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FOREWORD
53

This report of dosimetry problems and resume of a visit to United States
scientific establishments was prepared by Dr. Haruma Yoshinaga and
submitted to the Division of Medical Sciences, US National Academy of
Sciences-National Research Council, as a result of his visit during
5 January-25 February 1964 to the United States arranged through a travel
fund by the US Public Health Service under the auspices of the US National
Academy of Sciences-National Research Council.

Included is a list of establishments visited by Dr. Yoshinaga and
personnel he met while in the United States, many of whom have direct
connections with ABCC.

CTOBMBNEMBECHTIHES LUKEOMERB~0RERE0E L oL, HiHES
rhiornfERan, REFLRE -FHSEESEE B SN0 THE. 45, 40
DEK(1964%F 1A -2 ABE) 13, KREY LK -$WERO JTEEI L > TREL R
mER,EFHENARBIZEVARIZE L DTHS.

EEPE I, ShELAERDHMELAZSHEEEELRA LA DAL HiEA 2R
LiAeD% {14, ABCCLE#MMELE2>ALTH 3.
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REPORT OF DOSIMETRY PROBLEMS AND RECOMMENDATIONS FOR ABCC DOSIMEIRY STUDIES*
BEBAEMBECHETIRES L CABCCORBATARICH T o812 %S

In accordance with the agreements reached, [
have visited a number of institutions in the
United States, with special interest in the
dosimetry studies in progress there and
special emphasis on exposure to diagnostic
medical X-ray. The program of the United
States Public Health Service, now in progress,
was particularly interesting to me, [ visited
Sloan-Kettering Institute, Johns Hopkins
University, the Division of Radiological Health
at Rockville, and Emory University, each of
which is participating in this program, I
also visited other institutions engaged in
various dosimetry, but found the program of
the USPHS to be the most extensive one.

The principal items on my agenda were as
follows:

An evaluation of the status of the dosimetry
work currently being conducted on the ABCC
project in Hiroshima. My work as a consultant
to ABCC has concerned dosimetry of exposure to
medical X-ray. The reasons for such a program
at ABCC include the usual ones of knowing
exposure dose incurred during examinations of
patients, and also the need to know the
relative dose contributions by roentgenological
examinations at ABCC and community hospitals
and clinies in Hiroshima and Nagasaki, the
eventual aim being an estimate of cumulative
exposure by medical X-ray and the atomic bombs.

In accordance with this, subjects at ABCC were
surveyed in 1962 to determine whether they had
experienced exposure to medical X-ray during
the 3 months prior to interrogation, and the
location and type of diagnostic medical X-ray
(ABCC Technical Report 9-63). This survey was
designed in accordance with the findings of an
earlier survey (ABCC TR 7-62). On completion
of the survey of subjects, a survey of the
hospitals and clinics was conducted in which
these subjects indicated they had experienced

BRI LE LaRgnciT s, RECETDOKRRN
EMWELBHHXAEBG R CELA ESE LT, KE
LHEEOMERESNE LA BERThORELSE
WEROFEFEERO IS RRY S D LA FL
Sloan-Kettering W45, Johns Hopkins &%, Rockville
ORI RE £ Emory K%¥&iinE LA, £
hEhAFzobfgmERorE z2mLcsn+. &
BT B LT fhoMRAAEF A E LA,
ARELREERPT L > TS 7077 L8R EILEIC
W3O ThHBERVELE.

AZH AL CERMEHZAD LD THD £ L £

LEBIKEY 3 ABCCOMARHEBE TRERRTORBAT
KHRDOFFE. ABCCEM & LTt HIIERE X
HMHoSBUNEI-EELTHDES. ABCClzZn &S
L7UY 5 ANEET AHEBIE, EHNAXED LS
BB R EBREIRD L L2HBEL LT, BE
BRRIZAEAZH SRR A, bbETEE - EW
DABCC, HLUMTIIsI3mkEs L UVERTERT
SXBBREOHNNLBEROFS 2 MO AT L6V
LizhhEF.

ThiHEIEELT, BEFEIEE3 »AMICERMEXE
MgtegiadEihbniz b, BHAXERES
Z LT 0fEEE A iz, 19624 12 ABCC
THRELEHELE LA (ABCCEBEHEHE(TR) 9-
63). co@EERLALMOMEN R (ABCC TR 7-62)
LEDUEEINLLOTHDES. HRFOHBEIET
Lizob, MEHEIFEMAXSEBRG22HALEEL L
Wikt s LUERIOWTHESLEBLE L2 (ABCC TR

*Report from Dr. Yoshinaga to NAS-NRC, dated 27 March 1964
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exposure to medical X-ray (ABCC TR 11-63).
Following this, an attempt was made to apply
the dosimetry data of other investigators to
these exposures, but the factors of exposure
varied widely and such data could only be
applied to exposures incurred at ABCC because
of limitations of the parameters in other
hospitals and clinics (ARCC TR 22-63).

On completion of Lhe survey of the 100

hospitals and clinics in Hiroshima and Nagasaki
at which the subjects at ABCC indicated they
had experienced exposure, all of these
hospitals were revisited todetermine radiation
quality employed at the time of exposure of
the subjects. Then, dosimetry studies at ABCC
were begun, using Mix-D material to determine
dose incurred by scattered radiation outside
the X-ray direct beam, and a phantom, the
likeness of an average Japanese adult,
containing a human skeleton and material
resembling that of human lung tissue was also
used. Sensitive dosimetric apparatus of two
kinds, selected because of relative indepem
dence of energy in the diagnostic range, and
including small dosimeters which can be placed
in the active bone marrow at various points
were used with the phantom which was con-
structed to facilitate this. This dosimetry
project will soon be completed and reported.

In every such project, there are errors of
varying magnitudes, In the dosimetry work at
ABCC, a constant effort has been made to
reduce such errors wherever possible, in all
phases. Considering the aims of the program
of ABCC, the aims of the dosimetry project as
expressed above, and the constant efforts to
achieve as great accuracy as possible, it is
felt that the dosimetry work currently in
progress at ABCC is fulfilling its purpose
quite well,

An evaluation of similar studies being done
elsewhere with recommendations as to approach-
es which could be heipful to the ABCC study.
Recently, [ observed the studies in progress
in the USPHS program, as well as at other
institutions. The program of the USPHS is a
much larger undertaking, with a different
purpose than that of ABOC, and is nation-wide,
while that of ABCC concerns populations of
two cities, with special reference to the
individuals who experienced the atomic bombs,
At the same time, there are some similarities,
since the ABCC study was also based on a

11-63). 22T, WOREBOMBMET -5 -2
NoOBEEFIERLES & LE LAY, BERFYK
E{RETEL, 20 b ERToREES LU
FERTi/$7 A -5 —12E#FH0 E+0T, ABCCT
BB LEBlosER TSP TEE LE(ABCCTR
22— 63) .

ABCC O R EHN XBBEHEBIZLVIE B &R
ZHHE3 100 ofkES & UERIZD L THELEEL L
Dh, BUZALOMEHRLFM LT, dREHFZITLRK
HBoBEoFBRERnE LA, Fad5ABCCIH L
THENEREFBEGENE L XBoEERILI
LE S HRERIC X AMB AR B 01T, Mix-DH
EAMOFE S X UCAMOMBHBIEN TS 0T
SUEEODRARADRKEED T, v =L ERVEL
o B TO ALY oMM oL, 2
DREED L WIRBANER BN, SbETHHEOEN
Wiz Ao Tes2mBiHEERLELL. 7, b= 4
FEFORBICBLTENE LA, ZoBRNENEILT
(ML, METAZIEILLE>TES,

ZOEILWRIZE, BEOELHZILELINENHY
$4. LA#oT, ABCCIz b 3 BBHEIZHVTH,
FTRTOMTTEIMRN LI a|/ELbLLT B &
JIZHEIZSB A LTHD 4. ABCCoOREHAY, kil
EREIABMBRAEOHN LU TES L THVERE 2
ERLELEHYETETWOE AN LT, ABCCTH
EETHOMBNEERL, ZoEME F a2 ERL
20hB80EFLET.

ABCCORIRBICEDILAEBEBLABMEAZIIDOVT
NEEELELEZTERTORLLI GRHETOSH. &I,
MuErEAEHER 2 F0loBRcETTO
HEFRFLE LA KELEHEERO 70 ¥ 7 414,
ABCCH 7o s 7 6mEMNEIZREEZBHNE LD, &
Az kBB THEN 4. RKELKEERO 7OV 7 A
F2EMNEL0THEDICK L, ABCCTIZEBMES
Fubiz LA 28mo AOEFAAHRTHEID ET. £/
EIRsI1Z ABCC iz &1 AFF L, BEO AR, HEEBHHE,



patient survey, a hospital survey, a dosimetry
study in the hospitals to determine radiation
quality, and finally, reproduction of
instances of exposure at ABCC using phantom
material.

During my visit to some institutions in the
United States, ] observed some techniques
which could be incorporated into the dosimetry
study at ABCC, particularly those which could
be used in assessing bone marrow dose bhut

these would involve equipment not now in use
of ABCC.

Formulation of projected dosimetry studies
which would contribute to this goal. Despite
the fact that the current dosimetry study is
nearly completed, there is a need to continue
the present interest in this field., The
reasons for this are that there are constantly
changing conditions of exposure in Hiroshima
and Nagasaki, though admittedly these may be
somewhat slow. Secondly, in order to confirm
or otherwise qualify current results, there is
a need to have such a continuing study. With
this in mind, in January 1964, we began
another survey of subjects at ABCC, to
determine their exposure to medical X-ray,
radiation therapy and occupational exposure to
ionizing radiation. This survey will continue
for an indefinite period, and will be
evaluated after some § months' duration. We
believe that little improvement could be made
in this portion of the program.

Continued cooperation in the form of consulta-
tion in the fields of epidemiology and
statistics are needed, not only in the
evaluation of results but also in the planning
of studies before they commence. There is a
need to determine the activity of hospitals
and clinies during the past years, when no
dosimetry studies such as we are currently
conducting existed. Accordingly, we have
designed a survey form which will aid in
ascertaining the number of examinations of
various types and the number of films used of
various sizes, during each year since 1945 in
Hiroshima and Nagasaki. While the reliabilitvy
of such a study is open to question, it is the
best means available to determine the number
and type of examinations which have been
conducted during the past. This also should
be instrumental in comparing dose due to
medical X-ray and the atomic bombs.

By E s HE T 2 ooz 5T 2 8BIERTE,
FLTE#®BIZ, ABCCTO 7+ b—Ai2k 2 BHEO
HRIIESTCLOTHNET L6, BETORLUEEHD

£

KEO WL 22 oiB#He Rediz, i ABCCIz st 3
HENERECHVAZI LD TEAET ORBEEREL
FLAA, CAbOFRICIFICREABCCTHERLT
WL VNHEERAFETS LN TELIREELEL L
E S
CORRILESTARENTAEHEORE. HEOR
BAERTETEZLAEBRT LTwETH, ZoO5HIZH
TAHOREOMLERHTAILE SN E+. 20HBE
LTid, ®112, IEE- B CIRRERMEY, &RiETid
HEAINMATERLTwEZZETHD 4. B2,
bhbhOBRENDHAELHR L L ZEET 121, Z0
EAMENLAREETLOLENHVEY. ZhIIH
BMLT, 19644 1 HIZABCCO M EH Iz TR HTH
XA, BOAHRER S & UBRE EoBBERERE L L1
FAMBOMEEEMNE LEATEEMBLELL 0
HEOHEIZSEDEEAN, 627Kk Th 5
T3 FETHVEST. ZOFFTRIRETELIRILE
EAEGTWVER VT,

AR RO ED ) Th <, HEMRTOREOLE
2d, BEBIUHIEO ST, SBBROBTHN &R
WAELEFENET. bhbhFBHIERLTVA LS %
MEBENFLL 25T, BREPLIURROER L
AOE S THNBUBENEY T+, LA 5T, 19454
Lk, BE - BRI wTEBEERsALBECIDVT
toM, BRL:IOER 7 VLol EARESEHN
SORFHIITI L0, AREANEEELELE Z
OE)LREOFEM CIMEI S0 232, BELE
ashiBEOHSIUCHELR~<A0IZE, Zhi3
REOCHETHVET. ZhiEEAERHXBSLUE
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When the above information has been obtained,
additional studies in dosimetry can be
conducted. The survey material available will
assist in the detection of changes in factors
of exposure used after the recent dosimetry
study. Such changes since the last survey
will necessitate additional dosimetry. Major
changes in the years since 1945, both in
numbers of examinations and factors of
exposure, should be shown by the survey of
hospitals and cliniecs. These will also
demonstrate the need for additional dosimetry.

Specific recommendations for a program to
achieve increased continuity in the study and
the development of more definitive dosimetry
data. Above are described certain programs
which are in progress or will be in progress
in the near future to assure continuity of the
study; namely, the surveying of subjects at
ABCC, and the surveying of hospitals and
clinics in Hiroshima and Nagasaki to determine
the number of examinations conducted dnd
films used since 1945. Cooperation in the
form of consultation in the fields of
epidemiology and statistics are extremely
impertant and should be assured, both in
planning and in evaluation. Since repeated
reference to the factors of exposure in
determining dose are necessary, provisions
should be made so that electronic computers
can be used in dose calculations.

Formulation of additional training in certain
aspects of dosimetry from the Japanese point
of view and standpoint of my staff at the
Research Institute for Nuclear Medicine and
Biology, Hiroshima University. Since 1t will
be necessary to perform dosimetry studies in
the future based on the survey in progress and
the survey which soon should be instituted, it
is necessary to have continued assistance of a
physicist trained in this field. This
dosimetry cannot be performed until the data
obtained from the current survey and future
survey have been obtained and evaluated. As
I mentioned above, some techniques which are
used in dosimetry studies currently in
progress in the United States could be applied
to the, study at ABCC in the future. Therefore,
it is recommended that Dr. Shigetoshi Antoku,
consulting physicist to the Department of
Radiology, ABCC, visit the United States for

LmoEERAAFENLS, HOBERNERELTLH
ZEHTEEY. AFEh s EEMEL, BEEoMRIN
ERERCHC -BEEGFOELORR2ERIZT ST
Led. BEROBEELBOZOL Y ZEMAIZH LTI,
SOUMBME* T2 ILEAF S0 ET. 1946B6ELED
BERP I UMM EG IR BEME, Fikis
FUREOREI L THBLES. 2hod &5I1I8
HAEOLEMEEIETSTL .

SUBARLIRBRATERERDBICH LT, AEICY
TP LOBEEENSETAADICHEALBREEER
hoaN&p. fidkiz, EEOMEELSEET S0, B
TP ELGGEVIFRETT2RETHIYET. T4
bh, ABCCHRERE L IMSELBRIEBE L ARE
FHELUFHERE 7 L OB HENE-BOEE -
BEWHOKRE - Effo#WEI chTthDET. EFE
FUHHFOST, S BBOBTHAERY 5 2 L8,
Al EFEORIIB T ELDDTHETH - T, Mk
nhifan gdA. BRAE G, HHERTFE2E=28
Lthidaszvwot, BFitHEL2HEEFEIIRNV
BILENTEZLIIHRETSLENSDEF.

ARAELTORADS, $EEEREMMEELAE
FOBEE LTORRYPSA-RBATOHIEICET
BREFIFMECOWT. FROMBNERE L, B FEIT
FORTE LML ECMBENIRECE T TER
LA RIEL N EHADT, ZOFHTHEE 2T 2N
Bt ohr»s e 0 TthHn 4. ZORRNE
i, HEOWES L USBOBEL» 5 EE & AF LT
TAETRTAS3 2P TEELA, S RELL
iz, BAeRETESPoBRNERECH AT
VARHEEOF T, A% ABCCIz P AT I A
ZEXNTEEFY. LEAoT, 0L EHEFLUR
MBI IOWTHHELSTL ) =%, ABCC HItHEIIEZE
FEFEELAERSAS EI RV ELET. FRE



the purpose of making an active study there of
such techniques and apparatus. On his return,
he should resume an active part in the study
in dosimetry at ABCC, incorporating such
apparatus and techniques. This will permit
him to qualify the results of studies about to
be completed and in which he has been
particularly active.

From my observations in the [Jnited States, it
would seem that Dr. Antoku’s time could be
most profitably spent at Sloan-Kettering
Institute and Johns Hopkins University and
Rockville, If an arrangement could be made
for Dr. Antoku to spend the majority of 1
yvear at either Sloan-Kettering Institute or
Johns Hopkins University and then the remainder
of that year at Rockville, this would be a
most beneficial program. If possible, it
would seem advisable for him to participate in
some project to be in progress at the
institution where he spends the majority of
his year. Obviously, the schedule for that
period should be confirmed in advance of his
departure for the United States,

By the time the above studies are completed,
perhaps reassessment of dose due to the atomic
bombs will be completed and the contributions
of exposure to the A-bombs and other sources
can be compared.

Tt was a pleasure for me to have had the
opportunity to visit all of the institutions
and meet with their members thus making
it possible to compile this report. I
trust that the recommendations I have made
will be informative and useful.

FRE®, oL hBEEE S I UHEBEFRL T,
ABCC iz & if 24 Bl @ cEmzsMashs 2 &
D ELyd. ZoifiEld, KFAHICEEMZENL,
HEAYETLEIEL TN IAWENDREAZIEET
AZLAETWRLLGLBHBALOTHD T,

KETHELE LALZ2 T, SHEKIEZ OpHEHM
% Sloan-Kettering filf %7, Johns Hopkins k¥ & & Uf
Rockville (H4f#¢ (R /&) THRE AL p T
EHEFLET. 3 LEMEK S Sloan-Kettering HF 55 AF
¥ /(% Johns Hopkins KD WFhrT1HEDKET &
BIL, BEOHMEZOLSELLOERS & U Rockville
THITEIFETENE, BLEMTHDEL 2 5.
LLTshiE, FHEMMOKRES 28 T RBME Tl
THOMECEEBRYENT 22 L FEELEHELE
T. &b 5A, BHETEEHERMNIZNE > THRETIL
£ -

FRoEBEES ST 223 TI121, 26 EHTH
FOMARECHTAHAEMHFET L, BRELLFZD
hDFEL» 6 OMIHEOEFES 2 ikt sz L TEET.

TRTOMERBEESN, TOBBO»I 2K
sEkRElrcodsdEzERTEE LA LR, 3O
BEULTA2L25TH0EY. HoBLESEEI 2EI2L
DNERTHRIEEHIITFUET.

SUMMARY OF VISIT TO US SCIENTIFIC ESTABLISHMENTS 5 JANUARY - 25 FEBRUARY 1964*
MERBENOHERE, 964FE1B58—28258 *

On 6 January, I visited Argonne National
Laboratory and first met Dr. W, K. Sinclair,
with whom I discussed problems concerning
the effect of fast neutrons. This discussion
was very interesting and we were able to cover
some problems which we at the Research Insti-
tute for Nuclear Medicine and Biology in
Hiroshima had encountered in some of our
earlier work. Following this, I met Dr. P. F

1 H 6 H Argonne ff%fT&3h, £+ Dr. W. K. Sinclair
gy, #ftErFodRicMy MEEsRLE. 202
BRIIFEHIIAKD S5 0T, EBEREHREERESHE
ArOMEFEMOMM SR L AMEE CRATAZENT

/. Z@&H LT Dr. P. F. Gustafson |22\, HAN

*Report from Dr. Yoshinaga to ABCC dated 25 March 1964 HHxHBEH 5 ABCC HTm1964% 3 250 F 18RS



Gustafson with whom I discussed certain

problems concerning natural background radia-
tion. Dr. Gustafson’s studies concern the
theoretical aspects of this subject. Subse-
quently, T met with Dr. J. Kastner who
described the results of his studies in the
same field, but he used tissue-equivalent
ionization chambers. Dr. Kastner's work
included neutron flux studies concerning
cosmic radiation., [t was interesting to note
that the results of Dr. Kastner confirmed the
theoretical studies of Dr. Gustafson.

During my original talk with Dr. Sinclair, T
expressed an interest in dosimetry concerning
medical X-ray exposure, and he was kind enough
to arrange a meeting with Dr. H. Lucas, of the
Bone Physics Section. Dr. Lucas’ studies
concerned the chemical constitution of bone.
Most of the discussion centered on dosimetry
in connection with dose to the bone marrow
incurred by internally distributed radio-
isotopes by contamination. Dr. Lucas’ studies
did not include dosimetry in connection with
diagnostic medical X-ray, as such. Following
my discussion with Dr. Lucas, I met Dr. R
Holtzman. Dr. Holtzman’s studies included
those on excretion of radium226, [ had some
questions concerning this, specifically
concerning the excretion curve described by
the expression t-b, Following this, I met
Dr. M. Finkel whose studies included the
pathological changes in bone; specifically,
the production of sarcoma in bone as a result
of deposition of Sr9%, in laboratory animals
(dogs and rats). Dr. Finkel's studies did not
include dosimetry, but covered pathological
changes, growth and microscopic studies, as
well as autoradiography.

During my visit to Argonne, I also met Dr. F.
S. Williamson, who guided me to observe the
experimental atomic reactor. [ also met
Drs. Zelle, Brues and Marinelli, and inciden-
tally had a very enjoyable lunch with Drs,
Brues and Marinelli. T concluded my visit to

Argonne National Laboratory on 7 January.

On 7 January, 1 also visited the University of
Chicago, Department of Medicine, where T met
Dr. BR. K. Blaisdell who kindly arranged a
meeting for me with Dr. L. H. Lanzl, head
of the section of Medical Physics, Department
of Radiology.
involved Health Physics; specifically, the
duties of health physicists in departments of

Some of our discussion

radiology in the United States, We also

oy R CE T 2MBE%H# U7, Dr. Gustafson
OMEFZOMEOEFZMZMERILDOTHS L. 20D

#% Dr. J. Kastner (22 -7, MUGHOMEIZIOVWT X

ME R M 22, Dr. Kastner [T#1#EE S 8+ F
BT, FEEMB T T ROME LT L s T
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discussed the programs as they are outlined
in this field in the United States.

During this visit, I was also able to ohbserve
some of the eguipment used in radiation
research, including a linear accelerator, a
Van de Graaff unit of 2 million electron
volts, and also a cobalt unit of 3 kilocuries.

Incidentally, during my visit to Chicago, I
had a very enjoyable evening and dinner
with the Blaisdells’.

On 9-10 January, T visited the University of
Michigan. Unfortunately, I was not able to
meet Dr. G. H. Whipple who was absent for
several days. I did meet Dr. D. E. Barber,
assistant of Dr. Whipple in the School of
Public Health. I expressed my interest in the
field of health physics and asked about the
curriculum of the health physics program at
the University of Michigan. Dr. Barber
introduced me to Dr. Burns who 1s a member of
the health physics staff, whose primary
interest is in biochemistry. Dr. Burns’
specific interests at that time were in the
field of the effect of radiation on bacteria,
and I was able to observe some of his
equipment. Dr. Barber also showed me the
equipment used in the spectroanalysis of
scattered X-ray.

During my visit to the University of Michigan,
I also met Dr. S, Simons, head of the Physics
Section, Department of Radiology, Alice
Crocker Lloyd Radiation Therapy Center of the
University. Dr. Simons demonstrated to me the
self-recording system of the depth dose
distribution in radiation therapy.

While at the University of Michigan, I also
met Dr. J. V. Neel and during the course of
our conversation explained to him briefly
about our program of dosimetry in the field of
diagnostic medical X-ray in Hiroshima,
Dr. Neel seemed to be favorably impressed,
stating that the program was an important one,
and interesting. I was able to obtain some of
his impressions as to the people in the United
States who are interested in similar studies
there.

On 13-14 January, I visited Roswell Park
Memorial Institute. Unfortunately, I was not
able to meet Dr. J. T. Grace, Jr. who had
appointments in surgery and elsewhere at that
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time, I did meet Dr. Krohmer, the chief
physicist of the Radiation Therapy Section,
who showed me the Radiation Therapy Department
and explained various aspects in their program
of treatment-planning. Dr. Krohmer introduced
me to Dr. M. A. Bender, chief of the Nuclear
Medicine Section of the Department of
Radiology. Dr. Bender explained to me the
routine work in their department, and included
descriptions of the diagnostic use of various
radicisotopes in their department, including
work with Co60, Cr5l, Fed9, 1131, and Br82, I
also met Dr. Castro, radiotherapist, who
briefly confirmed some other points concerning
treatment-planning. 1 also met Dr. Y. Yagi,
research fellow in biochemistry, who kindly
invited me through the Biochemistry Section

showing some of the equipment and techniques
used.

On 14-15 January, I visited the University of

Rochester., Here, | met first Dr. H. Blair,

chairman of the Radiation Biology Department
who showed me a list of subjects in which the
department was primarily interested, and from
which T could select ones which would be of
special interest to me. OUne subject in which
I am interested is dosimetry by means of glass
beads and rods. T met Dr. H. D. Maillie who
was conducting studies using glass-bead
dosimeters to determine energy distribution in
laboratory animals (dogs). Following this, I
had an interesting discussion again with
Dr. Blair concerning the recovery of labora-
tory animals exposed to X-ray and neutrons,
including some details of time-dose relation-
ship te LDgg using high dose and low dose
rates and the effects obtained,

Dr. Blair also introduced me to Dr. R. S.
Quick, physicist, with whom [ discussed duties

and programs of health physicists in their

department.

On 16 January, I visited Controls for Radiationm,
Incorporated, Cambridge, Massachusetts and met
Mr. I. A, Berstein, president of this concern,
He demonstrated to me the lithium fluoride
thermoluminescence dosimetry unit. This
impressed me as being a very useful and
accurate means of measuring dose, especially
in very small cavities, such as in parts of
the bone marrow.
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At Massachusetts General Hospital, T met
Dr. L. L. Robbins, who in turn introduced me
to Dr. E. W. Webster, chief of the Physics
Section, Department of Radiology. Dr. Webster
demonstrated to me the planning system in
radiation therapy used in their department,
and equipment. I also met Dr. Putraid. There
were no studies in progress at that institu-
tion which were similar in nature to ours in
Hiroshima, however.

On 17 January, I visited Massachusetts
Institute of Technology, and met Dr. BR. D.
Evans, who in turn introduced me to Dr. C. .
Maletskos. Dr. Maletskos explained studies in
progress concerning dose using a whole-body
scintillation counter in patients who have
ingested Cs137, (5 cases) and Ra226. The
latter cases are those who received Ra226
in their occupations, including watchdial
painters (320 cases). The cesium study
consisted of 2-year observations of each
patient to determine the changes in the body
burden. The radium studies, of course, are
for an indefinite period, continuing into the
future.

Following this, T visited Dr. Shields Warren
at the Cancer Research Institute. Dr. Warren
explained to me that there were five main
programs in progress at his institution:
Biochemistry of enzymes; enzyme metabolism;
medical X-ray dosimetry; internal radiation
from Cl4; and genetic effects of radiation,
especially chromosome aberration, Dr. Warren
pointed out that the studies concerning
medical X-ray dosimetry will be reported in
Radiology, February 1964. The latter study
is being conducted by Mr. Cowing. These dose
measurements were made at the surface of the
body of the patient. The study was performed
in the New England states. My impression of
that study is that it is a fine point of
reference, but that it does not take into
account some of the finer points which we are
attempting to do in our study in Hiroshima
and Nagasaki.

On 20 January, I visited Yale University,
Unfortunately, T was not able to meet Dr.
Hutchinson who was then in England, Dr.
Hutchinson arranged a meeting for me with
Dr. L. Skarsgard, chief of the Physics Section
of the Department of Radiology, Grace New
Haven Hospital. Dr. Skarsgard explained some
of their studies to me; one of them of
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particular interest was BBE and fibroblast
cultures in laboratory animals, using a 200 MEV
linear accelerator. The study consisted of
observation of nuclides of hydrogen, helium,
lithium, nitrogen, carbon, oxygen, and argon.
The results of these studies were very
interesting to me. Following this, Dr.
Skarsgard introduced me to Dr. Kligerman.
Dr. Skarsgard showed me the radiation therapy
equipment at Grace New Haven Hospital, and
demonstrated their methods of treatment
planning. Here, T alsc met Dr. H. Flanders,
whose studies included observations of
destruction of DNA in phage,

On 22-24 January, I visited Sloan-Kettering
Institute. First, I met Dr. J. S. Laughlin,
who introduéed me to Dr. E. Epp. Dr. Epp
showed me the phantoms which are in use in the
department, including the pressedwood and
water phantoms, and the methods of measuring
dose. Both gonadal and bone marrow dose are
being determined for various examinations. At
present, they are conducting dosimetry, rn
connection with the USPHS program. 1In
this program, dosimetry concerning chest
examinations (roentgenography) has been
completed. The studies which are now being
conducted are those of fluoroscopy. In this
connection, I was shown the methods by which
the field size and field distributions are
being ascertained in fluoroscopic procedures;
incidentally, this consists of the use of a
jacket which the patient wears and which
houses a sheet of X-ray film which records
field size. The determination of field size
and field distribution is made at Rockville,
and this information is then sent to Sloan-
Kettering Institute, where the bone marrow and
gonadal dose determinations are actually*made.
Frankly, we covered so many details concerning
the dosimetry that it is impessible to include
them at this point.

Next, T met Dr. L. Zeitz who was kind enough
to show me details concerning a study of the
quantity of zinec contained in the DNA
molecule, using an X-ray absorption method.

Next, I met Dr. K. Corey who showed me the
techniques used there in the calibration of
X-ray dosimetric apparatus. In order to do
this, three separate X-ray units are main-
tained, in the energies of 250 kvp 150 kvp
and 50 kvp. These units are maintained only
for calibration, emphasizing the importance of
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maintenance and calibration of equipment.
There were many details in respect to this
work, which cannot be covered here,

Next, I met Dr. H. Q. Woodard, who worked on
the preliminary determinations of active bone
marrow, a report of which was submitted to the
United Nations. Dr.
these problems, including the factors for

Woodard discussed some of

correction of bone marrow dose in cases of
external exposure to X-ray and gamma radiation.

In visiting this institution, I was impressed
by the strenuous efforts by Dr. Laughlin and
members of his staff to utilize all sections
of the division te increase the accuracy of
every contributing section in order to arrive
at. the most accurate results attainable.

I also met Dr. W, Siler of Dr.
department who showed me the electronic
(IBM) which 1is

We also discussed the
effectiveness of the use of the betatron,
including the limitations of the betatron, in
that the pulsing character of the radiation
produces a very interesting phenomenon; namely
This
has been applied in radiation biology studies

Laughlin’s
computer section used in
treatment planning.

the high density ionization in tissue.
there. However, clinically, only the electren
beam of the betatron is in use in the treatment
of neoplasms,

Dr. K. Sugiura, pathologist, Sloan-Kettering
Institute, guided me to Walker Laboratory,
also of Sloan-Kettering Institute, in Rye. I
was shown the overall plan of the laboratory
and work being performed in conjunction with
Sloan-Kettering Institute itself. Of special
interest was the equipment and systems
employed in the testing of various chemo-
agents and biologicals 1in
laboratory animals, in screening them prior to

therapeutic

proposed clinical use,

On 27-28
National

visited Brookhaven
where | first met

January, T
lLLaboratory,
Dr. V. Bond, who arranged my schedule in this
institution. At this time, and also the
following morning, I discussed with Dr. Bond
absorbed dose to the bone marrow by neutrons,
fast, and thermal,

slow, and we exchanged

information and impressions, the results of
our studies in Hiroshima and the studies at
Brookhaven.

results obtained in terms of RRE,

He also described some of the
using both
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small and larger laboratory animals, the
latter results being more applicable to man.
T also showed Dr. Bond some of our results on
RBE studies concerning individuals who were
exposed to the atomic bombs.

Next, T met Dr. C. Robinson, physicist, and we
discussed LDz results using gamma and X-
radiation. He pointed out the different
results obtained using gamma and X-radiation
in terms of the LD50 obtained at 5 days and
that obtained at 30 days.
the importance of selecting a single indicator

I mentioned to him

or group of indicators as a means of observing

the reactions obtained, such as cellular

change in intestinal mucosa, etc. He agreed

with this point.

Next, I met Dr.
who 1s

J. Archambeau, radiologist,
studying thermal neutron capture
therapy. He presented some of his results,
and added that they do not feel that there is
real hope in the use of such a form of therapy
clinically. ¢

Next, I met Dr. J. S. Robertson. [e described
some of the studies being conducted in
connection with gonadal dose incurred by
diagnostic and therapeutic use of 1131, A
result of 45 milliroentgens per millicurie was
given, concerning which I had some gquestions,
especially concerning the effective half-life
of the administered radioisotope, such as
iodine, but unfortunately, we could not finish
the discussion, because of time limitations.
He was kind enough to give me some of his
reprints.

Next, [ talked with Dr. J. L. Bateman, who
described studies concerning neutron energy
and RBE in organ weight loss, using laboratory
animals (mice)., 1 also met Dr. Tislar who
discussed depth dose of high energy proton
Next, I met Dr. C. Borg who talked
briefly concerning "Electron Spin Resonance'

beam.

as applied to radiolysis radical,

Next, I met Dr, E. P. Cronkite who described
the equipment and method used in the radiation
by Co60 of the peripheral blood of the cow,
The exteriorized peripheral blood is returned
to the animal,
conducted to observe changes.

and hemopoietic studies are
He kindly
gave me many Teprints concerning these studies.
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I next met Dr. F. P. Cowan, chief of the
Health Physics Division. I requested
information of Dr. Cowan concerning the system
of health physics in Brookhaven Laboratory,
and the methods used in this work. T also
obtained some reprints concerning this matter,
After this, Dr. R. G. Fairchild showed me the
5 megawatt medical pile. During my visit to
Brookhaven, I also met Dr. R. A. Conard, who
described very briefly some results of the
work in the Marshall Islands.

On 29 January, [ visited Columbia University
where T first met Dr. H. H. Reossi who arranged
for me to meet Dr. R. Rugh and Dr. Goodman.
I first met Dr. Goodman who described results
obtained in 14 MEV neutron flux studies.
These results were determined by small tissue-
equivalent ionization chambers which were
developed in his department.

Next, T met Dr. R. Rugh who described distur-
bances in the fetus as a result of radiation,
He mentioned the effects of castration in
laboratory mice, which, following radiation
This was
particularly interesting to me, since some of

exhibited an increase in the LDSO'

our studies are very similar in nature. We
agreed to exchange information concerning
these studies in the future.

Next, I met Dr, Jacob Furth, at Delafield
Hospital. Dr. Furth in turn arranged for me
to meet Dr. C. B. Braestrup, who explained the
treatment-planning system at the hospital,
Dr. Braestrup also showed me the plans which
he made for the department, particularly the
design for the Radiation Therapy Department,
and T was impressed by the convenient arrange-
ment of these rooms.

On 30 January, I visited the hospitals of the
University of Pennsylvania and first met
Dr. R. H. Chamberlain, who introduced me to
Dr. J. Hale, chief physicist, who showed me
all parts of the Radiology Department, includ-
ing Therapy, Diagnosis, and the Basic Studies
Division. Treatmentplanning was demonstrated,
including determination of depth-dose
distribution. The techniques of treatment

including positioning of patients, were very
accurate. During my visit, I also met Dr. E.
Pendergrass briefly, and during the noon hour,
was able to attend a conference which concerned
a report of a case,
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On 31 January, I visited Johns Hopkins
Hospital, where I met Dr. R. H. Morganm very
briefly, who arranged a meeting for me
with Mr. L. M. Bates, physicist. He showed me
the equipment used in the study of dose in
medical X-ray, primarily diagnostic medical
X-ray.
under

Some of this equipment is presently
construction; it is arranged in
conjunction with a number of electronic
computers (IBM), and in such a way that it
should be very sensitive and accurate. A high
degree of accuracy was also reflected in other
aspects of their dosimetry studies, such as
optical density determinations and studies of
the output measurements of X-ray tubes

Next, I met Dr. M. W. chief of the
Diagnostic Division who showed me the apparatus

Donner,

in his department. He introduced me to
Dr. P.

me the

N. Goodwin, chief physicist, who showed

various therapy apparatus in the
department, and described the system used by
the physicists in the department, and their
duties. He also discussed the trainirmg

program of radiology technicians,

On 3-4 February, T visited the USPHS,
Division of Radiclogical Health, Reckville
where T first met Dr. A. B. Brill
then Dr. J. Gitlin. T explained the purpose,
method and techniques of our dosimetry
program in Hiroshima and Nagasaki.

and

I pointed
out to them that their program and ours differ
considerably in purpose and aspects of
but the

itself are rather similar. Dr.

planning, techniques used in the
dosimetry
Gitlin
dosimetric aspects of their study.

explained the epidemiological and
Briefly,
the initial part of their study consisted of a
survey of households which were selected by
sampling the census, throughout the United
States, the
questioned members of the household concerning

during which interviewers

any medical X-ray exposure which they
3 months prior to

each hospital which
to these subjects was

received during the
interrogation. Secondly,
incurred exposures
visited to verify exposure and determine the
Thirdly, the

conditions of exposure were reproduced in the

factors used in such exposures.

laboratories of Johns Hopkins University,
Sloan-Kettering Institute and X-ray [Exposure
Control Laboratory of the USPHS, all
a variety of techniques and phantoms.
Incidentally, at Rockville,
concerned mainly with the estimation of

using

they are
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output of the apparatus and the field size
The

basic studies of dosimetry are being done at

used in the exposure of the patients.
Johns Hopkins University, including dose
incurred by scattered radiation to gonads and
the majority of the
dosimetry is being done at Sloan-Kettering
Institute in Dr. Laughlin's department. At
Rockville,
computing systems and eight programmers will
At this time, the
estimation of exposure dose, gonadal and bone

bone marrow. However,

at least eight separate electronic
analyze this material.

marrow,
Institute,

is being done at Sloan-Kettering
and the analysis of material will

be done very soon.

Tt is readily seen that the purposes of the
but the
methods to acertain extent, involving epidemi-
The techniques used in the

these studies are different from ours,

ology are similar.
dosimetry are quite similar, since we have
used similar approaches to determination of
dose, both inside and outside the direct beam
of X-ray,
apparatus which is similar to some of that in

and we have used refined dosimetry
use at Sloan-Kettering Institute. Obviously,
in the future, some collaboration in this work
is desirable, and this of course is our plan.

Next, T met Dr. T. Ditchek of the X-ray
Exposure Control Laboratory, USPHS. He
explained to me that the field size and
factors of the
hospital which incurred exposure are analyzed
He demonstrated to me the
method and the equipment used in this study.

exposure indicated by
at this laboratory.

It was also explained tome that the Department
of Radiology, Emory University is collaborat-
ing in the dosimetry work.

On 5 February, I visited the National Bureau
of Standards and first met Dr. H. Q. Wyckoff,
chief of the Radiation Section. He showed me
the equipment used in the standardization of
ionization chambers, including the free-air

chambers, 1Incidentally, they have three types
of free-air chambers, operating in the ranges
of 5-60 kv, 20-60 kv, and §0-250 kv, and an
additional free-air chamber which is used for
calibration of cobalt ) apparatus and other
high energy X-ray apparatus. I also saw other

interesting equipment here.

I next met Dr. M. E. Ehrlich, who is studying
the radiation quality dependence of film badge
Incidentally,

dosimeters, this involves a

15

ZORGSIIEREN-HAFOARE L UEEROH
NOHFE IS5 TWE, BELRSTRIZ & 5EHIRE 5 U
CE R OB E O EARMEAES, HT Johns Hopkins
KETEEDPTHE. Lal, GRUEDKHSE Sloan-
Kettering % @ Dr. Laughlin ® # ¢t T &
%. Rockville (it 4 ¢ & & 82 OBEF I H Al &
N, 8AOTurIv—HFIOMELEBNT 5. R,
LR L UE B BEO# T 1, Sloan-Kettering BF %

reEREhTHsY, BITEIOE2ZTEbN 3.

IOEEbDRDAOHROAMIIR > TVRE A, EE
AEUBMELNELSIBRERUL TS ZENERILH
3. bhbhil XEDLHEERFOBEIEIIH LT,
FLXs 2XiEsEEn,
FHyAHREBLA L) 2EReHENER2BAVTE
N, BEBNEHBEZHU LTV S, 3%, ZOMRER
LW TRHARBEOHEMESIEE LI LTHLHN,
Fhitd bAA, bhbhoHETLLZATES 5.

% /- Sloan-Kettering #f % i T

R EAREE R XHEETEMENRO Dr. T. Ditchek |2
LB AT % - b PR 2 M TF o R
EEABIUMEHOR T2 EOERPZOWER TRTEH
TwuaEHMaen, -0 ETHV 2 HiEE L UE
BronwTtEHsRet oM ahi. ZoBRRNE
OHEFHIZOVT, Emory RFEOHAHRFHEI LK LT
WaiZEL@E N,

2HASEREMEREHN, FIHHMHEMELE Dr. H O
Wyckoff 221y, HHEZERAEHE IO TWEE O
HLlzHw b BRERE LA 221215 —60kv ,
émﬁmvﬁ;wm—zmkvmﬁm?%WTéaomﬂ
OBEHEREEE, T/ F00EROKIEIZHV SR
SHHERBREEY, 2ot foMoBI ALY - X

BEEFHD. 20ELICEFKRSHIERERFLL.

1z Dr. M. E. Ehrlich 128572, LHRE 74 LAy F

BRIOBREREEZHAESRTHS. ZhIZITHEAXE



filtration technique to exclude certain short
and long wave X-rays in an attempt to obtain a
monochromatic X-ray beam.

On 6§ February, I visited the National
Institute of Health and met first Dr. H. L.
Andrews, who showed me the whole-body counters,
one of the plastic type and the other of the
Nal crystal type. He also showed me the
radioisotope waste system. He then introduced
me to Dr, Brace, chief radiologist of the
Therapy Division who showed me their equipment,
including a Van de Graaff machine. He also
explained the treatment-planning system in
their department.

Next, I met Dr. Hathaway, chief radiologist of
the Diagnostic Division who showed me the
equipment in that part of the department. Tt
was of interest to me that he had made
diagrams of each diagnostic unit in the
department with values of leakage radiation at
locations throughout the room. She kindly
furnished me with a table which indicated
gonadal dose incurred by each examination in
the department.

-
.

On the evening of § February, I was invited to
dinner by Dr. Cannan, with Dr. Dunham, Mr.
Gardner, Dr. Miller, Dr. Brill, and Mr. Jablon
and this was most enjoyable,

On 7 February, I visited the National Academy
of Sciences where ] met Dr. F. Seitz and
Dr. S. D. Cornell, at which time T expressed
my appreciation for their assistance.

On the same day, I visited the US Atomic
Energy Commission and met Dr. C. L. Dunham
again, and his staff. We discussed the RBE of
fast neutrons with relation to biological
effects and in connection with the A-bomb.
Some fine points were discussed which need not
be mentioned here. Dr. Dunham kindly sent me
three progress reports of their studies,

On 10-14 February, I visited Oak Ridge
National Laboratory, where [ first met Dr., J.
A. Auxier and with him and Mr. Cheka discussed
problems in the study of fast neutrons, in
connection with the A-bomhs, Later, we dined
with Dr. Karl Z. Morgan, Director of the
Biophysics Division and continued our
discussions. T met again with Dr. Morgan at a
later date, We covered many details which
cannot be mentioned here.

Next, I met Dr. E. G. Silver who showed me the
pile, reactor, fast neutron source, and
isochronic cyclotron.
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I next met Dr. Snyder who explained some of
his experimental studies concerning fast
neutrons in laboratory animals,
changes to be expected in the human body,
using the Monte Carlo method. We exchanged
some information concerning these studies

Dr. Snyder sent me some reprints of his work,

analogous to

I next visited Dr. R. D. Birkhoff, Radiation
of the Health Physics
Division, who showed me the laboratories.
Dr. Arakawa guided me during this tour. This
was very interesting, but needs no special
I next visited the Waste Disposal

Section and observed the basic studies concern-

Physics Section,

commenkt.
ing waste disposal techniques,

Next, T met Dr. B. R. Fish of the Health
Physics Technology Section, who 1s studying
the mass of radicactive particles in con-
nection with emergencies which might occur in
I next met Dr., S. J. Auerbach,

who explained studies

atomic energy.
Ecology Section,
concerning the contamination of the TVA area,
including contamination of shellfish as a
result of waste disposal from Qak Ridge.

I next visited Dr. Randolph of the Biology
Division, and we discussed the biological
reaction of 14 MEV fast neutrons.
visit to this section,

During my
I was able to attend a
seminar which was conducted by Dr. Upton on

the subject of carcinogenesis. I also visited

ORINS, and met Dr. G. Andrews. At the present
time, they are constructing a whole-body
counter, [ was shown the various materials

which they have studied in the selection of a
material of the best quality for use in the
These
studies appeared to be of very high quality.

construction of a whole-body counter.

On 17 February, I visited St. Joseph’s

Infirmary, Atlanta, the visit having been
arranged by Emory University. Here, I met
Dr. J. T. Godwin:; his assistant, Dr. M.

Johnson, guided me to the Georgia Institute of
Technology, There were
many interesting aspects of this, which I will

experimental reactor,.

not mention here since it would necessitate

much detail,

I next visited Emory University and met
Dr. H. I was shown the equipment
used in the study of gonadal and bone marrow

5. Weens.

dose in diagnostic medical X-ray, in conjunc-
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tion with the USPHS. The method was explained
to me. The studies being conducted there
include basic ones pertinent to the overall
project, They are not concerned with the
epidemiological aspects of the dosimetry
program of the USPHS. 'The phantoms in use are
of several types; pressedwood, rice, etc,

My impression of the program there was that it
did not include as many aspects suitable for
our purposes as those in the studies of Sloan-
Kettering Institute and Johns Hopkins
University.

On 19 February, I visited General Atomic
Division of General Dynamics Corporation, San
Diego and met Dr. W. F. Bethard. 1In their
Medical Division, they are operating a TRIGA
atomic reactor. Dr. Bethard’'s studies
concerned the content of Ca, Mn, Mg, etc. in
the human blood as applied to preservation of
blood. Dr. Zeitlin guided me in my visit
there., There were very many points of
interest to me during this visit. + 7

On 20-21 February, [ visited UCLA and met
first Dr. B. Cassen of the Department of
Nuclear Medicine and Biology. 1In their
department, measurements of fallout are being
conducted, using a filter paper and Nal
method. This method is new in that the filter
paper is usually ashed, but their method
enables the analysis directly of a rolled
filter paper which is exposed to the Nal
crystal. This is of importance in that in the
case of the ashed filter paper method, some of
the iodine is evaporated, and this is not the
case in their method.

I also met Dr. Japlin but did not have but a
brief discussion with him. Dr. Cassen had
arranged a meeting for me with Dr. J. L.
Leitch. He is conducting a study which is
very close in nature to one which is being
conducted in our department by Dr. Antoku;
namely, a study of a mechnnism of protection
by AET (a protective agent), by means of
dose-rate effect (fractionated radiation).

Next, T met Dr. T. J. Haley, who i1s conducting
studies of protective agents, by means of
observation of damage to the intestinal mucosa.
I also met Dr. N. S. MacDonald who showed me
the whole-body counter in his laboratory.
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On 25 February, I visited the University of
California at Berkeley. I was not able to
meet Dr. Lawrence. I first met Dr. C. A.
Tobias, with whom I had a discussion concern-
ing fast neutron studies and neutron flux. He
introduced me to Dr. R. Wallace, who is con-
ducting studies concerning the high evergy ion
beam. I also met Dr. C. Sondhaus, with whom
1 discussed studies of BBE of the fast neutron.
My studies have concerned 14 MEV neutrons,
whereas his has centered mainly about fission
neutron, and we agreed to exchange information
in the future. I was guided through the
entire [,awrence Radiation Laboratory.

On 26 February, I visited the US Naval
Radiological Defense Laboratory and met
Dr. L. J. Cole. Dr. Cole is conducting
studies concerning chromosomal aberrations,
hepatomas, and leukemia in experimental
animals. These studies include comparison of
result of chronic exposure and acute exposure
to ionizing radiation. He is conducting
studies of injury to the hematopoietic system
as a result of exposure to the fast neutrons.
I was interested to know whether studies of
the effectof the absorption by bone trabeculae
and its effect on the bone marrow dose were
being taken into consideration, but he
indicated that they were not

This resume is necessarily brief in respect to
each institution and department which I
visited, It is a chronological summary which
points out the highlights of points of
interest during my trip.
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SCIENTIFIC ESTABLISHMENTS VISITED AND LISTING OF PERSONNEL
FRELAMEBESIUERES

6-7 January 1964
ARGONNE NATIONAL LABORATORY

W. K. Sinclair J. Kastner

M. R. Zelle B. Holtzman

A. M. Brues M. Finkel

L. D. Marinelli F. 5. Williamson
P. F. Gustafson H. Lucas

7 January
UNIVERSITY OF CHICAGO

B. K. Blaisdell
L. H. Lanzl

9-10 January
UNIVERSITY OF MICHIGAN

D. E. Barber C. 5. Simons
Burns J. V. Neel

13-14 January
ROSWELL PARK MEMORIAL INSTITUTE

Krohmer M. A. Bender
Y. Yagi Castro
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14 - 15 January
UNIVERSITY OF ROCHESTER

30 January

UNIVERSITY OF PENNSYLVANIA

H. Blair E. Pendergrass
R. 5. Quick B. H. Chamberlain
H. D. Maillie J. Hale
16 January 31 January
CONTROLS FOR RADIATION INC., CAMBRIDGE JOHNS HOPKINS HOSPITAL

1. A. Berstein

W. Donner
Goodwin

R. H. Morgan
L. M. Bates

o=

MASSACHUSETTS GENERAL HOSPITAL

L. L. Robbins
E. W. Webster
Putraid

17 January

3 - 4 February 1964
US PUBLIC HEALTH SERVICE kE L s#Fdfy
A. B. Brill

J. Gitlin
T. Ditchek

MASSACHUSETTS INSTITUTE OF TECHNOLOGY

R. P. Evans
C. J. Maletskos

CANCER INSTITUTE #i#F%EfT

3. Warren

20 January
YALE UNIVERSITY
L. D. Skarsgard

M. Kligerman
H. Flanders

22 - 24 January
SLOAN-KETTERING INSTITUTE
Epp

Zeitz
Corey

mrtm

27 - 28 January

H
5. Laughlin K.
W

5 February
NATIONAL BUREAU OF STANDARDS KERE#RF

. " H. 0. Wyckoff
M. E. Ehrlich

& February
NATIONAL INSTITUTES OF HEALTH
Ko [E 7 B 2R AR AT
H. L. Andrews
Brace
Hathaway
7 February

NATIONAL ACADEMY OF SCIENCES #[EH%* %:fz

0. Woodard ¥, Gaiws
uprane S. D. Cornell

US ATOMIC ENERGY COMMISSION #EEFHERAZR

C. L. Dunham

BROOKHAVEN NATIONAL LABORATORY

10 - 14 February

V. Bond B. A. Conard
E. P. Cronkite Tislar 0OAK RIDGE NATIONAL LABORATORY
C. Robinson D. C. Borg
J. Archambeau R. G. Fairchild K. Z. Morgan R. D. Birkhoff
J. 5. Robertscn F. P. Cowan W. 5. Snyder E. T. Arakawa
J. L. Bateman J. A. Auxier B. B. Fish
J. 5. Cheka S. J. Auerbach
E. G. Silver M. L. Randolph
24 January
COLUMBIA UNIVERSITY 14 February
H. H. Rossi J. Furth OAK RIDGE INSTITUTE OF NUCLEAR STUDIES
R. Rugh C. Braestrup
Goodman G. Andrews
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17 February
ST. JOSEPH'S INFIRMARY

J. T. Godwin
M. Johnson

EMORY UNIVERSITY

H. 5. Weens

19 February
GENERAL ATOMIC, SAN DIEGO

W. F. Bethard
H. R. Zeitlin
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20, 21 February

UNIVERSITY OF CALIFORNIA, LOS ANGELES

B. Cassen N. S. MacDonald
A. J. Steen J. L. Leitch
Japlin T. J. Haley

25 February

UNIVERSITY OF CALIFORNIA, BERKELEY

J. H. Lawrence C. Sondhaus
B. Wallace C. A. Tobias

26 February
US NAVAL RADIOLOGICAL DEFENSE LABORATORY

oA [ i T e A I BT 9 i
L- J. Cole



