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31-lf] Passage of radiabon +%rou3h,' bioloji('al
damage b rmgh Motter

Nuclear radiahon includes :

ZH;;L\O(I l8+) [g-)P) n)Tr)K,"'

X-@ys are alse o t,pf of rmdmton

bt NOT nuclear yadiation as x-mys
don'? oruim+e from the nucleus . X-ragy<
are emitted from transtions of electrons

befween ctomic enegy levels.



Nuclear madrabion and x-rys are called '\/\’\;@1\5
ion;g-.'v:rj md.hbn W‘ty? Ibn‘*Naf Q—K'/:feé
When radrahon passes though matter -

i+ ioniges the etfoms (produce Free e~ avnd
mSi"l'Ve 0.05\5) :

When radiahon passes fﬂmu@h mater it an
cause considemble damagje-

Mefols and stucluml maoterials become batHe
and become wieckened due to passag e of
rcha{-ron.

Biolt@i(‘ol Dawlfﬁe

Dawmcge of lorolo:]zcalc_el(s IS ,or,‘mari!j due
'IDT;:Z romf-ah‘on Hhat s caused by +he
amdrahon-

~ Free electons aund panh’v-e IONS céan Wlk'(é"
with Hle norpal operations of He cell lke
, or example, impottant chemrcal veattows.

- knockii\j electrons off cifoms and molecules
(1oni3atdn) can break molecules and may
ulo cka@e Heir structure which eventualy
ndefers ith Hhe normal functons of Hie cell-



- Radahon may also damc{]e the ONA. Each

clteraton 1o Hie ONA can offect gene and
cller He molecule it codes for.

31-5] Measurement of Radrahbn—Do&iMdrj
Contnlled amoont of radiatzn can be ued

for d'C{jﬂOSﬁ and also for treatment of

caner. Radiafon is wed o Rill MQI@MM‘}
(cancemus) cells.

Thé‘fefﬂfej i+ S iMp?fqu\" fo quanhfj +h€
covioont or dase of mdiaton. This is knon

as dasgme—l—\fy :

The sheug-//l oye ¢ rodioachve source is
specched lpy statmg its achvity ot a given
time - Remeber

A= A 6-7“-: - Z%\Z

| A

T herefm, ach’uiy decrease with +rme- Theretbre,
we must stole Hhe hme u.llien we spec;@ He

aa’rru.'fj ,aalh’cula/lj when Hie rodioachee ssura
hcu (o) .S"\OH h.a‘(-life-



ST unit of &Ch\lf‘!y s He gecc,uere| (gﬁ)
_1 BZ = 1decaj/s .

Anotier more Canon/j used unit is He
Curie (C)

1Ci = 33x0 By (decaysh) -

LC: is the achivity of o(ac“j ane
q@m of rudium.

Nole thet ad‘l’th'!j Jives the ium loer of?
decays per secord. But it glves NO  infpimaton
fﬁﬁfdﬂ'ﬁ the effect of radrahon on bolgal
Hsues -

Exposure
Measured in unis of »QOQVI{jeA (R) .
1 Roevﬂaen: Amoont of X-reys or ¥ -rodiahion

that deposts 0.%#8 xi0™2 T of evemy
per kj O‘F Qir.



Expc;sure

Measured in unds of Qoen{jef\ (R) .

1 Roewben: Amount 01[ X-re4s or ¥ -rodiation
that deposts 0.%#8 xi0™2 T of evemy
per k9 of air.

NOTE: The definition of exposure  has limi led
O rediation fype to X-mqys and ¥-rdaton.

@ moHer where ene@y s depbs.'led 12
air. [ nothing about bielgial tissues
or Hhe effect of rmadibon on Io,z)I@n}
HSuel] .
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. Absorbed Dese(AD)
2 The enery clepczb;led per kg inony medium

b an\ rdiatron “jfe- AD = IQT ol 3 = o.lG’j
|OCks lesy -0 rad
unts: Gy o Red 5y - LGy zo-0k Gy

1G4 = [ T/kg Ry B T L ok Tlkg
Rod = 00Ty > 1Gj = 10D red-

Note #AcA AD opplies to auy radiahon aund
any matfer-



~

AD=0-S GU 5 m:éOé] > A0=0.5]

D)
Question : cuneny absotbed =o?%ngojg =%J -
Which is more dangerous o living tissues, an absorbed dose of 1 Gy of _ Ton G
alpha radiation OR 1 Gy of gamma radiation? (Note the same absorbed dose but IO% J
the radiation is different) \\DQ /.L;G
. _ o €9 IGy

In fact absorbed dose does vot quantify the danger of a given radiation +o
living tissues. Therefore, we veed a better assessment! &\ \

S ZZ A
Effective Dose (ED) ADe_ e

2 drse 2re
Al aec]|

ED = AD xRBE

RBE : relative biolegical effectiveness of a given
type of radiation d efined as the numlber
of mds of X-rays or §-radiction that produces
the same bolgicl damage os 1 rad of the
glven radiation-

[ Wedatontype | me | | md of o~ pathcles
X-and y rays 1
# (electrons) 1
Protons 2
Slow neutrons S
Fast neutrons = 10
@ particles and heavy lons = 20

d= 0.0l
for 0(-par{-,'c{es ReE =20 - lrad = O %J

This weans that 1 md of K-mdiation
prduces the same bioloyi | damaﬂe as

20 rods of X-rays or ¥-rays-



Units

AD ED
hos No on'tr
Gray(Gy) Sievert (Sv) EN - AD ,;ng
Rad rem SV <Gy
rM < Red

Since |Gy = (00 rad
3 [Sv = Ico rem

Nofe that RBE has NO dimensions (No units) -

Humon expsure to rediction

We are constantly expased fo mdiatizn camming
fmm cliffelen—( Sources; lihg .

- Ca&smic (Z(.jS

— natural redicachivily in rocks and soil.



Upper limit Effective Dose per persown per year in the US:
From natural radicactive background: 300 mrem

From X-rays and scans: = GD mrew

Additional allowed v US 100 mrem

Waximum Total allowed in US = 460 mrem = 4.6 mSv

Upper limit Effective Dose per person per vear for radiation workers (hospitals,
power plants, research): = 20 mSv

Such workers wear badges called TLD (thermolumivescent dosimeter) +o monitor
the radiation levels workers are exposed to.

Large doses of radiation caunse symptoms like: vansea, fatigue and loss of body
hair. In geveral called radiation sickness. Very large doses cav be fatal. A dose of
10 Sv over a short period is usually fatal.

As we mave furtber Gy fom the

‘/ K." md,;a-h‘an s::u.rce) owr bod:'ef el be
A

\ +  expased to leser amounts of mdwation.

~ -
~ -

FIGURE 31-16 Radiation spreads I F d’ . .
out in all directions. A person 4.0 m 4€ b a ﬂ'A ] n m Q’ ea
away intercepts only a fraction: her n ns { a e '

cross-sectional area divided by the

is Pr»prhbml +o Jr—‘l
E"fg.j m’ﬂ'&Pl-ed 171 hd‘ Mz - Surfuce arex of her locdi

fotal mdiate en B = (]
09 Surface areo of He

sphere -




Example 31-i1]
Limiting the dose.
A worker in an environment with a radioactive source is warved that she is accumulating a dose +oo quickly and will

have to lower her exposure by a factor of tew to continue working for the rest of the year. If the worker is able to
work farther away from the source, how much farther away is vecessary?

Inlem-yo(r_‘z , need & reducton by a Gactor of 1O - .
I%I_ S If she is 4m a%ijm the source

> 1745 = Ths s reduchon of more

Wan « factor of (0- A5 0

2 “ o

Example 31-127]

—

Whole-body dose.
What whole-body dose is received by a 70-kg laboratory worker exposed o a 40-mCi ,;Co source ,
assuming the person’s body has cross-sectional area [-5m® and is vormally about 4.0 m from the source
for 4.0 h per day? ‘°c_° emits rays of evergy1.32 WMev and 147 MeV in quick succession.
Approximately 50% of the rays interact n the body and deposit all their energy. (The rest pass

through.)

Note The rudiation that passes +hrough +he body
body of the vorker (Eiwika) 's ovly o fractinn
of the tofal enemy (Eer) emitted by the soorce.

<

Ewsky = Busker - _1Sw
Ept A ot G4t~




o By = F-S Xio—> E..

lc>C

Enew mcl/la{ed F-ef decaj E = (lgg-H l?) =25 MQV
IGX(a qj‘

Total radiated enery per second -
Em_ = }n E, = (4-0Xl05$‘x 37-)00)(2 leoxléno ])

ac-lw.{-j )'W wauy dccads/s

—FF— & -4  (tofol mdiated enemy by
o = 5-92x077 Jis (l-ﬂe source each Si&;nd)

Enegj depcs-ﬁd in the worlers b&tb perSCCD“CI 1S

l
= (L)E our = (L) (7-Sx107F E,,)

:(—2’-) 2.5%16° k592 XIO‘Lf’%-)

- -6 7T,
E = 2.2x0 /s /G‘ﬁ

AD = E = 2.22x10°° Tls _ = 3.17 ¥IO fJ'g"
m %kj \ka/

A0 = 3.17xw0° Gy
S



Absoibe Dase in 4 hous is  AQ,
AD, = ADx (hxeoxgos) = 217x107> G x thlhops

AD, = 4.s6xic Gy
o
ED = AD x REE = 4—56)(10“'xl 4-56x0 T Sv
= 0-4S6 XI5 v
= o456 mSv
= 456 wmrem



Q5) A 2.0-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 1mCi delivers 10 mGy/min. How long (in min)
should the source remain implanted?

A) 12

B) 1200

C) 2400

D) 300

E) 800

Q6) 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 beef mass absorb to reach the upper allowed
limit?

A)3.8x10%

B) 4.5 x 10°

C)3.8x10"

D) 4.5 x 10*®

E) 1.6 x 10™°



Q7) A biological tissue of mass m is exposed to 60 rad of alpha radiation. How
many rads of slow neutrons can cause the same damage to the same tissues? (For
alpha RBE=20, for slow neutrons RBE = 5).

1) 240

B) 300

C) 60

D) 360

E) 1200

Q2) A 55-kg person has absorbed a 20-rad dose. How many joules of energy are
deposited in his body?

A)1.1

B) 20

0)11

D) 55

E) 1100



Q3) The activity of 1 gram of radium **°s Ra is exactly 1 Ci. The half-life of radium
(in years) is:

A) 226

B) 1170

C) 2280

D) 1580

E) 1950

Q4) A 70-kg researcher absorbs 4.5 x 10® 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?

A) 1.2

B) 0.39

C) 0.77

D) 3.7

E) 12



