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RADIATION SAFETY AND PROTECTION
Eric L. Gingold, PA.D.

| 1. Is the radiation used in diagnostic radiology harmful?
Potentially, yes. In actual practice, adverse health effects from ionizing radiation used in diz

i nostic radiology are cxtremely rare.

i 2. What are the potential harmful effects of ionizing radiation?
The effects can be classified into two broad categoris: stochastic ffects and determiristic:
fects.

U2 3. What are stochastic effects?
| < \&\, iffctsin which the probabilty of occurrence increases with fadiation exposure. Examples
Il £2\% % stochastic responses are carcinogenesis and genetic effects. An niportant property of these effects
| that the probabiliy, but not the severity of the endpoint conditioa, i related to the quantity of the:
é dietion dose.

? 7 4 Whatis meant by deterministic effects? :

SS\B\  Determinisic sffecsinesssocisied with 3 threshold rciation e, below which the efet
©2\5 not observed. Above the threshold dose, the probability that the effect will occur is virtually 100¢
i and the severity of the effect increases with an increased dose.

| 5. Whit are examples of deterministic effects?
&~ ™ Skin responses suck as erythem, epilation, desquamation, cataracts, fibrosis, and hematopc
etic damage.

6. What are the threshold doses for deterministic effects?

‘The deterministic effect with the lowest dose threshold is early transient erythema, with
threshold dose in the 2-3 Gray range, when delivered acutely. (The Gray, or Gy, is a unit of absorb
dose equal to 1 joule of energy absorbed per kilogram of tissue.) When the radiation exposuré:
spread over time, the threshold dose is greater than for an acute exposure, due to the ability of cel
1o repair nonlethal radiation damage.

7. What are some typical entrance skin exposures delivered in common x-ray examinati
such as a chest PA film, an AP cervical spine film, and an abdominal AP film?
Typicel doses in milliGrays (mGy) for a PA of the chest, an AP cervical spine film, and xn@
abdominal film are 0.15, 0.95, and 3.0 (using & grid and 400 speed film, for an average patient).

8. How many chest radiographs would one need to receive before the erythema dose threshi
s reached, i 1 Roentgen of entrance skin exposure results in a skin dose of approximately 1 c
Approximately 10,000 chest x-rays (or 100 CT studies or greater than 30 miutes of ﬂ\lﬂmxwpq

9. Do hospital workers risk receiving an exposure that would resultin a deterministic effe
No. Hospital personnel, in the course of normal clinical work, receive at most only 2 small rad r
ation exposure, due primarily to scatter.

10. How concerned should we be about stochastic effects?

‘There is some legitimate reason to be concerned about stochastic effects, since they have
Imnown dose threshold. This implies that even the smallest amount of radiation exposure may i
crease the probability of the in. ~f a stochastic effect. However. the most common stochast




[image: image2.jpg]Radiation Safety and Protection 7

fects have a fairly high spontancous incidence, so there may be a radiation dose below which fur-
er reduction in radiation dose does not reduce the likelihood of producing the effect, Since such
egligible risk” levels have not been determined, the conservative spproach s to assume that all a-
ation exposure s potentially harmful.

L. Whatis ALARA?

“As Low As Reasonably Achievable,” which refers to achieving the lowest radiation exposures
‘ossible to patients, health care workers, and the general public.
2. What is meant by “background radiation”? :

Al inhabitants of the Earth receive a certain amount of radiation exposure each year in thé form
f “natural background” radiation. This comes from rocks and soil, from outer space, from radon gas
moduced in the ground, and natural isotopes of elements found in living tissue (such as carbon-14
nd potassium-40). The background radiation in the United States results in an average annual effec-
ive dose equivalent of 3.2 milliSieverts. The Sievert i the ST unit of effective doge, which takes into
sccount partial-body irradiation and the particular type of radiation that results in an absorbed dose.

13, What s the average annual occupational effective dose that radiologists and x-ray fechnol-
ogists are exposed to?

Radiologists, 0.71 milliSieverts; x-ray technologists, 0.96 milliSieverts. These exposures are
still below the natural background level.

14. What is the purpose of occupational dose limits?
Although the ALARA principle presumes that there is no absolutely safe level, occupational
dose limils are chosen to keep radiation exposures to low levels, based on the following objectives:
* To prevent radiation-induced deterministic effects, by adhering to dose limits that are below
the apparent threshold levels.
+To limit the risk of stochastic effects to a reasonable level in relation to soeial needs, vlues,
benefits gained, and economic factors.
Radiologists and x-ray technologists receive an average annual ocoupational effective dose well
below the occupational limit of 50 milliSieverts/year to the whole body.

15. Which health care workers are most likely to approach the occupational limit?
Angiographers and eardiologists, who perform fluoroscopically guided diagnostic and  :sven-
tional procedures.

16. What are the main principles in radiation protection?

‘Time, distance, and shielding. That is, minimize exposure time, maximize the distance between
oneself and the source of radiation, and take advantage of protective shielding such as lead germents
and lead-lined partitions. The distance rule is particularly effective, since radiation exposure varies
inversely with the square of the distance from the radiation source.

17. By what percent do standard 0.5-mm lead aprons reduce radiation exposure?
By 95%.

18. What other principles should be used while working with radiation or around radioactive
‘materials to reduce exposure?
* Exercise proper hygiene (no drinking or eating).
* Limit the x-ray feld to only the anatomy of interest.
* Use any dose-saving features such as fast screen-film combinations, pulsed or slow-scan video
Hluoroscopy, or low-dose fluoroscopy whenever possible.
* Ue digite} lenans vacentors th radiics the ahmber of rndioerssbic i i3le. “at mnatbe resssted.





