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KINETICS OF IALED KRYPTY
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on the behavior of Kr within the human

body. Values of the solubility coefficient of MATERIALS AND METHOD

nert gas=s in different biological tissues have (1) Subjects

been obtuined from in itro studies (Kit72a: Fotal body retention (TBR) of radiokryp-
Kit72b: Ye63: Yeh‘l Measurements in the ton was studied in 16 adult subjects (12
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(water, lipnl and protein), have been used to disorders Institutional review con nittee
Calculate the saturation level of the gas. In approvai was obtained for this research
Pvo studies using guinea pig and rat models pr Yject in accordance with rules set by
D ——— DHEW. Informed consent w 1s obtain 1ed from

*Supported by the U.S. Energy Rescurch  eacly subject after a thorough discussion of
and Development Administration the procedures and associated risks. Kryp-
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KINETICS OF INHALED KRYPTON IN MAN

was chosen for its short half-life (t,, = where body weight (BW) and lean body ma;
) and positron decay properties (LBM) are in kg units.
physical charucteristics (age.
:x) and values for total body  (2) Rebreathing and initial washout phase
mass (LBM), and Prior to each run, spirometry was perfor
Djecis are med to dJetermine total lung capacity an
y potassiumwas  functiona! residual capacity (FRC). The sut
fthe naturally  ject’s average lung volume was determine
Lean body from the sum of FRC plus half the tid.
lume (V,). The initial amount of ™Kr in
ed into the spirometer-lung volum
aa;usted so that the average Kr concen
the lungs was relatively constar
the subjects. Tidal volumes of "Kr-a
were rebreathed for 10 min in
pirometer system (Fig. 1). A constar
was maintained by absorption of Cf
me and the automatic replenishmen
e rebreathing phase. The cor
'Krin the recycled gas mixtu
tored continuously at the moutl
> a shielded Nal detector and in tt
n with an Ohio-Nuclear Model 11
i gamma camera. A calibrated samp
the gas mixture was obtained j
e stari of gas washout from which tt
>ntration and total lung activity wer
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chest region were again monitored continy-
ously. Estimates of the initial clearance rutes
of "Kr were derived from these data

(3) Whole-body counting

The Brookhaven whole-body
which has been described elsewhere
has an invariant response to both rad
e distiibution and body size. Counting oy,
the TBR of ™Kr started .1 8-9 min after (he
start of the washout phase and continued for
as long as 55 hr. The subjects were counted at
varying time intervals usually for 12-16 times
m the first 8 hr, three times on the second day
(24-32hr), and when sufficient activity
remained, twice on the third day (48-55 k).

Since "Kr is a positron emitter, the coin.
cidence circuitry of the Brookhaven counter
(Ch74) was used to enhance the body localiza-
tion of the isotope. Due to the Nal detector
configuration of the whole-body counter, the
spatial localization is defined by 85 regions
(17 x5 array). The sum of the values in each
row of crystals provides a profile distnibution
as a function of height (Ch74), wkile ihe
coincidence count rate at a single crystal posi-
ton gives the retention value for that localized
region of the body. Each subject was counted

counter,
(Cos9),
lonuci-
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in the coincidence mode at approx |, 6 and
24 hr after the start of gas washout. Two
subjects (14 and 16) were given higher doses of
7Kr to sllow counting up to S5 hr.

RESULTS

The rebreathing und washout phuses for a
typical run (subject 6) are shown in Fig. 2.
During the rebreathing period, the activity in
the recirculating gas decreased slightly, in-
dicating a gradual uptake by the bSody tissues.
This uptake is also shown as a slow mono-
tonic increase in chest activity , viewed by the
gamma camera. The start of gas washout is
clearly indicared, as is the clearance for both
the exhizled air and the chest region. The
retiention data were resolved nto a two-
component esponertial model by means of
>INg a computer program (BE62) For this
run, the ha'f-times from the start of washout
were 28.1sec and .74 run, while the cor-
respondineg in the exhaled air were
21.8 sec ‘and 2.32 min. respectively. Data on
the "Kr ictivity in the ¢ region were
curve fitted fur 10 of the subjects iTable M.
The meun half 7 sec and
4742

e

values

iest
tmes were 21.5= 8.
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Fig. 2. Varation of ™Kr activity in subject 6 with time for a typical run during the

rebreathing and in

ial S-min washout phases,

measured with the gamma camera.
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Whole-body retention data were simiiarly
resolved into u sum of exponentials. A typical
clearance curve (subject ! 1) and its resolution
into three components 1s shown in Fig. 3. The
results of the exponentisl curve fitting for
each subject are listed in Tub'e 3. The inter-
cept values for each component are expres-
sed as a percentage of the calzulated value to
the start of gas washout it = 0). The 100%
TBR (Table 4) value was bured only on the
whole-body counter data and did not includa
the rapid clearunce shown in the gamma
camera Up to five components were
tested :n fitting the whole-hody counter data.
The retention curves were described most
precisely by a three-component model, with
mean haif-times of 0.33=0.11, 2.41 =0.95 and

Jata
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Tabie ) Resadrs of exponential anaiysis of ™Ks resenion dea®
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6.67=16hr. respectively. The associated
values cf the uptake by each component at
the start of gas washout were 61.7, 29.6 and
9.4% of the TBR value.

The coincidence counting data were used
to determine the spatial distribution at approx
I, 6 und 24 hr after the start of washout A
typica! profile distribution is shown in Fig. 4
As the totul activity decreased, the relative
distnbution shifted from the chest region to
the fower abdomen and upper legs—regions
of high fut content. Subjects 14 and 16 were
given hugher concentra ‘ons of ™Kr during the
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FiG. 3. Typical clearance curve measured with the whoie-body counter and the three-

component computer

t (subject 11). The inset shows the data in the first 2 hr.
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rebreathing phase so that the retention
distnbution could be followed for up ‘o 55 hr.

haif-times for the slowest comj ynent
were 8.9 hr for subject 14 and 9.6 hr for sub-
kect 16. Estimation of the more r2 id com-
ponents in these two subjects wa not pos-

sible because of the high initial .ctivity of
r.

DISCUSSION
The rate at which a tissue releases or stores

K.J ELLIS & al.

an inert pas is determined by the blood-tissue
partiion coefficient and the rate of blood
perfusion 5 the tissue (KeS1). The Fick
principle describes the basic process in which
the retention in 4 single tissue, R(1), at time ¢
is

R(t)= R(0ye ™",

where R(0) = retention in the tissue at t=0,
k = rate constant, f = time

Since the body is composed of tissues of
varying compositions with widely differing
perfusion rates and partition coefficients, the
TBR at time t becomes the sum of the reten-
tions for the different tissue compongnts:

TBR(1)=3IR(1)= 3SR (D) e '

The resulis of this study irdicated that the
human body has at least five similarly per-
fused compartments for kKrypton gas. The
associated values of T, range {rom 14 sec to
96 hr and ure in good agreement with the
values obtained by other msuestigators (Ho64;
Fo49; Tu75). Holzman et al (Hu63) reported
an averaee half-ame of (7.8 =8.2 min for 65
determinations in 28 subjects. In that study a
Nal detector was placed directly over the
injection site following the njection of *Kr
nto forearm muscle. Tobias and co-workers
(Tod9) reported three components of “Kr
uptake in the hand (nine subjects) during a
2-hr rebreathing period. The average half-
times were 4.3min, 33 min and 188 min. In
the same study, analysis of data on seven
subjects yielded average values of $$ and
400 min for the knee. Turkin and Moskalev
(Tu75) reported three components for six
male subjects following inhalation exposures
ina 3.1-m' chamber from 30 min to 40 hr. The
mean half-times were 30sec, 7.9 min and
2.7 hr assigned to the lungs, muscle and fatty
tissues, respectively. Release of “Kr from the
body was determined with a single crystal
counter repositioned over different regions of
the body for up to 16 hr following inhalation.
They also found that the rate of *Kr uptake
was much faster for a small, lean subject than
for a heavy, fat one. Saturation times varied
from 3 to 9 hr.

' "he ATl

X o [
» . - % o 2L

. . PR L SO R S

Ve
YoM

K

-
.

4

a

X

A
"'r'.f'.l "“

4+
-

Yo'

P

i 25 W TS e




OF INHALED KRYPTON IN MAN

ralf-times

between the clearance rate for the

nd the per cent total body fat

ung concentration had

nificant Kr concentra-
he lower abdomen and

all the body tissues was not

the short exposure time of

- the absolute amount

1 the body was variable,

24.2 to 127 uCi (Table 4). This
dependent on (1) the Kr concentration in
mixture, (2) duration of exposure to
-air mixture, and (3) the total body fat
[he first two factors were kept rela-
int 1n this study. The total Kr

¢ lungs varied between 137.6 and

with an averaze value of 281.9=

lhe resulting average concentration
subjects’ lungs was 68.18 = 21.32 uCi/l
ire time was kept constant at
gnificant reduction in total body

ased on the whole-body counter




data) as compared with that
(gamma camera data) verified
clearance from the ngs anc
blood during the initial S min of was

Calculation of radiation dose from
Kr

The radiation d
on the type and
sideration must be
and inhalation contribu
ES'. Na > -)f the do
phenic " ar have been made (D
NCRP73). These calculations a
semi-inhnite cloud of Kr gas and «
oniy long-term exposures. U
ditions, one can assume equi
the various body us ‘
ton of Kr in the air
from inhalation woul

¢

cic | would

k ) &

ation, the whole ly dose fror Yhalation is s from !4sec to ir. The s'owest com-
negliy vCRP i h i'h percentage of
In short-term exposure hether admir iy fat, varying betweer 2 and 9.6 hr. The
tered for medical pu r occu ’ 2 wong-term retention s loca I 10
resuit of an accider A
achieved between
various body tissues. Use of . pre v
ted in this study will allow r a 1T date udy would

reg:ons

based

indicate increased
accurate determination of the inhalation dos €s 10 body f: gonads as compared
The dose to different tissues was estimat with those of previous investieators. These
with the MIRD methodology (MIRD75) The i reased doses rer reten-

Qalculations were based on  whole-h tion of Kryptor
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retention data from this study and the The model of standard man used in the
Sy 1Y ' " v \ »
values for "'Kr from MIRD pamphlet 117 MIRD calculations assumes a uniform dis-

dose to any tissue, t, would be tribution of fat throughout the body. This
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approximation i1s adequate for dose estima-

D, = 1.44+,CfS, nons for most radionuclides, but mav need

rehnement when the isotope concentrates in

where 7, is the average h: C the Kr the fat compartments. As was dem nstrated
activity in the lunegs 1), } the long-term distribution of
a&cuvity in the tissue relative to the ais 'Kr i uniformly distributed throughou

acuvity, and S the source-target value four he dy, but localized to the upper thighs
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and lower abdomen—regions of high fat con- K72 Kk W. P, 1972 YKr: A review of the
tent. The corresponding dose to the ovunes, | lierature and an analysis of radiation hazards,
which would be completely surrounded by EPA Keport NP-19251 (Rockville, MD: US.
the abdominal adipose tissue layer, would be i , [f:‘"'o.’"""n.,",l Protection Agency).
higher than those calculated in this study, o BiT . Bk ' P., 1973, Noble Gases R. E
Refinement of the MIRD model to inclule a S-“n‘:\rl R X.J..'S.E.R.D A- Ragen 1w

e L ) ¥ (Sprinzfeld, VA: NTIS), p. 439.
more rc;.xsuc approximation ot the body fat Ki7ih Kirk W. P, 1973, Ph.D. thesis, University
distribution may be warranted in the case of of Rochester, Rochester, NY.
radiogases known o concentrate in the ¥,7¢y Kark W P, Parish P. W, and Morken L.
adipose tissues A 1975 Heulth Phvs. 28, 249. .
KiTth Kioek N
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OAK RIDGE NATIONAL LABORATORY
OPERATED BY
UNION CARBIDE CORPORATION
NUCLEAR DIVISION

POST OFFICE BOX X
OAK RIDGE, TENNESSEE 37830

OFFICE OF THE DIRECTOR January 30, 1980

Department of Energy

Oak Ridge Operations

Attention: Mr. Joseph A. Lenhard

Assistant Manager for Energy Research and Development
Post Office Box E

Oak Ridge, Tennessee 37830

Gentlemen:

Krypton Gas Proposal

Reference is made to your letter dated January 7, 1980, on this subject. As

we have completed a preliminaru estimate of the costs and time
required to develop, design, construct, and test out a reliable and licensable
fluorocarbon system for removing Kr from the gas in the TMI-2 containment
vessel.

The system for which we have made the estimate has a nominal 475 standard
m3/hr capacity and a single-pass removal efficiency exceeding 90%. Under
these conditions, the desired reduction of 85kr to permit access to the
reactor building can be achieved in less than 60 days. The unit would be
housed in four refrigeration-type trailers which, together with a control
trailer, could be transported over the road. It was assumed, for convenience
in estimating, that system construction and most special fabrication would be
done in one of the "N-stamp" approved DOE shops, i.e., ORNL or Y-12., MNost
engineering and testing were also assumed to be done by UCC-ND in-house. This
should not be taken as a recommendation that UCC-ND do the work, because with
other commitments already in hand, it seems unlikely that this would be either
feasible or the best way to proceed. No further development work would be
needed.

Under conditions where a "crash program” could be assured, including rather
blanket approval to sole-source purchased hardware, the minimum time to
construct the mobile unit would be two years after authorization to proceed.

A more normal schedule for such a system would be four years. Both numbers
exclude any time required for the licensing process itself. We realize that
this lead time of two years is not consistent with the schedule that GPU plans
to follow in the recovery of TMI-2, but we think the availability of a mobile
gas cleanup device for possible future emergencies warrants construction of
this unit.




DOE, Mr. Joseph A. Lenhard 2 January 30, 1980

Our interpretation of your reguest that the system be "licensable" is that we
would have to assure that nothing would be incorporated during the design,
fabrication, and testing program which would preclude obtaining a system
license. Accordingly, we assumed that all reactor-oriented codes and standards
(such as both Sections III and VIII of the ASME code) would have to be followed.

With the constraint that the unit be licensable, we estimate that the cost
would be in the range of $§15 to $20 million (unescalated). This high cost is
basically due to high materials costs associated with such requirements as
maintaining traceability on components back to mill certifications. Another
example is the scrubber column, which has a nominal 0.6 meter diameter.
According to Section III of the code, longitudinal welds are not allowed in
vessels of this diameter, so that a special extrusion or casting will have to
be obtained. All in all, materials costs are increased by about a factor of six
with the "licensable” criterion. If this were not a requirement, then the
system cost could perhaps be reduced to something on the order of $10 to $§15
million, which is closer to a rough estimate we made previously.' We do not
believe that waiving this requirement would reduce the schedule substantially
(six months, maximum).

The fluorocarbon process is well-developed and represents very litile technical
risk. In addition, the system is highly tolerant of impurities and disturbances,
has a low operating Kr holdup, and is safe.

Please understand that this estimate was made in only a few days. This makes

the second such "crash basis" estimate that we have been requested to make

for a mobile Kr removal unit within the last few months. While we have done

our best to furnish responsible estimates under the circumstances, we would

like to have more time. Wwe do not believe that such preliminary estimates

should weigh heavily on important decisions. We urge that at least the first
phase of our previous proposal' be approved as soon as possible so that we

can provide DOF with a more definitive and more meaningful estimate of project
cost and timing. This phase would cost $500,000 and would take about nine months.

we would be pleased to discuss this with you further.

T

Herman Postma

Director
HP:JRM:1mm
cc: W. D. Burch J. A. Parsons
K. D, Fletcher, DOE D. B. Trauger
R. F. Hibbs P. R. Vanstrum
G. R. Jasny W. J. Wilcox, Jr.

J. R. Merriman = PC
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