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System of Physics Units.

Radiation Units.

Exposure Units.

Absorbed Dose.

Equivalent Dose.

Effective Dose.

Background Radiation.
Peak Skin Dose.
ALARA principles.

Exposure doses for occupational, patients and public.

Dose limits:
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Maximum permissible occupational dose.

Occupational and non-occupational exposure — limit dose.
Maximum permissible public dose.

Maximum permissible Patient dose.

Whole body, tissues and organs dose limits.



2"! Stage Radiation Protection 4t Lecture

How can vou reduce external radiation exposure?

1. Time

Reducing the time of exposure can directly reduce radiation dose. Dose rate 1s
the total amount of radiation absorbed relative to its biological effect. Dose rate
is the rate at which the radiation is absorbed. Limiting the time of radiation
exposure will reduce your radiation dose.

2. Distance

Increasing the distance between you and the radiation source you will reduce
exposure by the square of the distance. Doubling the distance between your
body and the radiation source will divide the radiation exposure by a factor of 4.
3. Shielding

Lead or lead equivalent shielding for X-rays and gamma rays is an effective way
to reduce radiation exposure. There are various types of shielding used in the
reduction of radiation exposure including lead aprons, mobile lead shields, lead
glasses, and lead barriers. When working in radiation areas it is important to use
shielding whenever possible.

How can vou reduce internal radiation exposure?

1. Good Hygiene

Practicing good hygiene and housekeeping habits effectively moderate the
internal radiation hazards presented by radionuclides. By eliminating the
presence of food and drink in areas where radioactive materials are used or stored,
and controlling “hand to mouth” habits, the risk of internal radiation exposure is
reduced.

2. Control of Contamination

Labeling radioactive and potentially radioactive areas and items will help prevent
the spread of contamination. It is important to control contamination with

absorbent papers and spill trays and placing any contaminated item in a properly
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labeled waste container. When contamination occurs, it is important to promptly
decontaminate the area to prevent the spread of contamination.
3. Airborne Hazards
Using fume hoods and avoiding dust, aerosol, or volatile gas production can
reduce the potential for inhalation of radioactive substances.
4. Use Proper PPE
Using the proper personal protective equipment (PPE) such as disposable gloves,
safety glasses, lab coats, etc. will help reduce the possibility of ingestion or
absorption of radioactive materials.
It’s very important to understand how to protect your medical staff and patients
when working around high frequency radiation and to be aware of ways to reduce
the level of radiation exposure. It takes a team effort to successfully implement
the ALARA principles. ALARA should be a routine element of your work in
radiological areas.
Dose limits:

1- Maximum Permissible Occupational Doses
Definition:

Occupational Doses: is the internal and external dose of ionizing radiation

received by workers in the course of employment in such areas as fuel cycle
facilities, industrial radiography, nuclear medicine, and nuclear power plants.
You can define it as “the dose received by an individual in a restricted area or
while performing assigned duties that involve exposure to sources of radiation”.
So, the workers in fields use radioactive sources are exposed to varying amounts
of radiation, depending on their jobs and the sources with which they work.

The Nuclear Radiology Commission (NRC) licenses to limit occupational

exposure to 5,000 mrem (50 mSv) per year.
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The limits vary depending on the affected part of the body. The annual total for
the whole body is 5,000 mrem. The next table explains limits dose related to part
of body.

Organ, tissue Occupational Dose Limits Non-occupational Dose Limits
mrem/year mSv/year mrem/year mSv/year
Whole Body 5,000 50 100 1
Lense of the eye 15,000 150 NA NA
Shallow dose 50,000 500 NA NA
(skin and
extremities)

Occupational and non-occupational (public) exposure limit dose:

The dose Ilimit to non- Non-

Occupational occupational

occupational ~ workers  and Skin
058
(50 rer:s)

Annual dose limits for
occupationally
exposed adults

(10 CFR 20.1201)

members of the public are set at

Total effective dose equivalent TEDE

two percent of the annual (Wholo body) 0.05 Sv {5 reme)

Elbows
to hands
0.5 Sv
(50 rems)

=1/10 of
QOccupational
MPD*
*Declared
pregnant worker
MPD =

occupational dose limit.

There fore 5 eXpO Sure tO a non- Internal Non-occupational
Knees organs MPD
. . 058
radiation worker must not | £ (50 rems)
(50 rems) General public:

0.1 rem (0.001 Sv)
“Design criterion”

exceed 100 mrem/year. This

exposure would be in addition to

the annual background radiation.

How do you calculate occupational limit dose?

e For whole-body dose limit is assumed to be at the deep-dose equivalent (a

tissue depth of 1 cm).
e For lens dose equivalent is the dose equivalent to the lens of the eye from

an external source of ionizing radiation at a tissue depth of 0.3 cm.
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e For shallow-dose equivalent is the external dose to the skin of the whole-
body or extremities from an external source of ionizing radiation at a tissue

depth of 0.007 cm averaged over and area of 10 cm?.

Whole Body (DDE) 5 rem 5,000 mrem
Eyes (LDE) 15 rem 15,000 mrem
Extremities 50 rem 50,000 mrem
Skin (SDE) 50 rem 50,000 mrem
Fetal (gestation period) 0.5 rem 500 mrem
Gen. Public* 0.1 rem 100 mrem

2- Maximum possible public dose
The maximum permissible dose (MPD) is the upper limit of allowed radiation
dose that one may receive without the risk of significant side effects.
The annual whole-body dose limit for physicians is 50 mSv. For the fetus, the
annual maximum permissible dose is 0.5 rem or 5 mSv. Assuming proper
techniques and well-functioning equipment, the scattered radiation dose to the
patient and the medical personnel should be less than the above radiation doses.
Reduction of the amount of radiation implies proper selection of the type of
examination and imaging modality in order to minimize the exposure to the
patient and personnel. The principle involved in reducing the amount of radiation
is as low as reasonably achievable (ALARA) or as low as reasonably practicable
(ALARP). This implies that in the process of obtaining good, usable images for
the procedure, all steps are taken to minimize extraneous radiation exposure.

3- The maximum permissible patient doses
Much of the focus on radiation protection about 2 decades ago accrued from the
need for protection of radiation workers and collective doses to populations from
medical exposures.
The patients being the focus for any medical diagnosis, dose evaluation and
diagnostic reference levels for patients are recognized as important tools for

optimization of patient radiation protection.
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In some cases, the patient may receive an incorrect dose which can jeopardize the
quality of diagnosis. Therefore, the doses in radiation procedures need to be
regularly evaluated to ensure the patients' safety and quality of medical images,
he added.

CT D, CTDI,, DLP

Definition: Dose Length Product (DLP) is a proxy Gy (mGy)

(mGy cm)
. Skull 298 225 349
for the total absorbed dose in a phantom over the 3! oy i i
Orbit 208 25 158
Skull bas 208 225 68
length Of a scan. Pa]r'lana:;‘ltsinus 19.6 14.9 156
Mandible 19.6 14.9 60
; ; : Neck 298 225 315
DLP is useful for comparing exam doses if scan Neek 28 233
. . . Thorax (middle third) 27.2 12.6 107
lengths are equivalent. DLP is measured in Upper abdomen 250113180
Pancreas 25.0 11.3 84
L . Pelvis 250 113 292
mllhgray_centlmeter (mGy_cm) Whole abdomen 250 113 473
Lumber spine (L1-L5) 43.8 20.3 295
.. Lumbar spine (L3-L5) 43.8 20.3 162
Definitions Os sacrum 438 203 264

1. Annual limit on intake (ALI) - the derived limit for the amount of radioactive
material taken into the body of an adult worker by inhalation or ingestion in a
year. ALI is the smaller value of intake of a given radionuclide in a year by
the "reference man" that would result in a committed effective dose equivalent
of 0.05 Sv (5 rem) or a committed dose equivalent of 0.5 Sv (50 rem) to any
individual organ or tissue.

2. Dose equivalent - the product of the absorbed dose in tissue and the quality
factor (a value that reflects the biological impact of a particular type of ionizing
radiation). Measured in rem or Sievert (Sv).

3. Occupational dose - the dose received by an individual in a restricted area or
while performing assigned duties that involve exposure to sources of radiation.

4. Member of the public - an individual who is not in a restricted area and who i1s
not performing assigned duties that involve exposure to sources of radiation.

5. Committed dose equivalent (CDE) - the dose equivalent to organs or tissues of
reference that will be received from an intake of radioactive material by an

individual during the 50-year period following intake.
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6. Committed effective dose equivalent (CEDE) - the sum of the products of the
weighting factors applicable to each of the body organs or tissues that are
irradiated and the committed dose equivalent (CDE) to each of these organs or
tissues. This 1s a measure of the overall risk associated with internal deposition
of radioactive material.

7. Eye dose equivalent (LDE) - the dose equivalent to the lens of the eye at a
tissue depth of 0.3 cm (300 mg/cm?).

8. Shallow dose equivalent (SDE) - the dose equivalent at a tissue depth of .007
cm (7 mg/cm?) averaged over 1 cm?; applies to external whole body or
extremity exposure.

9. Deep dose equivalent (DDE) - the dose equivalent at a tissue depth of 1 cm;
applies to external exposure.

10. Total Effective Dose Equivalent (TEDE) - the sum of the deep dose
equivalent (DDE) for external exposures and the committed effective dose
equivalent (CEDE) for internal exposures.

11. Total Organ Dose Equivalent, Maximum Organ (TODE) - the sum of the deep
dose equivalent (DDE) and the committed dose equivalent (CDE) to the organ
receiving the highest dose.
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