unless you have a nanoDot version of the OSL

POCKET IONIZATION CHAMBER

Also known as a pocket dosimeter

Most sensitive

Uncommon to use in diagnostic radiology

Resembles a fountain pen

Contains 2 electrodes, one positive, one negative charged

There is a:
* self reading (contains an electrometer to provide reading)
® non-self reading type (requires an accessory electrometer)

10
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POCKET IONIZATION CHAMBER
ADVANTAGES

® Provides immediate readout
* Compact, easy to carry

® Convenient

Radiation Protection in Medical

Radiography, 6™ Ed. Statkiewicz

Sherer

N

POCKET IONIZATION CHAMBER
DISADVANTAGES

® Fairly expensive

® $150 per unit
® Inaccurate if not read daily

® Can be discharged by a

mechanical shock

®* No permanent legal record

11



N DIRECT ION STORAGE DOSIMETER 4
(DIS)

® Fairly new device

® Provides immediate radiation exposure

but can also do long term

® Contains ionization chamber that

produces and stores electrical charge

® Connects to a computer to provide a

readout
Radiation Protection in Medical Radiography,

o 9™ Ed. Statkiewicz Sherer
® Activates the vendor’s software for

reading

N 4

DIRECT ION STORAGE DOSIMETER
ADVANTAGES

® Lightweight
® Instant reports
® Doesn’t have to be mailed in

® Isn’t easily affected by being dropped or bumped

12



DIRECT ION STORAGE DOSIMETER

DISADVANTAGES

* Not effective if not worn properly

M| uaron

s

Personal
Dosimeters

Acrvdtaven

sang
o o Pt

T D Al 1
(ST Er——

am . Ln

Most Innovative On-Demand Dosimetry System

it 15
————

e84
g 82 e
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Occupational radiation monitor does NOT
‘protect against radiation exposure!

N 4

RECORDS OF PERSONNEL MONITORING [

® Purpose is to keep an ongoing tally of employee occupational
exposures

® Results must be recorded and maintained to meet state and
federal regulations

® Records must be kept permanently by facilities

¢ Should retrieve records from previous employers and present
them to new employer

14
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REQUIREMENTS OF PERSONNEL
MONITORING

® Timeframes
® Period of time wearing (monthly for RH)
* Quarterly
® Yearly
® Lifetime
® Doses
® Deep dose equivalent- DDE
® Tcm depth in soft tissue
® Absorbed dose
*® Shallow dose equivalent- SDE
® 0.007cm depth in soft tissue
® Dose to external skin
® Eye or Lens dose equivalent- EDE or LDE
® 0.3cm depth in the eye
® Exposure to the lens

- N—
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Badge reading / EDE - mRem

2011 readings

*
*
*

250
Badged staff at TRHMC

Lens of eye dose limit is 15 rem (15,000 mrem)

INTERNAL DOSES

17
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COMMITTED DOSE EQUIVALENT

* CDE

® Total dose received over a period of time, usually during
a 50 year period from an inhaled or ingested radioactive
material

® Examples; radon, contaminated food, absorption through the skin, or injected
radioisotopes

® Specific to a single organ or tissue

¢ 500 mSv annual dose limit to single organs

From NCRP 160

4

N

COMMITTED EFFECTIVE DOSE
EQUIVALENT

* CEDE

® Applies to long term radiation of individual organs
or tissue resulting from inhalation or ingestion of
long-lived radioactive material (long decay life)

® Sum of all organs (CDE) x weighting factor for
importance (tissue weighting factors)

® Delivered slowly over long period of time from an
inhaled or ingested material

18



TOTAL EFFECTIVE DOSE EQUIVALENT

* TEDE
® Defined by the NRC

® Sum of the deep dose equivalent for external
radiation and the committed dose equivalent
for internal radiation
* DDE + CDE = TEDE
® Annual dose limit is 50 mSv (whole body) to
limit the risk cancer, genetic effects, cataracts,

skin damage, sterility.....

I

RADIATION SURVEYS INSTRUMENTS

® Detects and measures

radiation

® Detects the presence or

absence of radiation

4

r,
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SURVEY INSTRUMENTS REQUIREMENTS

® Easy to carry and operated by one person

® Durable enough to withstand normal use

® Reliable

¢ Should interact with radiation similar to human tissue
¢ Should be able to detect all types of radiation

® Energy of the radiation should not affect the detector

® Should be cost effective

1 GAS FILLED RADIATION SURVEY
INSTRUMENTS

® lonization chamber “cutie pie”
® Proportional counter

® Geiger Muller (G-M) detector

20
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IONIZATION CHAMBER-TYPE SURVEY METER
“CUTIE PIE”

® Rate (measures the rate of exposure) and

survey meter

® Used to measure radiation in an area such as
a fluoro room, radioisotope storage areas, or

patients with radioactive sources

® Can be used to measure doses traveling

through barriers

N

“CUTIE PIE”

FIGURE 5-11 lonization chamber-type survey meter, or
“cutie pie.”

¢ Advantages

Radiation Protection in Medical Radiography, 6™ Ed.
Statkiewicz Sherer

®* Measures a wide range of exposures in a few seconds

® Can be used to calibrate x-ray equipment

¢ Disadvantages
® Without adequate warm up, could cause inaccurate readings
® Large size
® Delicate construction

® Not good with short exposure times

21
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PROPORTIONAL COUNTER

* No useful purpose in diagnostic radiology

® Used in laboratories to detect alpha and beta
radiation

® Detects small amounts of other types of contamination

N

GEIGER-MULLER (G-M) DETECTOR

¢ Used mainly in Nuclear Medicine

=

h'l .‘4
® Easily detects areas of contamination and has 7

an audio signal

*® Signal increases as radiation is more intense
(similar to how a metal detector responds to
metal)

® Reads in counts per minute

FIGURE 512 Geiger-Miiller (GM) Detector.

Radiation Protection in Medical
Radiography, 6™ Ed. Statkiewicz Sherer

22
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SAFETY FEATURES IN EQUIPMENT

® On and off switches

* Power equipment down

® Interlocks

® Detents

® Visual- audio monitors

® Timer and audible signal

® Emergency controls

® Breakers, stop buttons

\> CALIBRATION INSTRUMENTS /

® lonization chambers used in the rate mode can be used to calibrate
equipment when used with an electrometer (

® Used by medical physicist for standard measurements required by
state, federal, and accreditation organizations for x-ray and
fluoro units. Examples:

¢ X-ray output

® Reproducibility and linearity of output
® Timer accuracy

® Half value layer

® Beam quality

® Entrance exposures for fluoro

® With a calibrated parallel plate chamber it could
check mammo equipment

®* Examples:
® Collimation accuracy- 2%
® SID indication- 2%
® PBL- 2%
® Variation in exposure- 5%
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EQUIPMENT SURVEYS

® Surveys must be done by RSO and in writing

* Keep permanently and indicate if a resurvey is
necessary and if so when

*® Safety surveys are done in conjunction with
preventative maintenance

® Performance surveys are done annually

N

EQUIPMENT SURVEYS EXAMPLES

® Timer accuracy

® Exposure reproducibility
® kVp test

® Linearity of mAs

® Tube stability

® Beam limiting device

® Timer

® Primary barrier

* kVp and mAs indication
® High levels control

® Exposure rate limits

4
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REVIEW QUESTIONS

WHICH DOSE ON THE BADGE REPORT IS
CONSIDERED THE ABSORBED DOSE?

25% 25% 25% 25%
1.| Deep dose m

2. Shallow dose
3. Eye dose

4. Lens dose

4
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1 WHAT TYPE OF PERSONNEL

MONITORING DEVICE DO WE
UTILIZE DAILY AT RH¢

. TLD 25% E%a 25% 25%

2. (03]

3. Film badge

4. Pocket dosimeter

WHERE CAN YOU LOCATE YOUR DEEP,
SHALLOW AND EYE DOSE LEVELS?

25%  25% 25% 25%

1. Compliance report

2. Quality assurance report

3.| Yearly evaluation

4. Personnel monitoring report

4

4
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WHICH SURVEY INSTRUMENT IS USED TO 4
LOCATE RADIOACTIVE MATERIALS IN NM? :

1\) <

1. TLD
2. (cutie pie |
3. GM counter

4. Proportional counter

1\} 7

WHICH OF THE FOLLOWING TIMEFRAMES IS [
NOT INCLUDED ON THE DOSE REPORT? !'

1. (Daily ]

2. Monthly
3. Quarterly
4. Yearly

27



1 WHICH PERSONNEL MONITORING DEVICE
PROVIDES AN IMMEDIATE READOUT?

. OSL
D 25% 25% 25% 25%
. |Film badge

. Pocket dosimeter

I

WHAT IS THE SENSING MATERIAL IN A TLD?

1. Barium sulfate
25% 25% 25% 25%

2. Calcium tungstate

3. | Lithium fluoride

4. Sodium iodide

4

r,
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