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= External exposure

Exposure to radiation outside body. 3
-

= Internal exposure
Exposure to radiation emitted =
from radicactive material
taken into the body by
inhalation, ingestion, absorption
through skin, or through
an open wound.
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1.4. Maauka (Wound)
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3. 35M3M5227A (Monitoring methods)

@ [ J I a g Y
ﬂ"l'i@'535]"Jﬂ‘]J%ll"Iil!'5\1ﬁﬁ]”lﬂﬂ"lffllﬁ”lﬂﬂ"lfll‘].]ﬂﬂ"ﬁﬂigLlluiﬂﬂﬁ?uﬂl@ﬂﬂﬂﬁﬂ?’lglnﬂaﬂu

v A

v 9

aqvesanuliams uazmsldsuiidseyana  Famsdszdivennsasildnimsasiaia
$AENNZQEONNIUENIT MY TATAT 130910M135A52970 IAdoNINMIATI9TAAI9819N1g
= A o Ay Yo Y o 1 v Ay Yo Y
FINMNHIDNINNIYNIN Nai]”lﬂﬂﬁ@]i’;ﬁ]’m%llﬂ‘Ll”lll11%1uﬂ13ﬂ1u3mﬂ1ﬂ%u1mﬁ'”liixiﬁ%llﬂiﬂﬁﬂ
L A . A A Y a [ 1 A Ya [} [} =
FINMYNID Intake estimate mﬂuﬂﬂi%iuﬂﬁﬂi%muﬂﬂﬂﬂ”I’Jﬁ'”lll”liﬂmﬂﬂi%’rﬁﬂ&ﬂﬂﬂﬂ&ﬂﬂﬁuﬂ

A & as K a
ﬁﬁ@u1ﬂﬂfﬂﬁuflﬂ'ﬁﬂ@1ﬂUﬂ@



naulsziualduasedannnialusienia
diinaiuayunisAduguamulaaaduarnwavenuilsunay
16 9,a#-5980 a1au1 andns Anu.. 10900 Ins. 025795230 sia 2116-8 Insans 025620088

an

o I v =R A o A W o &
‘ﬁﬂ’]ﬁﬂi?ﬂ’lﬂiﬂﬂﬁiﬂ Lﬂuﬂ’]i?ﬂﬂ%NWﬂ!ﬁ\?ﬁﬂ?ﬁ’Nﬂ’]ﬂﬁﬁ@jﬂﬂajﬂjgiﬂﬂjﬂjgﬁU\?Iﬂﬂ

o A

HIA ﬂﬂﬁﬂu’]ﬂﬁjzﬂi}ﬂﬂmuf)ﬂﬁl']\‘]ﬂ']flﬂﬁ\‘]ﬁ']uﬁlhﬁgl}@\‘]ﬂ'ﬁﬁﬁﬂﬂi}ﬂ
an o Y I @ o A o ' = [ A
‘ﬁﬂ’li@]i']ﬁ]']ﬂiﬂﬂ@@ll 1Wumsas103aUT s d@na10e 19N FINN  ISUAIDEINE

quaie  aumely  ¥IBNIATINIAAIPINNIMININ  IFUNTZAIEATOIN 1A 1NATDIATIIA

@

9 H ¥ Y
PIMATIBYANAKIOUUVAAAIRGAUN  WIeanmIasiviamanlsezileununuriniegmelu

Y a oA
nod1lfiiams

[] 1 (3 [}

NITENITNITATIVNIANANTAVUDYN Y YSuaasseaniegluaioss FUA UATNIT

U

9
%

ameavod loTaTnl5ed JUnvumeamenmazmaaiivesassediu  anuhlumsasivia
fematina1ee tazanzadeNmsaung li
@ v Ao A A a o Yo o A
MIn3IALs s @A niumsmelssiinanzueInsiau WAz AsUSF
5181ANA wetelinilylaniianulasaselumsdfinen  waganmzneiidludes
Ugiaauedlussavinimely
[ [ I a 4 a ] [
mMsasviatinasaddumsinseyd vazdsadivanudaeasslumsldeanssed  Tae
= = A @ o dy I o ] Aa ' o
UswazoeaneInumsasiviannulsezitden  msnudlesslumsiasiey HazN15In
v o 1 Aa s A o A A A A A Aa
Punaassealuaiedaninsiernse luedeizvselowenioniseme  edsziiiulsuna
v o aA o Ay A Yo o Y a
MIANTNMe  plzuazilowo 1a5U  easmIuAILANMEAzRRNUUUMI T IRIRan
Yaeasy uazaaesdmlumsman  msasviadSnasedietlesiuassediia lutlaniineh
11 o ax ax Lé A a1 dyd [ dy
ginme ansa 1dlaeds a3 nilanseranedsae liinemsnsiviannulsezdeuuy
9

WU vsemiasviadledemAlusnunUfiaay  viomsasnniadeiuome  wions

asaIaassaa lusamelasnse

9 1 v
3.1. myiamanlsezilouvesasseduunuAvesanunlfiinau
< @ 2 o A dy g a A (a wa A a [
Wumsiadsmamsiianalsezileuvununiinlgiaau el sziivanizmsiau

H v Y
UszdinTomanaisse@egamsadiginme Famnasranumsalsezitloutiesuazismused

a oA

' 9 Ay Yo v a9 1 a3 Y dyw I
Aoudege Temandugiaauaz lasumsssddgsramenszgeaulildie venaniiduilums

9
winasmslumstlesdumslasusedasld msasivialSumasssaduunuininegl9iluda

1 dy o v A A o A Y I Y v Aa = asy o
UaFszauaNuussssd luanminauie Ihiludeyalsznoulumsdaguludonisnsnsivia
waz 1 1d 15 lunisdvarmialSunaaissdnmnaseme  ualuuisdsemalasivuani

U

o w o v

= ,3 ,3 a v A v a A o Jd o Yo
ﬂlﬂﬁ]Wﬂﬂgﬂt}ﬂGlUﬂﬁLﬂﬁ?J%L“IJ’éJL!UL!WuW’JﬂIfJﬂﬁﬁiﬂﬁLmag%uﬂ ‘ﬂﬂ'ﬂJWU‘ﬁﬂUﬂﬁulﬂiUiﬂﬁﬁﬂﬂ
1 o Y [ t:ddy 1 v a9 1 9 = [ 1
melusiene VITGlWﬂ”IW]i’Ji]’JﬂTﬂﬂ?‘ﬁufﬁuﬁﬂ‘ﬁ”lﬂﬁﬁllTﬂ!ﬁ'"lﬁﬁﬂﬁlfll"lf;ﬁﬁﬂiﬁlllﬂ Taaeunuan
9
= o 0} % o

= o w j‘ v 1 a zgx’/ = = Y Yo =y o A
GlJﬂﬁ]”IﬂﬂQ’QQ’ﬂiuﬂi’ilﬂiﬂzLﬂﬂuﬁﬁ’iﬂfﬂma%“ﬁuﬂuu HAUAD ﬂuuuwawﬂw”lmuﬂsmmim

MnuAaTnas 1asusad luniiail



naulsziualduasedannnialusienia
diinaniuayunisAiduguamulaaaduarnwavenuilsunay
16 9,a#-5980 a1au1 andns Anu.. 10900 Ins. 025795230 sia 2116-8 Insans 025620088

2 - o A s
319 3 vaasmIasviansnlsezleunuinung

[} v A 9 Aa oA
3.2. miasdalsinaasiialueimaveaieslfiinau
v Y addy I 1 Yo v oa Y 1
m3asviadaedsiilumsdsznmawesms lasuasseddigsnme anmsifenszae
v a Y o [ Qddyd < o [ d' )
voamssamingauinnulasmaniels  msasaviadsuilse lesidmsvauimnmaululsae
1 1 ~ A o o v A L8] 9
ui  Auyausgmdloy  auhoutumsidanawnsofenszaeldielueims tazawnsold
o Y] { Yo 9 g I a
TumsmualSunamssadnldasunnsasunaznesoulunasaan la Wudlumsdszaiu
v A Y 1 9 o [ 1Y = [ Y] dy
Psmnams5ednangsene Tagnedon munzdmisuasiaialunsaiaiegasae 1
A A dy v A Y
1. Tunsaipamsnlsezilonveosassadingsumelasnisnels
A A LYY (Y= v a9 1 =y
2. Tunsaunagiiamgnsad lasmswiglaeiensseamangiamelulSuamng
I~ v A [ v A = I =
3. duminaasmimifensznevesassadluema  Feemszilumsasnnudvesns

A5293AT1T 59T IUAITUD8UDIAUIIETY

~ ax =Y ]
Eﬂﬂ 4 LEAIIDTNITINUAIDYNIDINIHA

[ o A dy ' 9 A o 1A o o
Msas0Iatsusealuoimatinsudananoud19en 1He9INAIHUINTIINTATIVIA

g 1 A A YA o a o ~ 9 a [ g’/ Y I ¥
ll‘JJbl“lﬁJiL’Jﬂ!‘i/l1ﬂaLﬂEJ\‘]ﬂ‘iJ‘]JiL’Jil!@"lﬂ"lﬂlei’NﬂHTl%ﬂuVl‘VHEJGL%L“'IJ"I"I,']J%?QG] ﬂ\iuuﬁTﬂ@ﬂQﬂﬁ{lWVlﬂ

oA Y [ a A o a 9 A [ o w
A ndneenuenaluysnanmelavesnuniinuese ﬂ?ii%&ﬂiﬂx‘]@]S’Jﬁ]’Jﬂ’fﬂﬂ"lﬁ']Ji%il"l@]’Jﬂﬂﬂﬁ

'
v A A

iN(Personal Air Sampler(PAS)) msmuamasmmassdnldsudhgsrameninmsasieia

o A dy ' 9)49! 1A v o Jdou o 1 ] 1 1 1
ﬂ”liﬂ\‘lﬂigi]”lfﬁl@\‘lﬁ”lii\‘lﬁgluﬂﬁlﬂﬁlﬂu ll‘JJllﬂSUu@gﬂi@ﬁuWH‘ﬁﬂUﬁﬂﬁ?uﬂTiﬂﬂ@giuﬁWﬂﬂ’]ﬂLl@@ﬂ’]\i

v a9y A A

g o & ] o A < o I 2 Y a g o
1@ ‘Lli’)ﬂi]”lﬂ‘Llﬂ1§Gli’.ﬁ]’Jﬂ‘LlEJ\‘]‘JJ“'IJ@Lﬁﬂﬂ@]lllﬁ”lll”liﬂﬁi'Ji]’Jﬂ‘Vii@LﬂiJ@]'J@EJN“D’”Illﬂﬁ”IﬂLﬂﬂ“Ui’JﬁQﬁEJ



naulsziualduasedannnialusienia
diinaiuayunisAduguamulaaaduarnwavenuilsunay
16 9,a#-5980 a1au1 andns Anu.. 10900 Ins. 025795230 sia 2116-8 Insans 025620088

1 v

A a o 1 a 49! 1 1 < an A o 1 v aaA [
WIONANMTFYNIBVOIRIDGNNATL  Lgod 1 lsiamuIsHansamiuua)sunaassadieg
U A A [ G k) an A ) [ 1A 1
sumelalunsaiimsnsivialaensarse lagdenisougianullumsasivialudisans
nwesssdluomalinsnuamdaiinaggavesmsienszaevesassed luememson
Derived Air Concentration (DAC)
3.3 P13A5I9IAMI0E1NANTU1OLAZAIDINN NTILNINDU
I @ = v A @ [ A o [ A Y ] = A 1
FHumsasiviatsnusialuaiessdunionie NIOAIDY NN NTIZNINDU LB
% 1 =) ~ (% A Y A
aredntlaann: ganse avvwwlaaziden  luunitienansiadialuiunssdurunsGen
o oA ° a S Y o = = Y A A
A10819Nz1N 1AM iene Iaseadumuaiivseneamemn  uazanuawsalums
' o A A v Y g).: Yo A a v
azang 1wy a155ean luenwsaazarelaa seanmslasuuuumsmielaviensny msaseia

a 1 [ Y v 1 = ] 4 1
L!ﬁ$ﬂ5$L?JuﬂT]J%ﬂJ'lmiQ?Tﬂ'ﬁi%@n@fJ'l\?Qi]iﬂﬁ$i]\“li]$u1L%ﬁ]ﬁ@ﬂ'n

A A L2

Yo o ] o ] I { {
Tunsaiinaguiamiquaz 1850598ge  maudediudessziluisimunzauzdamnsa
Y

[

vonfSunasedn1dsuld Tasmsiiuwadiadearn msndeumladlnslulay wiedugnilu

Y v
MUarSuasaanlasy

v A o 1 I @ @ { @ J : v o
ﬂ’]ﬁﬁiﬁﬁ]ﬁﬂﬁ\ﬂlﬂﬂ’]ﬂlﬂuﬂ'ﬁﬁ33ﬂﬁﬂﬁﬂ1mﬁ'13ﬁﬂaﬁgﬂ‘llll@@ﬂﬁnﬂﬁﬂ UDY “?QQZET‘JJWH‘E

an

o A ] 1 1 1 3 a 4 =) Y dyd [
ﬂuﬂ?mmmmgﬂlusnmﬂ Tﬂﬂmuolﬁm!,ﬂumsamswﬁmqmu VOAVDIITUADATINITDIATT

@ |d91d' o =X

ad= Y J 4 Y < A 9 a A a 2
smmﬂ‘%mmuaﬂq“luiwﬂmllﬂ ualUpNA0IMNIDNIA0 Avsnanmeansinamsilseziouvos

3 o ]

o 1 [ < a 4 9 & A Y o
mamﬂuizﬁanmimmmzmiam’iw‘ﬁ ﬂ?ilﬂﬂ@]')ﬂﬂ?ﬁjﬁﬂﬁﬂ 24 G]f'JIlN LW@GleJumLmu

@ 1

@ [ [y [ < @ [l { Aa 4
Tumsduoieaoiu  szysranar lumanudeds  wazilSuasvesdaedeildlumsingizs

9
v A v

) o a p g Yy 3 o vd
@I@\uﬁiﬂgﬁllﬂ‘Uﬂ'JnJhl'JﬂluﬂTﬁ?LﬂﬁT$Wﬁ1§ﬁﬂﬁuuq ‘]ﬂﬁﬂiﬁﬂ']‘ﬂ@]f’J\TLﬂ‘]Jﬁ'Jf’JfJ'Nﬁ'HJll'JL‘]JUL'Jﬁ']

o =K o a J v ] = 3 o o ] Aa Ao
LGRERNRNR AN P U AR Y ‘Vi1ﬂfJ\illiJ'JLﬂ§1$ﬁ@]’Ji’JfJN‘Vlu‘Vlﬂ’JﬁLﬂﬂiﬂ'ﬂTW’J@fJNll’ﬂuﬂﬂf’megﬂJ@]T’]

q

1 S o < a & ] ' @

fff')ufﬂilﬂ’ﬂ@n@fJ'N@qFl]inigﬂ')ilﬂﬂﬁl,Lli;NWﬁ1'G‘WIﬂé]?\ﬁ]&ﬂuﬂ150181Uﬂ15LN1@3981\1 NI
a Y v W ] a o Qddyd a Yo

Q\W\Ia']ﬁ@]ﬂﬁ"]iﬂﬁﬂLW']U]JJWi’E]iJﬂUGI'J’E]EJ'NQ%ﬁ]'Iig fﬂi')mi’]%’ﬁi@EJ'J‘ﬁuL‘]JuﬂWiTJ'iZLlIuﬂTiklﬂiﬂﬁ'ﬁ

v oA Y 1 A a d o ' Y v a R
IIFVGINNY I@Uﬂ'ﬁ!,a’f]ﬂﬂlﬂi'lﬁﬁG]'J’f]fl']\ﬂﬁlﬂlﬂ%ﬁllﬂ‘]Ju')ulﬂﬁuuG]

3.4 MInsaassedlusumelagnsa

v v

3 @ ” AaAA 1 A Y 2 1
L‘}Jumsaﬂﬂ?mmmﬁqamag“lusnmai%ma IﬂﬂﬂTﬂﬂ’JNﬂ’J’JﬂNﬁﬂwl‘li’)ﬂiﬁﬂ?ﬂ

AT MHUINATSIT 0 mzdmSumsiaanssidnamnsonzgriiuesnuenitene 1a

U

TaomWISIquANN1  AI0819% Y Na-22  Fe-59 Co-60 Zn-65 Rb-86 Sr-85 Te-132 I-131

v v v

Cs-137 Ba-140 Ce-144  Au-198 U-235 uazNp-239 (Aseinsedyiiatidesliiiinsadni

]
v AA

Uszaniamgeeglumiosiniand  Janwligs  annsonenndsansedununlaa  wagen

% a0 o 1 < { o 1 a &
Pinasidawsssunasm  msdalagdistzilueoniumnnimsaianzd lulaans vazd
=
a

A v v 9 o ! ~ Lg Y A A v &1 [
NAINMIIAAIMIANNazoIaT IMeLazilasudemNasoln LWﬂﬂ@\‘iﬂuﬂWﬁLﬂﬁﬂ%Lﬂ@uﬁﬁﬁﬂ



naulsziualduasedannnialusienia
diinaniuayunisAiduguamulaaaduarnwavenuilsunay
16 9,a#-5980 a1au1 andns Anu.. 10900 Ins. 025795230 sia 2116-8 Insans 025620088

nmMeuansmenaz llsuniumsasinda  ldanasiiald lulameanmsldsuarssaa

Y 1 a Y v Y addya a a o o Y <3
WFINNIYITIE]  UBAUDINITIANIYITUAD Glummmmmmmmmiam"lﬂaﬂnmmm

E] q

d' Aacy % v A 1
31N 5 naadsmInsedafsmnasealusmelasns

4. mamnna3naesSandigs1ame (Intake estimate)

[

o " A A Y < ° 9 Ay ¥ o
m’u‘mmmmﬂsummsmmﬂtﬂnqinmﬂ L‘]Jumsmmmmﬂm@gam"lﬂmﬂmﬁmamﬂ

9 1
Yy Aad 9 S v v W

138 ‘ﬁ@]N“]‘VNﬁﬂﬂfﬂi@]S’J‘l]’ilﬂiﬂﬂ@ﬁ\?ﬂ’ﬂﬁﬂ’lg ‘H%’EJ@]S’Jﬁ]’jjﬂjﬂﬂé}@llﬁﬁﬂﬂﬁ@]i’m ARIDENINY

D.

@

A = 1 9 9 [ [ J o v oA Yo
NIINTNHIDNINYINTNHAN sllﬂll“a‘ﬂ‘lﬂ‘Mﬂf‘lﬁﬁi’lﬂ’)ﬂﬂ%ﬁuwu‘ﬁ Uﬂ%lleﬁ'ﬁiﬁﬁ'VliNﬂWﬂhlﬂﬁﬂ
Y

4 A a 9 ﬂam I

k4 |1
ﬂﬂﬁ'umsmamﬂmsaﬂsamﬂ@uuuﬁum G‘fﬁmsmamﬂuuwumwm {]‘U@]ﬂﬁlﬂuﬂﬁ@ﬁ’mﬁ@ﬂ

Yo v a Y A I Y a oA [
T'E]ﬂ1ﬁ1uﬂ1§1ﬂ5ﬂﬁ’l§5\3ﬁl"lﬂ’€fﬁ’l\?fnfl ﬂﬁ'f]lf]Jufﬂiﬁ53%ﬁ@ﬂﬁﬂ’l'§$ﬂl@\1ﬁﬂﬁﬂ§]ﬂﬁﬂ1ﬁ llll’fﬂiﬂﬁﬂ

T#lumsmuiua Intake estimate 19 110991069 lulinnasgiulumsnSeuieunaszriem

l
v A A

A
malsoziloutazafFunaassaanlasy

Tuenas 1CRP 78 lammuadadiulsmamsiiastiaanegnaseglusioizwiedvnig

'
v a9 1

A v o EX o 1 9 =
’E]’E]ﬂ“l/l1\1ﬂﬂﬁ13$‘lﬂ!,'3a'l§l1\1”] ﬁ"lll'liﬂu'lulﬂﬁl%cluﬂ'ﬁﬂ'lu')miﬁll'lﬂ!ﬁ'ﬁiﬂﬁ‘lﬂL"ll'lﬁi']ﬂﬂ'lflul,ﬂ SN

U

A o X 7 Y

9
daduaemaiilimuanaenuiiuegnu Iasead umanivesanssadstiaiugme  Insead
= o A ' dy < ) A . o Y
maptvesasSaama1aziudimmruagluunvedn1sganan(absorption types)VoIasFIdIUe)

9
v v

9 =\ v A A g’/ < A Yo Y
mumﬂ‘mmiﬂi\‘lﬁﬂ\‘l‘mﬂmwummiNﬁ‘]fuﬂuuﬂmmmLaaﬂﬁl%mmmﬁlu ICRP78 Mlﬂﬂfﬂ\i

Y I a dycv é! (Y] v a9 ast o
Qﬂ@l@ﬂ@ﬂllﬂ’ﬂlllﬂl!ﬂiﬂ u’t]ﬂMﬂuEN"llu’éJElﬂ‘]JI“]JiLlﬂiuﬁluﬂﬁﬁi’mﬂﬂﬂﬂ@’w ATNITAUIU

u

[ an v 9

1 Y
ﬂ%ﬂ?ﬂ!ﬁ?iiﬂ%ﬁl%”lgi”lﬂﬂ"lﬂ UUNATHITNITATIVIAAIYNAUAAN N Aall

4.1 msmnatfnamsidandigiumeTaemsasiaiamsfanszaeuesanssedluoimsa

[

msfensznevesansiidluemaludeslfiaau  Hlemaslddugiaaulasuassed

Y 1 v aA Lg 1 Yo [TA=} A 9
WFINNIY IﬂﬂﬂWﬁﬂ'lEﬂﬁ]L@Wﬁ'lﬁﬁ\iﬁ‘ﬂﬂuLﬂﬂu@g1u91ﬂ1ﬁ ﬂ1iulﬂ‘iﬂﬁ']‘i‘iﬂﬁﬂ1ﬂﬂ5@u@ﬂ%$

[ o

uwuinulsuasvesemeanmeladily Faul5uasvesormeanmelaudld aunsadunald



naulsziualduasedannnialusienia
diinaiuayunisAduguamulaaaduarnwavenuilsunay
16 9,a#-5980 a1au1 andns Anu.. 10900 Ins. 025795230 sia 2116-8 Insans 025620088

a0 1w

1 a [ a ) X 4 1
nnagdanasgIueasimsmelvesaulnaluderhaugdiswnny 12 gnuanwasae
o o & o A Yo v 9 Qddy ° Y
e AasiulSnamssadnieme ldsunnmsasieiadiedsiiaunsamiuia ldenauns

Intake = CIT
o A a ' I 3
e ¢ = PSmnamsfanszanevesansssduoimaiimitedlu Bg/m

o ~ 1 I 3
oans1msvelaiivuledly m’/hr

—
Il

=

Aa wa a ] I o
T = nandfianuliniedues Tug

=1

Ysuaesseadanilenszarelusinialini5ifua Derived Air Concentration(DAC) &4

Q

IS) v

= 1 o v d‘ Yy 1ava v
WU1DIAIIATINAIFAUDINITHINTZ10v0d1559T Tuona NeonIddd fuacumeiedlu

a oA

9 v [}
vinaniulfinenld s Frlusdedu 5 ulunilsdland so dlanilu 13 winmslfidau

v A AA

@ a v A Y 1 = o I Yo o A
AuUinaseaninsfanszaevesanssadluemaminua DAC sgfinasi i lasusedannelu
[ 1 v A o w Yo o A & oA A = 1 o A
FNMEIMNUIaINagIgavedns 1a5uTd Tunilalinie 20 mSv  &9A1 DAC ansomiuin 1d
v 9 ;il
Tusiave 6 vouenaIsil
° a o o AA Y a1 o a o A A o A
42 msmuulsnaasFi@niginene :11nmsastadalsadssealuaavunieyio
[ d' % G} c;/ 1
752970 1AgATINDIBILHIONITINY
v A o @ [ A o 1 @ T I o 1 ~
Wnasianasvialaludregnaavuoie wislueden: vsenriameaziludadiun
[ v o wdd’ Yo Y 1 wdd‘ Yo Y 11 = [
duiusnulSunaassa@nlasudigsnume  Tasmssednlasudngsenmeszimsvineonuas
imsazaveglueivizangmedadiuiiuanaenuina ¢ Tundinnlassanssamdigsrme
[ Yo v A 1 Yo = v G Yo o A ]
MUANHUZMI IA5UTITEY M5 IATUUDVIRIUNEY (Acute exposure) ¥3® M3 IASUSIFRE
) [ Y
A011184 (Continuous exposure) NM¥uA 3 lunilade ICRP 78 e martiudazenssadaell
VoA 1 [ ax o v oA Y o 913‘/ 9
anuanaanu Fmsmuamsiandigiameannsomun lansTaens 141 sunsu
0o < A o 9 1 dy o ~ A
du3931) vemuIuNINaNMITIaNl muTlsunsunsnsdia 2 nsdine

9 . . . < v Ay o ° ' 2 "o
- n58IATIVIANUY special monitoring Tlumsasrvian lufiszeznamuamiveu Iuegiug

=l.

Y @ & a v A a 4 v 1A a A Al A
ARINMINIIR FalasinArzasiaiadommamgmsaidedenialnd  WielauRpUUBMYA Y
5211919M5ATIVIAUVY routine monitoring  IasMIMUIMYTINUAITTIENTeMelas VT

o kY 9 1 dy
mmmllﬂmﬂmmﬁwmm

Intake = M
m(t)

10



naulsziualduasedannnialusienia
diinaiuayunisAduguamulaaaduarnwavenuilsunay
16 9,a#-5980 a1au1 andns Anu.. 10900 Ins. 025795230 sia 2116-8 Insans 025620088

= o . . . I @ I o ° = o A

- NIUATIVIALLUY routine monitoring LﬂUﬂ15ﬂﬁ'J%ﬂﬂllﬂﬂlﬂuﬂﬁgﬂWﬁuﬂﬁuﬂ UNITNIHUAAUN
v o ' o A o o A Yo

AZADIATIVIALAS T INLIAINITATIVIANLUUDU Iﬂﬂﬂ"lﬁﬂ"ll!')ﬂ!ﬂ%i]']ﬂlﬁ"lﬁﬁ\?ﬁ“l/]ﬁ"l\?ﬂ']ﬂllﬂill

o v I {
ﬁ"liJ'liﬂﬂiu’valﬂiﬂﬂﬁiJﬂﬁGUNEIN‘L!

Intake = M
m(T/2)

A
o

' v A A ' 3 A )
M = mfsnaemssaanilualesnaevuoierselueiens (Bq)

]
a o 1

v AAw FY A o A @ A @ o .
m(t) = ﬂ?ﬂ1mﬁ1iiﬂﬁﬂ’)ﬂjﬂiuﬁ 6U‘]J‘E]'lfJ’I/Tﬁ’filslﬁL!E]'JEJ’)g“I/iii'ﬂ'I/]'Jﬁ'l\if]'lEJ'I/]L’Jﬁ'l t IUNA9I91Nintake 1 Bq
v AAw PY A o 1 A v A o A [ o
m(T/2) = 5naassadniala ludwuoenss lue ez uienisamennal T/2 Tundin

Y
1 1 @ ] @ ] I~ [
intake 1 Bq 108 T ADTLOLHNTEHINMIATIVIALAALAT I HaT U
5. mslsziuafSinasaaainmealusiame

a ] o ' I ° ' . .
mstszmiuandsuasedannaelusianme WumsmuIumial committed Effective Dose
Equivalent(CEDE) &aniunenetsuaseansamelasulugiana so 3 waannlasuanssemd
g319My FIWAWNNUHATINYDY Committed Dose Equivalent(CDE) &4%118091U5 11015987
Y dy d' Yo 1 =) (% Yo v a9 UL [} 1 . .
pivrzuaziioto lasulurisnar so I wasenlasumsSaddigsnaniegununl weighting
Y A dy d’ g’/ (% d‘ [
factor VD4DIBITHIBIHOIERUUALEAITUAIT19N 1 AIauMs
CEDE = Z(WT. CDE)
#30A1 CEDE /s 1891011511181 Dose Coefficient fitnangauuiganua1lsuiaes
v AN Yo Y 11 A o X 4 . 2 o 1 a o A
F9an1as Ut g319Me130a1 Intake 1UIBY - H9A1 Dose Coefficient UGS dAdIUYTUIUTITN

[ Iy ] @ @ Iy [N} [ I~
s1amelasulugiana 50 Juasnn ldasuarssadangsametuaas 131y IcrRp 78 Hwniaeily

G

Y
=) s 1

9 9
sv/Bq Mtezlinmanannu llyuedgiugluunvesasiszneumuniivesassaduug uas
an Yo v a9y 1 ) 1 I [
’J‘ﬁﬂ"lillﬂiﬂﬁ"liiﬂﬁﬁﬂfgﬁﬁﬂWEJ NITANUIUAT CEDE a2 CDE L‘].I‘L!Ul‘ljﬂﬂﬁuﬂ"li
CEDE = Intake x Dose Coefficient

CDE = Intake x CDE per unit intake

P . . . I o 1
CDE per unit intake %30 Committed Dose Equivalent per unit intake wWudadiutsunu

o aA Lg A Yo 1 = v Yo v a9y 1 =
ﬁm‘ﬂmmmamuama"lﬂiuclummm 50 ﬂﬂﬁﬁmﬂllﬂﬁ‘uﬁTﬁ'NﬁmﬂgﬁNﬂWﬂmtﬁﬂﬁqﬂuICRI’ 78

Nvuaeili Sv/Bq

11



naulsziualduasedannnialusienia
diinaiuayunisAduguamulaaaduarnwavenuilsunay
16 9,a#-5980 a1au1 andns Anu.. 10900 Ins. 025795230 sia 2116-8 Insans 025620088

] Y 1]
M13190 1 1LA@AIAT weighting factor VOIDIBITLALILBITDA1NY

Organ or Tissues Weighting factor(W,) Organ or Tissues Weighting factor(W,)
Gonads 0.20 Liver 0.05

Bone marrow(red) 0.12 Oesophagus 0.05

Colon 0.12 Thyroid 0.05

Lung 0.12 skin 0.01
Stomach 0.12 Bone surfaces 0.01
Bladder 0.05 remainder 0.05

Breasts 0.05

e

¥ v
aUMIAUIUA CEDE iﬂﬂﬂﬁ@]i’)iﬂﬂﬂWiLﬂi@ﬁlﬂﬁ]uﬂlﬁ]ﬂﬁ1iiﬂ%ﬂuﬁuW’Jﬂlﬁ)\iﬁﬂWN“ﬁ

[

9 H H Y
Ufiaaiuismsduiuanaesn i anlanan lludrn3ismsti T 1814 lums

o 1 =Y [ Y 11 ] o 1 9 [ 1 o w
Auummnlsnamsia@andigiume  uagwsofmuiua CEDE la laaifisunuamdiasing
dy dy a v A 1 a [ ~ v 9 ~
gagalumsnlsezlonuunummsiiauaazriladuaniluaisen 3 luiveh 6 luenans
Y ) Y [ v
i Favannamartina i 1dsuSnasadn lasuiaumnuiaiinams 1asusad lumniial
Y
=

A < A o w 19 Y 2 2 "o ° 2
#3020 mSv UULBY Gllﬂ%'lﬂﬂuﬁ]ghlﬂﬂlslﬂﬂuﬂ'mﬁi]uﬁ']ﬂﬁ 51]1!@Qﬂﬂﬂﬁmﬂﬁﬂlﬂﬂzﬂ']ﬁuﬂsllull']
=S o U Yo v A
6. sumnnﬂmﬁ"lmuaaa

v A

Yasiams IasuSId W50 Dose limit  dmSudUuanunessd  uaadluaisiei 2

’:91 as o A A A 9 v Yo v a9 1 =
HINVINUIINUAD @@ua']WLﬂfJTU@Qﬂ’]Jﬂ'l'iUl@iﬂﬁWiiQﬁﬁﬂﬁiWQﬂ'lﬂ HNL

U

I = o v A o v Jo
FuvanaNauUNUsNUY

.. I .. . 2 v aaA Y
Dose limit UUA® Annual limit on intake (ALI) ¥u19D3 suaasseaneeunlisieneves

a oA [ [ = = ] < J
gUineumess@inldgegaly 1 9 fwbedlwuamesaBg)  wagA1  Derived  Air
Concentration(DAC) 118D USunasseanfensznelueimageganseu idlginaums
o A g a A o 1w @ 2 o 4 o L ] 3
Sadluusnanindfuanula s wlusaedy s ulunilsdani so danilu 13 Iniseiu

9

1 4 1 o =
L’]Jﬂlﬂf]!,iﬁﬁ’é]gﬂﬂ1ﬁﬂm¢li Iﬂﬂ?ﬂ ALI ita¥DAC ﬁ1h1iﬂﬂ1u’3ﬂ‘lllﬁglj JU

0.02
ALl =

Dose Coefficient

12



naulsziualdunasedainaialusienia
diinaniuayunisAiduguamulaaaduarnwavenuilsunay
16 8,7M6-5980 a1ee1 A5 Anw.. 10900 Tns. 025795230 sia 2116-8 Insas 025620088

1 1 o Yo v é = A @
aIun DAC ﬂWu’Jﬂ!fﬂ'lﬂﬂ"liulﬂi‘Uiﬁ'iﬂmﬁ'liNﬁfmﬂﬂﬁﬂ'lilcl%aluﬂuﬂﬂﬂﬁﬂ 2000 2139

ﬁWNWSE]ﬁ'Iuﬁﬂlulﬁjﬁ’\iﬁNﬂﬁ

ALI

DAC = 3
2000 hr x 1.2 m'/hr

M31970 2 Dose limit dmSugUFianumasee

u

Applications Dose limit

Effective dose 20 mSv/year (averaged over defined period

of 5 years) 50 mSv in any single year

Equivalent dose in

auFa 150 mSv/year
TeV TN 500 mSv/year
A 9

LM 500 mSv/year

. Eyes
ﬂfg‘gv 0.15 Sv
(50 rems) (15 rems)

Total effective dose eauivalent TEDE
(whole body) 0.02 mSwv(2 Rems )

Elbows
to hands
0.5 Sv
(50 rems)

Internal

Organs

0.5 Sv
(50 rems)

Y (a oa v A A Yo o A g’; 1 1

Ejﬂ{]ﬂﬂ\‘l1u°ﬂ1\ﬁ\‘lﬁ°ﬂlli@ﬂWﬁulﬂi‘Uﬁ\iﬂ'VI\‘lﬂWﬂﬂWElu@ﬂﬁNﬂWEILLﬁE‘/ﬂWEIGlHiNﬂWEI ﬂ%lﬂﬂl
o aAN Yo a’; A . . ] a = o v Ao [
ﬁ\iﬁ‘ﬂulﬂiﬂ‘ﬂ\‘lﬂﬂﬂﬂiﬂ Total Effective Dose Equlvalent(TEDE) qﬂﬂﬁilﬂuﬂﬁlﬂﬂWﬂﬂ‘ﬂﬂWWuﬂ FN
waaelugums

TEDE = Hp(10) + CEDE , <20 mSv

zﬂl A [ dd‘ Yo 1
o Hp(10) Ao USuasadn ldsuannmensnsianme

13



naulsziualduasedannnialusienia
diinaiuayunisAduguamulaaaduarnwavenuilsunay
16 9,a#-5980 a1au1 andns Anu.. 10900 Ins. 025795230 sia 2116-8 Insans 025620088

Y Y
A o v o v AaA

A o & A a v oA > R A
wennnidsiivasinagegalumsnlsezlouuuiiudmiasiiduaazyiia  Felasinail
wa 19 lasudSunaSsadminulasinans 1dsusedluniiatlnse 20 msv adldna1n1iudrlu

E4
A o v A

v 9 ~ 19 Y g [ o dgl @ 1 1
NN 5 eUﬂfl]’lﬂ@u5]311]1%!‘]Ju1ﬂ@]5i’]uﬁ1ﬂa mu@gﬂUﬂjgllﬂﬁ‘lﬂfllgﬂ'l‘ﬂuﬂellull'l YNAIDYNUYU

[ 1A o w Ay dy a = d' d'
msmruanvasinamsilseziouvunuiivesdsamaeomasaonuaacluaisien 3 1

[

) 2 A 1 [ Y ! < a v A A ES
VA mmzmumﬂmmu"lﬂuaummmLﬂuwmmmsﬁﬁ%u@uuq

d' = o v dy v A a A
MITNN 3 L!ﬁﬂ\iﬂ'lﬂlﬂi]'lﬂﬂﬂ'lilﬂi’ﬁ]gLﬂ@u"uaﬂﬁﬁiﬂﬁ%uﬂ@nﬂﬂ

NUCLIDE | HMitBa/em? I \cLipe B:'/rgr';z NUCLIDE Limit Bg/cm?2
SH 103 99Mo 103 181Hf 103
14C 103 P¥mTc 103 185\ 103

22Na 102 9T¢ 103 186Re 103
24Na 103 103Ry 103 192|r 1083

32p 102 106RYy 102 198A 1083

355 103 110mAg 102 197Hg 108
36C| 103 H1Ag 103 203Hg 103
45Ca 103 109C(d 102 2017 1083
41Ca 10° 115mCd 102 204T]| 103
465¢ 103 111 108 210pp 100
47SC 10° 113mIn 102 210Bj 102
51Cr 103 113gn 103 210pg 100
54Mn 103 124G 102 223Ra 101
55Fe 103 125gh 103 224Rg 10!
59Fe 103 123 108 226Rg 1009
56C0o 102 125 102 227Th 100
57Co 103 131) 102 228Th 100
58C0o 103 129Csg 103 230Th 10t
60Co 102 131Cg 103 232Th 101
63N 103 134Cs 102 231pg 101
64CU 102 137CS 102 232 101
67Cu 102 133Ba 103 234 100
6571 102 140 g 102 235( 100
67Ga 103 139Ce 103 236 1009
68Ga 102 141Ce 103 238 100
68Ge 103 147Nd 103 238py 101
5Se 102 147pm 102 239py 101
7By 108 147Sm 100 241Am 101
81Rp 108 153Sm 100 244Cm 101
86Rb 102 152Ey 102 all other alpha

85Sr 103 154y 102 emitters with a 101
8’mSr 103 153Gd 108 half life > 3

89Sr 102 160Th 103 month

90Sr 10?1 169Ep 103

87y 103 I70Tm 103 All other non 102

88y 10® 169y 103 alpha emitting

0y 102 77y 103 nuclides

14



naulsziualduasedannnialusienia
diinaiuayunisAduguamulaaaduarnwavenuilsunay
16 9,a#-5980 a1au1 andns Anu.. 10900 Ins. 025795230 sia 2116-8 Insans 025620088

7. ﬁ151Q§Q(Reference Level)

v 9 a g oA FZR a [ o A A I Yo a v A 1
arddulumnldsrelunsuSmssamsmaduiuay el 1dsulsuasidedln
Y

I o I 1 Ao 2 A Yo o o @ 1 o aA o 9
INUNNNINUA HJ‘L!ﬂTV]ﬂTVi‘L!ﬂeU‘L!L‘W'E]Gl‘ﬂﬁllWu‘ﬁﬂ'LIf‘ﬂﬁG’]5'Jﬁ]']ﬂll,a3ﬂ1ﬂ%ﬂ1mﬁ’liiﬂﬁﬂqﬂiﬂlﬂﬂ

Y
ginme  mnafsmaesSedn 1dsudhgienenien Intake estimate Hnunumtiozdedinig

) a d‘ =\ 91 v A 1 1 é a L) a 1 dy

dgunumsnruzanvssl¥relunisaaduleedialasg1anilaauilonyoan101999 ALY
o da! 1 . . . = "9 A AaA 9 [ Yo v A
NN UAVUATINUAT Committed Effective Dose Equivalent F9A191999NN8ITOINVNT AT UATTIT

Leﬁﬁd $MBUAWAY 2 ANAD Recording Level(RL)ttaig Investigation Level(IL)

A1 Recording Level(RL) 31894 USuiasaanlasunsSedsuiaarssednlasung

au

[ A

a v AAY Yo Y 1 a Y A T 9 ° <
3‘]J1’T'§@1J33J']mﬁ"]35\‘]ﬁ°ﬂulﬂﬁﬂl‘ll']ﬁﬁ']\iﬂ']ﬂllﬂ'llﬂ']ﬂﬂﬁﬁ@iﬂﬂﬂ'ﬂﬂ'] RL 9&€e0dN1N13INY

a

[ A o 49! 1 A Y A o w [ [T} =< U
31\1ﬂ']fJ‘ﬂﬂ']WL!WII‘LlIﬂﬂﬁu’w\‘l'luﬂllﬁlﬂﬂﬂlufﬂifﬂﬂ‘ﬂﬂl!ﬁﬂ’ﬂﬂ‘ﬂaﬂﬂﬂfJ“VI'N'Nﬁ' Favnmdsuw
Saanla

= 1

[ Yo o A 9 9 l-ﬂ' 1 g’; al o [y Yo v A 9
‘U‘Ll‘l/lﬂﬂ']ﬂTiulﬂi‘U3Qﬁ'ﬁﬂﬂﬂﬂ’dﬂl@ﬂl%?ﬁﬂ?ﬂﬂﬂ!uu Taodn@n1 RL ﬁWﬁi‘]Jﬂ”lﬁhlﬂi‘Uﬁ"liiﬂﬁﬂﬂ’g
1 é = o ! = [ 1 A 1 . .
519meluritaezmuuaniundsuiuse@annielusian1evsen Committed Effective Dose

. A Y J d%’ [ g @ & =
Equivalent(CEDE) NuAUNINU 1 mSv A1 RL muagﬂummuﬂiﬂumimnmiuwmﬂ RLY

] I = o Yo
nureuuanesa %Qﬁ?h?iﬂﬂWU’Jmllﬂﬂﬁﬁllﬂﬁ

RL = 0.001

N.dose coefficient

A o g a Jd A v 1A
Weo N = iﬂu')uﬂi\?cluﬂ1§3lﬂ§13ﬂﬂi@¢]i'§ﬂ3ﬂﬁﬂﬂ

=

A1 Investigation Level(IL) 111999 U 5@ 1asunsedsumarssadnlasudag

2

' A Y Yo o a4 A = Y A Yo @ 1
i'l\‘]ﬂ']fl‘ﬂﬁ]%ﬁ@ﬂﬂiﬁ%ﬁﬂﬂ’ﬂ'lﬁ'llﬂﬁ]GU’fNﬂ'liulﬂiﬂiﬁﬁ Lu’fN%'lﬂllLLu'JIull“lﬂi]%Mlﬂiﬂﬁ'ﬁiﬂ gInmnm
A

Und ernasmslumsanszausad  minansuiaseanldsunotSuaassadn lasumn

g5emeliamnnna IL azdedainigimauig  Iagdnda IL dwmSuns laTuarssadang
Y

Y
g}/ =2 ]

519melunHataM1A A1 Committed Effective Dose Equivalent(CEDE) 5 mSv MaHIU0ENY

U

o Y o A2~ a ] I = o Yo
ﬁ]mmmﬂumimaﬂmiuwmﬂ IL ¥nveiluuamersa mmmsammm‘lﬂmﬁums

0.005

N.dose coefficient

2y a o I 1 a P o 1A o A
uﬂﬂﬁnﬂuﬂTﬂTQ@\‘]fﬁiﬂﬁﬂﬂ11’iuﬂlﬂuﬂnJ51“%1!?”5ﬁﬂﬁﬂuﬂgiuﬁflﬂﬂw\iﬁ\imﬂﬂ"m "Vii't’)(lu

'
1 A

Y A U gy 9 = y o 9y 1Y a v A
ﬂ?ﬂﬁzﬂiﬂﬂ'JﬁTQﬂTﬂqﬂ@ﬂﬂjﬂ Gmﬁlzﬁzmﬂuazaﬂmumumﬁ/mm"lﬂ 0190 ua1 il uan

15



naulsziualduasedannnialusienia
diinaiuayunisAduguamulaaaduarnwavenuilsunay
16 9,a#-5980 a1au1 andns Anu.. 10900 Ins. 025795230 sia 2116-8 Insans 025620088

uasunm Recording Level aga Investigation Level fi’muﬂ'lﬂugﬂmmm Derived Recording
1 o o ¢ A v
level(DRL) tt8¢ Derived Investigation level(DIL) A1 DRL 118 DIL 3¢ duWUTINe1999A Y
Y

ﬁﬂﬁ?ﬂﬂ?iﬂﬂ@g‘luﬁ'lﬂﬂ'lﬂ ‘Vi%@ﬂ?ﬁelJTJﬂ18@'155\1%’0’0ﬂﬂ1ﬂ51\1ﬂ18@]’E]’J‘Ll"’l]’i]ﬂﬁ'liﬁﬂ%‘u‘L!Gﬂlllﬂfﬂ

@ o @ 1 I [ f
waan lasuassedidigsnme Taedowdluaumsldaai

0.001

DRL = x mi(t)
N. dose coefficient

v [ v
v A A v A0 o

' FY A o A O A o 1 '
ﬂ’l‘]J%jJ’lmi\iﬁﬂ’J@Vlﬂi‘Hﬁ\?mﬂﬂ18W5'01/]')5']\iﬂ'lﬂﬂi'ﬁ]slu@'gﬂflgﬂllﬂ']@'lﬂ:]'l DRL Ulll

o 9 o 1 ) ¥ a . . .
sudludeaihai ldulszitiunalugives intake W30  committed dose equivalent (CDE)

g committed effective dose equivalent (CEDE) uaviinamdSunassdluedviznsoluas

'
o @ = 9 o J

A A 1 v AA o 3 J v A
JUDeNANAY DRL wineanuNndsunasiaianudingnengasaiunmuisdumysuused

o

A Yo S o =K 1 ' ] v o A A o 1 a1 a
N519me Igsuvazmnuiunna arumfsuasedluedteizvse luaeiunieuaAny  DIL
[ v A Ay Y A 9 o < Y Y
weanuNaSsunasedn lagdsnanneudiegs Y UADINTINTDUANNYNADIVOINT
o d‘ 9 A o a [} dy
anaazmitdaimanld  uIsoRAUTIUMTAIL

o [ ?)I d‘ A % d' 9y A d’ a g’/
— mmsaguiedudunan lansetoud lumslszdiuasansn
— ldmatiamsasrvaouuuy Inumu@y
o Yo o A
—  NUMUFAANZMIIINULAZNT TAT U
a I a
—  ATHTAUIVUIAVDIOYNA (particle size) MWANWTIUDI
— nUMUANND IUNTATIIA
LY 1 d' Y o d’ 1
— nunmumaanlsananlslumssiunaivoud lua
F) Y Y Y Yo A Yo o A
WmnMsnsdouddugndowd  TddutiumsasndouaurgueIns 1A U agaazm

Yo o A

wasmMslumsaaseaums lasusedas Taes DIL ﬁ’mam"lﬁ'mmumi

0.005

DIL = , x m(t)
N. dose coefficient

1T A o w1 v Y a Ao ds! o Ly a [
ATVAITINAAN N Lm%ﬂWf]N’é)\WlﬂTViLlﬂ"lJLl?ﬂlﬂiﬂlﬂllﬂ%’iuﬂﬁﬂi%muﬂ’ﬂuﬂa@ﬂﬂEJ%Wﬂ
Yo o A Y o 1 ~ @ U (3 1 A 1 oA Yo = [ 1
ﬂTiU],ﬂ‘i‘U‘Nﬁul@ I@Elu1ﬂ1ﬂ@li’)ﬁ]’mulﬂﬁluﬂ’3f]ﬂ1dﬂif]ﬂ11]%1”&1ﬁ1i§'ﬂﬁ‘1/]iNﬂ1EJhlﬂi‘U3ﬂmEJ‘]Jﬂ‘]J?ﬂ
9 a = o w 1 1 dal d' = [ a oA
DNOLUASATVADINAANUNATU easaouaNuNane laluanulasa EJGII?NETQWHﬂQ‘Uﬂﬂu

THlumsdivlgamshaunsoninasmslumsaaszaussdninms 1a5u5@lingeraing

16



naulsziualduasedannnialusienia
diinaiuayunisAduguamulaaaduarnwavenuilsunay
16 9,a#-5980 a1au1 andns Anu.. 10900 Ins. 025795230 sia 2116-8 Insans 025620088

19NA1301999

CINDY, Conceptual Representration , Battele Memorial Institute,USA,1995
Safety Series no. 115 “Internation Basic Safety Standards for Protection Against Ionizing

Radiation and for the Safety of Radiation Sources”, International Atomic Energy Agency,

Vienna, 1996

ICRP 78, “Individual Monitoring for Internal Exposure of Workers Replacement of ICRP

publication 547, Pergamon, 1997

Lecture note-Assessment of Occupational Exposure due to Intake of Radionuclide, training
course in KOREA, 2007

Recommended limits on radioactive contamination on surfaces in laboratories (1995)
Radiation Health Series No. 38 Approved at the 119th session of the National Health and
Medical Research Council Canberra, June 1995 © Commonwealth of Australia 1995

IAEA Safety Standards Series no. RS-G-1.2, ”Assessment of Occupational Exposure Due to

Intakes of Radionuclides”, Vienna, 1999

17



naulsziualduasedannnialusienia
diinaiuayunisAduguamulaaaduarnwavenuilsunay
16 9,a#-5980 a1au1 andns Anu.. 10900 Ins. 025795230 sia 2116-8 Insans 025620088

AregamImvivanaaniinuedleloauuazesitio

210 ICRP78

18



naulsziualduasedannnialusienia
diinaniuayunisAiduguamulaaaduarnwavenuilsunay
16 9,a#-5980 a1au1 andns Anu.. 10900 Ins. 025795230 sia 2116-8 Insans 025620088

INDIVIDUAL MONITORING FOR INTERNAL EXPOSURE OF WORKERS

:
3

1.00E-01 -,

(- JREe
-

1.00E-02 = -

\ P ~
1.00E-03 e s
\ (N
1.00E-04 : ~
! i \ %
1.00E-05 +— _ _ Whole body 1 \ ! x
I y Ay
1.00E-06 Uhna - \ y
1.00E-07 ! ; ; “
: | : | \ .
- 1
1.00E-08 ; :
1 e 10 100 1000 10000
Time after intake, d

Retention or daily excrétlon, Bq
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Fig. A.5.5. '%Ru Injection: predicted values (Bq per Bq intake) following acute intake.

A. 6. Iodine

Biokinetic model \ <

The biokinetic model for iodine (Figure A.6.1.) is taken from- Publication 67 (ICRP, 1993) and was developed
from an earlier model given in Publication 30 (ICRP, 1979). It is assumed that of iodine reaching blood a fraction
of 0.3 is accumulated in the thyroid gland and 0.7 is excreted directly in urine. The biological half-time in blood
is taken to be 0.25 days. Iodide incorporated into thyroid hormones leaves the gland with a half-time of about 80
days and enters other tissues where it is retained with a half-time of 12 days. Most iodide (80%) is subsequently
released and is available in the circulation for uptake by the gland and urinary excretion; the remainder (20%) is
excreted in faeces in organic form. : Heuigy

The biokinetic model for iodine assumes that 0.3 is taken up by the thyroid and the remainder is excreted in
urine. In fact, there are relatively large variations, depending on maily parameters and these afe especially import- *
ant in case of thyroid dysfunétions. For example, cnrrent uptake values for a Elirdpggn,gglhy_ii)id adult are in the .
range 0.20-0.25.. Pathological states.of the thyroid amay result in uptake values from 0-0.05 (blocked thyroid) to |
more than 0.5. Hypothyroid adults have a low thyroid uptake, but a prolonged excretion, resulting in a thyroid
dose a little larger than normal. On the' contrary hyperthyroid adults exhibit a shorter jodine half-time in the thyr-
oid and therefore have a smaller thyroid dose. When such cases are suspected, then individual values should be
introduced in the dose calculation, especially in case of accidental exposure, where a precise assessment is needed.

19



naulsziualduasedannnialusienia
diinaniuayunisAiduguamulaaaduarnwavenuilsunay
16 9,a#-5980 a1au1 andns Anu.. 10900 Ins. 025795230 sia 2116-8 Insans 025620088

INDIVIDUAL MONITORING FOR INTERNAL EXPOSURE OF WORKERS

Effect of medical intervention

Whatever the route of entry, treatment is saturating the metabolic process in the thyroid, ﬁs—‘fn‘g‘"s'ihblé.iodiné::ip

BcKing agent. An effectiveness of between 90% and 100% can be achieved if administration occurs before or
at the time of intake of radioiodine. If this is not practicable, stable iodine must be administered as soon as poss-
ible after the-intake has occurred; the effectiveness is reduced to less than 10% after a few hours. Current
recommended dosages are in the range of 100 mg stable iodine (corresponding to 130 mg of potassium Yodide) to
300 mg (corresponding to 390 mg). ’

Dosimetric data

The information on chemical forms, absorption Types. f; values and dose coefficients given in Tables A.6.1 and
A.6.2 are taken from ICRP Publication 68.

Table A.6.1. Compounds. absorption types and /; values

Intake RUe T SR .Compounds
Ingestion 1.0 All compounds
Inhalation. Class SR-1 i & 250 lodine vapour
Inhalation. Type F 1.0 "All other compounds

Table A.6.2. Dose coefficients

Inhulutib_ﬂ' : [ngesuon

Nuclide 23 Type  Class fi ~ e(30).Sv Bq™ Vi ¢130).Sv Bq™
i-125 60.1 d F — 1.0 7.3E-09 1.0 1.3E-08

F SR i.0 1.4E-08
1-129 1.37E=-07 v F ks 1.0 5.1E-08 1.0 i.1E-07

F SR-1 1.0 9.6E-08 ;
131 8.04d F - 1.0 1.1E-08 1.0 2.2E-08

F SR-1 1.0 2.0E-08

‘The model tor iodine vapour is described in Publication 68 (ICRP. 1994)

lodine-125 ( half-life = 60.1 d )

Table A.6.3. Emissions

Radiation Energy (MeV) Intensity (%%
X 0.027-0.032 : 140
- 0.035 6.7

Table A64. Measurement techniques

: ;ﬁ;lhod of measurement . Typical detection limit
s {5 p

thoton spectrometry in vivo Thyroid 100 Bq
in$lquid scintillation counting ~ Urine { Bql™
® ;
b

odine-125 presents no detection problems. The gr@ary excretion rate decreases rapidly with time following
ake and so thyroid monitoring is to be preferred 8118ss the actual time of intake is known. Monitoring by urin-
xcretiongwould be required if thyroid uptake had been blocked.
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Table A.6.5. Special monitoring: predicted values (Bq per Bq intake) for inhalation 6f '*1

Type F Vapour
Daily urinary Daily urinéry
Time after intake (d) Thyroid excretion Thyroid excretion
1 1.3E-01 3.0E-01 2.5E-01 5.7E-01
? - 1.4E-01 2.7E-02 . 2.6E-01 4.9E-02
3 1.4E-01 1.7E-03 2.5E-01 3.2E-03
4 1.3E-0! 2.0E-04 2.5E-01 3.6E-04
5 1.3E-01 1.3E-04 24E-01 2.4E-04
6 1.3E-01 1.5E-04 24E-01 2.8E-04
7 1.3E-01 1.7E-04 2.4E-01 3.3E-04
8 1:22E-01 20E-04 23E-01 3.7E-04
9 1.2E-01 22E-04 - 2.3E-01 4.1E-04
10 1.2E-01 24E-04 . 2.2E-01 44E-04
Table A.6.6. Special monitoring: predicted values (Bq per Bq intake) for ingestion and injection of '
Ingestion iz Injection
Daily uri‘nafy - Daily urinary
Time after intake (d) - Thyroid excretion Thyroid excretion
1 2.7E-01 6.2E—01 2.8E-01 6.4E-01
2 2.8E-01 S.9E-02 2.9E-01 52E-02
3 2.8E-01 3.7E-03 28E-01 3.3E-03
4 2.8E-01 ' 4.2E-04 2.8E-01 4.0E-04
5 27E-01 2.7E-04 2.7E-01 2.7E-04
6 2.6E-01 3.1E-04 2.7E-01 3.2E-04
7 2.6E-01 3.6E—O4: - 2.6E-01 3.7E-04
8 2.5E-01 4 1E-04 "2.6E-01 4.1E-04
9 2.5E-01 4.5E-04 . 2.5E-01 4.5E-04
10 2.4E-01 4.9E-04 2.5E-01 4.9E-04
Table A.6.7. Routine monitoring: predicted values (Bq per Bq intake) for inhalation of t2o]
Type F Vapour
Monitoring interval Daily urinary ‘ Daily urinary |
(d) Thyroid excretion Thyroid— ----- - .excretion
120 . 4.7B-02 ' 25E 04 89E02 _-. = - : 46504
90 - e | - e— -62E02 - - - 3.1E-04 -~ — - - - 1.2E-01--~ — - = 5JE-04 ]
60 8.1E-02 3.5E-04 1.5E-01 = 6.5E-04
30 1.1E-01 3.0E-04 2.0E-01 5.6E-04
14 ~1.3E-01 1.7E-04 . 2.4E-01 2 3.3E-04

7 1.3E-01 2.0E-04 : . 2.5E-01 3.6E-04
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Chronic intakes

Table A.6.8. gives equilibrium values, and the approximate times after intake that they are reached, for continu-
¢ ous chronic inhalation at a rate of 1 Bq y™' (1/365 Bq d™'). Values for inhalation at a rate which would result in
exposure at the average annual dose limit (20 mSv) are also given.

Table A.6.8. Equilibrium values (Bq) for continuous chronic intake of '**1

Type F Vapour
Inhalation per year : i [nhalation per vear
- ' At annual i At annual
Measured quantity 1 Bg limit Time 1 Bq limit Time
Thyroid 2.1E-02 S.8E+04 1 year ) 4.0E-02 37E+04 | year
Daily urinary excretion 9.9E-04 2.7E+03 6months  1.9E-03 27E+03 6 months

Iodine-129 (half-life = 1.57E + 07 y)

Table A.6.9. Emissions

Radiation Energy (MeV) - " Intensity (%)
5 : 0.049 100

X ; 0.030-0.034 70

- 0.040 _ 75

“Average energy

Table A.6.10. Measurement techniques

- Method of measurement Typical detection limit
Photon spectrometry in vivo Thyroid 100 Bq
_=Radiochemical separation and ~ counting Urine ! Bgl™!

lodine-129 presents no detection problems. The urinary excretion rate decreases rapidly with time following
Intake and so thyroid monitoring is to be preferred unless the actual time of intake is known. Monitoring by urin-
ary excretion would be required if thyroid uptake had been blocked.

Table A.6.11. Special monitoring: predicted values (Bq per Bq intake) for inhalation of "1

Type F Vapour

: Daily urinary Daily urinary
§time after intake (d) Thyroid excretion Thyroid excretion
s 1.3E-01 3.1E-01 2.5E-01 5. 7E-01
1.4E-01 2.7E-02 2.6E-01 5.1E-02
1.4E-01 1.8E-03 2.6E-01 3.3E-03
1.4E-01 2.1E-04 2.6E-01 3.8E-04
) 1.4E-01 1.4E-04 2.6E-01 2.6E-04
1.4E-01 1.6E-04 2.6E-01 3.0E-04
& 1.4E-01 1.9E-04 2.5E-01 3.6E-04
1.3E-01 2.2E-04 2.5E-01 4.1E-04
1.3E-01 2.4E-04 2.5E-01 4.5E-04
1.3E-01 2.6E-04 2.5E-01 4.9E-04
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Table A.6.12. Special monitoring: predicted values (Bq per Bq intake) for ingestion and injection of '*°1

Ingestion Injection
: Daily urinary ' sivus

Time after intake (d) Thyroid excretion Thyroid Dil):zr:{;:: .
] 2.7E-01 6.3E-01 " 2.8E-01 6.4E-01
2 2.9E-01 B 6,0E02 2.9E-01 5.3E-02
3 2.96-01 3.9E-03 2.9E-01 3.5E-03
4 2.9E-01 4.4E-04 2.9E-01 4.1E-04
5 2.9E-01 2 8E-04 2.9E-01 2.9E-04
6 2.8E-01 3.3E-04 2.9E-01 3 4E-04
7 2.8E-01 3.9E-04 2.8E-01 4.0E-04
8 2.8E-0] 4.5E-04 2.8E-01 4.5E-04
9 2.8E-01 5.0E-04 2.8E-01 5.0E-04
10 2.7E-01 5.4E-04 2.8E-01 5.5E-04

Table A _6.13. Routine monitoring: predicted values ('Bq per Bq inlék_e) for inhalation of '2°]
~ Type F - . Vapour

Monitoring interval : Daily urinary . - Daily urinary
(d) Thyroid excretion Thyroid excretion
360 4 4E-02 2.4E-04 8.3E-02 : 4.5E-04
180 7.8E-02 4.2E-04 1.5E-01 7.9E-04
120 ’ 9.4E-02 4.9E-04 1.8E-01 9.3E-04.
90 1.0E-01 5.1E-04 1.9E-01 9.6E-04
60 1.1E-0l 4.9E-04 - 22E-01 92E-04
30 1.3E-01_ 3.6E-04 - 2.4E-Q1 6.7E-04
14 1.4E-01 1.9E-04 2.5E-01 3.6E-04
7 1 .4E-01 2.1E-04 2.6E-01 3.8E-04

Chronic intakes

-

Table A.6.14. gives equilibrium values, and the approximate times after intake that they are reached, for con-
tinuous chronic inhalation at a rate of 1 Bq ¥y~ (1/365 Bq d™'). Values for inhalation at a rate which wo,uld result
in exposure at the average annual dose limit (20 mSv) are also given.

Table A.6.14. Equilibrium values (Bq) for continuous chronic intake of '%°1

Type F ‘ Vapour —
.. Inhalation per year » _ Inhalation per year
: . At annual ° : SE T At annual
Measured quantity ' 1"Bg limit ~ Time 1 Bg imit  -Time
Thyroid 6.0E-02  2.3E+04 3 years LIEO1  23E+04 3 years

Daily urinary excretion 1.2E-03 47E+02 1 year .23E-03 47E+02 1 year 53
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jodine-131 (half-life = 8.0 d)

Table A.6.15. Emissions
= gdiation Energy (MeV) Intensity (%)
! 0:19* 89 '
4 036 - 8l

pAvEerage energy

Table A.6.16. Measurement techniques

Method of measurement . Typical detection limit
L.ray spectrometry in vivo Thyroid 100 Bq °

Lray spectrometry on biological Urine 1Bql™ -
famples

fodine-131 presents no detection problems. The urinary excretion rate decreases rapidly with time following7
atake and so thyroid monitoring is to be preferred unless the actual time of intake is known. Monitoring by urin-
ry excretion would be required if thyroid uptake had been blocked.

- Tuable A.6.17. Special monitoring: predicted values (Bq per Bq intake) for inhalation of ey

Tvpe F Vapour
T Daily urinary Daily urinary
Time after intake (d) Thyroid excretion Thyroid excretion
1 1.2E-01 2.3E-01 : 2.3E-01 5.3E-01
2 1.2E-01 2.3E-02 2.2E-01 4.3E-02
3 I.1E-01 1.4E-03- 2.0E-01 2.3E-03
3 9.9E-02 1.5E-04 1.9E-01 2.7E-04
3 9.0E-02 8.9E-05 1.7E-01 1.7E-04
6 S.2E-02 9.6E-13 1.3E-01 1.3E-04
e i 74E-02 1.0E-04 1.4iE-01 1.9E-04
8 6.8E-02 1.1E-04 1.3E-01 2.0E-04
9 6.2E-02 L.1E-04 1.2E~01 2.1E-04
jlo. 5.6E-02 1.1E-04 1.1E-0] 21E-04

™= -
o ] 5o Y
a.d haET0z

Table A.6.18. Special monitoring: predicted values (Bq per Bq intake) for ingestion and injection of 1

- = : T
ulth & Ingestion Injection
Daily urinary Daily urinary
[lime after intake (d) Thyroid ' excretion Thyroid excretion
I 2.5E-01 S.8E-01 2.6E-01 3.9E-01
2 2.5E-01 5.1E-02 2.5E-01 - 4.5E-02
3 2.2E-01 3.0E-03 2.3E-01 2.7E-03
—d 2.0E-01 3.1E-04 2.1E-01 2.9E-04
1.9E-01 1.8E-04 1.9E-01 1.9E-04
b 1.7E-01 2.0E-04 1.7E-01 2.0E-04
1.5E-01 2.1E-04 1.6E-01 2.2E-04
1.4E-01 2.2E-04 1.4E-01 2.3E-04
1.3E-01 2.3E-04 1.3E-01 2.3E-04
= 1.2E-01 2.3E-04 1.2E-01 2.3E-04
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Table A.6.19. Routine monitonng: predicted values (Bq per Bq intake) for inhalation of 3

Type F Vapour
Daily urinary Dai i
Monitoring interval (d) Thyroid excretion Thyroid ?:Zr:g:r?ry
30 (3.5E-02)* 9.8E-05 4 -7 (6.6E-02 ‘
14 7.4E-02 - 1.0E-04 ]'.4E~—01) iggﬁ '
7 9.9E-02 1.5E-04 1.9E-01 2.7E-04

“Values in brackets do not satisfy the requirements set out in Section 6

Chronic intakes
~Table A.6.20. gives equilibrium values, and-thc_ approximate times after intake that they are reached. for con-
tinuous chronic inhalation at a rate of 1 Bq y™' (/365 Bq d™"). Values for inhalation ata rate which would result

in exposure at the average annual dose limit (20 mSv) are also given.

Table A.6.20. Equilibrium values.(Bq) for continuous chronic im-ake of '3']

Type F Vapour
Inhalation per year

Inhalation per year

At annual At annual
Measured quantity 1 Bg Iimit - Time 1 Bg limit Time
Th)_'roid 4 1E-03 7.4E+03 2 months 7.6E-03 7.6E +03 2 months
Daily uninary excretion 8.5E-04 1.6E+03 4 days 1.6E—-03 1.6E+03 4 days
il aleade Blood . »|  Thyroid
: % =8.316E-01d"
F 3
1 =8.6625E-03d"!
A
. - Rest of body
A =194044" A =4.620E-02d"
A
{1 :
ity A=1.155E-02 4"
A 4
Urine Faeces

Fig. A.6.1. Biokinetic model for iodine métabolism-
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1251 Inhalation Vapour: predicted values (Bq per Bq intake) following acute intake.
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Fig. A.6.4. 1231 Ingestion: predicted values (Bq per Bq intake) following acute intake.
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Fig. A.6.7. 1291 Jnhalation Vapour: predicted values (Bq per Bq intake) following acute intake.
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Fig. A.6.8. 1291 Ingestion: pfedic‘ted values (Bq per Bq intake) following acute intake.
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Fig. A.6.11. '*'] Inhalation Vapour: predicted values (Bq per Bq intake) following acute intake.
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Fig. A.6.12. 131 Ingestion: predicted values (Bq per Bq intake) following acute intake.
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A.10. Uranium
Biokinetic model

The physxologncally—bascd recyclmg model for uranium recommended in Publication 69 (ICRP, 1
described in Section 3.3 of the main text. Parameter values are given in Table A.10.1. The model is basa
generic alkaline earth model given in Publication 67 (ICRP. 1993). The model describes in detail the &
uranium in bone. which is the main site of deposition and retention. and also considers retention in livi
and other soft tissues as well as routes of excretion. It takes account of initial uptake onto bone surfac
from surface to bone volume, and recycling from bone and otlier tissues 1o plasma.

Table A.10.1. Parameter values (d™") for biokinetic models of uranium

Route ; Transfer mti%

STO0® — Plasma . 8.32E+0Q
ST1* — Plasma 347E-02.
ST>® — Plasma _ 1.90E-05 :
Cortical surface — Plasma £ 6.93E-02
Non exchanecable cortical volume — Plasma © 821E-03

Trabecular surface — Plasma

Non exchangeable trabecular volume — Plasma

Liver] — Plasma

Plasma — ST 0

Plasma — ST 1

Plasma — ST 2

Plasma — Cortical surfacc

Cortical volume — Cortical surface

Cortical surfure — Exchangeable cortical volume
Exchangcable corucal volume — Non exchangeable cortical volume
Plasmua — Trabecular surface

Exchangeable trabecular volume — Trabecular surface
Trabecular surface — Exchangeable trabecular volume
Exchangeable trabecular volume — Non exchangeable trabecular volume
Plasma — Liverl i
Plasma — Uninary bladder

Plasma — UL.L.°

Kidneys (other tissue) — Plasma

Liver2.— Plasma

Plasma™— Kidneys (other ussue)

Liverl — Liver2

Kidneys (urinary path) — Bladder

Plasma — RBC®

Plasma — Kidneys (urinary path)

RBC — Plasma

*ST—soft tissue.
"U.L.L—upper large intestine.
*RBC—red blood corpuscles.’
Values are given to sufficient precision for calculational purposes and may be more precise
data would support. ’ ’ :

0

Effect of medical intervention

Enhanced urinary excretion of uranium can be achieved by administration of sodium bz
the predicted values given here should be used with caution.
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hemical toxicity

Intakes of uranium compounds may be Jimited by consideration of chemical toxicity rather than radiation

m of any isotopic composition should not
legislation in 1980 (OJEC, 1980). Chemical
in International Basic Safety
Governmental [ndustrial

se.

ICRP (1964) recommended that the inhalation of soluble uraniu

ced 2.5 mg in any one day. This walue was adopted in European

icity has not been considersd in the latest Euratom Directive (OJEC, 1996) nor

ndards Against Ionising Radiation (IAEA. 1996). The American Conference on

ygienists (ACGIH. 1965, 1283) recommended a threshold limit value on concentration in air of 0.2mg m .

is was adopted in the UK 2nd remains in force (HSE. 1980). In 1989, the Occupational Safety and Health

ministration in the USA (OSHA. 1989) recommended a permissible exposure limit of 0.05 mg m > for soluble

mpounds, equivalent 1o 2 daily intake of 0.5 mg.

Stradling et al. (1997) have re—=xamined these standards in the light of the new model of the respiratory tract

d recent developments in the biokinetic modelling of the behaviour of uranium. They have concluded that. on
basis of a daily limit of 2 mg (0.2 mg m " at a breathing rate of 1.2 m’ h™' and an 8 hour working dav):

o daily intakes of Type F and Type M compounds of any isotopic composition will be limited by chemical tox-
icity:

o annual intakes of natural and low enriched uranium Type F compounds will be limited by chemical toxicity:

o annual intakes of highly enniched type F compounds and Type M compounds of any isotopic composition
will be limited by consideration of radiation dose.

On the basis of the OSHA recommendation of 0.05mg m™:

e annual intakes of natural and low enriched Type M compounds W

icity.

ould also be restricted by chemical tox-

Table A.10.2. Compounds. absorption types and f; values

i Compounds

0.02 Unspecified compounds

0.002 Most tetravalent compounds. ¢g.
U0,. UiOs. UF,

0.02 Soluble compounds including

hexavalent compounds, ¢.2. UFs.
UO,5F» and U0, (NO3)»

0.02 Less soluble compounds. ¢-2. U0
UF,. UCly, and most other
hexavalent compounds

0.002 Highly insoluble compounds. ¢.Z.
UO:, and L‘OQ

halation. Type F

halation. Type M

halation. Type S

Table A.10.3. Dose coefficients

Inhalation Ingestion
2 Type A #(50),Sv Bq™ fi «(50).Sv Bq™' *
2.44E+05y E 0.02 6.4E-07 0.02 41 9E-08
M 0.02 2.1E-06 0.002 3.3E-09
S 0.002 6.8E-06 :

7.04E + 08y F 0.02 6.0E-07 0.02 1.6E-08
M 0.02 1.8E-06 0.002 3.3E-09

S 0.002 6.1E-06
238 4.4TE+ 09y E 0.02 SRE-07 0.02 14E-08
M 0.02 1.6E-06 0.002 7.6E-09

S 0.002 57E-06

ARNING. For Type F and M uranium compounds. intakes may be Jimited by considerations of chemical tox-

icity ‘
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Uranium-234 (half-life = 2.44E+05 y)
Uranium-235 (half-life = 7.04E+08 y)
Uranium-238 (half-life = 4.47E+09 v)

Table A.10.4. Emissions

Radionuclide - _ Radiaton Energy (MeV) i Intensity (%)
245 = 472 o
, « 477 72
=0 a 422 : 6
= | x 433 s
o 437 18
a 4.40 56
« 4.56 4
e < 4.60 5
b 0.14 7 11
by 0.19 54
) ¥ 021 5
Z*u x 415 23
o 420 77

Table A.10.5. Measurement techniques for 2*U, U and 2%U

Method of measurement Typical detection limit %
J-ray spectrometry in vivo Lung® 200 Bq §
Radiochemical separation and a-spectrometry on Urine 10 mBq I

biological samples

s
A

. e
B L AT S TR

Faeces 10 mBq
*For 2*U only o

The detection limits given above are adequate for special monitoring. For routine monitoring, the dctecuon=
limits for bioassay are adequate, but the detection limit for lung counting would not permit detection of mtakﬁ
at levels oorrcsponding to the annual limit.
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§ - Table A.10.6. Special monitoring: predicted values (Bq per Bq intake) for inhalation of 2*U. 35U or U

Type F Type M Type S

4 fime after Daily urinary Daily urinary Daily unnary Daily faecal
jtake (d) excretion Lungs® excretion Lungs excretion excretion
a1 1.8E-01 5.8E-02 23E-02 6.4E-02 7.0E-04 1.1E-01
) 6.4E-03 5.6E-02 1.1E-03 6.3E-02 4.4E-05 1.6E-01
g 3 5.1E-03 5502 8.5E-04 62E-02 2.6E-05 3.4E-02
4 4.6E-03 54E-02 79E-04 6.1E-02- - 24E-05 3.5E-02
i 5 42E-03 S3E-02 7.3E-04 6.1E-02 2.2E-05 1.4E-02
6 3.8E-03 53E-02 6.9E-04 6.0E-02 2.0E-05 5.7E-03
g7 3.5E-03 52E-02 6.5E-04 6.0E-02 1.9E-05 2.5E-03
3 8 3.2E-03 5.1E-02 6.1E-04 S.9E-02 1.8E-05 -1.3E-03
-: 9 29E-03 5.0E-02 5. 7E-04 5.8E-02 1.7E-05 S2E-04
210 2.7E-03 50E-02 54E-04 5.8E-02 1.6E-05 6.5E-04
?Lung monitoring is feasible only for °U

Ingestion. /; = 0.62 Ingestion. f; = 0.002 Injection

& Daily urinary Daily urinary Daily urinarv
mme after intake (d) excretion ' excretion excretion
1 53E-02 1.3E-03 6.3E-01
2 6.9E-04 7.0E-05 22E-02
%3 3.7E-04 3.7E-05 1.3E-02
g4 3.3E-04 . 3.3E-05 1.6E-02
& 3.0E-04 3.0E-05 1.3E-02
27E-04 27E-05 1.3E-02
25E-04 2.3E-05 12E-02
23E-04 2.3E-05 1.1E-02
2 1E-04 21E-05 1. 0E-02
I'9E-04 . 1.9E-05 9. 4E-03

Table A.10.8. Routine monitoring: predicted values (Bq per Bq intake) for inhalation of “*U. =°U or =*U

Type F Type M Type S
onitoring Daily urinary Daily urinary Daily urinary  Daily faecul
excreuon Lungs® excretion Lungs excretion excretion
(3.1E-05)* 1.2E-02 6.5E-05 32E-02 3.3E-06 3.7E-05
(1.2E-04) 2.2E-02 1.2E-04 3.8E-02 4.3E-06 . LIE-04
23E-04 2.8E-02 1L.7E04 4.2E-02 52E-06 1.9E-04
3.5E-04 3.3E-02 2.0E-04 4.5E-02 6.0E-06 2.5E-04
‘3 6.8E-04 3.8E-02 2.7E-04 4.9E-02 7.7E-06 35E-04
o3 1.8E-03 4.6E-02 4.3E-04 5.5E-02 1.2E-05° 49E-04 -
- 3.5E-03 52E-02 6.5E-04 6.0E-02 1.9E-05 (2.5E-03)
- 4.6E-03 5.4E-02 7.9E-04 6.1E-02 24E-05 (3.5E-02)

alues in brackets do not satisfy the requirements set out in Section 6.
¥ Lung monitoring is feasible only for 235y
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Chronic intakes

Table A.10.9. gives equilibrjum values, and the approximate times after intake that they are reached, {
tinuous chronic inhalation at a rate of 1 Bg y_'. (1/365 Bq d")- Values for inhalation of **U at a rat

would result in exposure at the average annual dose limit (20 mSv) are also given.

Table A.10.9. Equilibrfium values (Bq) for continuous chronic intake of >*U. U or >*U

Type F Type M.
Inhalation per year Inhalation per year
Measured
quantity 1 Bq Annual limit Time 1 Bq Annual limit Tin
Lungs* i — — 1.8E-02 20E+02 3 ve
Daily urinary )
excretion 7.8E-04 24/26/27° 15 years 1.9E-04 1.82.172.4° 15 ye

*Lung mOniloring is feasible only for Type M %y,
*Values for “>*Ur>°U/>*U respectively
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Fig. A.10.1. **U Inhalation Type F: predicted values (Bq per Bq intake) following acute intake.
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Fig. A.102. 24YJ Inhalation Type M: predicted values (Bq per Bq intake) following acute intake.

oL 4



naulsziualduasedannnialusienia
diinaniuayunisAiduguamulaaaduarnwavenuilsunay
16 9,a#-5980 a1au1 andns Anu.. 10900 Ins. 025795230 sia 2116-8 Insans 025620088

INDIVIDUAL MONITORING FOR INTERNAL EXPOSURE OF WORKERS

1.80&+00

1.00E-01

1.00E-02

1.00£-03

1.00E-04

1.00E-05

1.00E06 —

1.00E-07 +——

1.00E-08

Retention or daily excretion, Bq

Fig. A.10.3. “**U Inhalation Tvpe S: predicted values (Bq per Bq intake) following acute intake.
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Fig. A.10.6. **U Injection: predicted values (Bq per Bq intake) following acute intake.
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Fig. A.10.7. *U Inhalation Type S: predicted values (Bq) following continuous chronic intake at a rate wh
wauld result in exposure at the average annual dose limit (20 mSv).

Figure A.10.7. shows the predicted values as a function of time for continuous chronic intake of Type S
at a rate which would result in exposure at the average annual-dose limit (20 mSv). Values are up to about 20%
higher for intakes of Type S 2°U and >*®*U. A table of equilibrium values is not given for Type S materials sinc
equilibria are not reached over the period of interest.
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CINDY - Code for INternal DosimetrY
(Version 1.4 12-Jun-95)
Report Date: 09/11/:8 at 13:35

Run title: Bioassay projection
Subject: Boonlert Sex: Male
ID No.: 1234567890 SSN: 111-22-2333
Intake Occurred: 07/09/2007 at 13:00
Operating Mode: Bioassay Projection
Acute inhalation exposure to I 131 (Class: D /f1: 1.00000) 1.00 Bq

I 131 Bioassay Projection - Excretion Rates and Retention

Total Total
Time Urine Feces Lung . Body
(4) ( Bg/d) ( Bg/d) ( Bq) ( BqQ)
1.0 1.3E-01 7.3E-06 2.6E-02 3.2E-01
2.0 1.6E-02 1.7E-05 7.2E-03 2.4E-01
3.0 3.4E-03 2.5E-05 2.0E-03 2.1E-01 ”)
4.0 1.0E-03 3.1E-05 5.2E-04 2.0E-01
5.0 4 .3E-04 3.5E-05 1.4E-04 1.8E-01
6.0 2.9E-04 3.8E-05 3.5E-05 1.6E-01
750 2.6E-04 4.0E-05 8.8E-06 1.5E-01
8.0 2.6E-04 4.2E-05 2.2E-06 1.4E-01
2.0 2.6E-04 4.2E-05 5.6E-07 1.3E-01
10.0 2.6E-04 4.2E-05 1.4E-07 1.2E-01
11.0 2.5E-04 4.1E-05 3.5E-08 1.1E-01
12.0 2.5E-04 4.0E-05 8.7E-09 9.8E-02
13.0 2.4E-04 3.9E-05 2.3E-09 9.0E-02
14.0 2.3E-04 3.8E-05 ©5.7E-10 8.3E-02
150 2.2E-04 3.6E-05 2.6E-10 7.6E-02
16.0 2.1E-04 3.5E-05 1.4E-10 7.0E-02
17.0 2.0E-04 3.3E-05 1.3E-11 6.4E-02
18.0 1.9E-04 3.1E-05 1.9E-11 5.9E-02
19.0 1.8E-04 2.9E-05 6.4E-11 5.4E-02
20.0 1.7E-04 2.8E-05 4.1E-11 4.9E-02
231..0 1.6E-04 2.6E-05 1.1E-11 4.5E-02
22.0 1.5E-04 2.4E-05 2.3E-11 4.1E-02 :;
23.0 1.4E-04 2.3E-05 G5.2E-12 3.8E-02 =
24.0 1.3E-04 2.1E-05 1.4E-11 3.5E-02
25.0 1.3E-04 2.0E-05 7.0E-12 3.2E-02
26.0 1.2E-04 1.9E-05 1.3E-11 2.9E-02
270 1.1E-04 1.7E-05 2.9E-11 2.7E-02

28.0 1.0E-04 1.6E-05 3.0E-11 2.4E-02
29.0 9.4E-05 1.5E-05 9.4E-12 2.2E-02
30.0 8.7E-05 1.4E-05 3.9E-12 2.0E-02

31..0 8.1E-05 1.3E-05 1.0E-11 1.9E-02
32.0 7.5E-05 1.2E-05 8.8E-12 1.7E-02
33.0 6.9E-05 1.1E-05 5.2E-12 1.6E-02
34.0 6.4E-05 1.0E-05 4.2E-12 1.4E-02
35.0 5.9E-05 9.4E-06 5.5E-12 1.3E-02
36.0 5.5E-05 8.7E-06 4.0E-12 1.2E-02
37...0 5.0E-05 8.0E-06 7.8E-12 1.1E-02
38.0 4.6E-05 7.4E-06 6.6E-12 1.0E-02

39.0 4.3E-05 6.8E-06 2.6E-12 9.2E-03
40.0 3.9E-05 6.3E-06 2.8E-12 8.4E-03
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I 131 wmodel:
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3.6E-05
3.3E-05
3.1E-05
2.8E-05

" 2.6E-05

2.4E-05
2.2E-05
2.0E-05
1.9E-05
1.7E-05

1.0E-06
ICRP 54 Iodine Model
Particle size (micron):
Lung deposition fractions:

5.0

5.8E-06
5.3E-06
4 .9E-06
4 .5E-06
4 .1E-06
3.8E-06
3.5E-06
3.2E-06
2.9E-06
2.7E-06

0.740 (ZNP) ,

2.8E-12
1.2E-12
2.0E-12
1.8E-12
7.9E-13
1.9E-12
.9E-12
.0E-12
.8E-12
.9E-13

nunrErwWwN

0.080(ZTB),

7.7E-03
7.1E-03
6 .5E-03
5.9E-03
5.4E-03
4 .9E-03
4 .5E-03
4.1E-03
3.8E-03
3.5E-03

0.088(ZP)
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CINDY - Code for INternal DosimetrY
(Version 1.4 12-Jun-95)
Report Date: 09/11/:8 at 13:35

- Run title: Bioassay projection
Subject: Boonlert Sex: Male
ID No.: 1234567890 SSN: 111-22-2333
Intake Occurred: 07/09/2007 at 13:00
Operating Mode: Bioassay Projection
Acute inhalation exposure to I 131 (Class: D /f1: 1.00000) 1.00 Bg

I 131 Bioassay Projection - Excretion Rates and Retention

Time Stomach S. Int. UL Int. LL Int. Total GI

(d) ( Bq) ( Bq) ( Bq) ( Bq) ( Bq)
1.:0 1.9E-05 0.0E+00 O0.0E+00 O0.0E+00 1.9E-05
20 5.6E-07 0.0E+00 O0.0E+00 0.0E+00 5.6E-07
3.0 1.6E-08 O0.0E+00 O.0E+00 O0.0E+00 1.6E-08 _
4.0 4.7E-10 O0.0E+00 O0.0E+00 O0.0E+00 4.7E-10 3
5.0 3.9E-10 O0.0E+00 O0.0E+00 O0.0E+00 3.9E-10 o
6.0 2.8E-14 0.0E+00 O0.0E+00 O0.0E+00 2.8E-14
7.0 5.9E-13 0.0E+00 O0.0E+00 O0.0E+00 5.9E-13
8.0 2.4E-13 0.0E+00 O0.0E+00 O0.0E+00 2.4E-13
9.0 5.6E-13 0.0E+00 O0.0E+00 O0.0E+00 5.6E-13
10.0 5.4E-11 0.0E+00 O0.0E+00 O0.0E+00 5.4E-11
11.0 7.1E-12 0.0E+00 O0.0E+00 O0.0E+00 7.1E-12
12.0 6.4E-12 0.0E+00 O0.0E+00 O0.0E+00 6.4E-12
13.0 2.2E-13 0.0E+00 O0.0E+00 O0.0E+00 2.2E-13
14.0 1.1E-13 O0.0E+00 O0.0E+00 O0.0E+00 1.1E-13
15.0 3.5E-15 O0.0E+00 O0.0E+00 O0.0E+00 3.5E-15
16.0 3.4E-15 0.0E+00 O0.0E+00 O0.0E+00 3.4E-15
17 .0 7.4E-16 0.0E+00 O0.0E+00 O0.0E+00 7.4E-16
18.0 8.8E-16 0.0E+00 O0.0E+00 0.0E+00 8.8E-16
19.0 2.0E-14 O0.0E+00 O0.0E+00 O0.0E+00 2.0E-14
20.0 1.6E-15 O0.0E+00 O0.0E+00 0.0E+00 1.6E-15
21.0 1.1E-15 O0.0E+00 O0.0E+00 O0.0E+00 1.1E-15
22.0 5.6E-16 0.0E+00 O0.0E+00 O0.0E+00 5.6E-16 B
23 .0 6.8E-17 O0.0E+00 O0.0E+00 0.0E+00 6.8E-17 :9
24.0 6.3E-17 O0.0E+00 O0.0E+00 O0.0E+00 6.3E-17
25.0 1.8E-17 O0.0E+00 O0.0E+00 O0.0E+00 1.8E-17
26.0 4.0E-16 0.0E+00 0.0E+00 O0.0E+00 4.0E-16
27.0 5.2E-17 0.0E+00 O0.0E+00 0.0E+00 5.2E-17
28.0 1.4E-15 O0.0E+00 O0.0E+00 0.0E+00 1.4E-15
29.0 4.0E-16 O0.0E+00 O0.0E+00 O0.0E+00 4.0E-16
30.0 3.5E-15 O0.0E+00 O0.0E+00 0.0E+00 3.5E-15
31.0 2.5E-15 O0.0E+00 O0.0E+00 O0.0E+00 2.5E-15
32.0 3.5E-15 0.0E+00 O0.0E+00 O0.0E+00 3.5E-15
33.0 2.0E-14 O0.0E+00 O0.0E+00 0.0E+00 2.0E-14
34.0 6.2E-14 O0.0E+00 O0.0E+00 0.0E+00 6.2E-14
35.0 1.1E-13 0.0E+00 O0.0E+00 0.0E+00 1.1E-13
36.0 1.0E-14 O0.0E+00 O0.0E+00 0.0E+00 1.0E-14
37.0 6.6E-13 O0.0E+00 O0.0E+00 O0.0E+00 6.6E-13
38.0 8.2E-14 O0.0E+00 O0.0E+00 0.0E+00 8.2E-14
39.0 3.5E-13 0.0E+00 0.0E+00 O0.0E+00 3.5E-13
40.0 1.7E-13 O0.0E+00 O0.0E+00 O0.0E+00 1.7E-13
41.0 1.2E-15 O0.0E+00 O 0.0E+00 1.2E-15

.0E+00



42.0
43.0
44 .0
45.0
46.0
47.0
48.0
49.0
50.0

Error tolerance:
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3.2E-14
1.9E-14
4.6E-15
8.6E-15
1.8E-14
6.3E-14
3.7E-14
7.5E-14
3.8E-14

1.0E-06

0.0E+00
0.0E+00
0.0E+00
0.0E+00
0.0E+00
0.0E+00
0.0E+00
0.0E+00
0.0E+00

I 131 model: ICRP 54 Iodine Model
Particle size (micron): 5.
Lung deposition fractions:

0
0.740(zZNP) ,

0.0E+00 O.0OE+00 3.2E-14
O0.0E+00 O0.0E+00 1.9E-14
0.0E+00 O.0E+00 4.6E-15
0.0E+00 O0.0E+00 8.6E-15
0.0E+00 O.0E+00 1.8E-14
0.0E+00 O0.0E+00 6.3E-14
0.0E+00 O0.0E+00 3.7E-14
0.0E+00 O.0E+00 7.5E-14
0.0E+00 O0.0E+00 3.8E-14
0.080(ZTB), 0.088(ZP)
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CINDY - Code for INternal DosimetrY
(Version 1.4 12-Jun-95)
Report Date: 09/11/:8 at 13:35

Run title: Bioassay projection
Subject: Boonlert Sex: Male
ID No:: 1234567890 SSN: 111-22-2333
Intake Occurred: 07/09/2007 at 13:00
Operating Mode: Bioassay Projection
Acute inhalation exposure to I 131 (Class: D /£f1: 1.00000) 1.00 Bq

I 131 Bioassay Projection - Excretion Rates and Retention

Time Lung Lymph N-P Reg. Other Thyroid
(d) ( Bq) ( BqQ) ( Bq) ( Bqg) ( Bq)
1..0 2.0E-02 5.6E-03 4.6E-16 6.9E-02 2.2E-01
2.0 4.7E-03 2.6E-03 2.%9E-14 1.1E-02 2.2E-01
3i. 0 1.1E-03 8.9E-04 8.7E-12 6.0E-03 2.1E-01 i
4.0 2.5E-04 2.7E-04 5.6E-12 5.8E-03 1.9E-01 A
5.0 5.7E-05 7.9E-05 5.0E-10 6.3E-03 1.7E-01 -
6.0 1.3E-05 2.2E-05 5.4E-13 6.8E-03 1.6E-01
7.0 3.0E-06 5.8E-06 7.9E-13 7.1E-03 1.4E-01
8.0 6.9E-07 1.5E-06 3.2E-13. 7:3E-03 1.3E-01
9.0 1.6E-07 4.0E-07 7.4E-13 7.4E-03 1.2E-01
10.0 3.7B-08 1.0E-07 '7.1E-11 %7.3E-03 1.1E-01
11.0 8.6E-09 2.6E-08 9.3E-12 7.2E-03 1.0E-01
12.0 2.0E-09 6.6E-09 8.4E-12 7.1E-03 9.1E-02
130~ 5.2E-10 1.8E-09 2.8E-13 6.9E-03 8.3E-02
14.0 1.2E-10 4.5E-10 1.5E-13 6.6E-03 7.6E-02
15.0 6.8E-11 1.9E-10 4.7E-15 6.3E-03 7.0E-02
16.0 3.0E-11 1.1E-10 4.4E-15 6.1E-03 6.4E-02
170 8.6E-13 1.2E-11 9.8E-16 5.8E-03 5.8E-02
18.0 6.9E-12 1.2E-11 1.1E-15 5.5E-03 5.3E-02
19.0 1.2E-11 5.1E-11 2.6E-14 5.2E-03 4.8E-02
20.0 1.1E-12 4.0E-11 2.1E-15 4.9E-03 4.4E-02
21.0 8.3E-12 2.4E-12 1.5E-15 4.6E-03 4.0E-02
2710 4.6E-12 1.8E-11 7.2E-16 4.3E-03 3.7E-02 -
23.0 2.6E-12 2.6E-12 8.9E-17 4.0E-03 3.4E-02 v:;
24.0 3.4E-12 1.1E-11 7.9E-17 3.8E-03 3.1E-02
25.0 1.3E-12 5.7E-12 2.3E-17 3.5E-03 2.8E-02
26.0 7.7E-12 5.4E-12 5.2E-16 3.3E-03 2.6E-02
27.9 1.0E-11 1.9E-11 6.1E-17 3.0E-03 2.4E-02
28.0 6.5E-12 2.4E-11 1.8E-15 2.8E-03 2.2E-02
29.0 3.3E-13 9.1E-12 5.1lE-16 2.6E-03 2.0E-02
30.0 3.3E-12 6.1E-13 4.6E-15 2.4E-03 1.8E-02
31.0 3.3E-12 6.9E-12 3.3E-15 2.3E-03 1.6E-02
32.0 7.0E-13 8.1E-12 4.5E-15 2.1E-03 1.5E-02
33.0 2.0E-12 3.2E-12 2.6E-14 1.9E-03 1.4E-02
34.0 2.0E-12 2.1E-12 8.1E-14 1.8E-03 1.3E-02
35.0 8.9E-13 4.6E-12 1.5E-13 1.6E-03 1.1E-02
36.0 6.7E-13 3.3E-12 1.3E-14 1.5E-03 1.0E-02
37.0 1.6E-12 6.2E-12 8.6E-13 1.4E-03 9.6E-03
38.0 9.1E-13 5.7BE-12 1.1E-13 1.3E-03 8.8E-03
390 3.5E-13 2.3E-12 4.5E-13 1.2E-03 8.0E-03
40.0 8.1E-13 2.0E-12 2.3E-13 1.1E-03 7.3E-03

41.0 3.8E-13 2.5E-12 1.6E-15 1.0E-03 6.7E-03
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42.0 3.2E-13 8.9E-13 4.2E-14 9.3E-04 6.1E-03
43.0 5.3E-13 1.5E-12 2.5E-14 8.6E-04 5.6E-03
44.0 2.4E-13 1.6E-12 6.1E-15 7.9E-04 5.1E-03
45.0 1.7E-13 6.2E-13 1.1E-14 7.3E-04 4.7E-03
46.0 5.2E-13 1.4E-12 2.3E-14 6.7E-04 - 4.3E-03
47.0 6.8E-13 2.2E-12 8.2E-14 6.1E-04 3.9E-03
48.0 5.2E-13 2.4E-12 4.9E-14 5.6E-04 3.6E-03
49.0 1.3E-13 1.7E-12 9.8E-14 5.2E-04 3.3E-03
50.0 1.1E-13 4.7E-13 4.9E-14 4.7E-04 3.0E-03

Error tolerance: 1.0E-06

I 131 model: ICRP 54 Iodine Model

Particle size (microm): 5.0

Lung deposition fractions: 0.740(ZNP), 0.080(ZTB), 0.088(ZP)



