


Sladgs slogi

od‘)’ L5>L> 4\.” 9




How Atoms Emlt Light

22001 HowStuffWorks

Particles

—

1. A collision with a moving particle
excites the atom.

2. This causes an electron to jump to
a higher energy level.

3. The electron falls back to its —
original energy level, releasing the Light

extra ener in the form of a light
ohoton. " g Photon
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Half-Life

(4.17)

where A, is the original quantity of activity and A is the activity left after n half-lives.
14,3 days
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Figure 4-10. Decrease of *P activity.
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a carcinogen (ionizing radiaton in this case) and is dependent on several factors,
including age, sex, and dose history. It is defined by

FRR =

Cancer incidence in exposed population

Cancer incidence in unexposed population

(7.7)

Another metric used to estimate radiation risk to a population from a given radi-
ation dose is the excess absolute risk (EAR). The EAR is a measure of the postulated

TABLE 7-9. Cancer Incidence Among 86,572 Atomic-Bomb Sunvivors with Known

Radiation Dose

EXCESS RELATIVE RISK [per 5v7)

CANCER SITE NUMEBER OF CASES Male Female
Stomach 3602 0.21 [0.11-0.40F 0.48 (0.31-0.73
Colen 1165 0.63 [0.37-1.1) 0.43 (0.19-0.96)
Liver 1146 0.32 (0.16-0.64] 0.32 (0.10-1.0]
lung 1136 0.32 (0.15-0.70) 1.40 [0.94-2.11)
Breast 952 — 0.51 (0.28-0.83)
Prostate 281 0.12 (0-0.69) —

Uterus 875 — 0.055 [0-0.22
Ovary 190 — 0.38 [0.10-1.4)
Bladder 352 0.50 (0.18-1.4) .65 [0.69—4.0)
Other solid cancers 2969 0.27 (0.15-0.50) 0.45 [0.27-0.75)
Thyroid 243 0.53 (0.14-2.0) .05 [0.28-3.9)
Leukemia [Except CLLJ 294 1.1 [0.1-2.8) 1.2 (0.1-2.9)

2ERR per Sv for exposure at age 30+ and attained age &60. The numbers in the parentheses are the 95% confidence

S N e e ™
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Figure 5-10. Alpha-particle absorption curve.
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Air 1s the most commonly used absorbing medium for specifving range—energy
relationships of alpha particles. The range (in cm) of air, R, at 0°C and 760 mm Hg
pressure of alphas whose energy E is between 2 MeV and 8 MeV is closely approxi-
mated (within 109%) by the following empirically determined equation:

R = 0.822E%=, (5.20)

The range of alpha particles in any other medium whose atomic mass number is A

and whose density is p may be computed from the following relationship:

Rl X Py X {f‘,‘m}“'ﬁ — H:u X Pm A {-ﬂ'.‘l}“'ﬁ- {5-21}

where

R, and R, = range in air and ussue (cm),
A, and A, = atomic mass number of air and the medium, and
g, and p,, = density of air and the medium (g/cm?).
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Figure 5-2. Absorption curve [alminum absorbers) of ™ Bi beta particles, 1.17 Me! The broken line
represents the mean backaround count rate,
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Figure 5-4. Range-energy curve for beta particles and for monoenergetic electrons. [Adapted from
Radiologrcal Health Handbook. Washington, DC: Office of Technical Services; 1960.)
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Figure 5-7. Relationship between particle energy and specific ionization of air,
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E=1.92R"™ R=< 03g/cm”
R=0407E"% E < 0.8MeV

E =185R+ 0245 Rz 03g/cm’
R=0542E —0.133 E = 0.8MeV

where
R = range, g/cm” and
E = maximum beta energy, MeV.

R(meg Jf._'ar.' Y= pimeg J.-”._'u*.":j =d (em)




(P95 9,)Ls &5 1 0

R = 412 (1:363-0.0954LnE) 001<E <25MeV
R =530F —160 E >25MeV

(mg/cm2)ls =l = 4R

R(mg/'r:m:j =p{mgfr:m3jxd(r:m) (MeV)ls a3 o5 4 y25los:E
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Health Handbook Washinagton, DO Office of Technical Services: 19460




TAELE 5-1.

Average Energy Lost by a Beta Particle in the Production of an lon Pair

IONIZATION
POTENTIAL (eV)

MEAN ENERGY EXPENDITURE
PER ION PAIR [eV)

13.6
245
14.5
13.6
215
157
140
12.]

14.4
14.5
1.6
12.2
12.8

36.6
415
34.6
30.8
36.2
262
243
219
337
329
273
25.7
263
246
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f5 =385x 107" ZE,,

fg = the fraction of the incident beta energy converted into photons,
Z = atomic number of the absorber, and

E,, = maximum energy of the beta particle (MeV).
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Figure 5-8. Coolidge type stationary target X-ray tube. A beam of useful X-rays is formed by the
bremsstrahlung that passes through an open port in the shielding that encloses the X-ray tube. (Figure

3-Z2A, p. 34 from RADIATION BIOPHYSICS, 2nd ed, by Howard Lucius Andrews. Copytight (© 1974 by
Prentice-Hall, Inc. Reprinted by permission of Pearson Education, Inc.|
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X-ray machines have three principal uses

* Diagnostic
* therapeutic

* and nonmedical radiographic devices.
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Fig. 15.8 Schematic plan view of X-ray room showing the
different radiation components considered in the design of
structural shielding to provide primary and secondary
protective barriers.
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Figure 5-13. Attenuation of gamma rays under conditions of good geometry. The solid lines are the

attenuation curves for 0.662-MeV [monoenergetic) gamma rays. The dotted line is the attenuation
curve for a heterochromatic beam.




I
In— = —ut. (5.26b)
I

Taking the inverse logs of both sides of Eq. (5.26b), we have,

where

gamma-ray intensity at zero absorber thickness,
absorber thickness,

= gamma-ray intensity transmitted through an absorber of thickness ¢,
= base of the natural logarithm system, and
= slope of the absorption curve = the attenuation coefficient.




TABLE 5-3. Linear Attenuation Coefficients, crm—!

QUANTUM EMERGY [MeV)

p.lgfom?) 0.1 0.15 0.2 0.3 0.5 0.8 1.0 1.5 2 3 5 B 10
2325 (0,335 0.201 0274 0.238 0. 196 0,159 0.143 0.117 0. 100 0.080 0.0&1 0.048 0.044
27 0435 0362 0.324 0.278 0.227 0.185 0. 165 0.135 oy 0.094 0.076 0.065 0.062
79 272 |.445 1.020 0.838 0655 0.525 0.470 0.383 (0.335 0285 0.247 0,233 0.232
B9 3.80 [.830 1.309 0.960 0.730 0.581 0.520 0.424 0.372 0318 0.281 0270 0.271
11.3 La.7 208 10.15 4.02 1.64 0.945 0.771 0.579 0514 0475 0.482 0518 0.552
1291077 19510 17310 15910 1.37=10-% 112x10°% 9.12x10°° B45x10° 667 x10"° 575x10-"° 4.6x10-° 354 x10-% ZB4x10-° 261 x10°*
Hz;C I 0. 1as 0.149 0.136 o.rr8 0.097 0.079 0.071 0.0565 0.049 0.040 0.030 0.024 0.022
Concrete” 235 0397 0335 0.291 0.251 0.204 0165 0.149 0.122 0105 0.085 0.0&7 0.057 0.054

“0rdinary concrete of the following composition: 0.56%H, 49.56% O, 31 35%58, 4 GAWAl, 8.26WCa, 1.22%WFe, 0. 24%Mg, 1.71%Na, 1,920k, 0.1 295,
Sowrce From White G, Avay Atenustion Coefiaants. Washington, OiC: US Government Printing Office; 1952, MBS Report 10032




Half Value Layer and Tenth Value Layer

The half value laver (HVL) is defined as the thickness of a shield or an absorber
that reduces the radiation level by a factor of 2, that is to half the initial level. (The
HVL is also called a half value thickness.) The relationship of the HVL of a shielding
material to the attenuation coefficient for that material is analogous to that between
the halflife and the decay rate constant for a radioisotope. The shield thickness
necessary to reduce the intensity of a beam, under conditions of good geometry, to
1/2 is calculated from Eq. (5.27) in the following manner:

= HVL. (5.34)

When calculating shielding thickness, it may be convenient to determine the
number of HVLs required to reduce the radiation to the desired level. For example,
to reduce the radiaton level to 1/10 its original level would require between 3 HVLs
(which would reduce the level to 1/2% = 1/8) and 4 HVLs (which would reduce the
beam to 1/2* = 1/16). Generally, the number of HVLs (n) required to reduce the
beam level from [, to [ is given by

(5.35)

To calculate the number of HVLs to reduce the gamma ray beam level 1o 10%, as in
Example 5.12 using Eq. (5.35):

I 1 1

n= 3.3HVLs.
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Figure 5-14. Curves illustrating the systematic variation of attenuation coefficient with atomic number
of absorber and with quantum energy.




Table 15.4 Half-Value Layers for X Rays (Broad Beams) in Lead and Concrete

Peak Voltage (kVp) HVL Lead (mm)

HVL Concrete (cm)

50 0.06

J0 0.17

100 0.27
0.28
0.30
0.52
0.88
1.47
2.5

0.43
0.84
1.6
2.0
2.24
2.5
2.8
3.1
3.3
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EXTERNAL RADIATION
SAFETY

1. Minimizing exposure time. D =5(N -18)
2. Maximizing distance from the radiation source.
3. Shielding the radiation source.
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INTERNAL RADIATION
SAFETY

Inhalation—Dby breathing radioactive gases and aerosols.

Ingestion—by drinking contaminated water, eating contaminated food, or tac-
tilely transferring radioacuvity to the mouth.

Absorption—through the intact skin or through wounds.
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