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38. (I) 350 rads of a-particle radiation is equivalent to how
many rads of X-rays in terms of biological damage?

260X - vad Y-Rd
\ @« o 20 rad

Tooo Rad ¥ x- Rfj

40. (II) How much energy is deposited in the body of a 65-k; M
adult exposed to a 2.5-Gy dose?
AD
AD =L~ 2S =L £: 16157
6s

41. (IT) A cancer patient is undergoing radjation the chxerm
which protons with an energy of 1.2 Me\/tzre incident on,,;gI 0 0'31 K —
M 0.20-kg tumor. (a) If the patient reﬁjjves an effective dose
of 1.0 ren¥¥what is the absorbed dose? (b) How many x o4 &5 y eV W

protons are absorbed by the tumor? Assume RBE =~ 1. 1ok
-y -
£> I-leo‘xl-éolxlo(’ A *%w
@) £D=AD xRBE o=
£D > | rem P= \oxlo
| = AD x|
m>o0 2735 AD= | Radh
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46. (II) 37Co emits 122-keV 7 rays. If a 65- kg person swallowed
a(\i\lia/l.SS pCi of 31Co, what would be the dose rate (Gy/day X
averaged over the whole body? Assume that 30% of the
Y-ray energy is deposited in the body. [Hint: Determine

the rate of energy deposited in the body and use the defi-
nition of the gray.]
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47. (II) Ionizing radiation can be used on meat products to
reduce the levels of microbial pathooggma JRefrigerated
meat is limited to 4.5kGy. If 1.6-MeV electrons irradiate

M 5 kg of beef, how many electrons would it take to reach the

allowable limit?
AD M_ 3 x k%x e , €

0 dsS ‘5 S leV
al\wqble

limit

l‘/le& 3 XBJ x |24 X nmodé
kj | 609K|5 )-6xlo* e

= 1% x 7)((0
44. (I1) A 1.6-mCi source of 2P (in NaHPO,), a 'ﬁfml‘[’t\e%sﬁ Jose

implanted i 1n a tumor where it is to administer 32 G
half-life of 2P is 14.3 daXs and 1.0mCi delivers about
10 mGy/min. Approximately how long should the source

remain implanted?
dose-hime wrale
Fale> (mci 5 lom 6y/fin -

-6 mci x 6Y/mv
. lime=dose
rate
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42. (I1) A 0.035-uCi sample of 2P is injected into an animal
for tracer studies. If a Geiger counter intercepts 35% of
the emitted_g@_particles, what will be the counting rate,

- assumed 85% efficient?

parkide 5 econdk

3 lo
0035« éx 3 4xlo xMMe XO3S X 0-86=  38S-16S
Sec I ekctgj/ Coundfiq.

‘2] enesy) /decoy
active source emits neutrons each with 2.4 MeV energy. The radiated energy (in ,u
mhour)rs (#Ci =10%Ci and 1Ci =3.70 x 10" decays/sec, 1eV=16x10%))

A) 23 B)42 C)102 D) 150 E) 250
2 xls% - 1xloA@: 2-4xdé x| x0T pperan x%osf,e(C
| hod

- loqx16"S

[0} xlo®
d (16243
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lsu=loorem

Qs) A zm_s.« (milli sievert ) is equivalent to:

d C) 2 Gy D) 20 rem E) 20 rad

0163 5 x _looren 0-2rem
=l

Q9) Three radioactive sources have the same activity. The decay modes, energy of each emitted
particle and the corresponding RBE values are given in the following table. Arrange the three sources
according to their daser to bioiolul tissues Ovom least to most dangerous. (Assume the absorbed
dose from each source to be equal).

IEI Source | Decay mode | Energy per emitted particle | RBE v *"m?‘;g M 05\— 604(

L2l 1 protons 3MeV -

03,21 2 Fast neutrons A X f/ DI’O(\B
—>oc

B
Q@
D)2,1,3 1MeV (l(:% B b,aé_ nﬂ(.lUW‘S
20)| =

£)1,3,2 3 | Alpha particles
(S 2 \

1 MeV

Q10) A 70-kg laboratory technician exposed to a-particles absorbs 0.03 mJ of energy. The relative 3
biological effectiveness (RB[)'or a-particles is 20. What is his effective dose (in mrem)? X)oox|s-

A) 1.20 8)1.09 C) 1.00 D) 0.92 - _} ‘ < 2 <$
E-apy K\&E@w—x']’o,\_\; 9-57 x '0-4 SV



(ITI) Assume a of milk typically has an activity of

R 2000 pCi due to {gK. If a person drinks two glasses (0.5 L)
per day, estimate the total effective dose (in v and inrem)
received in a i—ear. As_a crude model, assume the milk
stays in thcmh@ and is then released. Assume
also that roughly 10% of the 1.5 MeV released per decay is
absorbed by the body. Compare yiour result to the normal
allowed dose of 100 mrem per year. Make your estimate
for (a) a 60-kg adult, and (b) a 6-kg baby.

a) ID=AD Y RRE

m X RBE

%
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6.

5%

lonizing radiation can be used on meat products to reduce the levels of microbial pathogens.
Assume that for refrigerated meat the upper allowed limit is 3.8 kGy . If a beam of electrons,
each of energy 1.6 Mev irradiates 3.0 Kg of beef , how many electrons should the mass of
beef absorb to reach the upper alloweélimit ? - -

A. 4.5 x 106 2
B. 4.5x 1010 § K(AX el x—<
C. 3.8 x 101 K X Iny eV
D. 3.8 x 10" 3 |6
E. 1.6 x 10 3
S%X'g.j_x S‘KBX Le\f/‘q X nwrﬂofe = "V"1X‘O e.
Answer: A J-602Kl67 'y "6“0!4

A biological tissue of mass m is exposed to 90 rad of alpha radiation. How many rads of slow
neutrons can cause the same biological damage to the same tissue? (For alpha RBE=20, for
slow neutrons RBE=5).

. Jorad x oK —2 brad ¥ X
C. 90
D. 360 Qex2ze -~ 34o
E. 1800 5
Answer:D

M\
. A 70-Kg researcher absorbs 4.5 x 108 neutrons in a workday , each of energy 1.2 MeV. The

relative biological effectiveness (RBE) for these neutrons is 10 . What is the equivalent
dosage of the radiation exposure for this researcher, in mrem ?

5 0 £D= D % RBF .

517 b, e 3y loo
13 a1 g5 xlo <) 3fav 218 X 1oe
Answer: D = ‘ 13 Mﬂ’

doe
A 3.0-mCi source of 3P is implanted in a tumor to give it a 24-Gy dose. The half-life of 32P is
14.3 days, and 1 mCi delivers 10 mGy/min. How long (in min) should the source remain
implanted? AN~ ——

= e
A e = (om0 rate wkme=dos
C. 240 A Lime :dtit N
D. 720 .
E. 800 ANCG — Ay
e }ime = oy ]
Answer: E / Sb*lsbdg’\/ 3
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lo/a'j = '00 faé\

m AD
Q2) A 55-kg person has absorbed a 20-rad dose. How many !oules of energy are
deposited in his body? = Cue P,
A)L1 £ - pp >
B) 20 T -
D) 55 £ =2 > 1hY
E) 1100 SS o0

6) A 63-kg researcher absorbs 2.6 x 10* neu M’rk day. The energy of each neutron is 6.5 MeV. The
quality factor (QF) for fast neutrons is 10. TE& iﬁically equivalent dosage of the radiation, in mrem (mrem =
107 rem), is closest to (Note: 1 rad = 0. dlev=1.6x10"1J) ‘?
A) 43 B) 13 C) D) 13 E)4.3
ED = AD ¥ RBE
y\r xR&E ~p £:5 xlo Vol ya L by

hoy é3

y 3
=4 _21)('0( S v xlooxlo =4-29
(&

the source is#.0 x 10°. The activity of the source, in nCi, is closest to: Hint (nCi = 10 Ci) and (1Ci = 3.70 x 10"°

14
15) A radioactiye source emits 2.4 MeV neutrons at the rate of 9200 neutrons per second. The number of atoms in
deca {

A) B) 92 C) 920 D) 25 E) 250

Ad\l\kg —5 S

hoo decaty_|see
sec 310 J:emg

= 2-Y3x ‘B(OCA
243 v oci
A3 na




?or occupational exposure to radiation is 26 mrem. A 63 kg

laboratory technician absorb§2. /7 MeV gamma rays in a work day. The quality factor (QF) for gamma
rays is 1.0. The ratio of the eq osage received by the technician to the maximum permissible equivalent
m, Irad = 0.01 J/kg and lev= 1.6 x 10"°J)

dosage is closest to: ( =10
_/
A)0.18 B)O.I4: €017  D)0.13 E)0.15

14) The maximum permissible wor

ED= AD xRBE

63 3-33 MReM
R““ba dbsotbeh - 333 - o129
N ax 26

17) The radioactive nuclide “’Co is widely used in medical appli ndergoes e‘t,a decay, and the energy
of the decay process is 2.82 MeV per decay event. The half-life of this nuclbus is 272 d4y%. Suppose that a patien

is given a(dose 9f 6.9 microCurie of “’Co. If all of this mat decayedywhile in the patient's body, what would
be the total energy (in J) id.eposited there? Hint: (1Ci = 3. 10 decays/sec.) and lev=1.6 x 107 J.

A)3.9 B) 11.0 C) 14.0 l&ﬁ’;x 1 E)4.15 x 10° X“- '0&)
lOé [ﬂ(rcaﬁ = lum O/QACCaﬂ* 2 Tl/2

&‘,CC
2{8x [o”'x 2-32xlo xl-6x 1 @
212 X?‘-‘K60x60
=9 q
1-9Y xl;f'_
S




