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FOREWORD

The Medical Internal Radiation Dose (MIRD) Committee of the Society of
Nuclear Medicine is charged with the responsibility of providing the nuclear
medicine community with guidance on how to calculate the radiation dose from
radionuclides and with useful information for calculating the radiation dose as
well as preparing dose estimates for radiopharmaceuticals.

To facilitate dose calculations, this pamphlet provides values for the absorbed
dose per unit cumulated activity (given the symbol 8) for over 110 radionuclides.
The values of S are given for sclected source and target organs. The use of an S
value does not impose any restrictions on the metabolic model to be used for
dosimetric purposes.

This is the second in a new series of MIRD Committee publications made
available in loose-leaf binder format. This format allows the Committee to provide
revisions and additions to the data at a nominal cost. Announcements of new data
sheets will appear in the Journal of Nuclear Medicine.

The data in this pamphlet have been reviewed carefully by many qualified
individuals, but as always, the Committee welcomes comments. The Comrmittee
would especially appreciate receiving suggestions regarding additional radionu-~
clides and organs to be added.

This project has been sponsored by the Energy Research and Development
Administration under contract with Union Carbide Nuclear Corporation.

The work of the MIRD Committee is made possible by the continued en-
couragement and support of the Society of Nuclear Medicine and the Bureau of
Radiological Health, Food and Drug Administration, Department of Health,

Education, and Welfare.

ROGER J. CLOUTIER, Chairman
EDWARD M. SMITH, Executive Director
MIRD Commiitee

This publication is available from the Medical
Internal Radiation Dose Committee for $10.20
per copy including the loose-leaf binder. Copies
are also available without the loose-leaf binder
for $7.95 per copy. Check made payable to the
Society of Nuclear Medicine or a purchase order
must accompany all orders.

MIRD Committee

404 Church Ave.

Suite 15
Maryville, Tenn. 37801




“S,” ABSORBED DOSE PER UNIT CUMULATED ACTIVITY

FOR SELECTED RADIONUCLIDES AND ORGANS

W. 8. Snyder, M. R. Ford, G. G. Warner, and 5. B. Watson

1. INTRODUCTION

The mean absorbed dose ﬁ(rk(—rh) expressed in
rads to a target organ r, from a radionuclide dis-
tributed uniformly in a source organ n, has been
formulated by the MIRD Committee (1,2) as

— Ay
D(rﬁ—r,,) — —El-]—- ZAi(j’)i(rk<—rh)
K

= Ah%‘lAthi(rk(_rn) ’ (1)
where A, (uCi-h) is the cumulated activity in source
organ r,, my, (gm) is the mass of the target organ ry, A
(gm-rad/pCi-h) is the equilibrium dose constant for
particles of a particular type and energy, here indi-
cated by i, and ¢;(rx<1y) and ®;{r,<r,) represent,
respectively, the absorbed fraction and the specific
absorbed fraction of energy for target organ r, for
particles i emitted in source organ ry,

Most of the biologic data needed for the estimation
of dose are embodied in the cumulated activity A,
while the remaining portion of the right member of
Eq. 1 involves physical and anatomic data. Thus,
it is convenient to infroduce the quantity

S(rem) = ?Ai(pi(rke”‘rh)- (2)
The biclogic data used in estimating dose relate
only to the anthropomorphic model used (size, shape,
density, and composition} and to the distribution
and retention of the radionuclide in source organ ry,.
Therefore, S can be tabulated as defined by Eq. 2 for
radionuclides and source-target configurations com-
monly used in nuclear medicine. The average dose
from a specified radionuclide can be calculated by
the simple formula

B(rke'rh) == Alls(rk(_l‘h)- (3)

Since there are generally a number of source organs,
the total average dose to target organ r, is given by

D(r) = %ﬁ(rkerh)

- %:Ahs(rk<_n1)- (4)

In order to use the tables presented in this pam-
phlet to compute the absorbed dose, it is necessary
to calculate the cumulated source activity in organ 1y,

o t2
K= Ao, (5)

over the time interval of interest. The average dose
to target organ r; from source organ r, is obtained
from Eq. 3.

The advantage of this formulation is that the
values of § for the specified anatomic model can be
tabulated for each radionuclide, thus sparing the
user considerable numerical work. Tt is assumed that
the activity is distributed wniformly in the source
organ, and the phantom used in estimating the spe-
cific absorbed fractions is essentially that of MIRD
Pamphlet No. 5 (3) with some modifications as
discussed later. If these assumptions are not con-
sidered appropriate, or if a more detailed spatial
distribution of the dose than the mean dose to the
complete target organ is wanted, then the tables of
S values presented here should not be used, and a
more detailed calculation must be made ab initio.
The masses assumed for the organs and tissues of the
body are given in Table 1, and the decay scheme data
given by Dillman (4) have been used throughout.

2. § FOR PHOTONS

The estimates of S for photons are the results of
new Monte Carlo estimates as described in the re-
vision of MIRD Pamphlet No. 5 (5). Alithough the
method of calculations is basically unchanged, the
Moente Carlo estimates are based on a sample of
60,000 photons for each of the 12 monoenergetic
sources used in MIRD Pamphlet No. 5 (3). No
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TABLE 1. MASSES OF BODY ORGANS USED IN THE REFERENCE MAN REPORT
AND IN THE PHANTOM

Upper large intestine

Mass (gm)
Reference man
Body organs Abbreviation report Phantom
Adrenals AD 14 155
Bladder
Wall BLADW 45 45,13
Confants BLADC 200 200
Gastrointestinal troct
Stomach
Wall STW 150 150
Contents STC 250 246.9
Small intestine and cenfents H]| 640 wall 1,044 wall pius contenis

Wall uLIw 210 209.2
Contents ULIC 220 200
Lower large intestine
Wall LLIW 160 160.1
Confenfs LLIC 135 1346.8
Kidneys (both) 4 310 284.2
Liver Ll 1,800 1,809
Lungs (both, including blood) Ly 1,000 99%.2
Other tissve oT 48,000 48,480 (2,800 gm suggested for
muscle; 12,500 gm for separable
adipose tissue)
Ovaries {both) oV 11 8.268
Pancreas PA 100 &0.27
Salivary glands SALG 85 - Not represented
Skelefon SKEL 10,000 10,470
Cortical bone CORTE 4,000 4,000
Trabecular bone TRAB 1,000 1,000
Red marrow RM 1,500 1,500
Yellow marrow Y 1,500 1,500
Cartilage CART 1,100 1,100
Other constituents — 200 1,370
Spleen SP 180 173.6
Testas TE 35 37.08
Thyraid THY 20 19.63
Uterus ut 8O 65.4
Tofal hody TB 70,000 49,880

400 contents

estimates were accepted if the coefficient of varia-
tion exceeded 50%.

There have been a number of changes in the phan-
tom used in these calculations which are mentioned
here in outline. The reader is referred to the revision
of MIRD Pamphlet No. 5 (5) for a detailed pre-
sentation. The masses of many organs have been
changed somewhat to bring them more nearly in
accord with those selected by an ICRP task group
on reference man (6). Some of these changes are
the result of separating organs consisting of walls
{gasirointestinal tract and bladder) from their con-
tents. The estimates given in MIRD Pamphlet No. 5
were for walls and contents taken together. Thus the
new model is more nearly representative of the actual
sitnation, and consequently, the estimates should
be considerably more realistic, especially when the
source is in the contents of a hollow organ. The

weight of active marrow expected in each region of
the skeleton has been designated. The data are largely
those given by Ellis (7). It has been assumed that
the active marrow absorbs energy per unit mass as
efficiently as does the bone, and thus the estimate
of the dose from photons to bone is low, particularly
at photon energies below 100 keV. For photon ener-
gies above 100 keV the difference is expected to be
small since the mass absorption coefficients of these
two tissues are approximately equal. In designing the
distribution of the red marrow, two pairs of bones
were added to the skeletal system (clavicles and
scapulae) which taken together contain about 6.4%
of the active marrow. Likewise, in the newer phan-
tom, the top of the head has been rounded, the legs
are separated, and the testes have been relocated, but
these changes are of greater importance for external
sources than for internal ones.
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In addition to the designated organs, there is a
mass of 48.5 kg that represents muscle (28.0 kg),
separable fat (12.5 kg), and a variety of other tissues.
Muscle and separable fat are distributed widely in
this 48.5 kg of other tissues. It seems appropriate,
to a first approximation, to assume that the absorbed
fractions for these tissues are proportional to their
masses in order to obtain absorbed fractions for
muscle and separable fat as separate target organs.
Thus the value of ® assigned to this “other tissue”
as target organ is the same as that for muscle as a
target organ, and it is nused also as an estimate of ®
for separable fat as a target tissue. When muscle is
indicated as a source organ, values of ® have been
obtained either by use of reciprocity or by subtrac-
tion of appropriate absorbed fractions for the internal
organs from the total body values.

Even with a sample size of 60,000 photons, there
retnain many target organs for which the coefficient
of variation (100 &,s/¢) of the absorbed fraction
¢ exceeds 50% . Values for these organs have been
estimated by use of the buildup factor (8). Although
this is only one of several techniques that might have
been used, extensive comparison with Monte Carlo
estimates of @ having a reasonably small coefficient
of variation indicates that estimates obtained by use
of the buildup factor, while not highly accurate,
appear to lie within a factor of 2 of the Monte Carlo
estimates (9). This appears to be as much as can
be claimed for the Monte Carlo results with a coeffi-
cient of variation of 50% or more. At low energies
these estimates of @ obtained by using the buildup
factor with bone as a target organ have been multi-
plied by a factor p:jlj““/pz‘]f“‘-““v, where ., is the
mass energy absorption coeflicient. This correction
was made on the basis of comparisons of results of
the two methods of calculation as well as from theo-
refical considerations. Likewise, a factor ptissue/plung
is used to account for the lower absorption of energy
in the lungs because of its lower density. These cor-
rections partially compensate for the fact that the
use of the buildup factor is not strictly correct for a
nonhomogeneous medium such as the human body.
A more detailed discussion of these approximations
is given in the revision of MIRD Pamphlet No. 5 (5).

3. S FOR ELECTRONS AND BETA PARTICLES

3.1 Gemeral. When all the dimensions of an
organ r, greatly exceed the range of the electron,
Le., the source and target organ are the same, the
equation

ﬁb (rk <_r]l)

P (ryer,) =

- (6)
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is assumed to hold, where m, is the mass of the
organ 1, This is the case for most of the organs
specified in Table 1. However, when the source and
target organs are well separated,

O (rpern,) = 0. (7)

The exceptions to the above general rules are dis-
cussed below.

3.2 Organs with walls. For organs with walls
and with the contents as the source, the value of
D;(ry<rn,) is taken as 1/2m,, where my, is the mass
of the source organ, that is, the contents. This cor-
responds to the assumption that the dose at the
surface of the wall is one-half the dose to the con-
tents far from the wall. Thus the dose to the walls
of the sections of the gastrointestinal tract and to the
urinary bladder from sources in the corresponding
contents represents a surface dose for electrons and
beta particles.

3.3 Bone and bone marrow. Another exception
is the dose to active bone marrow from an electron
emitter deposited in bone. Here the dosimetry due
to Spiers (70) is used. Spiers’ estimates implicitly
assume that the cortical and trabecular bones are
each uniformly labeled by the radionuclide. Since the
estimate of dose to the red (active) marrow per unit
cumulated activity in trabecular bone far exceeds the
corresponding estimate for cortical bone, it is neces-
sary to apportion the cumulated activity fo these two
bone types. When only a total A for bone is avail-
able, it is sugpgested that one should assume that it is
divided equally between cortical and trabecular bone.
Of course, when a model for retention or data on
deposition and retention in these two bone types is
available it should be used. Even the assumption
of the uniform distribution of this activity throughout
the bone mass probably results in an underestimate
of the dose to red bone marrow, especially when
using short-lived nuclides deposited on the bone
surface.

Only an average dose to bone (cortical and tra-
becular bone mass — 5,000 gm) is estimated in this
report, and this is assumed to be due to the total
energy of the electron minus the energy absorbed in
the marrow.

4, ASSUMPTIONS AND LIMITATIONS

The most obvious limifation is that these S tables
allow one to compute only the dose averaged over a
target organ per unit of cumulated activity of a radio-
nuclide distributed uniformly in a source organ.
When the source is not distributed reasonably uni-
formly in the source organ, the use of these S values
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is at best a rough approximation, If more spatial
detail is wanted than an average dose to the target,
an independent calculation should be made. For
example, the assumption of uniform distribution in
the source organ would lead to inaccuracies when
calculating the kidney dose from a radionuclide de-
posited only in kidney cortex and not in other kidney
tissues, Averaging the dose delivered to a target organ
also leads to some difficulties, e.g., when the dose to
kidney from a source in liver is calculated these
tables give the average dose fo the kidneys. In reality
the right kidney receives a higher dose than the left,
Although total body is listed as a source organ, the
values of S given in the tables apply only to uniform
distributions of activity. When the total body is the
target it must be remembered that the dose to it may
be extremely nonuniform if the source is located in
only a few organs. In this circumstance the calcula-
tion of the “average total body dose” may not be very
meaningful.

Also, these values are computed for organs having
the masses given in Table 1, and while these are
rather typical of median values for a 70-kg man,
other organ weights may require some scaling. For
target organs r, sufficiently distant from the source
organ r, one would expect ®{r,<rn,) to be reason-
ably independent of organ mass. Thus, to a first
approximation, this adjustment may be considered to
be present. However, as target region r, approaches
source region r, much of this automatic scaling is
lost for photons. When r, and r, coincide, the dose
from photons with energies above 100 keV appears
to be proportional to m,—%/®, m, being the mass
commen to both r, and ry; that is,

D(r,<r,) — constant X A /m,2/s.

Since dose from electrons scales with the inverse first
power of the mass, if one assumes complete absorp-
tion of energy, scaling is no longer simple; the photon
dose changes with one power of the mass and the
electron dose changes with another. In fact, there
seems to be no simple scaling procedure which is
approximately correct for all energies of particles and
masses of organs.

The user should also bear in mind that the use of
these S values generally involves many interpolations
and approximations. Below 10 keV and when the
source and target region are noi the same, the values
of the absorbed fraction ¢ for photons are extrapo-
lated linearly to zero as energy decreases to zero, and
the value so obtained is used to compute ®. When
the source and target regions coincide, the value of
¢ is extrapolated linearly to unity as energy decreases
to zero. For the case when the total body is the source
organ and ry is the target organ, the value of ® is

OCTOBER 1975

extrapolated linearly to 1/mqy, mpy being the mass
of the total body.

More important perhaps is the fact that many of
the values of ® used here are obtained by the use
of a buildup factor. This approximate value is used
for many energies and organs, particularly for the
smaller organs which are distant from the source.
For more detaiis on the use of the buildup factor
to estimate &, the reader is referred to the revision
of MIRD Pamphlet No. 5 (3).

While the calculations have been designed to yield
estimates of dose for the adult human bedy, never-
theless it remains true that the user should realize
that the calculations are based on the phantom, a
specific model. Any particular human will differ more
or less significantly from the phantom for purposes
of dosimetry. While these tabulations of S are quite
convenient to use, the user should always bear in
mind that the dose to a given patient will differ, and
that the difference may be significant.

5. EXAMPLES OF USE OF THE TABLES

Example 1. Calculate the mean dose to the liver,
ovaries, testes, and red marrow resulting from the
intravenous administration of 1 uCi of *™Tc labeled
to a compound that localizes completely and uni-
formly in the liver. Assume an instantaneous uptake
of the activity in the liver and that the biologic
half-life of *™Tc¢ in the liver is infinite compared to
the physical half-life of "™»T¢c, Based on these as-
sumptions, the cumulated activity in the liver per
microcurie administered is

Ajr = 1.44 X 1.0 uCi X 6 h = 8.6 uCi-h.
The mean dose to the liver, Dyy, is

Do — AnS(ireri).

Looking up S(L1<L1) in the table for ¥ Tc under
the liver as the source organ and for the liver as the
target organ,

S(L1<11) = 4.6 E-05 = 4.6 X 109 rad/pCi-h,
Dy — 8.6 X 4.6 X 10-5 = 4.0 X 10— rad
— 0.40 mrad

for the administered activity of 1 pCi. Similarly, the
dose to the ovaries, Dyy; testes, Doyg; and red mar-
row, Dyy i8 calculated. The values for S(ov<LI),
S(TE«L1), and S(rRM<«LI) are found in the table
for ""oTc under the liver as the source organ and
across the row for which they are listed as target
organs;

Dov = AnS(overr) = 8.6 X 4.5 X 107
3.9 X 10" rad = 0.0039 mrad,
ALS(TE<LI) — 8.6 X 6.2 X 108
5

.3 % 10— 7 rad = 0.00053 mrad,

Dyr

Wt
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Dry = ALS(RMeLI) = 8.6 X 1.6 X 10—*
= 1.4 X 105 rad = 0.014 mrad.

The S values in this report are for a specific an-
thropomorphic model, and the masses used for the
target organs are those listed in Table 1. Before cal-
culations are made using these tables, section 4 on
assumptions and limitations should be carefully re-
viewed.

Example 2, Calculate the mean dose to the liver
and segments of the gastrointestinal tract (GIT)
resulting from the intravenous administration of
1 pCi of '3} labeled to a compound that is com-
pletely taken up by the liver and then eliminated
via the GIT. The activity remains within the GIT
until it is finally excreted in the feces. Based on the
biologic distribution and retention data, the cumu-
lated activity per microcurie administered is assumed
to be as follows: in the liver, f?km = 2.0 uCi-h;
in the small intestine (SI) and contents, ESI =139
pCi-h; in the contents of the upper large intestine,
(ULI), Aypie = 4.8 uCi-h; and in the contents of
the lower large intestine (LLI), Appze = 4.6 pCi-h.
The values for S are found in the Appendix table for
28] in the manner described in the previous example,
and are listed in Table 2.

It should be noted that the S values for the GIT
give the average dose for photons, but only a surface
dose for particulate radiations. Whenever the cumu-
lated activity for the walis of the ULI or LLI is
significant, the dose calculations for the walls of the
ULT and LLI as well as nearby organs must be con-
sidered as a special case.

The mean dose to the liver, Dy, is computed by
the following expression:

Dm - IE(LI«-LI) + D(I,IFS[)
+ Prm«nmm + Dirreriey
= A S(L1e11) 4 KSIS( LI<SI)
+ K(vm(‘S(LI(—ULIC) + KLLWS(LI«’—LLIC)
=(2X79X10-%) 4+ (3.9 x 23 % 10—%)
+ (4.8 % 3.3 X 10-8) (4.6 3 3.1 3 10-7),
Dy = 1.8 x 10~4rad = 0.18 mrad,

TABLE 2. VALUES OF § FOR 123]

Source ergans

Contenfs  Contents
Target organs Liver b of ULI of LLI
Liver 7.9E05 2.3E-06 3.3E-06 3.1E-07
SI 2.0E-06 1.2E-04 2.6E-05 1.4E-05
Wall of ULI 32606 4.1E-05 2.2E04 6.3E-06
Wall of LLt 2.7E07 1.1E-05 4.4E06 3.2E-04
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TABLE 3. VALUES OF § FOR 99mTc

Source organs

Skeleton
Target Cortical  Trobecular  Bludder Total
orgons bone bone confents body
Red marrow 4,1E-06 9.1E-06 2.2E-06 2,9E-06
Bladder wall 5.1E-07 5.1E-07 1.6E-04 2.3E.06
Ovarias 7.1E-07 7.1E07 7.3EQ6 2.4E-06
Testes 6.4E-Q7 6.4E-07 4.7E06 1.7E-06

for the administered activity of I #Ci. The mean dose
to the SI is 0.7 mrad, to the wall of the ULI it is 1.3
mrad, and to the wall of the LLI it is 1.5 mrad.

Example 3. Calculate the mean dose to red mar-
row, bladder wall, ovaries, and testes from an intra-
venous administration of | uCi of "™ Tc labeled to
a compound. Thirty-five percent of the administered
activity localizes uniformly in bone, 5% uniformly
in the total body, and the remaining activity is ex-
creted in the urine. The cumulated activities per
microcurie administered for the three source organs
are KBONE = 3.0 pCi-h, for bone; :Kmmm‘ = 0.6
wpCi-h, for the contents of the bladder; and KTH —
0.4 uCi-h, for total body. The latter represents ac-
tivity assumed uniformly distributed in the total body
in addition to the activity present in the other organs.
The values for S are found in the Appendix tables
for ®*Tc in the manner described in Example i, and
are listed in Table 3.

To calculate the dose to the red marrow, the KBONE
must be distributed between cortical and trabecular
bone. When the actual distribution data are available
they should be used; however, for this situation they
are not available and for this example it is assumed
that half the activity is distributed in trabecular bone
and half in cortical bone.

The mean dose to the red marrow, Dgy, is calcu-
lated by the following expression:

ﬁRM = O-SABONES(RM(—-CORTB)
+ 0.5AR0xrS(RM<TRAB)
4+ AprancS{RMeBLADC) + ATBS(RM(—-TB)
= (0.5 X 3.0 X 4.1 X 10-9)
+ (0.5 3¢ 3.0 X 9.1 X 10-9)
+(0.6 x 2.2 x 10—8)J-{0.4 x 2.9 x 10—5),
Dy = 2.2 % 105 rad = 0.022 mrad,

for the administered activity of 1 pCi.

If the S values published in this report are used fo
calculate the dose to the bladder wall and the other
target organs from the activity contained in the urine,
it is assumed that the contents of the bladder is a fixed
volume equivalent to 200 gm, a moderately full
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bladder. To compute the dose for other situations,
the reader is referred to Ref. 11. It must be empha-
sized that the dose to the bladder wall for a given
Anranc can vary by an order of magnitude depending
on the daily urinary output, frequency of voiding,
bladder volume at the time of voiding, injtial volume
of urine in the bladder when the activity is admin-
istered, and the quantity of urine retained in the
bladder after voiding.

The values of § for cortical and trabecular bone
as the source organ irradiating the other target organs
are the same except for red bone marrow. There-
fore, single values for S(BLADW<-SKEL), S(0OVe
SKEL), S(TE<«sSKEL), and Apoxe are used in the
example.

The mean dose to the bladder wall, Dyripw, is
calculated by the following expression:

Tjnr,,\nw — A]iﬂ;‘}'ms (BLADW «—SKEL)
4+ AprancS (BLADW<-BLADC)
-+ ATBS(BLADW(—TB)
= (3.0 51 x10~7)
+ (0.6 x 1.6 3 10—%)

1 (0.4 X 2.3 X 10-9),
Divipw — 9.8 X 10-% rad — 0.098 mrad,
for the administered activity of 1 pCi. The mean dose
to the ovaries is 0.008 mrad/pCi and to the testes
0.005 mrad for the administered activity of 1 uCi.
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APPENDIX A. TABULATED VALUES OF S

TABLE 1A. RADIONUCLIDES FOR WHICH VALUES OF 5 ARE TABULATED
Atfomic number Element Mass Nember Atomic number Element Mass Nember
1 Hydrogen 3 3s Strontium 87m
4 Bery[lium 7 38 Strontium #0
] Carbon 1 ki Yitrium 87
6 Carbon 14 39 Yttrium ]
7 Nitrogen 13 42 Molybdenum 99
8 Oxygen 15 43 Technetivm 7m
9 Fluorine 18 43 Technetium P¥m
n Sadivm 22 44 Ruthenium 97
11 Sodium 24 45 Rhodium 103m
12 *Mognesium 28 46 Palladium 103
13 Aluminum 28 47 Silver 109m
15 Phosphorus 32 48 ICadmium a9
16 Sulfur 35 49 Indium m
18 Argon 37 49 Indium 113m
19 Potassivm 40 49 Indium 115m
1? Potassivm 42 50 Tin 113
19 Potassium 43 53 lodine 123
20 Calcium 45 53 ledine 124
20 Calcium 47 53 ladine 125
20 Calcivm 49 53 lodine 126
21 Scandium 47 53 fadine 129
21 Scandium 49 53 lodine 130
24 Chromium 51 5% lodine 131
25 Manganese 52 53 lodine 132
25 Manganese 52m 53 lodine 133
25 Muanganese 54 54 Xenon 127
26 Iron 52 54 Xenon 13Tm
26 fron 55 54 Xenon 133
26 Iron 59 54 Xenon 133m
27 Cobalt 57 55 Cesium 129
27 Cobalt 58 55 Cesium 131
27 Cobalt &0 55 Cesium 134
29 Copper 52 55 Cesium 134m
29 Copper 64 55 fICesium 137
29 Copper &7 56 Barium 133
30 Zinc 62 56 Barium 135m
30 Zinc 45 56 Barium 137m
31 Gallium 66 58 Cerium 139
31 Gallium 67 66 Dysprosium 157
31 Gallium 48 68 Erbium 171
N Callivm 72 69 Thulium 17
32 Germanium 68 70 Ytterbium 169
33 Arsenie 73 74 Tungsten 188
33 Arsenic 74 75 Rhenium 188
34 Selenivm 73 76 Osmium 190m
34 Selenium 75 77 Iridium 190
34 Selenium 77m 77 Fridium 190m1
35 tBromine 77 77 Ilridivm 190m2
35 Bromine 82 79 Gold 195
36 Krypton 81 79 Gold 195m
36 Kryptan 81m 79 Gold 198
36 Kryptan 85 79 Gold 199
36 Krypten 85m B0 Mercury 197
37 1Rubidium 81 BO Mercury 203
7 Rubidium 82 81 Thallivm 20%
37 Rubidium B4 81 Thallivm 208
37 Rubidium 86 82 Lead 212
38 §Strontivm 82 B3 Bismuth 206
38 Strontium 85
* Sum of 2BMg and 28Al § Sum of 825r and 82Rb.
T Sum of T7Br and TTSe. I Sum of 109Cd and 109mAg,
i Sum of 81Rb and SLmg, f Sum of 137Cs and 137WRg,

11
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