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Savetovanje je odrzano U prostorijama Zavoda za medlci-

NU rada Instituta Za& zdravstvenu zastitu SAP — Vojvodine,u Novom

sadu @ U organizaciji DruStva za zaStitu od zracenja SAP Vojvodi-

ne.
Savetovanje je otvorio, predsednik Jugoslovenskog drus—

tva za zaStitu od zracenja Doc.DrSci.roed. Duzan Panov.

U uvodu Dr Panov je istakao znacaj odrzavanja ovog Save—
tovanja u iznalaZenju najboljih metoda lic¢ne dozinietrije, koje bi
dale dovoljno sigumih podataka za preduzimanje mera zaStite i
evaluaciju eventualnih radijacionih oStec¢enja kod profesionalno

izlozenih lica.

Savetovanje je isto tako pozdravio i poZeleo uspe$San rad
Doc. dr Petar Mudrinjid u ime Zavoda za medicinu rada i DruStva za

zadtitu od zracenja SAP Vojvodine.

Savetovanju je prisustvovalo oko 50 uc€esnika iz cele zeni—

lje i nekoliko uc€esnika iz Engleske; i Austrije.

Podneto je cetiri referata o li¢noj dozimetriji metodom
TL dozimetrije i izvrSena demonstracija Toledo-citaca proizvodnje
firme *Pitman* iz Engleske.

Na Savetovanju je odrzana i diskusija za okruglim stolcsn
° problemlnia sistema i postupaka za obradu podataka dobijenih IlI¢—
nom dozimetrl yom (Ovodno izlaganje dao je P.Mirid).

Zakl-"uCak Savetovania:

~ Posle vrlo zive diskusije, u kojoj je u€estvovaio oko
diskutanata» zakljuc¢eno je da uvodjenje TL dozimetrije u

nju °3 d02imetri3i predstavlja kvalitativni napredak u odredjiva—
Primljene doze kod lica koja se profesionalno izlazu jonizuju—
zracenjima.



je da se zainteresovane

Pri

uvodjenju TL dozimetrije u praktiSne svrhe potrebao

institucije dogovaraju o metodologiji t

opremi koja de se primenjivati u Jugoslaviji.

Fosle sasluSanih referata (naSih i

stranih autora) i

m~h diskusija po njima skup je doneo sledede zakljuce:

— D liénoj dozimetrijskoj kontroli potrebno je poste—

peno predi na TLD.

Kako se u IBK — Vinc¢a proizvode TLD, koji spadaju u
najbolje $to se danas na tam planu u svetu proizvodi,
ucesnici skupa smatraju da bi sve ustanove u zemlji,
koje se po ovlasdenju bave li€énom dozimetrijskom kon-—
trolom, trebalo da koriste ove TL dozimetre.

Skup smatra da sve ustanove koje se bave li¢nam dozi—
metrijskam kontrolom treba da se dogovore o tome da

jtupe isti tip TLD « ¢itaca.

Ovlasdene ustanove treba da se dogovore o sistemu i
vidu finalizacije i jedinstvenog jugoslovenskog pre—

zentiranja rezultata dozimetrijske kcmtrole.



termoluminescentna dozimetrija u licnoj

DOZIHETRIJSKOJ KONTROLI

Dr Mlrjana Prokltf

institut za nukleame nauke "Boris Kidri¢*,Vinca

Abstract - 0 radu su iznete mogudnosti i preanosti termolumines—
centne dozimetrije za primenu li¢cnoj dozimetrijslcoj kontroli.

TL dozimetri usled svojih kvalitetnih osobina i velikih mogudno-
sti, zamenjuju film—dozimetre u vecini zemalja koje primenjuju

izvore jonizujuceg zracenja.

1. uvod

Razvoj nukleame energetike kao i sve vec¢a primena izvo-—
ra zracenja u razlic¢itim oblastima ljudske delatnosti — primena
izvora zracenja u industriji, medicini, nauci, za potrebe armije,
gradnja nukleamih elektrana, itd. — uslovljava da je u danaznje
doba sve vec¢i broj ljudi izloZzen dejstvu izvora zracenja. Posled—
njih godina se, kao posleaica ove primene, posvecuje velika pa2-
nja ispitivanjima efekata dugotrajnog izlaganja velikog dela sta—
novnistva niskim dozama zracenja 1 njihovom uticaju na zdravlje
ljudi. U cilju procene toga uticaja neophodno je, sa najviScta mo—
guéom tacno8¢u izmeriti vrednosti doza zracenja koju prima osob-—

ije ili stanovnistvo u kontrolisanoj sredini.

Za kontrolu ozracenosti lica izlozenih izvorima zracenja,
zakonam je obavezno korisc¢enje li¢nih aozimetara u svim zemljama
sveta u kojima se koriste izvori zracenja. Milioni takvih dozime-—
tara su u upotrebi 1 taj broj se neprestano povecava sa rastuéom
p imencm izvora zracenja. Osnovni cilj licne dozimetrije jeste
Em'njenje ozracenosti lica profesionalno izlozenih zracenju. Isto—
vremenor personaina dozimetrija je blisko vezana za problem ozra—

grupa stanovniStva u sredinama sa poviSenim nivocm zracenja
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2 f~AnAiostl termolnmlnescentne dozlmetrlje

Sve veda primena izvora zracenja uslovila je intenzivan
razvoj novih, kao i poboljSanje postojedih dozimetrijskih sistema
i netoda za Sto preciznije merenje doza zra€enja. Naime, posle pe-—
desetih godina uc€injen je znacajan napredak u nauci u smislu otkri-—
vanja novih principa detekcije zracenja u oblasti dozimetrije c&vr—
stog stanja, otkrida novih materijala i detektora, napredak u obja-
Snjenju procesa, mehanizma i kinetike efekata koji se odvijaju u

ozraCenim detekcionim sistemima, detaljne studije problema poveda-—

nja osetljivosti detektora, kao 1 razvoj pouzdane i osetljive in-—
strumentacije. Na osnovu velikog broja eksperimenata, analiza, di—
skusija, i realnog sagledavanja prednosti i neaostataka postojedih

dozimetrijskih sistema ¢vrstog stanja, (termoluminescentni dozime-—
tri, radiofotoluminescentni dozimetri, TSEE, OSEE sistemi, itd.)

doSio se do zaklju€ka da je termoluminescentna dozimetrija apsolu—
tno najpogodnija integralna dozimetrijska metoda u razlic¢itim obla-—

stima dozimetrije zrac¢enja, posebno u li¢noj dozimetriji.

Primena efekta termoluminescencije u radijacionoj dozime—
triji nije sagledana sve do oko 1952. godine, kada Daniels(6) sa
svojim saradnicima Cameron—om i Boyd—om ostvaruje prvi TL dozime-—
tar na bazi LiF, izmedju ostalog i za li¢nu dozimetrijsku kontrolu
u Americkoj armiji. Tek posle 1960. godine, TL dozimetrija belezi
nagli porast u svojoj primeni s obzirom da neophodna i adekvatna
instrumentacija koja se nije uporedo razvijala sa TL materijalima,
dostize neophodni kvalitet i omogudava uporedo razvijanje kako ma-—
Hh komercijalnih TL sistema, tako i automatlzovanih analizatora
velikih mogudnosti. Kao posledica ovakvog razvoja, poslednjih 6-8
godina sve veci broj nukleamih centara u svetu prihvata TL dozi-
®etriju kao zvani¢an dozimetrijski sistem. Zamena film-dozimetara

dozimetrima je u toku u velikom broju institucija u svetu,
sto VBlike Svetske firme (Elektronska i hemijska industrija)kao
Inatr® ~ rShaw Co» Teledyne Isotopes, Victoreen Instr. Co, Eberline
savric 7 itd., nadmecdu u ostvarivanju i ponudi sve
tovan ANjretara i odgovarajudih aparatura za merenje emi—

Franc” ter“C>luminescenci3e — Pored USA, Kanade, Velike Britanije,
Danske, Holandije, S.R. Nemacke, Svedske, Belgije, Japana,
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detekcija doza od alfa i beta zracenja

— detekcija doza od alfa i beta zracenja pri inhalaciji
radona

— merenje doza neutronskog zracenja (mogudnost direktne
diskriminacije neutronske i gama doze)

~ merenje doza zracenja koju prima medicinsko osoblje
pri medicinskoj primeni izvora zracenja (dijagnosti-—
£ka, terapijska primena, itd).

0 toku poslednjih godina uc€injen je veliki napredak u

dozimetriji. Stalni porast interesovanja za TL dozimetriju se ref—
lektovao u viSe od hiljada publikacija kao i u oko deset razlic¢i-
tih tipova TLD koji se komercijalno proizvode. TLD sistem se ek-—
stenzivno razvijao u cilju koriddenja — na prvom mestu — u liSnoj
i klinickoj dozimetriji. TLD sistem ima sve karakteristike dozime—
tara c¢vrstog tela: veliku gustinu, mogudnost preparacije minijatu—
mih dozimetara, dugovremensku stabilnost koja amogucava merenja
doza zrac€enja u bilo koje vreme posle ozrac€ivanja, veoma Sirok
raspon merenja ekspozicionih doza zracenja, od oko 10-4R do 108R
(2,58 x 10 ckg do 2,58 x I0”"Ckg ~). O poredjenju sa drugim do—
zimetrijskim sistemima, osnovno preimudstvo TLD je velika fleksi-—
bilnost oblika TL materijala: prah, kristali, polikristali, stak-—
la, sinterovane pastile, TL materijal zatopljen u cevcice, TL mate-—
rijal presovan sa teflonom (u obliku niti, trake, itd.). Razlicit
hemijski i izotopski sastav razlicitih termoluminescentnih dozime-—
tara (na pr. CaSoO”, LiF, CaF~, 6LiF, 7LiP, LijB~O,, 7Li2 1XB407,
itd.) omogudava merenje doza zraCenja razli€¢ite vrste i energije
(gama, X-—zracenja, beta, alfa, neutronskog zracenja razlicitih
~—nd.). Dodavanjem mal ih kolic¢ina elemenata razli¢itog
atomskog broja, dobijaju se, prema potrebi, TLD koji direktno me—
apsorbovanu dozu u vazduhu, tkivu, mekam tkivn, ili kostima. S

iroan da dimenzije TL dozimetara mogu biti veotna male, 1 mm x 3mm,

~ niaterijal canogudava ofonnljavanje veoma tanlrih slojeva,
skoen wn' se koriste za merenje doza alfa i beta zracenja, ni-
n ergetskog x zra€enja ispod 20 KeV, kao i za merenje nlsklh do-

~stremno niskoenergetskog zracenja — na primer, elek—
a"Opa_eber9ine 1 ~ < KeV koje se javlja kod elektronskih mikrc—
« TLD se zatia koriste za merenje ekspozicije pri aplikaciji
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; bz.1. — TL dozimetri koji se koriste u li¢noj dozimetriji
Tai>ela
Py Fobricfci
Aitivator naziv Proizvodja&
Matauahita, Osaka,
Japan
Termalo* Bruch B«ryll.
995
Consolitated,Beril-
lium.Ltd. Milford
Haven,Wales,D.K.
Li2B4° 7 Hn Harshav Chem.
Cleveland,Ohio
Lijpn Mn,Si Danish AEC.Riao
Roskilde,Denmark
LiF Mg, Ti TLD-100 Harshaw Chem.
Cleveland,Ohio
TLiF Mg,Ti TLD—700
6LiF TLD—600
LiF Mg.Na PTL 710 CEC Montrouge,France
TLiF PTL 717
LiF i -
Mg, Ti 200-Ti Dohna—lum,VEB,Fluor—
werke,Dohna, East
Germany
LiF Mg,Ti
9, Throw—away Radiat.Detect.Co
Mountainview,Calif.
CaSo” D
y Harshaw Chem.
Cleveland,Ohio
CaSo. m
Matsushita,Osaka,Japan
Cason M
n Harshav Chem.
Cleveland,Ohio
n2 Mn
C«F,2
Mn EG & G,Salem,Mass.
NMNio4
Tb Dai Nippon Toryo Co.,

Chigosaki,Japan
Tb
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koriste u liénoj doziraetriji.

Fundamentalna i primenjena istrazivanja u oblasti ter—
moluminescencije i1 termoiuminescentne
interes za ovu obiast, vodi

ANSetnijih TL materijala.
A

Ica neprekidnom pronalazen3u novih,

Pri tome se te.i

da svaKa zemlDa
sopstvene TL dozimetre da bi se na taj nacin obezbedUa ne-
zZ Z ,t oa « * o« e * o *

*isOT>
™ oa | "* 10T “ *eJ* o r N
C, « .. PI1 a, . « . "
M i ~ i * “ * 5 E *
-

— 1> » — * k bar trl TLD od
T—-i"ik od ozracivanja, pozel”no da posto3e

r — h treci sluzi za proveru u sluc¢aju akcidentalnih ozracivanja.
koaih tredi

. 1ltania koja lica kontrolisati,

koju vrstu
Takodje se postavIi”~u n

kolika je

n 2racenja meriti;
zrac¢enja, ko”u energ D *

interes za uticaj ni-

preciznost ootrebna s obzxrom kakav je oblik personal-

skih doza zracen”a w1

licne dozimetrijske
nog dozimetra najpogodniji, ° cen r“oriSdenju rezultata, kompjuter-—
kontrole, o nivo,* diskusije, miSljenja, i zak-

skoj °bradl® ezun a'eisp;rata iz oblasti personalne dozimetrije,
liucaka velikog broja eKspera noaledu
jasno je da automatizacija

ima apsolutnapreu

laboratorija—
brzine i tac¢nosti o—

u velrk centr”izo
ma, ali Pri — ~ 2~V an u e I n i sistem za slug¢aj pojedinacnih,
aparature mora da posto3i

s o bk Il£ne dozimetrijske kon—
spornih slucajeva lanr © °

trole i komP3utersko,

~ doztoetrijske kontrole,

ANt iz o -

obradi rezul NN

ostvareno je u vxSe CN * A (xtalija) , Kanada, PTB
vanu kontrolu pomodu TL aozimeu

R) Finska
JFo,te.y — . «—>0>%*>

(IEP, Helsinki), itd. V pogledu frekvencije

iod moai’
postoji tendencija i preporuka eksperata da se produ Pe
c * . - . —u ™ **ijy « m “OHF e xn e
izvorima 3racenja, a od 1 - 3 meseca za osobl”e
u kontaktu sa izvori*a .racenja " ,0
lekari medicinsko osobl3e u direktno3 pnraeilLi labora—
, 6i.0 ie bilo jjemogude sa fita dozimetruaa. 0 vis



11

gksponiranju i razvijanju, film dozimetri daju daleko neprecizni-—

Jedan od osnovnih argrunenata koji

je rezultate od TL dozimetara.
Medjutim,

se daje fil® dozimetrima jeste cCinjenica da je jeftin.

posle prvog ulaganja u novu metodu, razlike nestaju, Hni viSe Sto

se isti TLC mogu koristiti prakti¢no neograni¢en broj puta.

Nema sumnje da je li¢na dozimetrija u celam svetu uSla u

period promena, dosSlo je vreme da se reSe neki stari problemi, da

se redefinidu potrebe, i kriti¢ki pristupi analizi postojede meto—

de, fil® dozimetrije, kao i nac€inu sprovodjenja personalne dozime-—

ako ved postoji bolja metoda od postojede, obaveza

trije. Naime,
kada

svih struc¢njaka jeste da prihvate tu metodu sve do onog

se pojavi nova, jo$ kvalitetnija metoda.

3. Zakljucak
Termoluminescentna dozimetrija je, zahvaljujudi svojim

superiomim osobinama u odnosu na ostale tipove dozlmetrijskih si—

prihvatfena kao najpogodniji integralni dozi-

stema ¢vrstog stanja,
na taj nacin

metrijski sistem u oblasti personalne dozimetrije i
najvisSe koristfen sistem - film dozimetre.

zamenila, u ovoj oblasti
i ostale metode

TL dozimetara u odnosu na film dozimetre
uslovile su naglu ekspanziju tennolumi-—

Prednosti
dozimetrije ¢vrstog stanja,
nescentne dozimetrije u svim zemljama sveta koje primenjuju nukle—
amu energiju i izvore jonizujutfeg zracenja.

Termoluminescentna dozimetrija uvodi nov Jcvalitet u li¢nu

a to su visoka pouzdanost, tacnost, i osetljivost, kao

dozimetriju,
mogutfnost uvodjenja automatizacije procesa merenja.

primene TL dozimetrije koje nisu svojstvene ni
njena fleksibilnost,

Siroke mogutf—
»osti jednoj do sa-

® poznatoj integralnoj dozimetrijskoj metodi,

U€°s— mogutfnosti koristfenja istog TLD sistema koji se koristi za

rin°U do:!=metrl3u i za druge namene, posebno za radijacioni monito—

interkalibracijama i standardizaciji ra—

dijac X©'L"“ne' U “e”icini,
interkomparacijama

J02:ljn °nih PO013a» lzv°ra zracenja i dozimetara,

itd—" pruzZaju osnovu za prevazilazenje 1

ProSi~tri;iSkih sistema’
dozime—

ivanje standardnih postupalJca i metoda u problematici
% *racenja.
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ISKUSTVA U LICNOJ DO2IHETRIJSKOJ KONTROLI
POHOCU TLD PROIZVEDENIH U IBK - VINCA

Dr Mirjana Projcld

Institut za nuklearne nauke “Boris Kidri¢",Vinca

Abstract — Laboratorija za zaStitu od zracenja u Institutu "Boris
KidriS" u Vin¢€i, prvi put je u na3oj zemlji uvela li¢nu.dozimetrij—
slcu kontrolu pomodu termoluminescentnih dozimetara sopstvene proiz-—

Li¢na dozimetrijska kontrola pomoéu TL dozimetara omogudila

vodnje.
IBK kao i u

je precizno merenje doza zracenja u Sest laboratorija u
nekoliko zdravstvenih i drugih organizacija.

1. Dvod

U Institutu "Boris Kidri¢" u Vinci, u Laboratoriji za
zaStitu od zracenja, razvijeni su termoluminescentni dozimetri vi-
.osvajanje tehnike preparacije velikog bro-

— sinterovanih TLD - omogudi-—

soke osetljivosti
ja TLD u obliku pogodnom za rukovanje
lo je serijsku proizvodnju velikog broja TLD kao i jednostavnije i
brze rukovanje sa TL dozimetrima u toku procesa merenja doze zra—
cenja

Institut "Boris Kidric¢", Vin€a (Laboratorija za zaStitu
od zra€enja) je prva institucija u Jugoslaviji koja je uvela TL

dozimetre kao li¢ni dozimetar, a u skladu sa mogudnostima koje pru—

Za Zakon o zadtiti od jonizujudih zracenja.

Zamena film dozimetara sa TL dozimetrima izvrSena je janu-—

a« 1978. godine u Sest laboratorija u IBK, u Uroloskoj klinici Be-—

grad' kao 1 u nekim drugim institucijama, dok su SSDP Beograd, In—

~titut bezbednosti, Aerodrom Beograd i drugi, uveli TL dozimetre

secall5113 d° Zimetri:>Elca sredstva; takodje u VP 4309 su od juna me—

do . °Ve 5°dine vrS8ena uporeda merenja doza zracenja sa TL i film
u lnetriraa. Dkupan broj kontrolisanih lica iznosio je 560, dok je
Povedanje

P riodu januar—novembar ocitano preko 5 600 komada TLD.



V ¢ « vontroliSu pomodu TL doziiaetara predvidja se
broja lica ko”a se

oS5i—tavanja TL dozimetara.
tek uvodjenjem automatizovanog procesa o5ita 3

2. T.izni TL dozimetar TX»> IBK-I.

. ilca br.1 i slika br.2)
» Mtrole R 04
ste izvori gama zracen, °* ~

proizvedenog u IBK (LZZ) na
sinterovanog TLD visoke
bazi CaS04:Dy.

0,9

d, ,imetara su 0 = 6 mm debljine
DAnzije oviharnrnan

energlja nizih od 200 KeV
Za merenDe doza *

efektivni atomski broj za fo-—
sa TLD na bazi

kalcijum—- 15 3 koriste se metalni fil-
toelektriénu apsorpciju iznosi z ff — ' ' n

X zracenja efe—
tri (Pb) debljine 0,8 mm (sl

e« =+ N Dbeta zrafenje, koriste
ktivnih energija nizih od 200 Ke” =N + prliLi-
se TL dozimetri sa Zef£f eff proizvedeni u IBK
zno vazduhue”ivalentni ~ jo z ~ tr ~ ~ N N bazi
(LZZ), slika br.4. Kazvi“en materijali i, ujedno jedan od
UjVVr».«.O0c« p Mo owe cw g
rovanja dobijeni su spe

Dimenzije ovih TLD su 0 = 12 ®
Su priblizno vazduhuekvivalen osvoJena metoda preparaci-—

debljine 1.1 mm, mase 200 ~

litiiumtetraborata) koji s»
je termoluminescentnih stakala

3x 0,4nm (sUka
seceni

u plocice dimenzija 6 x 6 *
br.4 i slika br.5).

™ sva merenja su vr.e—
O toku prve polovi g n Co u
na paralemo sa T L D - 100 2z r aienja pomocu domacih i
cilju komparaci®e reza zraSenja koje prima osobl”e u
komercijalnih TLD. Za meren”e n

dozlmetri koji se
Proizvodnji radioizotopa u n n n
noSe na ruci. U toku ~.="zirom A u proizvoc”i ra
¢avaju, merenje doza zra6en3a na prs n neutrona, ko-—
dioizotopa (slika br.6). Za « s - efikasnlffi Pre—
rist* se TL dozimetri koji sadrze Li i B, g5jna
sekom za reakciju sa termalnim

juje se s* A
cijum sulfatnto TL dozimetrima ei3a 3e oseta3

aesrsxl'iivo niska.
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3 doza zrazen3a

prema usvojenoj frekvenciji kontrole ozracenosti lica
— nih izvorima zracenja, oc€itavanje TLD vr$eno je jednom

Rezultati izmerenth doza zracenja su dati kao zbir os—
®es * U siucCajevima sa poviSenim nivoom zracenja, doda-—
novnog 1011 '

ozrac€ivanja. Visoka osetljivost TLD-CaS04:Dy dozimetara, omo-—
~dlva merenje doza zracenja koje potice od prirodnog fonaj a
iod mnogo kraci od mesec dana. Sinterovani TL dozimetri na bazi
CaSO koji se koriste u li¢cnoj dozimetrijskoj kontroli imaju viso-—
osetljivost i omogudavaju merenje ekspozicionih doza od 0,5 mR;
ekspozicije od 10 mR merene su sa standardnom devijacijom od svega
+3%. .

Kalibracija TL dozimetara, odnosno poredjenje ocitane vred—
nosti emitovane termoluminescencije za poznatu dozu zracenja, vrSe—
no je sa radioaktivnim izvorom Ra-226. Kalibracija TLD osetljivih
na termalne neutrone, vrSena je na termalnoj koloni reaktora RA,
dok je za beta zracenje energija jednakih i visih od 1,0 MeV vrSe—
na sa kalibrisanim 90Sr (90Y). Osetljivost oba tipa TL dozimetara
se nije menjala u funkciji broja (10 puta) ponovnog korisdenja is—
tih dozimetara, tako da, uz odgovaraju¢u kalibraciju TL analizato-—
ra, kalibraciju TL dozimetara je dovoljno vrSiti svaka tri mesece.
Naime, TL dozimetri koji su korisSdeni od januara o.g. nisu promeni-
li svoje karakteristike do danas. Standardno temperaturno tretira—
nje TL dozimetara pre ozracivanja se sastoji od tretiranja u toku
15 minuta na 300°C i neobaveznog tretiraajfi u toku 15 lasova (pre—
ko noc¢i) na 80°C; ovaj aiskotemperaturski tretman utic¢e na stabili-
zaciju elektronskih trapova odgovomih za glavni dozimetrijski pik,
odnosno na povecanje osetljivosti TLD u odnosu na dozimetre treti—
rane po standardnom postupku, za oko 20%. Merenja su vrSena sa

Harshavr Mpdel 2000 TL Analyzer (slika br.7) .

Piskuslja rezultata

Najnize doze zracenja, odnosno fon za lica koja nisu pro-—
fesionalno izloZzena izvorima zracenja, kre¢e se u zavisnosti oa

J-okacije objekta (da li se Laboratorija nalazi u IBK ili ne), kac
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i od tipa gradjevinskog materijala zgrade u kojoj osoblje provodi
pretezni deo radnog vremena, n granicama od 6 — 10 mrem/mese€no.

D okviru li¢ne dozimetrijske kontrole pomodu TL dozime-—

tara, prvi put su registrovane doze zracenja ovako niskih vredno-—

1 na taj nacin je omogudeno da medicinska kontrola
ciju i vrsi

sti ima eviden-—
analize uticaja malih doza zracenja na

ljudski organi-—
zam. Doze zracenja

iznad fona takodje predstavljaju podatke sa, do

danas najtacnije izmerenim vrednostima doza zracenja koje su, pri—

mila lica profesionalno

izlozena zracenju, i koje,
i

na medicinskom
zakonodavnom planu predstavljaju sigurne parametre za preduzima-—
nje akcija, odnosno dono3enje propisa

i beneficija za lica pro—
fesionalno

izloZena dejstvu zracenja. Analiza vrednosti doza zra—
¢enja izmerenih sa TL dozimetrima za razlicite grupe

lica profe—
sionalno izlozenih zracenju.

bide tema budude publikaci3e.

Visoka osetljivost, tacnost,

odnosno veda pouzdanost
izmerenih vrednosti

doza zracenja pomocu TL dozimetara su d.rektna

potvrda neophodnosti prihvatanja novih,

kvalitetnijih metoda i1 teh—

nika detekcije doza zracenja u oblasti li¢ne dozimetri”e.

Reference

1. M.Prokid, poktroska disertacija, Elektrotehni¢ki fakultet,

Beograd, 1976.

M.Prokid, Zbomik radova X simpozijuma JDZZ, Jajce, str.6,
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REZULTATI UPOREDNE DOZIMETRIJSKE KONTROLE POKOCU
TERMOLUMINESCENTNIH - DOZIMETARA 1 FILM - DOZIMETPA

(prethodno saopStenje)

Dr Mirjana Prokitf

Institut is nukleame nauke “Borie Kidrie*,Vinfa

Kr Radica Mijailovitf
Zavod za preventivno meaicinsku zaStitu Beograd
VP-4309

1.Pvod

Termoluminescentna do2imetrija (TLD) poslednjih codina
zaaenjuje filn—dozimetriju u mnogim zemljama sveta koje koriste

jonizujudeg zracenja. Visoka osetljivost, pouzdanost i

izvore
brzina dobijanja rezultata, kao i druge prednosti i pogodnosti
(TLD), bili su povod da se izvr$e prva ispitivanja i u nas. C

tom cilju je organizovana saradnja sa Institutom "Bcris Kidric*

(Laboratorijom za zaStitu od zracenja) u kojoj se komercijalno

proizvode termoluminescentni dozimetri.

V cilju uporedjivanja rezultata li¢ne doziaetrijske koa-—

trole poaodu TL dozimetra i film-dozimetra, oba nacina su koridde—

Ispitivanja su izvrSena u 50 lica izloZenih
u kojima su vrSena ken>—

na uporedo. izvorima

jonizujucéeg zracenja. Vremenski intervali

parativna merenja su iznosila jedan i dva meseca. Termolumlnescen—

su proizvedeni, og&itaveuii 1 rezultati merenja inter—
Fil»—doziae—

*»1 dozimetri
Pretirani u IBK (Laboratorija za zaStitu od zracenja).

“ ovim ispitivanjima su standardni i koriste se viSe od 15 godi-—
a « liénoj dozimetrijskoj kontroli osoblja koje je

r«€enja u sanitetskim ustanovama.

izloZzeno dejstvu



22

2.7nltatl

kontrole
Itati koji su dobijeni u komparativnim merenjism

Rezultati koo ~vazali su dobro slagan3e, ka-—
TL dozimetara i rilm-dozimetara, iziozena zracenju, tako
ko za doze zraSenja ko3e su pr” doza X zracenja
i za relativno visoke vre non sa n do2imetri—
Eeff —vere s.ganja - —
ioa

elcspozicije

komparativni rezultati izmerenoi
D tabeli br.l dat u toku juia i

avgusta
aoza zracenja pomodu TL

i fO» n

VvV tabe
ismerenih doza zrac¢enja pomodu TL

kamparativni

rezultati
meseca ove godine.

filro_dozii»etara ozraEenih sa
i -

Eeff " 60 KeV’

3. Zaadtludakk

Rezultati uporedne

3/\ n —_
n r
sa siguroozéu porediti 2~ ~ T r a S e n ja slaganje je —-dovol~-
preko 30 « - vi.e 7 n n a zra*enja sa M («*) «e
vajucée. Visoka preciznos zra5enja <*°na u objektima)
i mogudnost merenja ~ nizZ~* °

e zaffene fito—dozimetara sa
nedvosmisleno govori u prilog postepen

Ti, dozimetrima.
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br i. - Konrparativni rezultati izmerenih doza zracenja
pcaaodu TL dozimetara i fila—dozijiietara koje je

primilo osoblje u VP-4309 u toku jula i avgusta

aeseca 1978. godlne

Broj dozimetra TLD fils
2 3

8 97,5 75

16 103 115

17 380 360

31 380 300

33 125 100

35

39 eeeeeeeeeeeeeeeeeen

A4 55 40
........................................ 9 0 70

49 . . . 15 2 120

1 T 1 o 40

35 32 40

38 34 45

38 . T8 55
41 5 8 45

A5 50 60

A6 68 60

1. 18 ispod 30
2 . 18 ispod 30
3 18 ispod 30
4 . 20 ispod 30
6 . 16 ispod 30
10 8 ispod 30
1 3 e 1 3 s ispod 30
2 4 13 ispoa 30
25 13 ispod 30
2 2 e e 8,8 ispod 30
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ispod 30
ispod 30
ispod 30
ispod 30
ispod 30
ispod 30
ispod 30
ispod 30
ispod 30
ispod 30
ispod 30
15
ispod 30
- 17,5 . .. fspod 30
ispod 30
ispod 30
ispod 30

— Komparativni rezultati
Tabela br.2.

pomodu TL dozimetara i

izmerenih doza zracenja
film-dozimetara ozracenih

X zra&enjem Eff =60 KeV

D oz a (mrem)
Broj dozimetra

. film

n 2000 oo 2100
1690

31 . . 1700

32 .. . 1400 1360

83 o 2000 s 2200

25
50 38
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t!|pfj» « referate Dr K. Vrokié¢:

Koja je donja granica osetljivosti za vazZe doziisetre?

Odgovor:

Donja granica osetljivosti za TL dozimetre na bazi CaSO”:Dy

je 0,5 mrad.

2 Da li dolazi do promene osetljivosti TL dozimetara posle
odredjenog broja ciklusa ozrac¢ivanja - otcitavanje?
Odgovor:

Osetljivost TLB-IBK dozimetara se nije promenila u toku
deset meseci korisdenja istih TL dozimetara u li¢noj do-—

zimetrijskoj kontroli.

3. Da li upotrebljavate neki "annealing" postupak?
Odgovor:
"Annealing* postupak odnosno termicko tretiranje TL dozi-Te—

tara pre ozracivanja je dat u c¢lanku.

4. Da li imate fading ?
Odgovor:
Fading, ili spontano opadanje intenziteta termoluminescenci-
je la perioa od 40 dana je za dozimetrijske pikove oba TL na-

terijala zanemarljiva.

5. Da li ste proverili odgovor dozimetra pod ekstresmim uslovima.
tj. na —20°C i +70°C?
Odgovor:
Na temperaturi od 70°C, opadanje TL za CaSO”, iznosi svega

nekoliko procenata, za LijB"OMtMn.Si iznosi 15%.

*e Da li ste vrs$lli uporedjivanje tac¢nosti odgovora TL i film -
dozimetara za uslove u li€énoj dozimetriji?
Odgovor:
Rezultati uporedne dozimetrijske kontrole sa film i TL dozi-

metrina datl bu u referatu Dr K.Prokié¢ i Mr R.Hijailovitf.
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LICNA DOZIMETRIJA U INSTITUTU “JO2EF STEFAN"

M.Mihailovid, M.Ancik

Institut "Jozef Stefan”, Ljubljana

D slededem demo ukratko izneti metode aerenja doza pro-
fesionalno izlozenih lica, rezultate merenja doza u zadnjih sedam
godina, kriti¢ki pregled stanja u liCnoj dozimetrirji, te planovi-
ma za btiduénost.

Sluzba li¢ne dozimetrije na

Institutu "Jozef Stefan”

godine. Prihvacena
renja doza gama zraSenja pomodu filmova,

pocela je sa radom u toku 1959. je raetoda me—

koju su i1 isto vreme us-—

vojili svi republi¢ki centri

za zaStitu od zracenja.
ni su Adox filmovi i

AN—Dbljava-
kasete sa tri

bakarna filtra razlic¢ite deb =+

ljine. S obzirom na izvore zracenja ko3i su tada ol

u up
institutu odredjivana je sarao gama doza.

na Umeravan”e f.lmova 3e

vr8eno na radioterapijskom rentgenu Stabilipan.

Neutronska doza je odredjivana cCitanjem tragova na emul-

ziji neutronskih fiimova. Filmovi su bili bazdareni na Po-Be ne-

utronskom izvoru.

Pregled rezultata merenja doza na Institutu u toku zad
,jib sedam* godina je dat u Tabeli 1. Broj filmova
nad tj. zavisio je od aktivnosti
Tako VIdL da je broj filmova od 1970 do 1977

blizno 20%,

broj procitanih doza, na instx
[ SO o p a o "
Sto je doSlo kao posledica prestanka aktivnost
diobiologiji.
Rezultati merenja pokazuju da se procenat doza na go
koje su vede od 50 miem smanjivao,

tako da je od 3,31% u
S i MO X,78* U 1977.

godini. O sledecim

interva“a doza”~od ”~
50-100 mrem, od 100-150 mrem. cpaza se ist*. tren , 3- P N
*a godinu u pojedinim intervalima se smanju3e, od 1 - -
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odJMe' osim u interva”u 150—200 mrem gde imamo da je u 1970.
,Ir< hila 0,34* a u 1977. godini isto toliko, 0,34%, doza u
tom intervalu. Stalan doprinos prekoracenju doza u tom intervalu
dolazZi od filmova, koje nose lica zaposlena na odseku za nukle-—

arnu kemiju i laboratoriji za pripremu izotopa.

1z gore izlozenog vidimo da sluzba li€ne dozimetrije
ispunjava svoju obavezu, ali na nacin kako je bila zamisSljena da
je vrsi pre osamriaest godina. U demasnjim uslovima smatramo, da
je obaveza li¢ne dozimetrije mnogo veda. Evo nekoliko promena ko-—
je smatramo da treba da se izvr$Se. S obzirom na preporuke medju—

narodne komisije za zaStitu od zracenja, smatramo da bi bilo po-—

trebno meriti i doze manje od 50 mrem, da je potrebno ocenjivati
doze u epidermi i doze u vedoj dubini (tj. za uslove 5 mg/cm2 i
uslove za 100 mg/cm2), potrebno je obuhvatiti i doprinose beta

doza mada se oni pojavljuju samo povremeno, mnogo viSe paznje

treba posvetiti kvalitetu merenja doza. Pod tim mislimo kalibra-
ciju dozimetara pomodu bazdarenih instrumenata i izvora zrac¢enja
u svim podru¢jima zracenja kojima de dozimetri biti izlozeni, do-
bro poznavanje osobina detektora zracenja, film ili TL dozimetra
(Sto bi omogudili taénu interpretaciju procitane doze), obavezna

i“terkomparacija merenja sa drugim laboratorijama.

Grupa za zaStitu od zracenja na Institutu je pre dve go-—
dine odlucila da, s obzirom na vefe mogudnosti za postizanje bo-—
ljeg kvaliteta merenja, te jednostavnosti rukovanja, umesto film
uvede TL dozimetar. Narucili smo Harshav ¢ita€¢ 2000, te dozimetre
sa kasetama namenjene merenju rentgenskih, gama, beta i1 neutronskih
°za. Poceli smo sa kalibracijam dozimetara i aparature i nadamo se

¢emo u toku slededih par meseci predi potpuno na TL dozimetriju.

NareSeno pitanje ostaje joS mogudnost kalibracije dozi-

PAoc€u bazdarenih instrumenata i izvora zracenja. Pitanje
miranje laboratorije za kalibraciju instrumenata za merenje

~Asjuceg 2racenja i laboratorije sa standardnim izvorima ne

za ™ brz° ~ SG reSi' zato 8110 Predvideli da koristimo moguénosti
kalibraciju koje imamo u Ljubljani i u drugim mestima, s tim

Prlhvatamo sve objektivne nedostatke, koji proizlaze iz takvog

kalibracije. -



tafoeia 1, — Broj lidatlh iiLmcva na godtnu 1 procenat dota
od 1970. do 1977. godlne

1970. 1971. 1972.
Ifdatl broj filmova (t) * 1461 1347 1386
broj doza vedlh od 50 »rem 3,31 2,67 1,31
od 50 — 100 mreai 1,76 0,30 0,29
od 101 - 150 mre« 0,95 1,41 0,65
od 151 - 200 »ren 0,34 0,59 0,36
preko 200 »r« 0,27 0,37 -
R R R 368— 372- 374—
izdatl broj neutronakih fllmova 1001 100« 100«
broj doza vedih od 50 mrem - - 0,27

od 50 - 100 mrem - - -
oS 101 - 150 mreni - - -
od 151 — 200 mrem - - -

preko 200 mrem - - -

*Jidatl broj fllmova ” 100*.



u razlifiltln Intervalima

1973. 1974. 1975. 1976. 1977.
1303 1209 1083 1040 1167
1,00 0,91 2,03 2,21 1,78
0,31 0,25b 0,28 1,35 1,11
0,31 0,17 1,29 0,58 0,26
0,31 0,25 0,37 0,29 0,34
0,08 0,25 0,09 - 0,09
404— 439— 438— 423— 452—
100* 100« loo» 100« 100«

- 5,01 0,68 0,47 -

- 4,56 0,68 - -

- 0,23 - - -
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THE NRPB AUTOMATED THERMOLUMINESCENT DOSEMETER
AND DOSE RECORD KEEPING STSTEM

T.o.Marshall
NRPB, Harvell, Didcot, Cncon. 0X11 RDQ

1. Tntjodnctlon

The National Radlological Protection Board is at present
dosimetrv service based on film badges and sup-

operating a postal
in—

plies dosemeters from three different centres to about 35.000

dividuals, of whom only about 1,000 are exposed to neutron radia—

tion. The average customer receives ten films per
employees. Of the returned filjns 96% indicate an exposure to ra-—

diation in one month of less than 0,040 rem, 99% to less than.

issue for his

0,100 rem and only 0,04% to more than 1 rem; ie, only about one
or two dozen dosemeters in each month indicate doses approaching

the maximum permissible levels. The system relies heavilv on ma-

nual labour for both film processing and the transmission of data,

with the inevitable introduction of errors and rapidly increasing
costs. Many of the cuEtomers have a high tumover of staff emplo—

yed on radiation work and the system of maintainlng doae records

for individuals through Transfer Records is difficult and tlme con-—

snming In operation. These disadvantages could be obviated by the

introduction of an automated dosemeter system and a centralisad

“ d ccmputerized record lIceeping service. Hovever, autcoated systeas

“eed to be viable for guite
costs to be amortised at a rate that does
for a per-—

long periods of time to allow the de-—

velopaent and capital

add excessively to the unit costs of the system and,
~onal dosimetry system, twenty years would not be unreasonable.
Annoluminescence offers certain technical advantages over film

~keee have led to its increasing ur» and popularity. This trend
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could lead to tbe virtual abandonment of film

for routine personal
dosimetry in the

longer term and make ttae viaiility of an automa-—
ted system based on that form of dosemeter doubtful.

toong the
advatages of radiation

induced thermoluminescence must be listed
the folloving:

— some thermoluminescent materials approximate more

closely to tissue in their response to radiation

than does film, and therefore can be used more

easily to make a simple and accurate dosemeter '

suitable for the needs of the service;

— in most thermoluminescent materials the induced

response to radiation is stable for long periods

and dosemeters maoa fram them can be issued for
longer periods than is possible with films

— thermoluminescent dosemeters will measure doses

accurately over a much vider range than is pos—

sible with a single film emulsionj

the same type of thermolumir.escent dosemeter can
be used for both routine issue and operational
control dosimetry, and in the latter applicatior,

allows rapid estimation of the dose;

thermoluminescent dosemeters offer substa.t'iial
advantages of accuracy for extremity dosimetry,
and in this application can employ the same
materials and methods as those used for body

dosimetry.

Feasibility stndies within the Board indicated ***x* =**

cost of issuing an autcmatically—-processed thermoluminescent

ffett%F QBHQQ Pg cheaper, even after allowing for develo”ent co

. L. | fhp mirrent
and interest charges on the capital employed, than the 7

cost of issuing flta dosemeters, which does not
costs. These studies also

o

incluae d.ve
indacated tbat adequate PreciEJ 7

rfirB.cy and stability could be achisved with a dose»eter base m



31

in polytetrafluorethylene as the ther-—
In cost betveen an autooa-

iithiom fluorlde embedded
jjoluminescent element. The dlfference

ted thermoluminescent dosiinetiy 6ystea and an automated photo—

grapbic filn dosimetry system vas not sufficiently large to be-—

came a 6ignificant factor in a choice betveen such systenis.

Tovards the end of October 1973 the Board prepared,

with the help and advice of the Sira Institute, a technical spe-—

cification for a fully automated personal

on thermoluminescence and suitable for the needs of the Board's
invitation

dosemeter system based

service. Several manufacturers vere approached with an
t° tender for the detailed design and subseguent manufacture of
the

and manufactured by the Board. The Board was villing to receive
Conforming tenders

major parts of the systemj other parte are being designed

either conforming or nonconforming tenders.

were those that corresponded to the technical concepts evolved

withln the Board; nonconforming tenders were those which achieved

the same objective ie,
some significant way m their technical

a fully auto”~ted system, but departed in
details from those called

Board— Three tenders were received. After evaluation
Institute, the contract was awar—

and D.A. Pitman Ltd., who

f°r by
with the assistance of the Sira
ded to a consortium of Frazer—Hash Ltd.

suhmit ed a conforming tender. An advantage of their proposed

system was its suitability for the exact reguiremente of the

Board s service, in particular the reggedness of the dosemeter,

tte security of the identification system, and a high rate of do-—

semeter proeessing.
***xx* from *** developoent and manufacture of the auto-—
the developcent and design of a cooputer prograa

n system,
issue of dosemeters and to record dose historles

control the
vas undertaken under
Sciences
IKAEA.

ThiE deVelOpment “ d deEI”~
Dlvis*Ct t0O **=* by Enviroamental and Medical
of the Atomic Energy Research Establishment of the

Bequence of actions for the dosijaetry

8ystem 7116 Concept:ual
n is: the issue of an identified dosemeter that is wrapp«d
win,r°teCt ifc frcC“ light and contamination, and

»earer s namet the dosemeter, on return, i* auteoaticaUy
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and recorded. By Individually calibrating each dosemeter the spe-—

cification of ttie inherent radiation eensitivity of the lithium

fluoride disks can be relaxed with considerable savings in costs.

2.3. Dosemet—er processing syst.gn

The processing systeni
systems (Fignre 1).

itself comprises several sub-—

Dosemeters are transferred manually between

the various sub-—systems in magazines holding up to 200 dosemeters.

&11 the magazines are light—tight, apart from that used at the

input to the system at the contamination check, and some can

vithstand a 300°C annealing temperature. The magazines that”pass

betveen the different sub-systems are not interchangeable. It

not possinte, for examPle, to place the magazine that passes bet—

veen the Reader and the catibration Chock on to the Krapper/Label-—

ler machine.

The system is designed to process 5-105 dosemeters a year

and could vithout difficulty be expanded to process tvice this nmr

ber. Each subsyste* is capable of processing not less than 1

semeters an hour. The ccplete installation to process the regui-

red 5-105 dosemeters a year vill consist of 2 contamination check
muchines, 2 unwrapping machines. 2 Readers and 2 Wrapper/Labelle

2.3.1. Contaminatlon check
On return, dosemetfcrs vill

be subject to » check forcon

tamination by radioactivity. This check is mainlv to

syste» frcn the contamiuation of aosaneters and eguifmen
vould lead to false dose readings.
as an

Hovever, it may also be n
indicator of the. nature of the recorded exposure

It is anticipated that it vill be possible to

activity that ere greater than 2-10 uCi o ap wiU be
2 -10-3 uCi of 2 Hev beta activity. contaminated aosemet ” ~
ejected fram the Byst»n for inspoction and poss” Y NW

c«ssing. In general, it may be expected that only con

the tadioi«otopes vith camParatively lonc half-Uves vi

t&d.
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2.3.2.

After the check for radioactive contamination, the wrap-—
pgd dosemeters will be fed through a nachine that antonatlcallsr

F8fgves the outer piastlc cever and loads the dose»et.ers tnte
light—tight aagazines.

2.3.3. Read-ont

The doseraeter Reader consists of & cixcular indestiisg
t»hle (rigure 4) that holds ap to seven donfters at one tine.
The principal stages of the reading process are:

(i) the identity of the do&esaeter is read as it is
eactracted from the raagaiine and loaded onto the
indexing table,

(ii) the first thenBolominescerst disfe is read,
(iii) the second thermolominescect disk is read,

(iv) the opacity is checked to ensure that fche diska ha-

w not beeczae discoloured and are still In plaee, as

(v) the disks are annealed by raicing their tassparstare

The dosemeter may be ejected anti»atically ®t the
£ollo*ring stations in fche Reader:

(a) f.t the input, if the identity code is misread or
corresponds to one that has been preset in the
control casputeri ie, If it is require<3 to sr<eo-\k
specified dosestseters frosa fche svstasa far aay re—
ason.

(b) After the second read—eut sfcage, if dose resdings
«sxceeding preset values (« 2 rem) are obfcainftd fross
either dInk. (Doees of more thaa 2 reiE can be re-—

—read by a technigue usiag uttre violet Illghfc).
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(c) After opaclty cbeckr if this faXls outside

proset lower and upper limits.

If the dosemeter is not ejected at any of the above

stations, it will be fed into one of two magazines, depending on

its past hirtory of accumulated dose and the number of times that

it has been issued. Normally, each dosemeter will be fed into a

magazlne for a low temperature anneal and re-issue, but, alterna-

tively, may be fed into another magazine for recalibration.

The feasibility studies by the Board have shown that,

unless very high radiation doses are given, it is possible to carry

out up to forty of more cycles of irradiation and read-out of poly-

tetrafluorethylene diska loaded with lithium fluoride with negligi-

ble change in sensitivity or background. However,
prudent to plan

it has been thought
initially for recalibration of the dosemeters after

every ten normal issues.

The indexing table is divided into eight sectors, seven

for dosemeters and the eighth for a light source which is used to

chack the photomultiplier responses at the read stations. Each
sector passes sequentially through eight stations, ie, dosemeter

input, read disk 1, read disk 2, high dose reject, opacity check

and reject, partial high temperature anneal, normal output for do-

semeters. and output for dosemeters reguiring a calibration check.

The following parameters are monitored on the Reader, in

addition to the light source chack:

the shape of the thermoluminescent glow curves.

the heating cycles. (The disk heaters are raised frcm
100°C to 280°C at a rate of 15°C sec-1, and the light
emitted froni the disk between 130°C and 280°C is inte-
grated).

the applied voltage, dark current and light seal of
the photomuitiplier. (The applied voltage is autcmati-—
cally adjusted to malntaln a constant gain, but only

a certain range of adjustment i* alloired) .



37

the temperature of the anneallng block.

the flow of nitrogen gas to the read positions.

Othei checks are applied to manitor the inovements of the various

nechanical camponents of the Reader.

All the chocks and monitoring procedures cause informa-—
tion to be supplied to the controlling computer, vhich can provide
a stored history of operation and a print—out of information. Some
of the information may be displayed locally on the Reader, eg,
dosemeter numbers, disk readings, temperature of heaters, photo-
multiplier voltage, gas flow and some local indication of fault

conditions.

2.3.4. Low temperature anneal

Before re=issue, the dosemeters will be subjected to a
low temperature anneal of 80°C for 16 hours to normalize the glow
curve response to one main peak. In exceptional circumstances, for
example after a dosemeter has been exposed to a large dose (ie,
greater than the equivalent of 2 rem), it is also possible to in—
troduce a high temperature anneal of 300°C for 1 hour before the
low temperature anneal. The annealing ovens are designed to ac-—

coiuuodate full magazines containing 200 dosemeters.

2.3.5. Packaglng and labelllng

After the low temperature anneal, the dosemeters in their
“agazines are passed to the Vrapper/Labeller (Figure 5). In this
®achine the dosemeter identity is read; the dosemeter is automati-—
cally wrapped in the plastic cover, which is heat sealed; and a
Dev vearer's name and other information are printed on the plastic
COTer* Tlle vrapped dosemeters are fed out of the machine Into long

with identifying tage placed betveen groups of dosemeters
r different custocners. Dosemeters for which the identity is misread,
aose identity corresponds to one that has been preset and stored
control ccmputer, are wrapped and appropriately labelled and

3ected into a separate output frotn the normal.
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a, .»n U the vearer's name, the Information printed
on the cover of the doseneter includes a nuoher that ide&-
n H ., the irearer to his parent organization (eg, his pay nnmber),
a that

identifies the parent organization or customer to

the Board, and the date vben the dosemfiter should cease to be vorn

and retumed to the Board. This infonnation vill be visible wvrtien

the dosemeter is in the plastic holder that is retained by the

vearer.

2.3.6. Callbration check

Dosemeters that reguire recalibration, after being fed

into the appropriate magaiine on the Reader, vill be transferred

to the calibration »achine by vay of the lov temperature annealing

oven. In this machine the dosemeter identity is read and each the-

rmoluminescent disk subjected to about 0.5 rem of penetrating be-—

ta—-radiation. The machine is under the control of the loca.l compnter,

vhich can cause the irradiation to be omitted, if required. The ir-

radiated dosemeters are fed into a —agazine vhich is passed back

to the Reader, vhere the disks «re read and the caiibration

factors
calculated and stored in the computer.
2.3.7. local ccmputer
The local eomputer, vhich foraui part of the systeB, is

a uata rijiilfrnt Corporation PDPII/10 vith facilitics for reading
frcm and vriting on to magnetic tapes and disks, and for printing
out information either on a teletypevriter or « fa«t

Although all the

line printer.
*ub-systems can be operated directly by manual
controls, they vill nor«aUy respond to typed cc— ands on tbe «*r-—

puter teletypcwrlter keyboard.

The function of the ccnputer is to control, aonitor and

record data fro. the various sub-systaBS. Each day the comput.

»ill receive a list of custosers and persons to vhon dosemetei

are to be issued as the Issue rile vritten on »agnetic tapo.
<—-p- i* prepared by the ccmputer progran (DIRK) in an IBM 370 cc»—

pater that Is responsihl* for all dose«et*r Issue infor*ation,
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reparation of despatch instructions and the recording and sto-—
rage of individual dose records. This program is described belov
3) . The PDPII/10 computer controls the labelling of the

(Section
dosemeters by the Krapper/Labeller using infomation fron the
issue File and also prepares on magnetic tape the Issue Retum
and Dose Retum Files which retum informatlon to the DIKK coo-
pnter program in the IBK 370. The Issue Retum File associates
wearer 's hames with identified dosemeters, and Dose Retum
File contains the dose measurements obtained from ldentified do—

semeters that have been retumed to the system.

As well as handling and preparing informatlon for ezchan-—
ge with the record keeping system In the maln conputer, the local
computer will maintain a diary on magnetlc tape of all events and
data generated within the autamated system. This diary provides
an overall chack of the system and wlll ald recovery from any
eguipoient breakdown. As an additional safeguard against failure
all information generated by the svstem is stored on both magnetlc

tape and magnetic disk.

The local computer maintains a file of informatlon about
each dosemeter used by the system. Records for up to 200,000 do-—
semeters can be kept in this file, which can be used to locate any
dosemeter wlthin the system. It will keep the latest calibration
factors for each dosemeter, the number of cycles of issue since
the last calibration, and the total accumulated dose durlng these

issues.

3* O~tline of the Dosemeter Issue and Record Keeplng Syste»

As from late 1975 it is anticipated that the entire KRPB
Personal dosimetry service will be controlled by ¢ co«nputerl»«d
~osesaeter issue and record keeping system known by the acronvm,
Fi?ure s shows in schematic form the relationships betveen
ct*nponents of the dosemeter service, th> Board'se Finance
ffice’ customers of the service and the Health and Safety
A cuBtcmer is defined as any oirganization or person

responsible for moninating people to vear doseneters and
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may have re*ponalbtllty for malntainlng a record of recelved

radiafcion doses.

Aithough the whole phllosophlcal hasts of DIHK and the

automated thermolumlnescent dosemeter service is that of mainta-
Ining secure dose histories of individuals and relieving the cus-

tomer of the necessity to keep record. and

issue Transfer Certi-
customer need not make use of these facilities.
vhich case the system will

ficates, the
merely issue dosemeters and theresults

of their evaluation. It is intended, ho-ever,

that the system shall
be capable of absorbing records of dosemeter measurements from other

dosimetery services so that a truly national dose record system

can be provided eventually.

3.1. The Records and nespatch Offlceg
At the heart of the dosimetry service wiU be an office

called for the purposes of thi.
which is

description the

responsihle for adminlstrative control. The
will d« maintained on the main AERE IBM 370 co«puter

and operated from the Records Office.

On instructions from the
Records Office,

information and documents will be issued by the
DIRK system. Documents containing dose record informatlon will

. 7 4 and to the Health and Safety Exe—
i.sued as reguired to customers ana to « Ben
cutiv..

t
Documents relating to accounting information «ill b e «

to the Finance Office.

Despatcn notes and pre—addresse
the

isoue of dosemeters will

be sent to an office called the
tch Office for th. purpo.es of thi. account. This office wil

receiv. th. magnetic tape containing the

Issue File of P~sons
vhecm the addressed dosemeters should be

issued by the automated
thennolumine.cent dosemeter .ystem.

Th. De.patch Offic. wiU be respon.

le for operating?”
autcmated ther—-olu=lln--cent dcemeter

of flla do.eavater., neutron dosemeters an

.Lt do.«»t«. dt 1. thought that there may be « re.ldual s-all

for fil» do»em«ter. In -

alaniflcant «p o «r « r«ii.tlon occur, th.typ.of radi
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njjcertain and difficult to deteimine by any other method).
jltbough only thermolumtnescent body dosemeters will be issued
to named individuals, DIRK is so constructed that it may even-
tually be Possi™"e issue other dosemeters on the same basic.
slljerTnoluminescent body dosemeters may in some circumstances be
issued on an “unspecified" basis, ie, without being labelled with
a specific wearer's name, in which case the dosemeter will be la-

belled with a unique serial number.

All types of dosemeter supplied by the Board will be
issued from the bespatch Office at Harwell, but only the thermo-
luminescent body and extremity dosemeters will be retumed to and
processed by this Office. The results of the evaluation of the
retumed dosemeters will be sent from the Despatch Office to the
Secords Office in the case of the thermoluminescent body doseme—
ters as the Dose Return File from the PDPII/10 camputer. Film
dosemeters will be returned to and processed by the Board's Scot—
tich Centre at Glasgow, which will return dosemeter information
directly to customers and, when appropriate, to the Records Ofice.
Nuclear emulsion neutron dosemeters will be returned to and pro-—
cessed by the Board's Northern Centre at Leeds, which, like the
Scottish Centre, will retum dose information to both customers

and the Records Office.
3.2. The DIRK svstem

DISK is based on the maintenance of five information

files whech ares

(i) Master Detail Fine: this contains details of custcaners

addresses, their reguirements for dosemeter issues

and dose record keeping, and records of dosemeter
issues. The File also contains for those individuals
for wham dose records are kept, details of their
employment address, their sex and date of birth as
well as records of dosemeter measurements relevent

to these individuals and summaries of their accumu-—
lated quarterly doses for the current and previous

calendar years. Records of thermoluminescent body



(i)

(iii)

(iv)

(v)
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dosemeter measurements will be kept separately

from the records of other dosemeter measurements,
some of which may originate from dosimetry ser—
vices other than the Board s-

Archive Detail File: this contains details of
any customers who have ever made use of the
service and the summarieed dose records of all
individuals for whom dose records have ever

been kept by the system.

National Insurémce Number File: this contains the

national insurance number of anyone for whom dose

records have ever been kept by the system and

cross—references to those records in the Master

Detail and Archive Detail Files.
Dosemeter Master File: this contains details of
thermoluminescent body dosemeters that are,
or have been,

all

used by the dosimetry service. It

contains a record of the dosemeter, the number

of times that it has been issued, the total ac-

cumulated dose to which it has been subjected,

and a note as to whether it has been damaged or

contaminated with radioactivity.

Dosemeter Serial File: this is a file that would

contain details of all dosemeters other than

thermoluminescent body dosemeters, if these

other dosemeters were ever issued labelled with

the vearer's name and other details«

At the end of each year new versions of the master

and Archive Detail File will
the old files will

Ag well as the five main information files,

has temporary files containing transaction records of

be prepared, and copies of

be made on magnetic tape. The old files wil

be kept for not less than 30 years.

DIRK oXsc

informat—>
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will be used to modify and up-date tiie information files
on a daily basis. The computer procrams that interrogate, mani-—
pulate and modify these files are vritten in the PLlI computer
ianguage. Communication between the Records Office and DIRK will
jjg by means of teletypewriters, visual display units and punched
cards. Information, including enguiries, that is not already in
computer—cosnpatible forms will be entered manually into the sys—
tem by a teletypewriter incorporating a visual display. Host of
tjjls information will be entered by means of a standard "high

level’ language and syntax that is unigue to the systea.

4. Documentatlon

The Records Office will use DIRK to produce routinely
three types of documentation concerned with the dosemeter measu-—
rements and dose records, the administration of dosemeter issues,
and the intemal reports relevant to the management of the system.
Statistical information eg, numbers of persons exposed to annual

doses within defined limits, will also be available.

Customers are expected to use the system in two possible
ways. Firstly, a limited use in which merely a supply of dosemeters
is obtained, and, secondly, the full use of the system when, additi—
onally, dose records are Jcept for the customer. There are differen—

ces in the documentation to be issued for these two nethods of use.

4.1. Customers not regulrinp record keeplnc

For those individuals for whcn a custoner does not re—
«Juire record keeping, the results of measurenents made on film,
neutron and extr«mity dosoneters will be reported on a Laboratory
~Antificate identical in all respects to the Factory Inspectorat's
Fran <5 currently In use, but vithout conments as to the signifi-
cance of the measurentents that are often appended at the present
Khen the customer is using the autcaated thermoluminescent
kody doseaeter, the Laboratory Certiflcate will be produced by

cotcputer with similar information to that given o» the Fro» 45.
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The names of the wearers will be printed on this form, although

"unspecified" issues will only be identified by the issue serial

number.

The dose values reported will be either zero or, for tho-

se that exceed the threshold of the dosemeter, in units of 10 mil-

lirem. The threshold depends on the instrumental background reading

of the dosemeter ¢tnd the expected natural radiation background du—

ring the period of wear. The minimum recognized dose is expected

to be 5 millirem, reported as 10 millirem.

4.2. Ciistomers_reguirin2_record_keegin3

Customers requiring record keeping will receive several

different types of report, as follovs: a Notification Report of

dosemeter readings exceeding certain limits, and mcorporating a
Warning Dose Report listing employees with high accumulated dose
levels and giving notifications of over—exposures;

semeter Report

a Missing Do
listing dosemeters that are not retumed on tLme

to the service; and Quartely Dose Reports giving the current dose
status of each employee at the end of each calendar quarter.

Transfer Records or Closing Reports will be issued when an emplo-

yee leaves a customer or is taken off radiation work.

request a full record of all

On special

dosemeter measurements relevent to an

individual can be obtained, if necessary over the entire period of

which records have been kept.

(a) Notification Reports and Warning Dose Reports

In general. Notification Reports will only be issued when

the dose measurements above the threshold exceeds the levels in

Table 1. However, these reporting levels will depend in practice
on the dose status of the individual. For an

exceeded 60%

individual who has
of his permitted quarterly Maxiinmn Permissible Dose,

the values of all dose measurements will be reported. Measuremer.us

below the levels in Table 1, with the exception of dose to the eye

lenses, even if not the subject of a Notification Report, will be



recorded in the Master Detail File. bPose to the eve lenses will
ggtimated fron the boay and surface doses (Section 2.1).

If an individual exceeds 60% of his permitted quarterly
fjajcimuro Permissible Dose or if he accumulates dose at a rate that
indicates that the cuarterly Maxisram Penr.issible Dose could be
exceeded within the guarter, then a Karning Dose Report will be

includea on the Notification Report.

Customers will be required to acknowledge the receipt
0f this type of report as well as notifications of actual over -
—exposures. The Vfarning Dose Report will contain information si—

milar to the Quarterly Dose.Report.

An imaginary example of a Notification Report is shown

in Figure 7.

(b) Ouarterlv Dose Report

Customers using the record keeping service will receive
a Quarterly Dose Report for each employee for whom active dose
records are being kept. This report will contain information on
the following: the doses derived from dosemeter evaluation (with
notional doses for missing dosemeters) for the last calenaar cuar—
ter; the doses in the previous guarters of the calendar year; the
total accumulated lifetime doses; and the appropriate permitted
guarterly and annual doses for the individual. No annual dose
reports will be issued other —than the Quarterly Dose Report for

the fourth quarter of the year.

(c) Transfer Records and Closing Reports

Khen a registered employee either terminates his emplo-
yment or stops working with radiation the system will issue, as
soon as notified of the change, a Transfer Record or Closing Re-—
port for both customer and employee and, if necessary, for the
Health and Safety Executive. These documents will give the dates
on which record keeping begen and ceased in the employment, the

doses for the current guarter and current year, the accumulated
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life—tiroe dose and any other information relevent to the dose
status, eg, estimated doses due to irgested or inhaled radioiso—

topes etc.

5. Acknovledgements

Many individuals have contributed to the technical de-
velopment of the systems described in this report. Among them
are the fcliowing: from the Board, E W Mason, P N Casbolt, G M
Kenaall and R J Pattison; frotn AERE, L Salmon and C D Carter;
from.CAP Ltd—, M J Flevell; from the Sira Institute, S E Cole;
from Frazer Nash Ltd., L Hads, B Hiscock, D Griffin, D Seradi
and R Fence; from D A Pitman Ltd., M Robertson and R Sheppart.

Table 1
Reportinc Levels for Notification Reports

In general, only doses exceeding the levels given in
this table will be reported in Nitification Reports. The exact
circumstances in vhich other reporting levels are used are given

in the text.

Reporting Levels in Millirem

Type of dose 1———— n -

Monthly issue Fortnightly issue Weekly issue

Whole body aQ 40 20
or neutron

Surface 480 240 120
Extremity 1200 600 300

Eye lenses 240 120 60
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. TECHNICAL SPECIFICATION OF THE NRPB
THERMOLUMINESCENT DOSEMETER USED FOR
THE MEASUREMENT OF BODY DOSE AND SKIN
O0SE

T.0.Marshill
HRPB, Earvell, Didcot, Oxon. 0X11 ORQ

1. ThermolntiHnescent Dosemeter

The NRPB thermoluminescent dosemeter is designed as a
basic nondiscriminating dosemeter (CEC, 1975) and consists es—
sentially of two parts, an outer plastic dosemeter holder and a
dosemeter insert. The camplete thermoluminescent dosemeter and
its camponents are shown in Figure 1. Type testing and calibra-

tion data are given in a separate report (Shaw and Kall, 1977).

2. Dosemeter Holder

The polypropylene dosemeter holder consists of two parts,
front and back,' hinged at one end and the other edges are shaped
to ensure a positive snap fastening vhen the doseoeter holder is
closed. A recess in the back of the holder contains the dosemeter
insert. The front part of the dosesneter holder contains the filter
and the open window area together vith a slot used for showing the
vearer's name or serial number on the dosemeter insert. A safety
pin for attaching the holder to the clothing of the vearer is at
the back of the holder to ensure that the filter faces away frctr.
the body. The dosemeter holde.r, vith its dinensions, is shown in
Pigure 2. All such holders currentlv issued for personal dosimetry

®re coloured black.
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3. Dosemeter Insert

3.1. n”rajjjmin_glate, alumlniTim retention rlngs and_7T.<p
in PTFE disks

A hard anoaised duralumin plate, coded by a series of
punched holes in binary coded decimal contains two thermolumine—
scent 7LiF in PTFEE disks securely held in the plate by aluminium
retention rings. The duralumin plate has a cut—away corner to en—
sure correct orientation in the holder and has a half-moon cut-out
for mechanical identification purposes. The code on the duralurain
plate contains an identification code (type code) and a unigue
nurnber (1 to 999,999) with parity check. The dimensions of the
duralumin plate with retention rings and thermoluminescent disks

are shown in Figure 3.

The specification of 7LiF content, dimensions and tole—
rances for the 7LiF in PTFE disks is given in the Appendix.

3.2. Mrapping material

The duralumin plate containing the 7LiF in PTFE disks
is wrapped in black polyethylene to protect the thermoluminescent
disks frora the effects of dirt, grease and light. The wearer's
name and identification are printed on a matt white strip along
this cover. The dimensions of the dosemeter insert are shown in

Figure 4.

4. Location of the Dosemeter Insert VJithin the Dosemeter Holder

The correct association of each thermoluminescent disk
with its appropriate filter must be ensured. The dosemeter insert
is labelled with the wearer's name or number, the date for return
of the dosemeter insert and an identification code. I'his label i
visible through the slot in the front face of the dosemeter hoxder
when the dosemeter insert is correctly loaded. In the recess in
the back half of the dosemeter holder, instructions are given to

facilitate the loading operation.
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APPENPIX

Technical speciflcatlon of the 7L1F;PTFE thermolumlnescent. dlsks:

ALil' content, dlmensions and telerances

The following 7LiF content, dimensions and tolerances apply:

7LiF content Disk diameter Disk thickness
(* weight) (mm) (im)

30 12.7 + 0.2 0.2 + 0.03

30 12.7 + 0.2 0.4 + 0.05

The spread in weight of the disks is such that one

standard deviation is less than 10S.

The 7LiF powder in the disks is Harshaw TLD-700 standar-—
dised thermoluminescent dosemeter povder with uniformity of the
integrated light output within +5%. The isotopic concentrations
of the lithium are as follows (as given by the Harshaw Chemical

Campany):
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Type 1 61i » Thi

TLD-700 0.007 99.993

The graln size of L.1IP pcmder is less than 75 niicrons dlameter.

X1l dIskB are produced froni one batch of high guality PTFE.
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DOSEMETER FROM CUSTOMER

TO CUSTOMER

FIG.1. BLOCK DIAGRAM OF ESS5ENTIAL
DOSEKETER PROCESSING SVSTEM
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(a) An open holder

°pen window plosfic filter

Ib) Front foce (c) Side view

Figure 2. The dosemeter holder
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Figure 3. The duralumin plate,
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Figure L.
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The dosemeter insert
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DlIskuslja po predavanju Dr Marshal-a

Dr D.Panov: Da li mozZete da objasnite zazto u AERE,
u Harvel—-u joS upotrebljavaju fiim—dozimetre u li¢noj dozime-—

triji?

Dr Marshal: Eazlog za to je finansijske prirode. Ukrat—
ko du varn objasniti kako je doSlo do toga. V vreme kada smo po-—
c¢eli da mislimo na prelazak sa film na TL dozimetriju, to je bi-
lo pre pet godina, vrSili smo sluzbu filmske dozimetrije bez ika—
kve automatizacije. ZapoSljavali smo dosta ljudi i troSkovi su
poc€eli da rastu. Kada smo se odlucili da predjemo na TL dozimetri-—
ju resSili smo da uvedemo automatske postupke za kalibraciju dozi-
nietara, za odcCitavanje doze za obradjivanje podataka, a takodje
i za pakovanje dozimetara. PoSto smo napravili sve aparature i
dosada izvrSili oko 100.000 merenja vidimo, da srao napravili do-—
bru odluku. Tro3kovi po pojedinom ¢itanju dozimetra su prihvat—
ljivi za potro3ace, i manji su na Sto smo ocekivali. Medjutlr;,
su u Harvellu u ranijim godinama pres$li na automatske postupke za
obradjivanje doze pomodu filmova. PoSto im se ta investicija jof
nije isplatila oni ne mogu da ulaZu u novu. Sada su suoc€eni ¢inje—
nicom da filma Kodak, u Engleskoj, u roku od dve godine prestaje
da proizvodi film dozimetre. Zbog toga C¢e uskoro roorati da se od—
luce, da li da prihvate usluge NRPB sluzbe za TL dozimetriju ili

da osnivaju svoju TL dozimetriju.

Mr M.Mihailovid: Da Ii imate komentar na podatak iz 11—
terature /W.A. Langmead, National and Intemational Radiation Dose
Intersomparisons, IAEA, WHO, 1971/ o merenjima koja su vr38ena na
vaSem institutu s ciljem, da se uporedi ta¢nost TL dozimetara 1
film dozimetara kojl se upotrebljavaju u li¢noj dozimetriji, a ko—
ji o rezultatima merenja zaklju€uje da je od ukupnog broja TL dozi-
metara, 75,5% a od ukupnog broja filrr. dozimetara 77,51, pokazala

tacnost u zahtevanoci intervalu 1,0 + 0,5.
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X* citiranih rezultata ne bi mogli zakljuc¢lti da TI»

dozimetri imaju prednost.

Dr Marshals Sedam se tih merenja jer sam ucestvovao u

njima. Na rezultate tac¢nosti film dozimetara je u velikoj meri

uticao nacin ozracivanja film dozimetara koje smo upotrebili.

Hi smo filmove ozracivali pod pravim uglom na ravan dozimetara.

To je kao 38to znate, najpogodniji nacin za ozracivanje filmova m

jer o3etljivost filmova zavisi od upadnog ugla zraenja. Oset—

ljivost TL dozimetara od upadnog ugla zracenja smo proverili
ugao od 35 stepeni i

za
ustanovili da odgovor TL dozimetra ne zavi-—
si od ugla pod kojiia je ozracen.

Mr M.Mihailovid: Kako ste reSili

pitanje merenja beta
doza?

Dr Marshal: Merenje beta doza od niskih energija beta

nismo jo$ reSili. Na tome sada radimo.

Mr M.Mihailovid: Za Sta (€emu) upotrebljavate UV svet-—

lost u vasoj aparaturi? Da 11 koristlte transfer mehanizam u LiF

pri drugom odd¢itavanjus
Dr Marshals Da.

Mr M.Mihailovi¢: Kako ste reS$ili ¢uvanje podataka o do-—

zama va$Sih potroSaca.

Dr Marshal: Na8i potro3aci su zadovoljni sa nacinom

&uvanja podataka u centrainom ra&unskom centru u Harvellu. Cuva—*"

nje podataka o dozama je bio jedan od uslova da potroSaci prihva

te TL dozimetriju.



DlIstaislja: Petrovl¢ Dragoslava

Institut za medicinu rada i RadioloSku zaZztitu
SRS, Beograd

Postoji problem merenja malih brzina doza kojima je
izlozeno stanovnisStvo SFRJ (od transporta radioaktivnlh izvora,
radioaktivnih izvora ugradjenih u gromobrane itd.). Do sada ovaj
problem — ozracivanje stanovniStva — nije ni zakonski JbéE—i—eSen,
tako da je bio izvan dcmena interesovanja i »erenje. Ovaj probleir,
postoji aktuelan donoSenjem novih zakonskih propisa koji su regu-—

lisali pitanje ozracivanje stanovniStva.

PrimenoD TL dozimetrije 1 u ovoj oblasti bi poceli da
vrS§imo sistematska, odgovoma i ta¢na merenja niskih brzina doza

na nivou prirodne brzine doze - prirodnog fona.

- Pogotovu, ako se postigne dogovor o jedinstvenom opre-—

manju odredjenim tipatn TL dazimetra na celoj teritoriji SFRJ.

Ovaj postupak — snimanja niskih brzina doza - i1 njegova
Zzira primena na teritoriji SFRJ moZe se iskoristiti i u akciden—
talnlm uslovima — ratnim uslovima merenje brzina doza u akciden—

talnim usiovima sa radioaktivnim materijama.



