mil‘d / DOSE ESTIMATE REPORT NO. 8

SUMMARY OF CURRENT RADIATION DOSE ESTIMATES
TO NORMAL HUMANS FROM ®*"Tc AS SODIUM PER-

TECHNETATE

SUMMARY OF ESTIMATED ABSORBED DOSES

TO NORMAL HUMANS FROM 99mTc AFTER

A SINGLE INTRAVENOUS ADMINISTRATION
OF LABELED SODIUM PERTECHNETATE*

Absorbed dose
(rads/mCi of ®™Tc
administered)

Resting Nonresting
Target organ population population
Bladder wall 0.053 0.085
Gastrointestinal tract:
stomach (wall) 0.25 0.051
upper large intestine (wall) 0.068 0.12
lower large intestine (wall) 0.061 0.1
Ovaries 0.022 0.030
Red marrow 0.019 0.017
Testes 0.009 0.009
Thyroid 0.13 0.13
Total bodyt 0.014 0.0n
* These dose esti are for subjects not pretreated with

blocking agents such as NaClO,, KCIO, or iodide.

t Technetium-99m is assumed to be distributed uniformly
in the total body.

J

RADIOPHARMACEUTICAL

Technetium-99m-sodium pertechnetate as a radio-
pharmaceutical may be obtained as a sterile solution
in isotonic sodium chloride or by elution from a
sterile radionuclide generator. The U.S. Pharmaco-
peia XIX (1) specifies that the *®Tc present must
be between 90 and 110% of the labeled quan-
tity, of which 95% of the ?®"Tc must be present as
pertechnetate. The allowable radionuclidic impuri-
ties, which will vary with the method of production,
are also specified by the Pharmacopeia (1). For
purposes of these dose calculations, the radionuclidic
and radiochemical purity of the pharmaceutical are
assumed to be 100%.

NUCLEAR DATA

Nuclear data for **™Tc are given in Table 1 (2).
The decay of 1 mCi of **™Tc results in the production
of approximately 3x10® mCi of °Tc (half-life
2.1x10° year).
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BIOLOGIC DATA

The human distribution and excretion functions
for ?*mTc-pertechnetate administered as sodium per-
technetate used in this report are based on a model
developed by Hays and Berman (3). This model
was constructed on the basis of data obtained by the
authors, supplemented by published data (4-8),
and subsequently modified by additional unpublished
data provided by K. Lathrop. In developing the
model, data on *®Tc activity in plasma, erythro-
cytes, saliva, stomach plus contents, intestine plus
contents, urine, feces, and total body, derived from
one or more of the above sources, were used. These
data were obtained from subjects who had not been
pretreated with blocking agents such as NaClO,,
KClO,, or iodide. In analyzing the data in terms of
the model it became apparent that they fell into two
distinct groups possibly related to inactivity (rest-
ing) and to normal physical activity (nonresting) of
the subjects. Hence, two sets of biologic parameters
are derived, forming the bases for computing lower
and upper radiation dose estimates.

A histogram of the distribution of **™Tc activity
in the body as a function of time is presented in
Fig. 1, and the biologic parameters are given in
Table 2.

TABLE 1. NUCLEAR DATA*

Radionuclide ®mye
Physical half-life 6.03 hr
Decay constant 0.1149 hr!

Mode of decay Isomeric transition

Equilibrium dose constant for
nonpenetrating radiation

(gm-rad/uCi-hr) 0.0369
Principal photons E:i (MeV) n
0.0186t 0.077
0.1405 0.879

* For complete compilation of nuclear data reader is re-
ferred to Ref. 2. Table lists only photons with mean yield
per disintegration > 0.01; E; is photon energy; n; is mean
number of photons per disintegration.

1t Weighted mean energy of K x-rays.

JOURNAL OF NUCLEAR MEDICINE



MIRD/DOSE ESTIMATE REPORT: SODIUM PERTECHNETATE

O.4hr {he O hr 100 hr thr 10 hr 100 hr
Rﬁg}gm 4_JEXCRETED (7 Jexcrered
HYROIDE: 4 JOTHER coon
(THY)(1) ||| 22 kxcaereo GQ OTHER
STOM TG:\ LI
|||,d SALIVARY b=l OTHER (2) 7|l|sTom |46 |Excrered
38 | PLASMA fxd S50 () %)‘ LARGE | o5 fpovereo ss@2)
S AN\
THY (1) wn o6 lex o
21 |PLASMA 21 [PLASMA CRETE
R 7 —
Zz BLSODD 777 23|sTom %/ RBC > f~6.:.3 OTHER
Y AceLLs 6 rec | DA™ Feree K
(RBC) ~—{ OTHER (2)
e N N
RBC(1) }1§ LI \\Q
STOM(2)
EXTRA- Do STOM (1) PLAS.(2)
as W(EV) a5 |ev 39 |ev a5 |ev s |ev PLAS.\
27 |ev 24 |ev
by LI
A B sSiEy B

FIG. 1. Estimated percent of administered ®™Tc in tissues at  technetate. Corrected for radioactive decay. (A) Resting population;
various times after intravenous administration of ®™Tc-sodium per-  (B) nonresting population.

TABLE 2. BIOLOGIC PARAMETERS OF THE FRACTIONAL DISTRIBUTION FUNCTIONS o, (t) OF
PERTECHNETATE FROM A SINGLE INTRAVENOUS ADMINISTRATION OF SODIUM PERTECHNETATE*

a,(t) = jzahje")‘jt = e Mt 4 ape Mt 4 e Nt 4 ap e M 4 ay e At

Source organs a, . a3 ay, ay.
Resting population
M =792hr? A2 = 0.630 hr™* As =0.0702 hr* A, = 0.00396 hr™

Extravascular -0.0739 0.0962 —_— 0.402 —_—
Large intestine e 0.0107 -0.231 0.220 —_—
Plasma 0.093 0.301 0.0497 0.00582 B —
Red blood cells 0.026 0.0860 0.0142 0.00132 B —
Salivary glands —_— 0.0300 0.00632 0.000546 —_—
Stomach 0.0345 -0.477 0.424 0.0191 _
Thyroid —0.0199 0.0165 0.00307 0.000268 —_—
Total bodyt _— 0.0661 0.259 0.675 —_—

Nonresting population
A1t = 7.98 hr! N2 = 4.82 hr! As = 0.553 hr™! A= 0.115 hr? As = 0.0246 hr!

Extravascular -0.058 B — 0.0199 0.268 0.194
Large intestine —0.049 0.103 -0.266 -0.051 0.263
Plasma 0.124 —_— 0.259 0.060 0.0049
Red blood cells 0.036 —_— 0.074 0.017 0.0014
Salivary glands -0.035 —_— 0.0270 0.0077 0.00057
Stomach 0.132 -0.214 0.0128 0.0656 0.0037
Thyroid -0.0189 B — 0.0149 0.0037 0.000285
Total bodyt B — —_— —_— 0.518 0.482

* The activity in the source region rn at time t after administration of the radionuclide of activity A, is given by Ax(t) =
qn(t)e™At, where qu(t) = A..Z‘an.,e'x t, any is the initial value of the j'" exponential component of that fraction of the pon-chne-

tate administered as soduum pedechnetate that appears in source region ri, Ay is the biologic di tant of the jt*

tial t, and N\ is the physical decay constant of the radionuclide. The cumu?uied actw-ty in source region rn over
an infinite penod is given by An(0,00) = Aozan,/()\, + AL

1 Values for total body include all tissues.
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ABSORBED-DOSE ESTIMATES

The values of cumulated activity for the labeled
pertechnetate located extravascularly, in plasma and
in the red cells, were computed using the data in Ta-
ble 2. The absorbed fractions for these source regions
were assumed to be equal to those for sources uni-
formly distributed in the total body.

The activity contained in the large intestine was
assumed to be uniformly distributed with respect to
weight between the contents of the upper and lower
large intestines. The above was an approximation

since the fraction of the administered activity and

its residence time in the intestinal wall were unknown.
The dose to the intestinal wall was calculated on the
assumption that the contents of the intestine were
irradiating the wall.

The activity contained in the stomach was dis-
tributed between the contents of the stomach and
the lumen of the gastric glands. The exact distribu-
tion between the two regions was unknown. For the
purpose of these dose calculations, all of the ac-
tivity was assumed to be located in the contents of
the stomach.

To calculate the cumulated activity for the blad-
der contents, Agyapc, the bladder was assumed to fill
at a rate of 62.5 ml/hr and to empty completely five
times daily at regular intervals of 4.8 hr (9). A maxi-
mum value of Apr pc Was calculated by assuming
that the bladder was empty at the time sodium per-
technetate was administered. The rate constant for
plasma-to-urine transport of pertechnetate is 0.228
hr? for the resting population and 0.402 hr! for the
nonresting population. The details for computing
Anranc are available from the MIRD Committee.
The average dose to the bladder wall was computed
using the method described by Snyder et al (10,11).

The salivary glands were used as source organs
because of their high uptake of **™Tc. To obtain the
necessary absorbed fractions for the salivary glands
as a source organ, which are not yet available in the
heterogeneous phantom (12), the absorbed fractions
for the thyroid were used since the locations and
sizes of these organs are similar. To calculate the
dose to the thyroid from the activity in the salivary
glands, only the absorbed fractions for penetrating
radiations were used. It was assumed that the activity
in the salivary glands was located in the thyroid.
This approximation will result in an overestimate of
the dose.

The masses of the target organs are given in Ta-
ble 3.

The absorbed fractions used for the dose estimate
calculations in this report were obtained from special
Monte Carlo computer calculations, using the com-

76

TABLE 3. MASS OF TARGET ORGANS (13)
Target organ Mass (gm)
Bladder wali 45
Gastrointestinal tract:
stomach—wall 150
upper large intestine
wall 209
contents 220
lower large intestine
wall 160
contents 137
Ovaries 8.3
Red marrow 1,500
Testes 37
Thyroid 19.6
Total body 69,880

plete energy spectrum of penetrating and nonpene-
trating radiation emitted by "™Tc, instead of from
the interpolated values of absorbed fractions pub-
lished in MIRD Pamphlet No. 5 (12). The hetero-
geneous phantom (I3) used for these calculations
is a modification of that described in MIRD Pam-
phlet No. 5 and more nearly simulates man.

The dose from the *Tc associated with #™Tc has
been neglected since these doses are five orders of
magnitude less than the dose from **»Tc,
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