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Abstract—A new whole-body counter is described that provides a method for the determina-
tion of the amount and distribution of radionuclides in the human body. The quantitative
measurements are relatively independent of differences in the distribution of the radioactivity
" in the body or the anatomical differences of the individuals who receive the whole-body counts.

N - The measurement is taken with the human subject rotating on a power-driven turntable while
the scintillation detectors move down the longitudinal axis of the rotating body. The result

of rotating the body with respect to the detector is the elimination of eflects caused by changes

in Jocation of the radioactivity and the differences in the absorption; esscatially the effects

of these factors are averaged. Because sources of activity that are displaced from the axis of

rotation in a revolving sample or human body produce oscillations in counting rate, the

, approximate Jocation of the radionuclide can be determined at the time of the quantitative
- measurement. The position of the detector with respect to the different parts of the body can
be defined as & point along an imaginary helix if the measurement is taken while the detector

is moving down the bongitudinal axis of the rotating body. The location of the radioactive

source is indicated by increased counting rate at points along this belix which surrounds the

7 body. Counting rate, linear distance of the detector down the body from a reference paint,
and body orientation with respect to the detector are the three variables for defining the

position of activity. This technique of counting is especially applicable for the ix siov deter-

mination of radiooudlides in the human subjects because both the body radioactivity and

approximate distribution can be determined simultancously. In addition to whole-body

counting, the combined rotation and scan technique is also a method for the determination of

activity in biological samples in which large volumes are required to obtain adequate sensi-

tivity. The procedure can be used for any type of solid samples that contain an unknown
distribution of activity. The density of the matrix material in which the activity is contained
mdﬂudhuibuﬁmdthcacﬁvityintheamplcmdianedumuﬂbcﬁngm

Applicability of the method to i pio whole-body counting has been confirmed by counting

3] and ¥Mn at various locations inside a buman volunteer. The maximum varistion of

counting rate for different positionings of the sources in the body was 400 and 19 per cent for

the static counting method and the new rotation method, respectively. The counting

sensitivity is comparable for the two methods if the volumes of scintillation detectors are equal. _ 1

RADIONUCLIDES can be determined quantita- unknown amounts, then mounted in some unl- -
tively by gamma spectrometry, but the energies form coafiguration for counting. These neces- 1. [ .
must be suficiently different to permit resolu-  sary steps for preparation of the sample are
thon of the different components of the spectrum,  obviously impossible when ix sise determinations - - ;
and a known counting geometry must be mrequimdmmndiomcﬁdahhn- o %A
maintained. Both the distribution of the subjects. Both the configuration of the ssmple
activity in & sample and the matrix which and density of the matiix containing the sowrcs - °. "5
surrounds the source of activity mast be known. of
Solid samples are first dimolved and treased o the activity is generally aot known. . :
remove absorber material which are present in~ Ecvors dwe o0 cowsting grometry cam b9 o
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ti:2 points of mciivity In the body end the
sciiiliation delector ave sti!l not altered by thls
fncocased distance. These variables continue to
be a source of error. Considerable work hes
been done to determine optimum positioning
of the body with respect to the scintillation
detectors for whole-body counting. The tilting-
chsir and the 30-cm-arc techniques are two of
the more common methods,!¥ and, more
recently, whole-body counters have been de-
with multiplecrystal arrays as de-
tectors. ) The shadow<shield counter has a
single detector, but the body is scanned during
dieptmodofcmmtmg“’ When detailed energy
resolution is not requm:d, liquid scintillation
whale-body counting is the preferred method.(¢?
Differences in the distribution pattern of the
\vity in the body have less effect on the
nting rate under these conditions of count-
ing, but the method is essentially for the
determination of gross gamma activity.
The purpose of this investigation is (1) to
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Fro. 2. Experimental sample model used to

~ompare the effect of source position on counting

‘¢ for static counting and rotational or
rota-scan counting.

from which the gamma-energy spectra were
available from readout by typewriter, paper
tape punch, or an X-¥ plotter. A counting-
rate meter with an X-Y plotter was operated
from the output of a 3- by 8-in. collimated
detector or from one of the 8- by 4-in. whole-
body counting detectors to obtain the helical
scan plots. The experimental models of samples
that were used to demonstrate the effect of
rotation consisted of liquid-tight cylindrical
containers with provisions for mounting the
source at selected positions (Fig. 2).

The effect of the distance of the source from

the detector and the effect of changes of the

matrix for rotating samples were determined by
repeated counting of sources in different ab-

" sorbers at selected positions in the sample.

Air, water, and tissuesimulant solution were
the different matrices surrounding the sources
of activity that were suspended at positions
ing through the center

721

§1uiss et Giffirent loentlons bn & water psatrle, <

A Bfestze manikin with eeswratily gaeitioned
orgens was wed to shaukite the bwsn body
for the collection of the firre Lelleal scanning
data, The posicion of radioaclive sources p
in sclected organs was determined by moving
the detector at a constant rate,
along the rotating body. Counting sates were
recorded by an X-Y plotter as o function of
detector position (down the longitudinal axis
of the body) and the orientation of the body.
The latter two variables define the detector
position along an imaginary helix surrounding
the body. Helical scans were taken with
sources in the lungs, stomach, and kidneys;
and both the body rotation rate and the
detectors were changed for diffcrent trials.
Finally, human subjects that had voluntarily
ingested radionuclides were repeatedly whole-
body counted at different times after exposure
by the rota-scan technique and the conventional

method (50-cm-arc). Bothﬂ)emu-oanwhob-

bodyspectx.umlndabdlalmpbtm

RESULTS AND DISCUSSION.

The effect of rolating the semple during the process

of counting '
Figure 3 shows a comparison of counting

rates for different positions of a source inside a

rotating sample and a sample counted in &

static state. Data points are from in

counts under the 0.66-MeV photopeak of 331G

measured as a point source suspended in water,
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Fro. 3. Effect of source position change oa counting rate with and without sample rotation-
’ source in water,

Curve 1. Static counting with source displacement at 90° to the crystal face,

Curve 2. Sample rotation counting using the same source posittoning.

of counting. The counting rate for the rotating
mode! increased as the source distance from the
axis became greater. The difference with the
source positioned at the axis of rotation or at
12 em from this point is approximately 33 per
cent which is a distance change from a minimum
of 3.5 amn from the crystal face to a maximum
of 27.5cm from this reference point. The
difference was about 400 per cent with the
source at these same two positions when the
sample was counted in a static state. (without
rotation) as shown by Curve ] of Fig. 3.

The ¢ffect of the matrix surrounding a sowrce of
activily in & rolating sample

Tussue simulant solution s compared with
air as the medium surrounding a point source of
B1Cs counted at different positions inside a
rotating sample (Fig. 4). The maximum
displacement of the source from the rotation
axis was 5.7 cm, and the minirnum and mevimum
distances from the detector face were 2.8 cmn and

14.8 cm, respectively. All four curves represent

data for identical conditions of counting except
for the change of the absorber or matrix sur-
rounding the radioactive source. Curves 1 and
2 of Fig. 4 arc based on gross gamma counts,
summation over the complete encrgy range of
B7Cs; Curves 3 and 4 of Fig. 4 arc from the
same spectra, but the data points represent
integrated counts under the 0.66 McV photo-

surrounding the source when counts under the

- 'photo-peak only are the basis of counting rate,

which is evident from a comparison of Curves
8 and 4 of Fig. 4. The absorber had the opposite
eflect, causing the counting-rate variability
to decrease for differences in source position
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FRACTIONAL COUNT RATE
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Fic. 4. Effect of s0::: ¢ matrix on counting rate for rotating samples.

Curve 1. Air matria

- €ross counting.

Curve 2. Tissue simulart notrix—gross counting.
Curve 3. Air matrix—pxak integral counting.
('urve 4. Tissue simulant matrix—peak integral counting.

spectrum or for the integrated counts under
the photo peak (Curves | and 3-of Fig. 4).
The fractional differences for the counting
rates are plotted as a function of source position,
shown by the graph at the right in Fig. 4.

Counting of large samples by combirec scanning and
rolation (rota-scan)

Results of rota-scan counting of large samplzs,
approximating the size of the human body,

are shown in Fig. 5. The two curves show
results of counting a source of 37Cs, suspended
in water, at different positions on a Lne
extending diagonally through a 30- by 92-cm
cylindrical containcr. A diagonal distance of
zero, as indicated by the diagram to the right,
is designated as the position of the source which
is the greatest distance from the detector with
the cylinder in the position for static counting.
Counting with neither sample rotation mor

. WITHOUT SAMPLE ROTATION OR
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Fro. 5. Effect of combined rotation and detector movement along the sample.
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detecter maviment was done wiih the doteetor

remaining at a position over the ceuier of the
cylinder. The data for Curve 2 of Vig. 5 were
obtrined with the eylindiical container rotating
at 2.4 rpin while the detector moved 7.6 in./min
paralle]l to the axis of rotation. The outside
cdge of the detector was- aligned with the end
of the containcr at both the time of the beginning
and the time of the tenmnination of the scan.
Each point on the curve is for a different
position of the source along the diagonal line
indicated in the diagram. The counting rate
shows an increase as the source was displaced
from the rotation axis toward the end of the
cylinder. However, this variability in counting
rate from results of rota-scan counting is not
excessive when compared to the data obtained
with the sample remaining static during the
period of counting.

Rota-scan as a method of whole-body cov-.:i -

A comparison of the conventional method
(static counting. and the rota-scan technique
for whole-body counting of a human subject
is shown in Fig. 6. For the first phase of the
study, the data were from repeated counting
of an individual who had ingested 131 (Curves |
and 2 of Fig. 6). The activity was sealed in a
three-layer gelatin capsule and taken orally
immediately before the first whole-body count.
Initially the activity was a point source; but
after dissolution, the radionuclide was subject>d
to the characteristic metabolic processes for

iodine in the body. During the 24-hr Eh.nc
interval, changes in pesition of the activity
resulted so that distibution diffcrences are
nlso represented by points along the absciva.
Variations in counting rate show the inaLility
of the indicated technique to compcnsate
for distribution changes of the radionuclide
in the body. The state of the activity ra‘ngcd
from a point source, initially, to a widely

distributed source then back again to a point

source as part of the 1!l became concentrated
in the thyroid. All whole-body counting data
were corrected for radiological decay and
excreted activity, and the counts recorded were
from the 0.36-McV photopeak of 13!] integrated
over the energy range from 0.31 MeV to
0.44 MeV. Compton contribution from the
pcaks above 0.36 McV was subtracted. The
first whole-body count was 0.8 hr after the
capsule had been taken orally into the body and
is represented as the high point on Curve 1
of Fig. 6. This count was before the first
indication of activity in the blood. The capsule
dissolved, releasing iodine to the blood stream,
sometime during the time interval from 2.0 to
3.5hr. This information was from the hand
counting data. Maximum activity in the blood
was at 4.7 hr after the capsule was ingested,
which is also the time the low point appears
on this curve from the static counting data.
The activity was undoubtedly dispersed to the
greatest extent throughout the body at this
time. The iodine in the blood, circulating in

24
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Fio. 6. Comparison of static ar< -~- ~an techaiqua of whole-body counting.
O @ Soluble capsule of 10dine-131 counted s riw by the two different methods.

® 1nso! 1ble capaule containing iodine- 131 counted m mw by rotascan technique. DOE/HQ
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Fi16. 7. Comparison of static and rota-scan techniques for whole-body counting of a human
subject with an insoluble source of mangancse-54 at various locations along the GI tract.

the legs, head, and other extremnities of the
body, would contribute verylittle to the counting
rate. The gradual upward slope of the curve
between 5 and 25 hr could result from the slow
transfer of this activity from the blood stream
to the organs of the body that were relatively
near the detector, with less absorber between
the source and the scintillation crystal. The
iodine would be concentrated in the thyroid,
liver, and bone after equilibrium had been
reached.(?

The results of whole-body counting by the
rota-scan technique are shown by Curve 2
of Fig. 6. The data points for this curve were
from repeated counting of the same individual
who had been exposed to the soluble 1311 and
were used to obtain the previously discussed
data from whole-body counting by the con-
ventional technique. The initial counting
rates which were obtained before dissolution
and blood uptake, were high; but the variation
was much less for this method of counting.

* This downward curvature of the plot, covering

the interval up to approximately 5 hr, could
result from the combination of events indicated
above. The sequence of events could include
the dissolving of the capsule, traveling of the
released activity further down the gastro-
intestinal tract, and the transferring of the -
activity into the blood stream. The difference
in the counting rate at | and 8 hr is probably
the result of a change from a point source to &

widely distributed source, which undoubtedly
represents the most adverse conditions of source
distribution changes that would be encountered
in whole-body counting. After relcase of the

‘iodine to the blood, the curve slopes slightly

upward as the activity becomes concentrated
in the organs. The small difference in counting
rate for this large difference in geometry is
insignificant, especially when compared to the
results of static counting. Results of another
study show the counting rate remained nearly
constant for an insoluble point source at different
positions along the gastrointestinal tract (Curve
3 of Fig. 6). Those results again demonstrate
the capability of the rota-scan technique to
reproduce counting rates for large differences
in the position of the activity in the body.
The curve shows a slight downward slope as
the source moved to a position in the rectum
near the terminal point of the scan. The data
for the 25-hr point were obtained immediately
before elimination of the capsule in the feces.

Figure 7 shows a comparison of static and
rota-scan whole-body counting for measuring
activity of an insoluble capsule of #Mn at
diffcrent positions along the gastrointestinal
tract. The counting data were from integrated
counts under the 0.84 phbotopcak of #Mn.
A high counting ratc was obscrved for the
entered the stomach, but the carve & el
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S CIANTILY AND DISIRIEUTION OF EODY RADIOACTIVITY

source had been in the bady more than 2 hr.,
Maximum and minimum courting rates for the
static counting method were taken at 1.5 and
13 hr, with the source positoned in the stomach
and lower colon for the higl a:n! low points
on the curve. These source prsitions were
determined by helical scanning of the body at
the time of the whole-body count. The addi-
tional high point on the curve, at 5.3 hr,
resulted from a source positioned in the small
intestine, toward the ventral side of the body
in linc with the center of the detector. Other low
points on the curve were -obtained with the
source in the lower large intestine. The reason
for the low count at zero time is unknown.
However, the source may have been positioned
in the lower end of the esophagus or along the
posterior wall of the stomach at a greater
distance from the static detector. The capsule
was swallowed with the subject in the counting
position.

The effect of the scan length for stabilizing
the counting ratc caused by differences in
activity position was investigated by counting
an insoluble source of radioactivity at different
positions along the intestinal tract. Although
the amount of data collected was limited, the
importance of this variable is demonstrated in
Fig. 8. The decreased counting rate at approxi-
mately 24 hr is the result of the increase in
the amount of absorbers surrounding the source
at this point in the lower gastrointestinal tract,
added to the effect of positioning of the activity
nearer the terminal point of the scan. Extension
of the scan length was effective in compensating

for this deviation from lincarity. Results of
this study demonstrate the importance of
determining optimum scan length and the
points along the body for the start and termina-
tion of the scan.

Helical scanning

Helical scanning was investigated as a
technique to determine the location of activity
in the body. Figure 9 shows the variation in the
instrument response from activity in 2 human-
size manikin which was maintained in a state
of rotational motion with the detector moving
lengthwise along the body during the period
of counting. The detector position on the
longitudinal axis of the body (scale at the center
of the graph) is plotted as a function of counting
rate. Body orientation with respect to the
detector is indicated along the top of the figure.
With the manikin facing the detector, the
orientation of the body is defined as zero
degrees. The point on the symbols indicate the
direction that the body is facing (nose position)
with respect to the detector symbols below.
The anatomical drawing shows the position
of the body orgzas with respect to the peaks
of the counting rate meter response curves,
Sources were positioned in the kidney and lung
to obtain the data for this first helical scan.
The body was rotated at 0.6 rpm and the 8-
by -Gin. detector (without collimation) moved
along the body at 2.2 in./min. Peaks are visible
each time either the kidney or lung, which
contained the source, was a minimutn distance

DOE/HQ
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Fic. 10A. Helical scan-sources in kidneys of “Remcal” manikin.

lung activity predominate until the detector
was at a position greater than 12 in. down the
body from the point of the nose. The high peak
from lung contribution was at 8 in., occurring
at a point over the upper half of the lurig. The
body orientation indicated for this high counting
rate shows the right side of the body toward the

detector (~300°). The counting rate contribu-"

tion from the kidney predominates at distances
greater than 12 in. along the body, with peaks
of equal height occurring at 17.5 and 21.5in.
The peaks from kidney contribution occur
repeatedly with the indicated body orientation
at about 135°. The high peaks resulied when
the detector was over the left kidney.

A collimated detector was eflfective for
of the manikin (Figr. 10 and J0A.. The upper

curve was obtained with a 3- by 3-in. scintilla- -
tion detector collimated to 1in. The scan rate -
was maintained at 2.2 in./min, but the body
rotation rate was increased to 2.4 rpm. Two
peaks are resolved for a single turn of the body,
and the high peak of the curve is at 2] in,
which is directly in line with the kidney
position. The curve shown in Fig: 10A is
the scan for the kidney arca only and is between
18 and 24 in. The abscissa scale was expanded
to obtain the dctail curve. The two well-
resolved peaks occur 90° apart, with the valiey
between the peaks at 180°. For this orientation
of the body, the position of the detector is at
the center of the back, between the two kidneys,
Relative activity Jevels for the two kidneys are
indicated by peak height diffcrences.

The invetigation of the belical scanning

DOE /HQ
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Fic. 11. Helical scan of human body. Point source of manganese-54 in stomach. 3 in. x
3 in. detector with 3 in. collimator. Scanning rate 2.2 in./min. Body rotation rate 1.2 rpm.

technique was extended to in vito determinations
of the position of activity in a human subject.
Scans were obtained of an individual who had
voluntarily ingested a radioactive source con-
taining 1 uCi of insoluble ¥Mn. Twelve
different observations were made at intervals
over a 20-hr period to determine the different
positions of the source along the gastrointestinal
tract. The rate of movement of the detector
down the body was 2.2in./min, and the
rolation ratc was maintained at 1.2 rpm. The
3- by 3-in. detector was collimated to 3 in.
Detector movement, at a rate of 2.5 in./rev of
the body, gave a slight overlap of the helical
pattern to ensure complete coverage of the body
surface.

The first scan of the individual was at 0.2 hr
after ingestion of the insoluble capsule of
Mn (Fig. 11). A maximum counting rate is
indicated with the detector at a distance of
15 in. down the body from the point of the nose.

The peaks occur with a body orientation
of 65° with respect to the detector (body facing
toward the right from the detector axis) and
show that the source was displaced from the body
axis toward the left side. The source position
as indicated by the experimental data is shown
on the anatomical drawing. This position
in the stomach agrees with the postulate location
at 0.2 hr after ingestion. At 5.5 hr after inges-
tion, the source had moved to a position 25 in.
down the body (Fig. 12). The orientation of the
body (shown by the scale and symbols at the
top of the graph) was 30° with the detector
receiving maximum signal at the time the body
was facing slightly right from the detector axis.
These experimental results place the source,
as indicated by the drawing, at a point in the
small intestine which was toward the ventral
sidc of the body. The helical scan, taken at
13.1 hr after ingestion of the activity, indicates
a source position 19 in. down the body from the

DOE/HQ

= RSSO 'Q ot %
S A

bt 140001

BRSO/ )




+ b
2 Lma

- Lt i

ah il

s e
Ta e .
W R WP PP IR WY TRTRF T

.
TS

- LA
y oS ent.

313

(.‘20 O.
! ! } ’Y= 9 { | l
31
RODY CICENTATION

730 ASSTSEING QUANTITY AND DISTRIBUTION OF EODY_RADIO.-\CTIVITY

£30°

Fic. 12. Helica! scan of buman body. Point source of mganm-y} in small intestine.
3in, x 3in. detector with 3 in, collimator. Scanning rate 2.2 in./min, Body rouung
rate 1.2 rpm.

Ta.bL' 1. Helical scan data for source )ontw:u aleng

the GI tract i
SCAN TIME (h] SOURCE 8o0Y . BODY
NO. AFTER DISTANCE ORIENTATION ORIENTATION
INGESTION FROMNOSE (DEGREES) ° DIAGRAM
(INCHES)
) - 02 » €5 Y )
2 1.5 14 90 .
3 21 15 90 ;@
4 a5 8 135 i 9w
5 48 2% a5 b
g :5 25 30 ; z A
. 9 23 ] - e d
(] R 24 180 . ‘. o
* $0 19 90 <
10 108 19 90 z .
" ) Y 80
12 178 2! 70 .:
3 93 27 18C

l

BO0Y FACLBY DIR{CTLY TOWARD DETECIVUm eunt O*
ORIENTATION CLOCKWISE ROTATON

point of the nose (Fig 13). The orientation of

. the body for maximum counting rate was

approximately, 90°, with the left side toward
the detector. These results indicate & position
of the source in the region of the descending
colon, which again is not different from the

. postuated position for this residence time of the
" source iin the body:
_the data is shown for only three of the thirteen
*  difference scans, but all data are presented in
s. Table 1. Elapsed time after ingestion of the

*- gource, distance of the source down the body

Detailed presentation of

froms the nose, body orientation in degrees
with respect to the detector, and the body
orientation diagram are tabulated in this table,
The results of these thirteen different scans
trace thc movement of the source along the
gastrointestinal tract from 0.2 hr after ingestion
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Fio. 18. Helical scan of human body. Point source of manganese-54 in the descending colon.
8in. x 3 in. detector with 3 in. collimation. Scanning rate 2.2 in/min. Body rotation rate
1.2 rpm.

of the source to the time immediately before
elimination in the feces. The body orientation
for maximum counting rate and distance along
the body remained nearly the same for the
first three scans, covering the time period up
to 2.1 br after ingestion. The scans. obtained
between 8.5 and 7.1 hr indicate source positions
in'the small intestine and in the upper part of
the large intestine. The difference both in body
orientation and in source distance down the
body from the reference point for the maximum
counting rate is clearly indicated.” Between 9 hr
and 13.1 hr after ingestion of the activity, the
peals remained at 19in. with a body orienta-
tion of 90°. The indicated pasition of the source,
dcrivedfromthacdau,hind)cdcwmdi.ng
colon. At 17.5 hr, the direction of moveus..
was toward the ventral side of the body (707)

and the distance down the body increased to
21 in. The maximum distance recorded was
27 in., and the peaks occurred with the body

facing directly away from the detector at 180°,

The source was eliminated in the feces shortly
after this last scan. . . .
BUMMARY

The rotascan technique of whole-body
counting is an effective method of monitoring
human subjects for interna! exposures to
radionuclides. The method i simple and
reliable, rendering information concerning the
amount and the posiion of radionuclides in

" the body in & single counting operation. Using

equal crystal volumes, the semsitivity for the
ncw method s comparable with cooventional
methods of static counting, and the resaln
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are much more accurate, Reiorch, invelving
mure sophisticated fustrusic:tation a-: the use
of roteting detectors with the Taeman suliject
remaining siatic in the horfiontal position, is
under way to further develop the technique,
The whole-body counting program for both
routinc parsonnel monitoring and  rescarch
at the National Reactor Testing Station will
utilize the rota-scan whole-body counting tech-
nique. The method is especially applicable for
whole-body counting at the NRTS bccause of
the prevalence of exposures involving insoluble
particulate materials containing radionuclides.
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