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Objectives for internal dosimetry
of radiopharmaceuticals
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Internal dosmetry

1948 - 1991
Marinelli 1948 geometrical factor
Loevinger 1956 point kernels
absorbed fractions
Ellet 1964 for simple geometrical shapes
1965 Monte-Carlo calculations

Snyder 1969 absorbed fract|ons, MIRD phantom

1975 S - values

Cristy 1987 absorbed fractions for children
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S, ABSORDED SR PER UNIT CURULATED ACTIVITY, (RADNNCI-N)

TECA FETION-990

TARGEY ADREFALS DBLADDER INTESTINAL TRACT KIDERYS LIVER 14 [-1] oTaER
ORGANS CONTRETS - TISSUR
STORACHE SI oLI | 43 4 (auscLE
CONTERTS CONTENTS CONTRENTS CONTEDTS
ADRENALS 3.1%-03 1,.52-07 2,.7=-06 1.02-06 9.1E-07 2J3.6B=-07 1.12-0% &.53-0€¢ 2.72-06 1.03-048
BLADDER WALL 1.38-07 1.62-08 2,.78-07 2.62-06 2.2E-06 6.92-06 2.0B-07 1.63-07 J3.6p-08 1.0B-06
BONE (TOTAL) 2.08-06 9.22-07 9.02~-07 1.32-06 1.1E-06 1.6B-06 1.8B~-06 1,1E-06 1.53-06 9.6R-07
GI (STOM WALL) 2.98-06 2.7E-07 1.3E-08 3.7B-06 3.0B-06 1.0B-06 3.6B-06 1.93-06 1.02-06 1.32-06
€I (SI) 8.32-07 3.08-06 2,78-06 7.0BE-05 11,7305 9.8B-06 2.98-06 1.6%-06 1.92-07 1,.5B-06
GI (ULI WALL) 9.32-07 2.2B-06 3.583-06 2.48R-05 1.32-08 6.2B-06 2.92-06 2.5E-06¢ 2.22-07 1.63-06
GI (LLI WALL) 2.2%07 7.82-06 1,2%-06 7.32-06 3.2B-06 1.9B-08 7.22-07 2.3B~07 7.12-08 1.7B-06
KIDNEYS t.18-05 2.6E-07 3.58-06 3.22-06 2.8E-06 O0.68-07 1.9B-08 3.98-06 0.8%-07 1,38-06
LIVER 4.92-06 1.78-07 2.0B-06 1\,8P-06 2.62-06 2.53-07 3.9B-06 A&.63-0% 2.52-06 1,1%-06
LUNGS 2.48-06 2.88-08 1,72-06 2.2BE-07 2.6B-07 7.93-08 O0.5E-07 2.5B-06 9.2B-05 1,3R-08
BARROW (RED) 3.62-06 2.2%8-06 V.6B-06 8,.32-06 3.7B-06 S5.12-06 3.8E-08 1.6%-06 1.98-06 2.0R-06
OTN TISS (MUSC) 1.82-06 1.08-06 1.02-06 1.52-06" ?.52-06 1.73-06 t.3E-06 1.12-06 1.3E-06 2.7k-06
OVARIES - 6.12-07 7.32-06 $%.02-07 V.13-05 1.28-05 1.82-0%5 1.12-06 &,5B-07 9.4R-00 2.02-06
PANCAREAS 9.02-06 2.3E-07 1.08-0% 2.1B-06 2.32-06 7.8E-07 6.6E-06 &.28-06 2.63-06 1.8R-06
TESTES 3.28-00 8,.72-06 S.13-08 3,1E2-07 2.72-07 1.83-06 O&,.82-08 6.23-00 7.98-09 1V,.13-06
TATROXD 1.32-07 2.1B-09 0.78-08 1.5E-00 1.62-08 S5.08-09 4,.08-080 1.5-07 9.23-07 1.32-0¢6
OTERUS (RONGRYDY 1,.1BE-06 1. 6E-05 7,.72-07 9.62-06 S.88-08 7.18-06 9.03-07 3.93-07 §.22-080 2.32-06
TOTAL B30ODY 2.20-06 1.92-06 V.9%-06 2.8%-06 2,.2B-06 2.3B-06 2.23-06 2.28-06 2.0E~06 1V.9E-06
DECAY DATA REVISED-RARCH, 1972. AREPERENCE-HIRD PANPALET %O. 10. - 99m
DATE OP ISSUR-05-13-7% Te

BALP-LIPER 6.03 20URS
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s, ADSORBED DOSE PER OVIT COMULATED ACTIVITY, (RAD/UCI-N)

TECE ERTION-990

BALP-LIPFE 6.03 EOURS

SOURCE ORGANS

{CONTINUED)
*

S a SR A W A OB G R Ak e o
L

Irim =
.

TARGEY OVARIES M ICREAS SKBLETOD SKIN SPLERR PES?ES TEYROID TOTAL
ORGANS - - 00T

2 SARROE CORT BONE TRA BOINE
ADREFALS 3.32-07 9.12=-06 2.32-06 1.12-06 1.12-06 6.80-07 6.32-06 3.28-08 1,3E-07 2.38-06
BLADDER WALL 7.28-06 1,4B-07 9,.98-07 8. 12=-07 S5.13-07 4&.98-07 1.28-07 8.88-06 2.12-09 2.33-06
PONE (TOTAL) 1.852-06 1.52-06 &,.08-06 1.28-0% 1.03-03 9.92-07 1.18-06 9,.28-07 1.02-06 2.58-06
GI (LLI WALL) 1.88-05 $.73-07 2.98-06 1.00-06 1.02-06 8.88-07 6.1R=07 2.78-06 8,33-09 2.33-06
KIDNBIS 9,28-07 6.62-06 2.12%3-06 8.28-07 #,23-07 S5.73-07 9.12-06 8.08-08 3.02-08 2.28-06 .
LIVRR 5.82-07 &.88-06 9.28-07 6.62-07 6.6R-07 S5.32-07 9.85-07 3.13-08 9.33-08 2.23-06
LONGS 6.08-08 2,.52-06 1.28-06 9.40=07 9.42-07 S5.08-07 2.38-06 6.6%-09 9.82-07 2.08-06
BARROW (REDY 5. 58-06 2.88-06 3.18-0% 8.12-06 9.18-06 9.53=07 1.72-06 7.38-07 1.12-06 2.93-08
OTH TISS (ROUSC) 2.08-06 1.08-06 1.28-06 9.09-07 9.88-07 7.28-07 1.88-06 1.18=06 1.32=06 1.98-06
OVARIES 8.28-03 &.18-07 3,28-06 7.12-07 7.12-07 3.88-07 8.02-07 0.0 8.92-09 2.4B-06
PANCREAS §.02-07 S5.88-08 1,7%-06 0.58-07 08.58-07 3.88-07 1.92-0% 5.58-08 7.22-08 2.83-06 l
SK1In §.18-07 &,0B-07 s.98-07 6.58=-07 6.58-07 1.68-05 &,78-07 1,80-06 7.38-07 1.38-06
SPLEER 8.92-07 1.98-0% 9.28-07 5.03-07 8. 82~07 S.83-07 3.3E-08 1.73-08 1, 12-07 2.28-06
THYROID 8.92-09 1.28-07 6.08-07 7.90=07 1.98-07 6.98-07 s.7-08 S5.03-%0 2.32-03 1.958-06
UTEROS (WORGRYD) 2.18-0% s.33-07 2.28-06 5.73-07 S.78-07 W8.0B-07 &,08-07 0.0 4,63-09 2,63-06
TOTAL BODY 2.68-06 2.68-06 2. 28-06 2.09-06 2.03-06 1.30-06 2.28-06 1.98-06 1.83-06 2 .0-06
DECAY DATA REVISED-RARCH, 1972. REFRRRICE-EIRD MAPALET BO. 0.

DATE OF 1SS92-05-13-7%
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ICRP Standard biokinetic models

Gastro Intestinal tract
Model for bone dosimetry
(Lung model)

Kidney - bladder

Intrathecally administered radionuclides
Gall bladder

Distribution according to blood volume

Distribution according to fraction of cardiac output




G| - Tract model (icrp 30)

| n residence fime
Ingestion =—=P» 1h 33 min (fluids)
' 2.1 h (solids)
Small x| BOAY 4 h
Intestine | [Rules
13 h
[ Lower |e | 24 h

Excretion intestine



- R

pPeI8IONT
enjog %001

1y a.o-ﬂ Q uojdiosqe « sqe
uoied 1] Aeoap eaAljoeo|pes « H
plowlsojoey . K
Bujpuaasag |
H eqe Bqe H
Q«-1 g /A /A /\ v
o\ | [ |
e &njoq %09
uojon < Nre uojon < auy}saju)
@8i0AsuUBl| ».-<|_ Bujpuassy / Q news
Q

>v ._,A m|_
_ "\

Comeme 19j8uBl) 8njoq eejOULP O
80110U|Y JOPIO-181}} EOIOUIP
82(19U]Y JOPIO-010Z S9OUGP spinby)
A yoewols ... .
spljog nam,\
5

IBPO 19ell D JIaY



o SELENOMETHYLCHOLESTEROL 79Se

____ Biokinetic data

Organ (S) Fe T a  As/Ao

Totalbody ~ 1.0 5d 050 424d

Adrenals 0.004 1d -1.0 3.30 hr

Liver 0.5
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Estimated relative contribution of Srgans to the total detriment
and

selected values of organ weighting factors (W)

(ICRP Publ.60, Annex B [1]).

Organ Relative Values of Wq
contribution

Bladder 0.040 0.05
Bone marrow (red) 0.143 0.12 .
Bone surface 0.009 0.01
Breast _ . 0.050 0.05
Colon - 0.141 0.12
Liver 0.022 0.05
Lung 0.111 0.12
Desophagus 0.034 0.05
ovary 0.020 -
Skin’ 0.006 0.01
Stomach 0.139 0.12
Thyroid 0.021 0.05
Remainder ** 0.081 0.05
Gonads 0.183* 0.20

'
* - including hereditary changes
** — includes: adrenals, brain small intéstine

kindney, muscle, pancreas spleen, thymus

1Mtaoariie amA nirmnrnar Taren Trmdamdedma 7210
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Table 31 g
Age-dependent analysis of effective dose equivalents to patlents from diagnostic nuclear medicine examinations

Dase factor Average Effective dose Examinations Effective dose
Organ Radiopharmaceutical activity * equivalent per per 1,000 equivalent per
(mSviMBg) (MBg examination (mSv) population * capul (USv}

Age group: -9 yeary

Bone Tc-99m phosphate 0.025 380 9.5 0.17 1.6
Brain Tc-99m gluconate 0.024 460 1.1 0.05 0.6
Cardiovascular T-201 chlaride 20 37 73 0.004 0.3

Te-99m erythrocytes 0.025 555 139 0.006 0.08

Age group: 18-19 yesrs

Bone Te-99m phosphate . 0010 570 5.7 0.20 11
Brain Te-99m guconate 0.011 690 7.6 0.19 15
Cardiovascular T-201 chioride 0.36 ss 19.7 0.004 0.08

Tc-99m erythrocytes 0.011 830 9.1 0.006 0.05

Age group: adulls

Bone Tc-99m phosphate 0.008 790 6.3 6.39 403
Brain Tc-99m gluconate 0.009 962 8.7 4.47 ‘ 387
Cardiovascular T-201 chloride 0.23 76 17.5 0.79 13.8
Tc-99m erythrocytes 0.0085 1156 9.8 1.19 11.7

Liver/spleen Tc-99m callaid 0.014 117 16 4.81 7.9
Tc-99m HIDA 0.024 06 5.4 0.1 0.9

Lung Tc-99m MMA 0.012 114 14 1.83 25
Kidney Te-99m guconate 0.009 523 4.7 0.75 3.5
Thyroid Tc-99m pertechnetate 0.015 250 38 1.12 45
I-13 ionic (upleke 66% 0.38 25 1.36 3.4

Y
Total “s) 236 1272

a Activity administered and examination frequency for Manitoba, Canada [H17). For children, it was assumed here that activities administered were reduced

according to Beentjes [B20).
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REPORT OF A TASK GROUP OF COMMITTEES 2 AND 3

E

Radionuclide Substance mSv/MBq
129 Triiodothyronine (T3} 4.7E - 02
LY Triiodothyronine (T3) JOE-—nt

1231 Reverse triiodothyronine {rT3) 17E-02
13 Reverse trilodothyronine {(rT3) 2.5E-01
125} Diiodothyronine 36E -02
131) Diiodothyronine 25E—0
12y Metaiodobenzylguanidine (MIBG) t4E—02
13 Mctaiodobenzylguanidine (MIBG) 1.4E — 01
1231 Sodium Rose Bengal S9E—-Q2
tay Sodium Rose Bengal 1.1IE+00
127xe Xenon-gas (single inhalation or i.v.inj., 30 s breath-hold) 1.3E—-04
133%%e Xenon-gas (single inhalation or i.v. inj, 30 s breath-hold) 1.BE—04
127y Xenon-gas (rebreathing for § min) 7.1E-04
'27%e Xenon-gas (rebreathing for 10 min) 1.1IE—0)
133, Xenon-gas (rebreathing for 5 min) 73E—04
133%e Xenon-gas (rebreaching for 10 min) I.IE—-03
119Cy Cacsium 49E--02
1300 Caesium J4E-03
131y Caesium 50E-02
134mCy Caesium 6.7E -03
131 Q, Bariuvm 50E—0I

133mBa Barium 47E -1

135mp, Barium 34E —01

13 R, Ba-labelled non-absorbable markers (fluids) 49E —01

131, Ba-labelled non-absorbable markers (solids) S1E—0]

1401 o La-DTPA 1.5E—-01

169y Yb-DTPA JG6E-02
198 Ay Gold colloid L1E400
1%7Hg Mercury chloride 1.4E — Q1

1*7Hg Bromo-mercuri-hydroxypropane (BMHP) 14E - 01

197 Hg Chlormerodrin 8.7E - 02
103Hg Chlormerodtin L.IE+00
2011y Thallium 23E-01




Effective dose ?

Advantages / Disadvaniages

Simplifies comparison of risk between different
radiological methods. |

Valid for the "working population” or the general
population, not for a population of patients.

Weighting factor may change with time, due to
the present limited knowledge of the risk.

Still low weight to curable cancer and loss of
life length. |
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Table 2. Methods used for the reduction of organ doses in various nuclear medicine procedures

Method Radioisotope Procedure Organ
Hydration and frequent  **Tc-phosphates Bone scintigraphy Bladder region
voiding
Myocardial scintigraphy . Bladder region
"=Tc-DTPA Renal scintigraphy Bladder region
131 L. hippurate Renography Bladder region
"eTc-O, Radionuclide angiography  Bladder region
"11a.DTPA Cisternography Bladder region
"=Te-O, Scrotal scintigraphy Bladder region
¥9=Tc.microspheres Lung perfusion Bladder region
scinligraphy .
101 Tychloride Cardiac scintigraphy Bladder region
KC10, given before "eTc-O, Radionuclide angiography  Thyroid
administration of =Tc-O; Dacrocystography Thyroid
iopharmaceutical
KCIO, administration *=Tc-O, Meckel's diverticulum Thyroid and salivary
after data acquisition - scintigraphy gland
"=Tc.0O, Salivary gland scintigraphy
K1 or KQIO, 1317 MIBG Scintigraphy of adrenal Thyroid
medulla
1311 Rose Bengal Hepatobiliary scintigraphy  Thyroid
Catheterization of 9eTe-O, Radionuclide cystography  Bladder
infant's neurogenic
bladder
Laxatives ¢'Ga citrate Scintigraphic detection of  Bowel
neoplastic and
inflammatory foci
Diuretics "=Tc.DTPA Renal scintigraphy Kidney
1L hippurate Renography Kidney
Cholecystokinin s=Tc.IDA compounds  Hepatobiliary scintigraphy  Gall bladder
(fatty meal)

*a



2.1.13, Pregnant women

(53) Irradiation of the fetus results from placental transfer and distribution of radio-
pharmacecuticals in the fetal tissues, or from external irradiation from the radiopharmaceutical
present in the mother’s organs and tissues. The chemizal and biological proverties of the
radiopharmaceutical are the critical factors in possible placental transfer. Some radio-
pharmaceuticals cross the placsnta freely and ar~ taker up in fetal tissues, where they irradiate
the tissues. This may, for example, result from %2 concentration c* !*!1 as iodide or ***T¢ as
pertechnetate in the fetal thyroid, occurring duri~g the last tvo trimesters cf pregnancy. Some
analogues of natural metabolites (e.g. radiostrontium for cc'-ium, and radiocaesium for
potassium)are not so readily transfe-red. Radioc lloids that ars £21ained by *bs reticuloendoth-
clial system of the mother, a1d do not ctoss the placenta, act only as external sources of
irradiation to the fetus. In the car of radiopharmaceuticals that are rapidly eliminated by the
kidneys, the urinary bladder, acting as a reservoir, can become a major source of radiation to
other organs and tissues and to the fetus. After the administration of short-lived radio-
pharmaceuticals, frequent voiding should, therefore, be ensured. This contribution to the fetal
dose can be further reduced by administering the radiopharmaceutical when the bladder is
partially filled, rather than immediately after voiding. When a nuclear medicine examination is
propoged for a pregnant woman, great care has to be taken to ascertain that the examinatiz n is
indeed indicated. If, in consultaticu with the referring physician, it is deemed that the risk of .ot
making a necessary diagnosis is greater than that of irradiating the fetus, the examinatio
should be performed (Taylor, 1979). When ultrasound diagn~: i are available and can
nrovide useful information, rcdionuclide studies for locc¥zation of ths n'acenta should be
discouraged. . .

(54) Exposure of the pregnant patient, at¢ ti...: #hen the pregnancy was vn. sconnized, often
leads to her apprehension, because of conrern 2% >ut possib!z effects on t%.3 Z:tur, sven though
the absorbed doses to the conceptus are gene.illy emall. Such concern tay even lead to a
suggestion that the pregnancy be terminated. ..owever, on t:2 basis of rel2tive ris increr .t,
fetal irradiztion from & diagnostic procedu-e rarely justifies t:rminating a ar>omasxcy. V. ~n
such a concerh arises, an estimate of the absorbed doss, and the associated rick to the fetus,
should be made by a qualified expert. With such expert and carefully werded advice, the patient
should then be in a position to take a decision regarding abortion.

e



IF YOU ARE BREAST-FEEDING,
PLEASE NOTIFY THE STAFF

(56) It is recommended that the following actions should then be taken for variou:
diopharmaceuticals (Ahigren et al., 1985; Coakley and Mountford, 1985):
Group 1: Stop nursing for at least 3 weeks®
—All '3'[. and '?%I-radiopharmaceuticals except labelied hippuran
—2INa, ¢'Ga, 1°'Tl, "3Se-methionine
Group 11: Stop nursing for at least 12 hours
~—131L., 1231 and '*31-hippuran
—All *2*Tc-compounds except labelled red blood cells, -phosphonates and -DTPA
Group l1: Stop nursing for at least 4 hours )
—9"Tc.red blood cells, -phosphonate and -DTPA
Group IV: No necessity to stop nursing .
—3'Cr-EDTA
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More knowledge required:

Biokinetic data for children

Transfer of radiopharmaceuticals to the fetus

Methods for calculation of the absorbed dose in
the fetus from a source in the mother.

Excretion of radiopharmaceuticals in
breast milk

Risk and "organ or tissue weighting factors™
for a patient population.

Whick &1 the sptimel achurly o de wsed (ckoldew, e



Current research areas

Age dependent biokinetc data
Voxel phantom

More realistic model for the gastrointestinal tract
Improved dosimetry for bone tissues

Microdosimetry (cellular distribution)

Dosimetry for monoclonal antibodies (therapy)
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