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RADIATION PROTECTION

1. Refer to the figure below, assume the sensitive layer of the skin is 1 um thick and is located at 100 um
below the surface. If the surface of the skin is perpendicularly irradiated by a broad beam of 1-MeV

gamma photons with a total fluence of 1.0x10° photons cm-2, use the Attachment to estimate the
collisional kerma and the absorbed dose respectively for the sensitive layer of the skin.
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2. The effect of radiation on biological cells is often expressed by the linear-quadratic formula aD+ 02
(a) Provide the biophysical mechanisms associated with each term (i.e. aD and B80?) of the formula.
(b) Use the formula to express the effect of neutrons and gamma-rays separately, and then derive the

algebraic expression of the relative biological effectiveness (RBE) of neutron versus gamma rays.
Use your derivation to explain why the RBE of neutrons is often much greater than 1.

3. (a) List two different measurement methods that are routinely used to monitor radiation workers for the
internally deposited radionuclides.

(b) Describe each method and explain how the quantity of an internally-deposited radionuclide can be
obtained by the method.
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4. A terronst wants to mail a *Sr source to a U.S. Senator to create a panic among congressman. The

terrorist places plastic sheets of material (density = 0.9 g/cm3) around the source to shield it from
detection en route to the Senate building. The strontium is in powder form.

(a) How thick does he make the plastic to range out the strontium beta rays?

(b) Not being a health physicist, he doesn't realize that the %Y progeny is in secular equilibrium with
the strontium. What fraction of the ¥Y dose is attenuated by the plastic sheets?

(c) Ifthe letter (ignore attenuation by the paper of the envelope) passes within 2 cm in air of a beta-

sensitive detector with its alarm level set at 10 microgray per hour, will the alarm go off. Assume
10 mCi of 95r was loaded in the envelope by the terrorist.

Data: See attached sheets.

el ———

Isotopé Egmax (MeV) Half Life L
Sr-90 1 0.546 | 28.79 years
Y-90 2281 164 hours




pe-

TasLE C.10-—Absorbed dose rates from beta and conversion electron emilters in gr infinite water medium. D(r) is the dose rate (nGy - h~')

at r (em) from a 1 Bq point isotroptc source. The third column for each nuclide gives the dose rale frnm a untform plane source of 1
Bq -cm 2 (Cross et al., 1992c)

- 1 iyl

Dosimetry of External Beta Raya for Radiation Proteclion
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ERLY

60co

[CRU Report 56, 1997

96 |

r rlb(r) Plane r rzb{rl Plane r r’D{r] Plane r riDir} Plane
Source Source Soursce Source
.000 811.5 o0 .000 106.4 0 .00 119.3 a0 .00Q0 407.3 O

. 001 3I73.7 3429 .006 106.5 2473 .01 110.5 2088 . 0004 294 .8 4757
.002 304.3 2009 012 105.0 2035 02 107.5 1629 .001¢ 258.1 3578
.003 282.3 1310 - 018 105.5 1770 03 104.8 13483 .0018 251.2 2926
006 209.9 895 024 1058.8 1581 .0k 161.8 W77 0024 238.4 2485
005 176.7 626 .030 106.0 1433 .03 - 98.9 1037 0030 227.3 2161
006 146.7  &44 040 105.3 90 .10 B3.S 655 .0040 186.6 1294
007 119.2 316 090 102.5 729 .15 J0.4 462 . 0090 187.4 842
.08 97.5 226 .120 - 98.0 549 .20 s 60.9 3obh 03120 133.%6 601
.009 79.0 160 . 150 92.0 417 .25 54.3 263 0150 113.4 L28
510 3.4 113 . 180 85.8 316 .30 0.4 204 .0180 95.8 Ir30'9
011 50.2 79 -.210 76.6 238 4. 5.2 159 .0210 80.4 2264
012 190.2 5% .2640 67.7 177 .40 1.2 122 .0240 . 66.9 162
013 30.2 37 270 58.7 130 WA 3.9 93 0270 T %52 17
014 22.8 25 .300 49.7 95 S0 32.5 70 0300 - 45.0 ¢ 84
015 16.8 16 330 81.2 &7 .95 28.1 52 .0330 .2 ~. &0
016 12.2 i1 360 33.4 of .80 23.8 38 . 0360 28.7 Ll
.017 8.6 7 +390 26.3 32 .85 19.6 27 03590 22.4 29
.018 5.9 & 420 20.2 21 .70 - 15.8 19 .0420 17.2 20
.019 3.9 p. 450 15.0 14 .13 12.4 13 L0450 13.0 13
.020 2.5 1 480 10.7 8 .80 . 9.4 + B 0480 ¢.6 Q
.021 1.5 310 7.3 5 .85 §.9 5 .0510 5.9 6
022 9 540 4.8 3 90 4.9 3 .0540 4.8 3
.023 .5 570 3.0 1 9% 3.3 2 0570 3.3 .
024 3 .600 1.7 .00 2.1 ] . 0600 2.1 1

025 .1 530 .9 05 1.3 .0630 1.3

026 d 6560 A .10 4 0660 .8

650 . 13 .o 0690 5

.20 . 0720 i

0750 1

B?Sr 905r 90Y 911
r r’Dlr} Plane r rADiry  Plane r riD¢r}  Plane r riDir} Plane
Source Source Source Source
. 000 125.8 O 0000 23¢.8 oo .000 1046.0 a0 .000 126.5 >

005 114.1 2507 .0008 195.9 4186 .008 99.6 2343 .005 113.0 2513
.010 111.9 2034 0016 185.7 3386 014 99.2 1927 010 110.9 2044
015 110.5 1754 0024 179.0 2928 024 8.9 1478 015 109.5 1767
.020 1090.3 15%7 .0032 1762 2611 .032 8.6 1501 020 108.3 15772
025 108.2 1405 .0040 170.3 237 .040 8.3 1343 .025 107.3 1621
050 103.1 963 . 0048 166.8 2178 .080 6.4 956 .050 102.4 982
075 7.8 710 0056 163.7 2018 120 93.5 717 QM 97.5 731
100 92.1 540 0064 161.0 1882 . 160 89.7 552 . 100 92.2 560
129 86.1 416 0072 158.5 1764 .200 85.1 430 . 325 86.7 L36
.150 79.8 321 . 0080 156.1 1660 . 240 9.6 336 150 80.8 340
75 73.1 24T 0150 138.1 1044 .280 73.6 262 75 74.5 265
.200 65.9 189 .0240 123.3 716 320 &47.1 203 .200 67.8 205
229 58.5 143 .0320 109.6 506 360 60.4 1584 225 60.8 158
.220 0.9 107 .3400 96.5 343 400 $3.5 119 . 250 3.7 120
27D 3.5 78 . 0480 a3.7 260 440 46.6 89 e 6.6 90
.300 38.4 06 0560 7%1.64 18 . 480 9.7 é5 .300 9.7 66
.325 29.8 40 0640 59.6 130 . 320 33.2 47 .325 33.1 48
. 350 23.7 27 0720 48.7 90 . 560 27.0 33 -330 27.0 R 1
Y 18.3 18 . 0800 38.9 61 600 21.3 2e 375 21.5 24
. 600 13.7 12 . 0880 30.1 Ay 640 16.3 15 400 16.6 16
.42% .9 7 09480 ee.7 26 .680 12.0 Q 425 12.5 1Q
450 5.8 A . 3040 16.4 16 .720 8.5 6 -450 ¢.0 6
A7S b.b . . 1120 11.6 9 .760 5.7 3 475 6.2 &
200 .7 1 . 1200 7.6 5 .800 3.6 2 500 4.1 2
.525 1.6 . 1280 L.8 3 840 2.2 1 525 2.5 !

950 .8 . 1340 2.8 1 .380 1.2 .350 1.3

575 b L1440 1.5 .920 ) Y .3

.500 .2 . 1520 .8 .940 .2 .400 A

. 1600 .3 625 .
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FIGURE 5.4. Range-energy curve for beta particles. The range is expressed in unit§ of density
thickness (From Radiological Health Handbook. Office of Technical Services, Washington. D.C..



5. A sinister, university radiation safety officer Dr. Notso Nice does not want to pay the fee to dispose of a
5 Ci Co-60 source. Unfortunately, a new building is being constructed on his campus and he throws
the source into a concrete column as it is being poured. The source (almost magically) is in the center
of the concrete column. The column has a 1 m x 1 m square cross section. Once the building is

completed, a graduate student spends 20 hours a week at a distance of 2 m from a corner of the
column. What exposure does the student receive in one year from this source?

2m

Wall

: Wall

| *

Tm

Data: Concrete Density = 2.35 g/cm?

Co-60 emits two gamma rays per decay (1.117 and 1.332 MeV)
Use the Berger form of the Buildup Factor.

E | Concrete | Tissue Air a b
(MeV) | wp (ecm’/g) | peo/p (cm®/g) | wp (cm’/g) B R
10 | 0063 | 00310 | 0063 | 145 | 0034

1.5 | 00518 | 00283 | 0.0516 .14 | 0.021

6. The useful beam of a diagnostic x-ray machine is directed 50% of the time at a 3-inch thick hard-brick
wall that is 4 ft away. The machine operates at 200 kVp and a current of 200 mA for an average of 5
minutes a day, 5 days a week. An uncontroiled corridor is on the other side of the wall.

(a) What thickness of lead has to be added to make the wall an adequate primary barrier for the x-
rays”

(b) With the additional shielding from part (a) in place, the procedures performed with the machine
change so that the primary beam is always directed toward this wall. Without adding still more
shielding, what would be the maximum workload permitted, all other factors being the same?




Tysre 10,1, Occupancy Factors
—___—__—___—._——_———__—__—-—

[-ull occupancey Control space. wards, « m‘kr{}gm_h_du.tkluumlﬁ: corridors
[+ large enough to hold desksiwyaiting roonis. rest rooms
used by occupationally exposced personael. children's play
arcas. [iving quurters, occupied space in adjacent butidings

Partnial occupuaney Corridors 100 nirrow for desks, utility rooms, rest rooms
14 nut used routinely by occupationally exposed personnel.
clevaturs run by operators. and uncentrolled parking lots
Occastonal occupancy Stairwavs, automatic clevators, vulside areas used vnly tor
I 116 pedestrians or vehicular tratfic, closels too small for tutare

workrooms. totlets not used routinety by occupationatly

expuscd personned
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Fager 104 Densities of Commerical Building Materials

W

Density range,

Density of
average sample,

Matterial gicnt g/cm'
Crraniiv 260270 AR
Limestong | 87-2.04 2.30
\Ltrhh :Jﬂ“:Hh :?ﬂ
Sondplaster — | .54
Sandsiong 1.90~-2.69 2.2
SHICCOUS Coneete 2252 4) 2 33

RS L6258 ’ 1.9

- 2w RS pwrrwnl M- Parima 0 EI 78 B t=caF oAF---- - e P

e L LI

T vl b HLS, Commercial Lead Sheets

m

Thickness Nominal weight
T . #ift- kg m-
(.74 {32 2 1}
L0 57128 24 12
. 36 3 13
{SN 116 4 2()
PN 5:64 S 34
LY LR & 24
17 By S 39
4.0 RIA LA 12 Y
AR b4 16 7S
N.SM) R 20 0K
1)} 2N 24 -
2. | I A0 46
169 AR 4{) 193
RS I ) ~ 293
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¥. Rma-min at 1 meter

FiGURE ID.12 Broad-beam attenuation
in lead of X-ravs produced by potentiais
of 50 to 200 k V¥ peak. The measuremcents
were made with a2 90° angle hetween the
eleciron beam and the axis of the pulsed
wave [orm X-ray beam. The 50-,70-, 100-,
and 125-kVp X-rays were filtered with 00.5-
mm aluminur the 150- and 200-kVp X-
rays were filtered with 3-mm aluminum.
(From Kadiolopical Health Handbook,
1970).) Lead. mm thick

Fi¢cURF 10.13. Attenuaton n congrele of

X-rays produced by potentials of 50 1o

300 kVp; #X) kV constant potential. The
measurements were made with a *¥)° angle
betwcen the electron beam and the axus of
the X-ray beam. The curves for 50 to 30 kv
are for a pulsed waveforra, The fiitrations
were 1| mm Al for 50 kV, 1.3 mm Al (or

70 kV.2 mm Al for 100 kV. and 3 mm Al for
125, 150, 200, 250, and 300 XV. The 40-kV
curve was interpolated from data obtained
with a cunstant potential generator and n-
herent filtration of approxamately 3 mm Cu.
(From NCRP Report No. 49, Structural
Shielding Design and Evaluaiion for Medical
Use of X-Rays and Gamma Rayy of Energies

K, R/tnA - min at 1 meter

up to {0 MeV, 1976 Full-size reproductions s L L
of the figures giving barrier requirements —L

are available from the NCRP as an adjunct
to the report. By permission, )

conorete INCRNess, cm (P = 2.36 gremd
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