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DISCLAIMER

This document was prepared as an account of work sponsored by the United States
Government. While this document is believed to contain correct information, neither the
United States Government nor any agency thereof, nor the Regents of the University of
California, nor any of their employees, makes any warranty, express or implied, or
assumes any legal responsibility for the accuracy, completeness, or usefulness of any
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United States Government or any agency thereof, or the Regents of the University of
California. The views and opinions of authors expressed herein do not necessarily state or
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" The scintillation camera has been described in a number of recent

. articles (1 5) In tbis article, the emphasis will be on. the capabilities -}:}f;

.producing pictures of the distribution of gamma-ray and positron emitting o

;nuclides in vivo. Over the past few years, it has been developed until it
"'fis superior in many ways . to medical radioisotope scanners. It is being

used for nearly all the purposes “of conventional scanners, such as’ the liver,7'

“,kidneys thyr01d, spleen, brain tumors, etc., as well’ as several new uses

described in this article. o - 33'”,-,‘,5",Eq f"'f}";; e ", ;;”x;~

: " One of the most important advantages of "the sc1ntillation camera com-'
pared to . scanners, is its higher sensitivity. Usually pictures can be taken

in 1/10 the usual scanning time. Shorter expOSure times encourage the uSe

of oblique and reverse views - (o), thus improving the diagnostic accuracy of ¥

the examinations The:shorter expOSure times are also an economic advantage,-‘yimig

Jbecause more patients can be. examined on. a given instrument per day It 1s i U

t ":" PR _‘.v.'u_ e : ",

also important lf the patient is seriously 111~

In some instances, the higher sen81t1v1ty of the scintillation camera:

'

permits reducing the. radioisotope dosage. Alternately the picture quality

can be improved by, retaining the regular exposure and dosage factors. A.
greater number of dots are then recorded in the pictures and their apparent }'7f

% resolution and certainty is’ improved because of the reduction in statistical

.
+

_,variations. R -uj,” L ;-H';,af,_ - ”~f : f' R

- . . : it

The scintillation camera has a_ further unique advantage.; Unlike scanners el

points in its field of view during the entire exposure time. Sequences of

-still pictures and time- lapse motion pictures can. be easxly taken.' When the Hi

‘counting rate is hlgh .enough, the exposure times can be as short’ as one" e R

second per picture or less, : Dynamic studies of’organ functions are among the ,-ﬁj7

' most interesting potential uses of the scintillation camera.; {uV -‘J"f:”* Z”m-ﬁl

Another important prOperty of the scintlllation camera is that numerical SO

data’ can be’ obtained from any area of the picture by the use of aux111ary 3utxzjﬁ'”

equipment.h The method w111 be described in detail in another publication,?f”



tape during the examinations, then selecting an area of an organ by refer-

“ring to the picture obtained, making a paper mask to correSpond to that area,'

o *.i*-;' appearing within the masked area. A curve of count rate in the desired area

q'}g{ versus time is plotted automatically. e 3 .;y"i. If " T
tﬂ , The scintillation camera has an important area of usefulness for<wh1ch
;ﬁ' scanners have been only sparingly employed, namely research 1nto the behavqor
“:j of tagged cornpounds in “both 5animals and, ‘humans . The shorter ex=
posure times, good resolution, and adaptability to dynamic studies make the '

Examples

- Brief Description of the Camera { s ' L'?j;Q{i..'b 3 .
The scintillation camera used to obtain the’ pictures shown 1n this lf
g article is essentially the one described in.a recent article in Nucleonics (1)

It employs an 11 1/2-inch diameter by 1/2 inch thick sodium iodide crystal

Scintillations produced in - the crystal by gamma rays are diSplayed on an:

image readout oscilloscope as bright flashes of light that correSpond in
‘:ﬁ: tions in the crystal are reproduced on the oscilloscope is- described in other

PolarOid film. The 1000 to’ 10,000 or more dots, that appear on the developed

D film form an, image of the radioactive subject..-'-‘ffgfﬂ‘v;g‘?‘ IR

Pulse—height selection is employed so that only those sc1ntillations that
'ffall within a narrow range of brightness are reproduced in the image- readout-
o oscilloscOpe.' The re5ult is that most- background dots due to stray and

-scattered. gamma rays. are eliminated . :j_‘s";] \ ;.z‘n'3 R

either by means of pinhole collimators or multi- dhannel collimators.' Pinhole

teristics of each of these collimators have been described previously (2)

-",.,. _\.,‘ R RTI O oy

.j{ and playing back the magnetic tape while detecting and counting all dots S

' ff"i viewed by a hexagonal array of nineteen 3-inch diameter multiplier phototubes.'

iff: articles (1, 8). The flashes are: recorded during a period of time, usually. on-

ra

posxtion with the original sc1nt111ations.‘ "The ‘method by which the sc1ntilla- EES

K

: ﬁ; ‘~Images of gamma-ray emitting subjects are projected onto the sc1ntillator Wi

o collimators give ‘the.best combination of resolution and sensitiv1ty for small 7. -

'éy,objects such as the thyroid gland Multichannel collimators give the best | &,'

AR e N
*

‘ jg, combination for larger subjects such as. the brain, liver, etc.' Other charac-b*:‘
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'“ﬂ; Two different mul tichannel collimators are most frequently used with' the

i rate scintillation counters. However, 'the new detector is simpler and:the,u; .

[
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il s is excellent.,_. SRS
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_Multichannel collimators are characterized by-a certaln’ efficiency, :_ }

. mined by the hole diameter, length, septal thickness and septal material.

e
i

PR scintillation camera. One is a high- resolution 1165-hole collimator designed
.' < 131 203 51 75

. for use with medium-energy gamma rays, ‘such as I ’, 7, etc.

(Collimator ‘A of. Reference 2).  The other is'a high -resolution AOOO—hole

;Q'collimator made of lead foil and balsa wood, and designed for use with lower-'
“ 99m . 123" 139

‘can also be used with 1ow -energy gamma-ray emitters; but the Specially de-

) ¢

signed 4000—hole collimator prov1des higher sensitivity andAequal or better R
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~ Positron Emitters coLte y A "”-ﬂi Coe

\ tector located below the patient. The principle of operatlon of this detectorr

has been described previOusly (1, 9). A new model is now in use which has a

'“resolution is better."The'pulse~height resolution of the newufocal detector
¢ '..' ?.’ .o !

’

'igﬁ} This more complicated method of collimation is used for positron emitters

because of the higher resolution and sen51tivity achieved However, the o
positron mode of operation has-an inherent limitatlon, because very high .
irof activity are near. the image detector. About 50~ 100 ke in ‘the immediate

;Jvicinity of the image detector is the present limit. However, this amount is

.~large enough to g*ve excellent pictures with a few minutes exposure. It may

'background is 'only a few counts per hour,_thus permitting overnight exposureé

”J“ of immobilized animals and organs 'in vitro that contain very small amounts of

\
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-resolution, and maximum gamma-ray energy. These characteristics are deter= .-

" Images of positron ‘emltters are produced by coincidence detection of the "

. collimators are not used the patient is positioned as close to the image ‘7tff'

:{f'efficiency is the same as the previous focal detector which employed 19_sepa-a:.

f~be increased by improvements in the speed of the electron circuits. . ',',{

IS

3‘gamma~ray pairs that’ are produced by p051tron annhilation‘ The gamma ray ZN‘V_.

:l,detector as possible, and. "collimation" is achieved by the positron focal de-:}t,'

'single\9 x1 1/2-inch crystal viewed by 7 multiplier phototubes.. The detection :

' counting rates are produced in’the image detector when relatively Small amounts T

NN
LI

.3 “energy gamma rays, such as Tc 5 ’ etc. -The 116S-hole collimator.ﬂ Q-"

" An advantage - of the positron coincidence: mode of Operation is that the i “, N



off the beam

’; The result is ‘a dark area 7

”within the pattern that corresponds W1th the pulse-height selector window. By’
varying the gain ‘of the amplifier circuits.and the width of the pulse-heightf

,'s

.attention mus t be paid to accurate p031tioning of the patient. The positioning-
-_can sometimes be accomplished by 1ooking at the image-read out oscilloscope
screen. :For- this purpose, a 1ong-persistance screen on the cathode -ray, tube
1is helpful because the dots remain visible. ‘for a longer time. “A memory-typef
oscilloscoPe is ideal (4), because each dot remains in view indefinitely
the,abovernethod1s1n3tused short test expOSures 1ast1ng one minute or lesa‘
‘on Polaroid film will indicate whether the subJect is 1n a pOSlthn ‘to obtain

‘the best pictures.; The most satisfactory method used so far to correlate"

B

vBy this method the costal margin can be 1nd1cated in pictures of the liver,

Art

Proper exposure of ‘the’ recording film Jis . eaSily obtained If negative

'film is used, the - exposure tnne and activity of the SubJect lS not critical

posure of the image is more critical, since Polaroid film inherently has
moderately high contrast,. HOWever,'the problem is easily solved Wlth the
multilens scope camera described previOusly (11)




i one of the images is almost certain to be correctly exposed u ‘The best-”?

B

exposed image ig" then copied in an enlarging copier to provide pictures for

‘the number of dots per unit area to different‘shades of grey.l It blurs the:g
‘distracting dot patterns,so they are no longer ViSible, and leaves the gross;
'variations intact. This technique is espeCially valuable for persons who haven
‘not had experience in. the interpretation of scans. Familiar patterns in the'
“subject became instantly recognizable through ‘the filter, yet there is no ..
fapparent loss of useful resolution. In fact, important details have been seen,f
With the filter when they were missed Without it. A satisfactory filter con-”
Sists of a piece of . Tru-Site Picture Framing Glass (Dearborn Glass Co.,,Bed—

"ford Park, IllinOis) Strong glare free illumination helpsvthe observer to

A typical liver study is shown in Fig 3 A.: Eighty microcuries of I

'fRose Bengal were inJected in a 160 1b man and 40 minutes later an 8-minute
'ffanterior exposure was taken.v A defect that correSponds in location with a',
'*jpalpable mass. is visible at the lower margin.i The patient had a cancer in f
‘the’ 1arge intestine removed 1 year prev1ously.: The- picture shown in Fig. 3B
is a diffused‘copy of Fig. 3 A The defect is‘more eaSily seen “and the .back- "
:ground is eliminated;; The entire liver of normal adults. can usually be|imaged
:within'the 9-inch diameter field., Enlarged livers require two or more fields. B
. Patency of the’ common bile duct can be demonstrated by the appearance of -
:1131 Rose Bengal in ‘the’ intestine. An example was shown recently in’ Nucleonics

(1) where a series of pictures showed movement'of the nuclide in the intestine




Stop-motion sc1nt1phot0graphy demonstrating the functlon of the kidneys
with I131 hippuran is shown Ain Fig. 4. . The. patient is first given lO 100 uo”
Jof Hg203 Neohydrin partly to locate ‘the. kldneys ‘and “to allow centering them

“:is the field of the camera. Posterior views are taken w1th the subJect lying
‘face down.' The pulse-height selector. is then set to 113 s “which effectively

1 makes. the camera 1nsensit1ve to ngqs, and 100 200 uc of 1131 hippuran is .. -
administered intravenously A series of pictures is taken w1th two minute ex-
posures.. In Fig. 4 A 'B, and C the Neohydrin picture is shown on the 1eft and
\the hippuran pictures are shown at the rlght starting w1th the 0- 2 minute ex-:
posure, ‘then' the 2-4 minute exposure, etc.‘y_ . .J

A normal subJect is shown in Fig..4A.- The hippuran is rapidly taken up
and cleared through both kidneys.v In Fig. 4B " the’ Neohydrin picture reveals a
large left kidney.,-The hlppuran series shows delayed filling and holdup in )
“the left kidney pelvis.w In thlS example the hlppuran pictures shown were’ taken
‘at 0-2, 2-4, 4- 6 . 8-10, 14 16 18 =20, and 27-25 minutes ; ‘

”the left kidney was found to have cystic changes.‘“f

fkemla.‘ He developed hyperten51on, and routine radiographic studies showed ;fg'
to 1eukem1a cell 1nfiltration of the kidney t ssue.» The first stop-motion
days.' A second stop-motion study showed dramatic diminuation in the 81ze of

" the right kidney, as demonstrated by the Neohydrin picture in Fig.t4 C and

Ehippuran excretlon study.} In this example, the hippuran series . was taken at,

regular 2-minute intervals, exceptfthe 1ast-p1cture which was taken at 26 28

: The use- of. Hg203 Neohydrin and the posxtron emitter Ga§8 EDTA for..
localtzing brain tumors with the scintillation camera has been described
(2, ~12 13)

;of S-minutes. _{ff

"'Recently Tcg? 1n the form of TcO (pertechmtate 1on)(i4) has beenused w1th

{the scintillatlon camera._ The AOOO-hole 1ead foil and balsa—wood multlchannel
' In Fig SA and 5 B the subject is a‘9-year old girl




T was exposed for h minutes.' Although a suspicious light area is seen at the i”'

.ij other flndings. She was treated with X-ray radiation and obtained good

.:Equality of pictures taken with this nuclide. It is one of the few that

Ti';located in the superior vena cava and the rightWaIrlan and ventricle.a,

ff;Early filling of the pulmonary artery is also seen.» In the fifth frame, more’hu'

-8A~
(R ) : Lo -_»’\,v_,..,

T mciof Tc99m and hS minutes later frontal and lateral v1ews were taken. Each_'

e

Q center of the ‘head in both views, the study was classified as equivocal

because the transverse sinuses are located in this area. The patient was

diagnosed as having an intrinsic pontine tumor, probably a glioma, from ;'33

'p'recovery from her symptoms. This example is included to show the technical‘;

. have been done with Tc

To show how quickly some tumors can be localized with this ;f

s'.

"f;; agent Fig. SC shows & 10- second exposure demonstrating a frontal lohe

"meningioma. The patient received 2 mc and lO OOO dots were recorded in i

:

_the 10 second exposure.

’ Stop-Motion Scintiphotography of the Heart E

In the course of examination of patients for brain tumors with
*chou stop-motion pictures of the tracer compound going through the heartﬁj

were also\taken. The purpose vas. bO demonstrate how much of the anatomyhﬂ.‘

‘ ,“';,"

and functiOn of the heart could be seen.vl ‘~‘J3§§‘f‘{f~jj;';L}'

An example ia diown in Fig. 6,; The patient was supine and the camera
‘viewed the anterior chest. Ten millicuries of Tc99m was administered by rapid
_Lgintravenousiinjection. The pictures were taken on l6 mm motion picture film

‘:ilat the rate of one frame per second. In the third frame the active bolus is 2.”

.'?

\_. ‘\,J. ’.

i:activity is seen in the main pulmonary artery, and'the right and left

.ﬁ;branches are beginning to fill.- In the lhth frame the aortic arch, thev_f”w;f



i

special properties of pinhole and multichannel collimators can
.‘be_.'{lged to- advante.ge '1n thyro1d examma.tmns
"tz_a.lier_i wi‘ch

gz <

of the neck that includes the ‘chyroﬁ.

This picture shows tha.t the pa.tient

thev 1165 hole multichannel collimator, shows e. 9 inch diameter a.res. ;

e

has no substernal extensions or hot nodules in the vicinity of the gland

NS

In Flg 7B

it

to the upper rlght




'_the picture is an enlarged oblique.view of the patient's'left lobe.,'ThethVﬂi":;tffﬁ‘
. gland contained'7 éuc of 1131, and the expOSure times for the survey picture:,

and the high resolution closeup were~5 minutes. each

¢ .
;

- Bone Surveys ‘with F18 ',ft‘

. The 1,8-hour positron emitter F18 has been shown to concentrate in bonelﬁ".
tumors and to reveal their presence in some cases before they are detectable 7“9f
‘on X-ray.radiographs (15) - The scintillation camera has also been used for :

‘this purpose (13)‘..' T K - S N : S
After seeing scintiphotos of the deposition of F18 in small animals, f.j

P Though F18 goes both to normal bone and soft ‘tissues (16), and about 50% is ;
normally excreted through the kidney, evidence indicates;that Fls“can be used'
'as an indicator of bone blood flow (17). e fﬁ R ﬁlﬁ | '
_ . To show the kind of pictures: obtainable with this nuclide, the folloWing
-examples are included. The deposition of fluoride ion in the skull of an
adult is shown in Fig. é-A.v This left lateral wview was taken about;3 hours ’
vafter oral administration of 700 pe of F18 as NaF : Exposure time was three
ﬂ;minutes. The relatively low uptake of fluoride in the 1ower jaw is believed
. due to the relatively poor circulation of blood to this part of. the skeleton.j’

.. The subJect had all teeth intact. T 'Ajbf. S B

.:1,f{' The depos1tion of fluoride in the hand of the _same sublect at ALhoursiis

1flﬁf3 shown in Fig. 8 B.| The picture shows the activity 1s not concentrated in the bones

M sy ey e i -

SRR : of the hand, out is in the soft ‘tissues. The exposure time was 5 minutes and only

“1.25 pc were present in the hand. The background ‘dots are caused mostly by -

:acc1denta1 cOincidences from actiVity in the rest of the patient._ i; Ng_:~'

The deposition of . F18 in a 73-year 0ld man with Paget's disease is shown
in Fig..9., He received 280 pc intravenously, and a series of 10 fields were-_

<taken one to two hours later. Each field was exposed for 4 minutes.4 The

;tion. Because 4 of the ‘areas were very intense, a 1ess intense image of these

areas is shown to the side. These were obtained from the preViously described

6~ lens OSCilloscope camnera.used.to record.the pictures {




/',i did not urinate between injection of - ¥ and taking the picturee.f Apparently ; ffimf

. the F18 was taken up so rapidly by the diseased bone that the blood level fell .

y“:-‘; extremely rapidly, and there was virtually no. chance for uptake in normal bones

or excretion via the kidneys.

Scintiéhotography of Functioning Bone Marrow ;, . R Do N

The 8-hour positron emitter Fe” and the scintillation camera can be used

v'to map the functioning bone marrow in humans (9 18) The radiationv doée is

1 2 hours are required to take the pictures. However, the nuclide muSt be

made on a cyclotron and used promptly. The method of preparation has been
. described (19). C RIS A

A A o v,

P The dlstribu‘clon of marrow in a 19 -year old girl is shown in Fig '10

i’nicrocuries of Fe52 were given and the pictures were taken '16 hours la.ter.'

. field was exposed for 410 rninu_tes. ~This girl was normal except for a mid-femural (. -
._lfracture 4 months previously which was h-ea.ling normally. The scintiphotos. show
more marrow. in the right femur dz—s_tal to the fracture than the left. Pictures of
.A-:,-’the distribution of F18 in this same patient showing high uptake at the site of the |

healing fracture, have beén published elsewhere (17).

‘ StudleS of Tagged Agents in Animals ";i ]‘”~ '_ ‘.."'ﬁa ) -'§'d=§f“ L

The behavior of radioactive’ fluoride ion. when injected intravenously as |

\ NaF in a young 250 gm rat is shown in Fig. 1l. Thirty microcuries of carrier-:f"‘-;;

. 18
' free F°~ were administered and a series of Z-minute exposures were taken at

10 45, and 90 minutes., The fluoride was distributed in-all tissues at first,
5{ and then became concentrated in the bones, one' kidney and the bladder. . The ](‘:
“ kidney was sectioned: dater and was. found to be hydronephrotic. It was ' first
B 1'conc1uded that . the fluoride deposited in the growing epyphy51s of the bones,-f
o but later experiments with hypophysectorimized ‘and normal rats, 1ead to the h{ﬁ;ogf,;

PSRN
conclus:.on that fluoride deposits in the parts of bones where the circulation

";'is greatest. It can therefore be used as an indicator of bone blood flow (17)
i - L ; 4 . ) . ".[','J

Uptake of Fls in Soft TiSSue Calcifications » ,’ _ . :»*. - ‘.‘ L
e The uptake of F18

in 1t the hind quarters of a young rabbit is shown in Flé 12 A

[ [ LU e e

_.’-""I‘he uptake 1s norma.l and symetrical except for a promlnent spot at the lower righti i

e e

cr o dn the area; of the left h1nd leg muscle.. |After killing the animal, the leg was ;"’
L ~-;¢ut off and akinned and the picture in Fig. 12 B was taken. .On dissection,

t .’."




an area of abnormally pale muscle was seen that correSponded 1n pos:.tlon w:.th

u;,'the_ area ‘ofr up.take._ A roentgogram of an exc:.sed plece of the abnormal: =~ - =

‘tissue revealed ‘minute areas of increased densxty, preSumably representlng

' ._‘calc:l.fied degenerated muscle flbers. - '.I.‘he calcification was extremely small,

. yet the accumulation of - F18 was -comparable to that of the adJacent bone. ThlS.'J

Ifind:.ng suggests that F18 may be useful for demonstrating early calcifrcation '

-~ of diseased tissues, I . = L o

- . - . Lo . A . - R .

The versatlllty, excellent resolution, and rap:.d:Lty w1th wh:.ch pic‘.tures
can be obta:\.ned as well as the relatively small doses of" 1sotopes needed

makes the sc:.ntillat:.on camera an ideal lnstrument for clinical and basm

e — © e - .

research as well as for routine clinical d1agnos1s It prov:Ldes us W‘.Lth a more

;

ra.pld means of f1nd1ng materlals that localize in.specific. places in the human body

and illustrate specific functions ‘The foreg01ng examples have been selected to :

demonstrate the broad ra.nge of appllcatlon of the scintillation camera.

R T
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Fig. l., Scintillation camera w1th system for changing gamma ray collimatorsf',:;ﬁfﬁ

‘e

o rapidly. For positron emit ers,Acollimators are pushed to the 31de as

e

shown and collimation is achieved by c01ncidence techniques.
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. :
vy

“ . ‘.',vm . s

hFigure 2., Pattern shown in Window-indicating scope.

(A) Pho»opea& line

« 5

is viewed through diffu51on iilter._fj

. s . ’ 20 3
Conventional and stop-motion kidney studies. Hg -Neohydrin
( ;pictures’at left; exposure time 5 minutes.~ I}Bl‘hippuran excretiou'series:x
D j.e.t right, exposure time 2 minutes per picture.l (A) Normal (B)

Cystic left kidney, (C) Leukemic cell 1nfiltrated kidneys.

e Y .. . , \’.
C S .
vy " .

Jﬁﬁ;?ﬂ Figure 5 Brain Tumor studies taken with ‘I‘c99mio)+ (A) Posterior view and?

. o —

.?ng" (B) Right lateral view in subject with probable pontine elioma Exposure i ‘
L : time A minutes each.: (c) Anterior view mn patient with frOntal lobe ?3g
';5334%,1' meningioma.. ExPosure time lO seconds._‘“'

" Figure 6. Stop-motion study of Tc99m

fintravenous inJection.‘ Pictures taken at l-second intervalSwe

~'-»I:?‘i'guz'e"'f (A) Scintiphoto of thyr01d gland and surrounding area taken
:with multichennel collimator. (B) SClntiphObO of same thyroi& taken

' with triple—aperture pinhole collimator.,,rﬂf




e

 Figure 9. Deposition of FO in Pagets disease. Fach circular area is ' -l . i '+

“.a positron se¢intiphoto that was exposed for 4 minutes. The L are.as‘g-_;'._""VV'..\‘.J S

el '
" Figure 8.. (A) left la.teral V:Lew of ‘adult head ta.ken with Fl8 (B) l—\omc\ o‘(: same
Sgpject. From the cOunts obta;.ned only ., 1 zsﬂc was present 1n ‘the hand Exposu;e
" times were 3 andSmlnutes. L . R v ‘. }’

. . 1 . . ‘ ’ . . R ) ) vt‘ f
'c»on‘nected by dotted lines are less-intense images obtained from 6-_- e
lens scope camera. - . .. - L 2l .

Figure 10. : Distribﬁtion of erythropoietic marrow in. 19-year old girl, normal ‘

except for femural fracture 4 months previously. Sixty uC of Fesz, ‘a positron "A
o emitter with an 8-hour half-life, was injected 16 hours before pictures were R
taken. : : ‘ ' - : _
Figure 1l.° Depositiqﬁ of Flaﬁi_h a rat. "Pietu'res were vtv'a.ke.n;at 10, L5, ;
.. 90 minutes after injection. - S S ,
Figure 12\ (A) Anterior view of the distribution of Fla'ifx‘ pelvic a.rea.' % '
of a ra.bbit. The prominent spot a.t lower right is ca.lcified muscle t:t.ssue. ; '

(B) View of left hind leg after rabbit was killed and leg amputated

o ’ The femur, t1b1a, foot, and calcified area of muscle are shown,
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Multichannel
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“

This report was prepared as an account of Government
sponsored work. Neither the United States, nor the Com-
mission, nor any person acting on behalf of the Commission:

A. Makes any warranty or representation, expressed or
implied, with respect to the accuracy, completeness,
or usefulness of the information contained in this
report, or that the use of any information, appa-
ratus, method, or process disclosed in this report
may not infringe privately owned rights; or

B. Assumes any liabilities with respect to the use of,
or for damages resulting from the use of any infor-
mation, apparatus, method, or process disclosed in
this report.

As used in the above, "person acting on behalf of the
Commission" includes any employee or contractor of the Com-
mission, or employee of such contractor, to the extent that

"such employee or contractor of the Commission, or employee

of such contractor prepares, disseminates, or provides access
to, any information pursuant to his employment or contract
with the Commission, or his employment with such contractor.
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