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ABSTRACT

Due to the wide use of radiolsotopes in industry,
medicine , szriculiure and other wvarions {ielid of zcience
zr.d fechnology, it is vrobeble to regult in internal ccn-

tanination of users involved. Thus, it is reguired teo

nerform periodie checks for radicisotope "vorkere to have

an eerly indication of any cohtemination, in order to tske
relevant protective measurs, The whole Body Counter (F3C)
ia considered to he essentigl in estimating intermal cont-

amingtion of ¥ -emitters.

» The main objective of thile thesls is to inﬁestigate
certain thysical parameters which affect performarrce of
WBCG, namelys; efficiency and geometrical response, with the
eventual purprose of establishing g deaign for WBC of high

efficiency and wniform reaponse.”

To eccomplish this objective, all parameters affec-

ting detection efficlency and relative reaponse!are in-

vestigated in cese of one detector with respect to & point
pource moving in eir and in a standard lung phantom. The
lung 1s chosen for this study since it represents & large
organ where nonunifeormities in detection sfficiency could

appear clearly.

¢+ Detection efficiency and relative response are calcu-

loted ga a function of 2

% Detection efficiency for the meving source normalized to
that with the aewscebiny the middle ofvsheylung phantom.
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—1=Heisght of o point sowrece from eryetal surface

It is found that detection efficiency decresses as
feight increases and relative responsze improves when

increasing that distance.

2= Dimension of tne crystal :

a—- with the crysatal thiclkness fixed
Fesultg indicate that both detection efficlercy and
relative response improve, gradually with incressing

erystel radiuns,

b~ with the crystal radius fixed

Result{s indicate that both detection efficiency and
relative response Improve by increasping the crystel
thickness.

Medium arowund the source (air or phantom) :

The results show reduction ir beth detectlion effici-

- ancy and wnifornity of relative response as attenuatlon

coefficlent of surrounding medium ig increased,

fumber of detectors :

It is found thet increasing number of detectors
repults in marked incresee in detection efficiency and
slight improvement in relatlve response. Detection
efficlency as well as relative resconse are computed for
geversl detectors reaching up to eight distributed in

different geometries arrcund the standard Iung phantom,

Results show that efficiency incremses by increesing

number of detectgnm andthe MIRKBLEOORHFAR reasponse could
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resch up to 300% for a one detector sratem, The largest
varigtion in relgtive resvorze ia Tor the roint source

nogitioned in fhe nreferal ~arts of the phantom,

To acheive a uniforms relative responge a suitakble colli-
mator could be attached %o each detector to attenumste choteons
corming from source when cogitizrned in prefaerel parts of
chantom., Investigaticns are carried out for a gyetem of
four Wal erystal esch of 20 @ and 10 cm thickness surrovnded
by lead collimator of the same diameter and having 4 em

thickness.

In another arrangement the collimagtor used is rectan-
gular and it is found thet rectangular collimator has m
prevelage in maeking tie resronse uniform for all positions

of point source inside standerd lurg vhantom,

¢ Practicaly estimation of lurg contaminstion is rerfor-

med with detectore fixed with respect to lung, meanwhile,

detettion of whole body internal contamination is carried
out using whole system in the sgcan technigque.”

The computed results indicate that incremsing the scan
distance reduces detection efficiency hut gives more wnifor-
mity of relative resporse. However an optimum scenning dis-
tance is found to be 200 cm where reletive error arising
from length of human body is smeller than that arising from
body thickness. An cversall error from that optimum gcanning
distance is found to be about 25% and'mainly due to human

body thicknessy il Library - Ain Shams University
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/ The investization led to the desizn of a w3C composed
o Four 20 & x 10 cm detectors attached to four lead colli-
metors which has & good efficiency snd uriform resronss.
This system can e used in e fixed position for the measure-

rment of organ contaminstion, and in scan geometry, for

rmeasurement of whole body contemingtion.”
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CHAPTER 1

IRTRODUCT 10K

1.1 General :

The development of nuclear physice hes teken its
starting point from the discovery of natural radlcactiv-
1ty.

In 1895 ROENTGEN has discovered the new type of ra-
digtion namely, the x-ray. Ome year later, 1896 in
Paris, it was by that BECQUEREL was led to detect the atomie
redistion., His aim at first waes to study phosphoreacence
of uraninm sglts after that he dilamcovered the potentisl
hezarde of lonizing rediation few yeara sfter its dis-

COVRry.

Atome when they emit radiation by themselveaz are ca-
1lled natural radicactive, while thosze which do not emit
any are called stable atoms. One can excite the atomic

nuclens by an outer projectile directed to it end the
necleus thus sends out a certain type of rasdistion, The
hagards of’th;? :adiation were, first recognized in 1920
and'bbhééqﬁaﬁilyfthe pecessary protective messures for

controlling these ionizing radigtion were considered.

Yarlous means and methods have btesn empleoyed to con-
trol personal externmal and intermal exposure to ionizing
radiation, Control of internal contemination of man can

-ON
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be rerformed indirectiy througth the measurerent of rao-

{ s
(1) or hy dirsct =zssesgrent woan

diocsectivity of excreta
the ismoctope involved emits gamma rays. Intermal conta-
mination oy bYeta emitters In sufiicient guantitisg can
also be rneasured directly fthrough the procuced brerssgt-
rablung radiation(z’j).

1

Interngl contamination casn be due to the entry of
radioactive material through ingestion, inhelsticn or
woundg., It can also be due to activation of human tody
itgelf by its exposure to an external flux of rarticles
which kave enough energy to initiate nuclear reactions in
the body materials. TFor example fzat neutrons therrelized
in the humen body can zroduce this type of activation %o
the godiuwr 23 atoms tresent in the blood producing mainly

2411& izjﬁa{n,‘glzﬁﬂ'a tresction H”B}.

_ Different instruments have been developed for the
direct sssegoment of gamma emitiers present in man these
are known by whole body monitors. Typesa of human body mo=-
nitora vary according to the purpose of their use. The
detection system of whole-bedy monitor should be able to

megsure gmounts far below the maximum permissible limit

and o differentiate bvetween thesge different meterizals.

lModern whole body counters are capahle to megsure

and assess the concentration of naturally existing radio-

1:11.1c:1i<1|e:s(6 »T) pﬁeahwﬂ_ibmrmsﬁimﬁbhmdﬁﬂﬁsﬂy



Sehlundt (29290 mede the “irgt ressurment Ly csing
two litre Zonizadtion chawber 20 cm a art Jrom the s:ject
whnich was lying in supine positior. FEe wes ghle %6 measure

a quantity of redigactivity in emounte rangzging from 5 to

100 mg radium,equivalent{a}.

Ee tocok into consideration the gecmetry of the hiznan
btody =nd its self-sbsorption by inserting sesled radon
ampoules in & phantom representing the reel digtribution

pattern of radium in human body.

Evans {(1937) used z single Gliger luller Counting tube
at one meter from the subject present in the arc geometery.
The minimum detectable activity was 0.1 mg radium eguiva-
lent Rajewsky (1940) developed an lonizstion chamber of

10 litre capszeity which was sble to detect redium derpo-

sits of 0.1 m Ci , the apparatus could be moved zlong
three coordinates at right sngles to sach sther'®’, do

ites was possible to detect the locallzed radium depesit in

the patlent's body .

Rejewsky and Dreblow {1941) used the so called gamma
~TEY measurment(lg) which wag able to detect the pozition
of radium deposit in the body. The sensitivity of this
device was sufficient to detect smounts of radium as low
as 0.1 Ci from 20 centimeters distance and for 20 minutes

meggsuring time.
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