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ABsTRACT

This report contains biological vulnerabilities to various
energy forms such as electromagnetic radiations, ionizing parti-
cles, static electric and magnetic fields and acoustical energy
forms. The vu}nerabilities are given in Watt per cm? or Watt-
Seconds per cm® for various body organs and body biological
systems (blood circulation, lymphatic system, etc.).

Thie volume should be of interest to anyone who is concerned
about health safety of individuals who would be potentially
exposed to the above-mentioned energy forms.
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‘BIOLOGICAL SENSITIVITIES OF VARIOUS ENERGY FORMS

INTRODUCTION AND APPROACH:

The Ad Hoc Working Group 3A, consisting of Dr. Z. V. Harvalik, AMCA,
COL C. McClure, ARO, Dr. L. Katchmar, HEL, and Mr. J. H. Mathews, AMCA,
was convened on 31 July, 1-and 2 August 1968 to discuss biological sensi-
tivities to various energy forms as an aid to assessment of concepts of
unconventional weapons. The term "unconventional weapons" was quickly
dispensed with as being solution-oriented without establishment of basic
problems., The basic problem became one of establishing the scientifically
derived biological sensitivities to various energy forms to provide a base
for future ad hoc study groups to assess the existing and predicted tech-
nological capabilities of generating and delivering such energy forms to
produce the biological effects desired. To establish the biological
sensitivities to energy forms, a matrix approach was adopted. The energy
forms were analyzed and broken out into five distinct areas. These were:
(1) electromagnetic energies, (2) particle energies, (3) sonic energies,
(4) static fields, and (5) electric currents and plasmoids. Following
the establishment of the energy spectrum, discussion centered on the seg-
mentation of biological systems in terms of their potential sensitivities
to these energy classes. Seven areas were identified as follows:

1. The sensory mechanism of:

a. Eye
b. Ear
c. Nose
d. Skin

e. Vestibular
f. Kinesthetic (gamma motor system)
2. Other energy receptors were considered:
a. Skin as covering
b. Body organs
c. Central nervous system

d. Psychological phenomena

o
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The compilation of these factors are shown in the matrix.

MATRIX:

The matrix was constructed in a manner to provide as complete coverage
of the biological system as was deemed necessary without undue considera-
tion of whether the data existed or were non-existent. The approach was
merely to provide a framework within which most of the available knowledge
about biological sensitivities could be incorporated.

The matrix provides for the inclusion of specific numerical energy
levels where known and, additionally, provides for the effects of these
numerical energy levels in terms of their possible anatomical, physiolo-
gical, and psychological effects. A remarks section is included for
qualification of the data within any given cell.

DATA REQUIREMENTS FOR THE MATRIX:-

In.its idealized form, the data required to complete the matrix would
be in the unit of watt/cm? or watt-second/cm? (joule/cw?) to produce a safe
exposure level, degradation, incapacitation, and lethality. While watt/cm?
or joule/cm2 would be the desirable unit, it is recognized that the data may
not exist in the desirable units of energy density; therefore, the specific
instructions would be to provide data in their existing units for potential
conversion into the desirable units. It should be kept in mind that the
potential use of the data is for engineering design purpeses and this
should be the guiding principle. Wherever a numerical cell entry is made,
the original source of the data should be identified in #“erms of author,
publication, volume, page, and year.

RECOMMENDATION:

It is recommended that the completed matrix be reproduced and sub-
mitted to various orgenizations for their initial assessment of:
(1) the availability o€ data required by the matrix, (2) the location
of the information by individual and/or organization, and (3) a potential
time requirement for extraction of data in the form required by the matrix.
This initial assessment should be assigned an extremely high priority and
answers requested within four weeks of receipt of the matrix.

CB agents are separate areas of investigation and are not included
within this particular matrix.
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The following individuals were asked to fill-in data as available into the
respective matrices:

X-Rays, Gamma-Rays, and Particles

COL James B. Youmg, VC, Chief, NBC Sciences Division, US Army Medical
Research and Development Command, Washington, D. C. 20315

Dr. Marylou Ingram, Department of Radiation Biology and Biophysics, School
of Medicine and Dentistry, Rochester University, Rochester, N.Y. 14620

Dr. Aaron Wolfgan;, Behavioral Sciences Laboratory, Waliter Reed General
Hospital, Washington; 'D. C. 20912

Columbia Research Corporation, Caithersburg, Maryland 20760

Lasers and Optical Radiations

COL Robert W. Neidlinger, MC, Chiéf, Laser Section, Surgical Néssazin Btanch,
US Army Medical Research and Development Command, Washington, D. C, 20315

Microwaves

we

Mr. wWilliam A. Palmisano, Chief, Laser and Microwave Division, US Army
Eavironmental Health Agency, Edgewood Arsenal, Maryland 21010

Dr. ‘Stsiomon Michaelson (DVM), :Department of Radiation Biology School of

‘Medlf:ne and Dentistry, Rochester University, Rochester, N. Y. 14620

Mus Joseph C. Sharp, Behavioral Radiation Laboratory, Forest Glen Section,
Bldg 503, Department of Experimental Psychology. Walter Reed Army Medical
Center, Washington, D. C. 20012

yggnetostatic and Electrostatic Fields and Plasmoids, . lous

MAJ Joseph C. Sharp, MSC, Behavioral Radiation Laboratory, Forest Glen
Section, Walter Reed Army Medical Center, Washington, D. C. 20012

Ultrasonics

CPT Maurice B. Landers, MC, Surgical Research Branch, US Army Medical
Research and Development Command, Washington,.D. C. 20315

Dr. Gilbert Baum, Department of Ophthaimology, Albert Einstein Coilege of
Medicine, Yeshiva University, 1300 Morris Park Avenue, Bronx, N. Y. 10461
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Soniics, Subsonics; and Barometrics

~ MAJ Daniel T. Sanders, MC, Aviation Medical Cfficer, US Army Medical
Research and Development Command, Washington, D. C. 20315

The returned matrices, contaii:ing biological sensitivities to various energy forms,
would be used by technical personnel to determine engineering parameters for thc
various devices utilizing the energy forms appearing in the matrices.

The following individuals and organizations contributed to the information con-
tained in -the subject wmatrices:

Columbia Research Corporation, Gaithersburg, Maryland 20760. Under
Contract DAABOS-70-C-00G33: .

X-rays, Gamma rays
Particles (Electrons, Protons, Ions, Neutrons) and others

COL James B. Young, VC, Chief, NRC Sciences Division, US Army Medical
Research and Development Command, Washington, D. C. 20315 and

COL Robert W. Neidlinger, MC Chief, Laser Section, Surgical Research Branch,
US Army Medical Research and Development Command, Washington, D. C. 20314:

Electromagnetic (UV, Visible, IR)
Electromagnetic (Lasers and Masers)

Dr. Solomon Michaelson (DVM), Department of Radiation Biology, School of
Medicine and Dentistry, University of Rochester, Rochester, N. Y. 14620:

Electromagnetic ‘(Microwaves, RF etc)

AHWG #3 Participants:

Magnetostatic and Electrostatic Fields

Dr. Gilbert Baum, Department of Ophthalmology.. Alberc Einstein Coilege of
Medicine, Yeshiva University, 1300 Morris Park Avenue, Bronx, N. Y. 10461:

Ultrasonics

COL James B. Young, VC, Chief, NBC Sciences Division, US Army Medical
Research and Development (ommand, Washington, D. C. 20315 and }

COL Robert W. Neidlinger, MC, Chief, Laser Section, Surgical Research Branch,
US Army Medical Research and Development Command, Washington, D. C. 20315 and
AHWG #3 Participants:

Sonics
Infrasonics and Barometrics
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INSTRUCTIONS FOR ENTRIES INTO THE MATRIX
The matrix consists of 10 .sets, each of which relates to a portion
of the energy spectrum. Each set consists of 11 sheets, each of which

relates to a sense, body organ or part possibly damageable by a particular

energy form,

Each sheet contains 14 columns:
1. ENERGY FORM: Already entered in the matrix, self-explanatory.
2. LEVEL OF INTERACTION: Arbitrarily defined as follows:

a. The "Safe Level" may be defined as the maximum level of energy
that can be delivered without producing a degradation of function in the
system.

b. The "Degradation of Function" level is defined as that range of
values of delivered energy capable of producing discernible alteration in
function of a system without producing total incapacitation of that system.

¢. "Incapacitation" includes that range of values of delivered energy
resulting in loss of function of a system in more than 307 exposed.

d. "Lethality" is that value of delivered energy that produces
death in more than 30% exposed.

As a first approximation to levels of interaction the following example

is given:
Energy Form Equivalent Level of Interaction Equivalent )
Blood loss: less than 500 ml Safe q
Blood loss: 500-1500 ml Degradation
Blood loss: 1500-3000 ml Incapacitation
Blood loss: greater than 3000 ml Lethality

Note: These data are not to be construed as absolute.
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3. to 9. DAMAGE TO (SENSE, BODY ORGAN OR PART)

Crlumns 3-9 contain the constituent elements of a.sense or receptor
mechanism, In some cases there will be more than seven, in some case;
less, The data required and entered in column nos. 3-9 should be a
specific number preferably stated in terms of dose rate, Watt/cmz, éf
where energy (dose) is of interest or primary concern,in terms of Watt-second/
cm2 or J/cmz, to produce that effect requested in column 2 for the energy
form in column 1. The requested information should be filled in these cells
with reference to the appendices pertaining to that ta.

10., 11,, 12. SPECIFIC ADVERSE EFFECTS TO TRANSMIS .ON

In many cases of in£eraction of energy with pa s of senses or body
organs adverse or beneficial effects are observed due “ransmission of
a signal by the sense or body organ. For erample, flickering visible light
may cause discomfort to the individual perhaps climaxing in confusion and
panic, or pseudo-epileptic seiéuré; or vemiting.

In addition to the specific number if it is available, columns 10, 11,
and 12 should describe in very cogent terms the specific adverse effect of
the number entered into the cell. Any appropriate remarks required to qualify
the number entered into the specific cells should be inserted in column 14
(Remarks) .

13, COUNTERMEASURES

Give an indication of whetber the effects presented in columns 3 to 12

could be easily protected against, difficult to protect against or impossible

to protect against. Protection here should be couched in terms of protection




without adversely affecting the performance capabilities of the individual.
For example, it would be easy to protect an individu;l against any form

of radiation by incapsulating him in a lead box. However, the lead box
essentially reduces his performance capability to zero and hence is an
impossible solution. Included in countermeasures are immunizatiorn and
therapeutic techniques. Specific information as to the nature of
countermezsures should be amplified in Appendix B with appropriate reference.
If expansion of easy, difficult or impossible is required, this also should
be addressed in Appendix B.

14, REMARKS: Short remarks pertaining to the particular row. If more
space is needed, reference in column 14 and enter remarks in Appendix B.

There are four appendices required to support the matrix.

" APPENDIX A - BIBLIOGRAPHIC SOURCES. Should contain all relevant
literature used to support matrix-entered data. .u

AéPENDIX B -~ AMPLIFICATION OF REMARKS. Shall contain amplification
of the Remarks section of the matrix, if necessary.

APPENDIX C - OTHER POSSIBLE INFORMATION SOURCES. Because the matrix
will be filled in by specific people who may not have all sources of
information available to them, this appendix should contain all other sources
of information which could be explored, if necessary.

APPENDIX D - CATCH-ALL. This appendix is designed to permit the
individual respondent to provide his thoughts and/or speculations on the

subject area.
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Identify Appendix refevences in cells related to columns 3 to 14 by
entering in appropriate cells for:

Bibliography (APPENDIX A): A-1,2,.....

Amplification of Remarks (APPENDIX B): B-1,2.....

Other Possible Information Sources (APPENDIX C): C-1,2,3....
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INTRODUCTION TO MATRICES ON IONIZING RADIATIONS

This work is the result of a major search of the available wg*!d literaiure
on the biological effects of both ionizing electromagnetic and particulate
radiation.

Findings are noted for each organ or system on the forms supplied. All
doses are expressed in rads (where 1 rad = 10"5 Joule of deposited energy per
gram of matter.) A discussion of units commonly used in radiation biology
can be found in Appendix D. When a specific dose for a specified amount of
damage to the organ or system was found, it is stated as such in th. 3ppropriate
box in the matrix along with the reference to the study. When a range of doses
was found, meaning that different investigators described the same effect for
different doses, the lowest and highest doses that produced the effect are
noted along with the particular references. It should come as no surprise
that different investigators noted the same effect for different doses when
one realizes the great difficulty experienced in I:eproducing results in biolo_gical

material even under the best of circumstances. In‘many of these studies quoted

the ohly common factor was the dose. As would be expected in a field that

is relatively new to investigation, there are many organs and systems for which no

dose rates have been determined or no specific study can be quoted. These
spaces have been either filled with just a reference or left blank. Because
electromagnetic ionizing radiation has been the choice until quite recently

for the therapy of human disease which lends itself to treatment with ionizing -

radiation and because the production of particulate ionizing radiation for
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therapy, other than those few radjoisotopes which are useful in medical

it S

therapy, is expensive and cumbersome, the literature is disproportionately

T

=
——

concerned with the effects of electromagnetic ionizing radiation, at least ;

as it is concerned with the purpose of this study. The obvious result of this

A SRECTENRMING

"y,

Y

state of affairs is the dearth of references to be found in the matrices dealing

k]

A SINAC U NSV A SR P,

with the biological effects of particulate radiation. What literature is available

=
P VPR L TR S NP g

T

and pertinent to this study is quoted, usually in the form of remarks in
Appendix B. The bibliography of sources used for this report comprises

Appendix A. Sources that promise possible dose levels but are unavailable 3

TIET e

either because physically inaccessible or because they are written in a foreign 3

-

language are in Appendix C.

AT T IXeT

No attempt has been made to extrapolate data from animal studies to

human beings in terms of doses for the reason that such extrapolation is more 93

than likely to be in serious error, e.g., the dose of ionizing radiation to the

7r

ovaries of mice which produces a significant increase in congenital abnormalities
cannot be extrapolated to the human ovary with any meaningfulness because

of a significant difference in the biological development of ova in the two species.
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R RN

. When some degree of speculation enters into the dose noted in a box, a foot-

note to that effect is appended.
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: Taken in toto, this study points out the large hiatus in our knowledge of
3 et S
4 p 1 . 3
- ’§ the biological effects of ionizing radiation on specific organs and systems in j
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B-1

Damage From Particulate Radiation to the Eye (Al)

1.

Aprioximately 1000 rads will produce a superficial keratitis (inflammation
of the cornea) which, appearing ater a latent period of several weeks,
will generally subside without sericus sequelae. Moderate doses (on

the order of 5000 rads or less) produce punctate keratitis. Doses as

high as 20,000-30,000 rads will produce ulceration followed by keratini-
zation and telanglwi;assis.1 Come=al scarring will appear in a certain
number of cases after a latent period inversely proportional to the dose. 26

Because beta-rays and thermal neutrons are absorbed within a thickness
of several millimeters of living tissue, the chief ocular structures
damaged by such external particulate radiation will be the lens and
comea. Deeper lying structures will not be significantly effected by
low energy external particulate radiation. A possible source of
damaging dosage levels for the retinal elements, muscles, and

vitreous humor would be studies of Beta-emitting radionuclides in-
troduced to the posterior region of the eye or high energy electron,
proton, deuteron radiation, capable of deep penetration into human
tissue. No such studies have been found in the literature.

Radiation causes opacification of the lens or "radiation cataract”.
Neutrons, especially fast neutrons, have a very high RBE. Consequently,
a low dose (approximately 15 rads) can lead b opacities in the lens.




B-2

Damage From Particulate Radiation to the Skin as a Covering (A-5)

4.

Most of the energy fronm incident beta-rays or neutrons is absorbed
by the epidermis. The dosage levels for epidermal degradation and
incapacitation are therefore well known, while dosage levels of
paticuae radiation sufficient to cause dermal destruction seem to

be unknown.




B-3

Damage from Particulate Radiation to Adrenals, Pituitary, and Pancreas (A-8)

S. Irradiation may alter adrenal function but this alteration appears to
be the result of stress of illness rather than a primary effect of :
radiation. 1
6. Pituitary gland irradiation with high >nergy electrons increases the ,’

ACTH content of the blood within one hour of the time of irradiation,
The increase lasts for at least 24 hours. Experiments with rats has
lead to the conclusion by at least one author that the gonadotropia,
somatotropia and thyrotropic activities of the pituitary are either
unaffected or slightly stimulated by irradiation if the adrenals are
intact, 33

7. The pancreas of the irradiated rat loses its ability to form citrate, 33

“




Damage from Electromagnetic Radiation to the Eye (B-1)

8‘

Possibie sequelae of X-ray irradiation of orbit:>3

punctate ataining of cornea
atrophy of iris

glaucoma

cataract

choiroido-retinal changes

The dark adapte. human retina is sensit’ e to low levels 0i X and ygamma
radiation. Brief exposures to approximately 1 Mev of X-rays produce
perception of an unsaturated bluish light and allows the discriminatio.
of a shadow of a radio-opaque object. Beta and gamma-rays cause the
perception of a greentsh formless glcmw.90
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Damage from Electromagnetic Radiation to the Ear (B-2)

10,

Immediate sequelae of a therapeutic dose of X or gamma-radiation
are a transient radiation otitis meilia and vasculitis of the vessels
of the inner ear resulting in hearing loss, tinnitus, temporary
recruitment, a painful feeling of fullness, and possible obstruction
of the eustachian tube caused by swelling or .aucosa. Possible late
changes include impairment of blood supply to cochlea and auditory
ossicles, necrosis of the incus, and acute radionecrosis of
temporal bone, 61
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Damage from Electromagnetic Radiation to the Nose {B-3)

‘11,

12.

The nasal cavaties show little sensitivity to radiation. In the
period immediately following lrradfation, there may be alterztion

or temporary suppression of the sense or smell and hypersecretion of
mucus. As a late reaction, many patients complain of dryness of
the mucosa with a tendency toward formation of crusts, which is
probably due to a transitory atrophy of the mucus secreti.> alands

at the level of the nostril vesibue, the transitional epithelivn
shows severe radiation reactions which resemble in their develop-
ment that of other mucocutaneous orifices. (No doses given) i4

20% of patients receiving localized iiradiation to the oral-nasal--
pharyngeal regions report experiencing unusual tastes and smells, 90
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Damage from Electromagnetic Radiation to Blood, Skeleton, Cardios .scular

System, and Spleen (B~7)

13.

14,

15,

16.

1,28
Cardiovascular:

heart <6,000 rads in 6 weeks - safe
>6,000 rads in 6 weeks - degrading

vessels <1500 rads - safe (1200 rads lead to reversible changes)
>1500 - 2000 rads - degrading

Skeleton:87 /99

Osteoradionecrosis (of the mandible) is caused primarily by loss
of circulatica to the bone, periosteum, and mucosal tissues and
may proceed to osteomyelitis with greater destruction anterior and
posterior to the irradiated area. Radiation of formed bone may
result in a derangement of the synchronization of resorption and
new bone deposition, producing either excessive absorption or
overgrowth of bone.,

Blood: Countermeasures for irradiation effects

1. Pre-irradiation erythropoietic stimulation (by placing
experimental animzl in a high altitude chamber) enhanced
post-irradiation recovery in Swiss mice.31

2. Vitamin C administered tn patients undergoing therapeutic
radiation eiiminates or moderates leukopenia.

Spleen:

Shielding of the spleen during whole~body irradiation has in
some species resulted in markedly improved survival rates, 33

An attempt to assess the effects of spleg&c shielding on survivors
of the Japanese atomic bomb explosions;, "~ did not prove that a
healthy spleen helps in recovery from radiation in humans. The
findings of the study were, however, not inconsistent with that
hypothesis.
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Damage frors Electromagaetic Radiation to the Gonads (B-8)

17. Gonads: man < e
< 50-200 rads ~ safe*’’~ 1.75
236-365 rads - transient sterility (degradation)”
»400-600 rads - incapacitating’*

woman 1.5
< 100-~200 rads - safe™’ 1.2.5
200-500 rads - degrading” ’“’

»500-2000 rads - incapacitathrxg]‘’5’8
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B-9

mage from Flectromzgnatic Radiation to Gastrointestinal and Urinary
Bystems and Liver and Gall Bladder (B-9 [

18. Gastrointestinallz

esophagus - < 5,000 rads~safe
5~6,000 rads~degrading
> 6,000 rads-incapacitating

stomach - < 250-350~safe
350-1,000-degrading
>1,000-incapacitating

small intestine - ¢500-safe

500-1,000~degrading
large intcstine - ¢ 7,000-safe
>7,000-degrading
19. Urinary: 2,99
kidney - <400 rads-safe
500-2,000 rads-dec¢rading
>3, 500-400‘0—1ncapac1tat1ng
& lethal
\ bladder - < 3,000~safe

3,000~9,000~degrading
» 9,000-rads~incapacitating

20, Nausea resulting from irradiation can be controlled by doses of

Vitamin Bl.39

21, The liver appears to be a radiosensitive organ from studies nn mice,
rats, and pigeons. The hepatic vascular system must rema.n: intact
for some radiation effects to become radiation apparent. A compendium
of effects on the liver observed in various species includes

1. increased oxygen consumption

2. no change in liver protein synthesis

3. decreased activity of choline oxidase _ )
4. decr.ased acetylating capacity

S. increased permeability to phcsphate ions ;33
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Damage from Electromagnetic Radiation to the Central Nervous System (B-10)

22,

23.

24,

25.

The period until death ensues is inversely proportional to the
g1ze of the dose, above a lethal dosage.

Cortex and immediate sub-cortical medullary x;é;ions are less
radiosensitive than deep-seated white matter.

Irradiating a short%relength of spinal cord allows a higher dose
to be used safely.

Effects of irradiation of the head of animals and humans on the
EEG are summarized in reference 90. However, no human dosage
levels for significant changes in the alpha rhythm have been
estahlished.
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B-11

Psychological Effects from Electromagnetic Radiation (B-11)

LSlar e

26. Chapter 7 and 8 of reference 90 discuss the effects on psychological
processes and behavior of animals exposed to varying levels of
ionizing radiation. Extrapolation to the human species is hazardous
at the present level of understanding of the phenomena.
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Radiology"
Radiologe, 6:298-303, Aug. 1966

7. Bauchinger, M., O, Hug
" Chromosome Aberrations Following Radium Roentgen Therapy of Gynecologic
Tumors"
Strahlentherapie, 131:109-21, Sep. 1966,

-

8. Beduhn, D., H. Kuttig.
"The Moving Beam Irradiation of the Pra-Aortic Lymph Nodes with Co Gamma
Rays“
Strahlentherapie, 152: 481-6 Apr. 1967.

9. Binet, J.L.,, J. Bernard -
"Circulation of Lymphocytes"
Rev, Franc. Etud.Clin, Biol, 14:235-7, Mar. 1969.

10. Buhr, A., H. Horst=-Meyer

"Behavior of Granulocyte and Lymphocyte Count as Well as the Nuclear Segment
Index of Neutrophil Granulocytes in the Peripheral Blood of Persons
Professionally Exposed to Irradiation in Correlation to the Personal

Dosimeter Value"

Radiobiols Radiother. (Berlin), 9:683~7, 1968+
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LYMPH (cont,)

11, Field, E,O., K.D. Dawson, J.W. Dolphin, et. al.
*Study of Lymphocyte Kinetics by Means of Extracorporeal Radiation of the
Blood and Analysis of Chromosome Aberrations"
Nouw Rev. Franc, Hemat, 8:685-90, Sep.-Oct. 1968

12, Frischbier, H.J., G. Mohle
*possibilities of Telecobalt Therapy of the Lumbar Lymphatic System"
Strahlentherapie, 132:487-96, Apr. 1967,

13. Fonshtein, L.V., E.1I, Vorob'ev, E.,I, Shcherban', et. al.
"The Importance of the Radiation Load on Organs and Tissue in the
Radiotherapy of Certain Malignant Neopla:ms and Lymphog:~.nulomatosis”
Med. Radiol.(Moskva), 12:35-42, Jan. 1967.

14, Garrett, J.V., L.G, lajtha
"4 Cases of Chronic Lymphocytic Leukemia Treated with Extracorporeal
Radiation of the Bilood"
Nouv. Rev. Franc. Hemat,, 8:701-8, Sep.-Oct. 1968 -

15. Golob, E., P. Fischer, E. Kunze~Muhl
"Effect of Culture Time on Radiation-Induced Chromosome Aberrations in
Human Lymphocytes in the Peripheral Blood"
Strahlentherapie, 137:63+7, Jan. 1969.

16. Hartweg, H., H.E. Schmitt, K. Renner
"Studies on the Behavior of Binuclear Lymphocytes Following Radiotherapy"
Strahlentherapie, 113:245-51, Jun. 1967.

17, Heitmann, H.]J. -
"Chromosome Mutations of Blood Cells in X~Ray Teleirradiation of the Skin"
Hautarzt, 17:515-7, Nov,. 1966.

18, Heitmann, H.]J. :
“"Cytogenetic Studies on Blood Cells in the Roentgenotherapy of Eczema"
Hautarzt, 19:31-3, Jan. 1968. .

19, Jorke, D., L. Wedekind
"The ‘Behavior of Various Types of Lymphocyte and Lymphoid Celis Under the
influence of Ionizing Rays"
Fortschr Roentgenstr, 108:104-15, Jan, 1968.

20, Knoth, W., G. Ehlers

"The Effect of X~Rays on the DNA Content of Malignant Melanoma Cells"
Arch Klin.Exp.Derm, 233:77-81, 1968.
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LYMPH (cont.)

21, Kop'eva, T.N.
"Morphologic Changes in the Thymus Gland in Myasthenia Under the Effect of
Radiation Therapy"
Arkh. Pat,, 30:13-9, 1968,

22. Kriklava, J., Z. Vich
“Blood Picture in Employees of Uranium Mines in the District of Pribram”
Cas.Lek«Cesk, 107:1367-72, 1368.

23. Kuttig, H,
" Radiotherapy of Wilm's Tumor"
Radiobiol.Radiother, (Berlin), 9:247-52, 1968«

24, lamarque, J.L., A. Pages, H. Pujol, et. al,
"Radiologic Anatomy and Semeiologic Value of Lymph Node Images in
Lymphography"
J. Radiol.Eiectr, 48:253-62, May 1967.

25, largiader, F. :
"Immunosuppression During Clinical and Experimental Organ Transplantation"
Naturwissenschaften, 55:429-34, Sep. 1968.

26. Laskowski, J., J. Lysakowska
"Ppost-Irradiation Changes in Axillary Nodes in the Course of Preoperative
Treatment of Breast Cancer with Roentgen Rays"
Nowotwory, 18:33-43, Jan.-Mar. 1968.

27. Ludvik, W., F. Wachtler, W, Zaunbauer
"Changes in Lymphography Due to Surgical Operation and Ionizing Radiation.
Regeneration of the Lymphatic System"
Fortschr Roentgenstr, 110:307~21, Mar, 1969.

28, Markovits, P., R. Blache, C. Gasquet, et. al,
"Radiological Appearances of Lymphographies Performed After Irradiation"
Ann.Radiol.(Paris), 12:835-47, 1969. .

29, Malska-Waniewska, I., E. Studencki, T. Naganski
" Lymphographic Picture of Lymph Nodes Following Roentgen Irradiation"
Strahlentherapie, 137:9-13, Jan,. 1969.

30, Malska-Waniewska, I., E. Studencki, T. Naganski

"Lymphographic Pictures of Lymph Nodes After Roentgen-Ray Irradiation"
Nowotwory, 18:161-8, Apr.-Jun, 1968,
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LYMPH (cont.)

31.

32.

33.

34.

35,

36.

37.

38.

39.

40.

Zographcv, D.G,, D.N. Gospodinowa

" On the Hematology of Occupational Radiation Injuries. I. Follicular and
Sinus Lymphocytes"

Deutsch. Gesundh,, 21:826-9, 5 May 1966,

Micu-D., D. Niculescu-Zinca, N. Raiciulescu, et. al.

"Preiiminary Reserach on Some Blood Cytoenzymochemical Changes Caused by
Post-Therapeutic Internal Contamination with Radiocactive Isotopes"
Stud.Cercet.Med.Intern, 10:327-34, 1969.

Musshoff, K.
"Radiotherapy of Leukoses"
intemist (Berlin), 9:484-9, Dec. 1968-

Nemec, J., M. Neradilova, V. Zamrazil, et. al.

"Hematologic Changes in the Treatment of Thyrotoxicosis and Cancer of the
Thyroid Gland with Radioactive Iodine 13])-I"

Cas.Lek-Cesk, 107:742-8, 14' Jun. 1968+

Novakova, E., J. Nosek, D. Koskova

"Method of Lymphograms and Lymphograms of Miners in Uranium Mines"
Vnitrni. Lek, 14:973-80, Sep. 1968.

Novakova, E.
" Nucleolar Coefficient of Lymphocytes of Uranium Miners"
Vnitrni. Lek, 14:256-60, Mar. 1968,

Pizon, P.
" Consequences of Radiologic Explorations Using Thorium"
Presse, Med, 77:241-4, 8 Feb, 1969,

Renner, K., H. Hartweg, H. Renner
"The Degenerating Cell Forms of In Vitro Stimulated Lymphocytes™
Blut, 19:151-5, 1969,

Schiffer, L.M., A.D. Chanana, E.P, Cronkite, et. al.
"Extracorporeal Radiation of the Blood in Chronic Lymphocytic Leukemia"
Nouv. Rev. Franc. Hemat, 8:691-700, Sep.-O<t. 1968,

Schlienger, M., C. Parmentier, A. Laugier, et. al.

"Splenic Radiotherapy in the Treatment of Chronic Lymphocytic Leukemias, its
Analogies with Extracorporeal Radiation"

Nouv. Rev, Franc, Hemat,, 8:719-32, Sep.-Oct. 1968,
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LYMPH (cont.)

41, Schroder, K., H.A. Ladner, G, Pemsel
"Demonstration of Radiation Induced Percentual Changes in Peripheral

Lymphocyte Typc. by Means of a Cytochemical Method"
Strahlenschutz, Forsch, Prax, 7:311-7, 1967

42, Skalska-Vorerodt, J., I, Hliniakowa, J., Godawski
“Radiolymphography with Application of I-13! (I, Technical Problems)"
Pol Przegh Radiol, 33:709~14, Sep.~Oct. 1969.

43, Strambi, E., 5. Tagliati
"Clinical and Dosimetric Study of a Case of Accidental Irradiation in the -
Use of a Cobalt 60 Source" :
Med.Lavoro, 58:573-87, Oct. 1967,

44, Tanaka, Y., Y. Koroda, 7. Hashimoto
"The Occurrence and Significance of Anomalous Lymphocytes in Peripheral
Blood After Radiation Exposures"
Nippon Acta Radiol, 27:429-36, Jul. 1967.

45, Tischer, W,
"Diagnosis and Therapeutic Possibilities in Thymus Gland Hyperplasia in
Infancy"
Kinderaerztl, Prax, 35:333-40, Aug. 1967.

46, Toroptsev, I.V,
"Morphological Characteristics of the Biological Action of Magnetic Fields"
Arkh,Pat, 30:3-12, 1968.

~47, Ueno, Y.

"Radiosensitivity of the Lymphocyte"
Saishin.Igaku, 24:1382-9, TJul. 1969.

48, Vich, 2., M. Beran
"The Nuclear Structure of Lymphocytes in Uranium Miners"
Cas:Lek.Cesks, 106:1186~7, 27 Oct. 1967

49, Vishnevskaia, E.E,, E.V, Trushnikova
"Appraisal of the Radiation Changes and Metastatic Lesions of the Lymphatic
System of the Pelvis with the Aid of Lymphography"
Vop.Onkols, 13:32-8, 1967.

50, Zuk, A.
"Shiels' Method in the Evaluation of Qualitative Changes in Lymphocytes of
Employees Exposed to Ionizing Radiation"
PoleTyg.Lek., 24:1264-7, Aug. 1969,
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K 51. Buschmann, O., R. Hunig
" Thorotrast Poisoning"
Med.Klin, 61:14-8, 7 Jan. 1966.

L . 52. Helde, M.

"New Methods for the Evaluation of Blood Examinations in the Medical
Surveillance"

. Strahlenschutz, Forsch.Prax, 4:147-58, 1964 .
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53. Szasz, G., I. Voros, J. Lakos

"The Influence of Roentgen-Irradiation on the Course of Adrenaline
3 Lymphocytosis"
F‘ RagiiobioL Radiother. (Berlin), 7:241-7, 1966 .

54, Szobor, A., E. Kornyey
"Myasthenia Gravis and Dysthyreosis"
Nervenarzt, 37:337-42, Aug. 1966,
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1, Barabanova, A.V,
"The Status of the Motor Function in Chronic Exposure to Radiation"
Med, Radiol, (Moskva), 12:42-7, Aug. 1967.

2. Pichler, H,]J.
"Otological Problems of Space Flight"
Mschr Ohrenheilk, 102:168-70, 1968.

3. Niklas, K., F. Wachsmann
"Radiation Injury and Radiation Accidents in X~Ray Units"
Radiologe, 6:332-8, Aug. 1966.
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SKELETON

Funshtein, L.V,, E.I, Vorob’ev, E,I., Shcherban' et. al,

"The Importance of the Radiation Load on Organs and Tissue in the
Radiotherapy of Certain Malignant Neoplasms and Lymphogranulomatosis"
Med, Radiol, (M oskva), 12:35-42, Jan. 1967.

Pichler, H,]J.
"Otological Problems of Space Flight"
Mechr. Ohrenheilk., 102:168-70, 1968.

Spoljar, M., F. Zunter, M. Kubovic, et, al,

"Changes in the Blood Elements, Serum Proteins as well as Sternal Bone
Marrow During and After X-Irradiation of the Thoracic Wall in Breast
Carcinoma"

Strahlentherapie, 133:238-44, Jun. 1967,

Sugimoto, K.

"Studies of Hematopoietic Function Disturbance due to the Therapy of
Intrapelvic Malignant Tumors in Women"

J. Jap. Obstet.Gynec.Soc, 20:577-84, Tun. 1968.

Vishnevskaia, E,E., E.V. Trushnikova

"Appraisal of the Radiation Changes and Metastatic Lesions of the Lymphatic
System of the Pelvis with the Aid of Lymphography”

Vop-Onkols, 13:32-8, 1967,

Koslowski, L.
"Radiation Burden and Burns"
Strahlenschutz.Forsch Praxs 4:303-14, 1964.

Barletta, L,P,
"Radionecrosis. Surgical and Biological Excision"
Prensa. Med Argent, 53:1658-61, 29 Jjul. 1966.

Bote, D.V,

"On a Case of Mandibular Osteoradionecrosis and Late Epithelioma of
the Lip Caused by Radium Therapy"

Arch. Stomat. (Roma), 6:317-33, Oct.~Dec. 1965.

Chatizephotiades, D., I. Eleutheriades, P. Papademetriou
"Some Observations in Radionecrosis of the Jaw"
Stomatologia (Athen), 26:123-34, May-Jun. 1969.

Priez, P., E. Alexandre, C. Lesage

"Apropos of a Rare Form of Odonto-Radionecrosis"
Acta Stomat. Belg, 65:495-500, 1968,
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11,

12,

13.

14,

15,
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17.

18

19,

20.

Fukuda, M., M. Abe
"latrogenic Disorders in Radiotherapy"
Rinsho Hosha, 14:533-8, Jul. 1969,

Gabka, T.

"Incidence and Treatment of Major Radiation Induced Ulcerations of
the Maxillofacial Area"

C7as, Stomat, 22:589-95, May-Jun, 1969.

Glasenapp, G.B,
"Osteomyelitis of the Maxilla Following Radiotherapy for Facial Lupus”
Hno, 16:46-9, Feb. 1968,

Guella, A., M. Zadra .

"Observations an the Treatment of Tumors of the Mouth and New Prospects
of Radiotherapy. Personal Experience" '

Ann.Laring, 65:620~9, Sep.-Oct. 1966.

Hahn, G., D.A. Corgill
"Conservative Treatment of Radionecrosis of the Mandible"
Oral Surgs,, 24:707-11, Nov. 1967.

Kunimitsu, T.
" Microradiographic Observation on Osteoradionecrosis”
1. Jap. Stomat. Soc.,, 35:529, Sep. 1968.

Lenarduzzi, G., C. Valdagni, F. Pozza
"Tvaluation of Late I esions Following Therapy with Fast Electrons"
Strahlentherapie, 135:166-—_75, Feb. 1968,

Merlini, C.

"Pathogenetic and Clinical Aspects of Radiation Injury by X-Ray in
Dentistry"

Rass, Trim.Odont., 48:553-68, Oct.-Dec. 1967,

Niklas, K., F.Wachsmann
"Radiation Injury and Radiation Accidents in X-Ray Units"
Radiologe, 6:332~8, Aug. 1966,

Perzyna, B., K. Stawinski

"Delayed Lesions in the Teeth and the Mandible of a Child After
Therapeutical X~Ray Application"

Deutsch.Stomate 18:908-12, Dec., 1968+

100




RS,
X, ke’

VR S RN s G

LA

AR T d o0 R0 G0 3200 F e A 5o 80
AR AR bt vied > Noluh S LT S LN A0

aisads

ppE et

(R P S A SIS
b o Lo ey So g o
oy o gy S s n et

C-40

SKELETON (cont.)

21,

22,

23,

24,

Pourquier, H.

"Complications of Radiothgarapi’ of Cancer of the Uterine Cervix at
Stage 3"

J.Radiol, Electr, 49:607-16, Aug.~-Sep. 1968.

Schubert, H., H.J. Rapp.

"Osteoradionecrosis of the Mandible Following Teleccbalt and
Electron Radiotherapy of Tumors on the Floor of the Mouth and Cheek"
Radiobiol, Radiother. (Berlin), 9:279-86, 1968.

Schule, H,

"Clinical Manifestations and Prevention of Radiation Injuries to the
Teeth, Mouth and Jaws"

Deutsch.Zahnaerztl.Z, 22:103-26, Feb. 1967

Boszkiewicz, T.

"Traumas of the Skull and Brain in Acute Postirradiation Disease"
Otolaryng.Pol,, 21:219-22, 1967,
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CARDIOVASCUIAR

1. Bogoliubov, V,M,, E.N, Denisov
" The Preparation of Standards for Radioactive Protein Compounds"”
Med. Radiol. (Moskva), 11:85-6, Jun. 1966«

2, Bragina, V.A,, G.I. Kirsanova
"Chamber Bath Therapy with Naphthalene Emulsions in Disorders of the
Peripheral Blood Circulation in Patients Chronically Exposed to Ionizing
Radiation"
Gig. Te Prof.Zabol, 12:43-5, Jan, 1968,

3. Breit, A.
"Arteriography Before and After Tumor Irradiation"
Fortschr, Roentgenstr, 111:329-44, Sep. 1969,

4, Brina, A., G. Lo Cicero
"Behavior of the Cardiovascular System During Radium Therapy of Genital
Neoplasms"
Ann.Ostet.Ginec, 90:825-42, Dec. 1968.

5. Ciocatto, E,, M, Abrate, G. Baiotti, et. al.
"Reactions induced in the Body by Loco~Regional Administration of
Radioisotopes"
Minerva Med, 58:4489-90, 12 Dec. 1967.

6. Dziuk, E.
"Effect of X~Rays and Gamma Radiation on the Heart"
PoLArchsMed,Wewnet, 43:1201-6, Aug. 1969,

7. Fonshtein, L.V., E.I. Vorob'ev, E,I. Shcherban', et. al.
"The Importance of the Radiation Load on Organs and Tissue in the
Radiotherapy of Certain Malignant Neoplasms and Lymphogranulomatosis"
Med. Radiols (Moskva), 12:35-42, Jan. 1967,

8. Ganse, R.
"The Changes in the Atypical Vessels of Cervix Carcinoma Under Telecobalt
Irradiation"
Geburtsch: Frauenheilks, 27:476~80, May 1967,

9, Gordon, Z.V,
"Radiofrequency Electromagnetic Fields as a Health Factor"
Gigs Tr. Prof. Zabol,, 10:3~6, Oct. 1966,

10. Gurevich, 1.B,, N.V, Nikolaeva, B,P, Shvedskii, et. al.
"Changes in the Cardiovascular System in Patients with Erythemia Treated by
P32"
Med. Radiol.(Moskva), 12:28-32, Oct. 1967.
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CARDIOVASCUILAR (cont,)

11.

12,

13.

14,

1s.

16.

17,

18,

19.

20,

Hecht, A,

"On the Specificity of Enzyme Histochemical and Electron Microscopic
Reactions of the Myocardium as a Response to Pathogenic Stimuli"
Z,Ges.Inn,Med., 24:97-102, 15 Feb. 1969.

Kaneda, H,, A. Takaoka, M., Maeda, et, al.

"Problems in Radiotherapy of Lung Cancer. 1. Its Primary Site and
Therapeutic Effects"

Jap. J.Cancer Clin, 14:101-4, Feb, 1968 .

Klein, E.

"About the rossible Influence of Atomospherics on Myocardial Infarctions"
Aerztl.Forsch, 22:240-53, 10 Jul, 1968.

Kleinert, H., H. Kuttig, C. Wieland

"Electrocardiographic Studies During 0060 Teletherapy of the Heart Region"
Strahlentherapie, 134:339-49, Nov,. 1967.

Lepskaia, E.S.

"Roentgenological Symptomatology of Primary Rheumocarditis in Children and
Its Relation to the Activity of the Rheumatic Process {According to A.I.
Nesterov)"

Pediatriia, 46:20-3, Feb, 1967,

Liegl, O.

"On the Consequences of a Radiation Overdose in the Neck, A Contribution
to the Syndrome of Bilateral Carotid Occlusion”

Z.Kreislaufforsch, 56:221-34, Mar. 1967.

Menozzi, V., U. Dusi, G,G, Ferri
"Anatomohistologic Aspects of the Cardiac Damage Due to Ionizing Radiation"
Riv, Anat.Pat.Oncols 31:90-7, Jan. 1967.

Messerschmidt, O., W. Oehlert

" Studies on Combination Damages. 10, Histopathological Studies on Mice
Following Whole Body Irradiation in Combination with Open Skin Lesions"
Strahlentherapie, 136:229-36, Aug. 1968.

Nagai, S., T. Matsuo
"Changes in the Heart After Radiotherapy”
Iryo, 21:1016-21, Sep. 1967.

Pichler, H.T7.

"Otological Problems of Space Flight"
Mschr. Ohrenheilk, 102:168-70, 1968.
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CARDIOVASCULAR (cont.)

21,

22,

23‘

24.

25.

26.

27.

28.

Piontkovskii, LA,
“The Radioembriologic Effect and its Importance in Pathology"
Pat.Fiziol.Eksp,Ter, 11:13-20, Nov.-Dec. 1967,

Toroptsev, 1.V,
“Morphological Characteristics of the Biological Action of Magnetic Fields"
Arkh.Pat, 30:3-12, 1968.

Dusi, U,, G.G, Ferri
"Cardiac Damage Caused by Antineovlastic Radictherapy"
Boll. Soc,Ital.Candiol,11:844~8, 1966,

Ganse, R.

"Changes in Atypical Blood Vessels of Cancer of the Uterine Cervix Under the
Effects of Radium Irradiation”

Geburtsh.Frauvenheilk, 26:391~6, Apr. 1966,

Gorbonosova, N,B.

"Woiling Conditions and Health Problems Among Vessel Radiooperators Exposed
to the Electronagnetic Field of High Frequency"

Bull. Inst.Mar Med.Gdansky 17:263-6, 1966..?

Kleibel, F.
"Pathogenesis and Treatment of Radiogenic Hypotensive Circulation Disorders"
Deutsch.Med.J, 17:326-9, 31 May 1966,

Kleibel, F.

" Experimental Studies on the Hypotension Induced by Radiation and its Treatment
with Noradrenaline Derivatives"

Med.Welty 14:725-8, 2 Apr. 1966»

Theisen, H.

"Mondor Phlebitis as a Result of Roentgen Irradiation"”
Med.Weit, 7:378-9, 18 Feb. 1967.
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BONE MARROW

1.

2,

3.

4,

S.

10.

Agamova, K.A., M.L, Brin

"The State of Megakaryocytes of the Bone Mﬁlggw in Patients with Breast and
Lung Cancer During Radioactive Colloidal Au Therapy"

Med,Radiol. (Moskva), 11:81-4, Feb, 1966.

Andersen, V., S,F, Sorensen, S,A, Killmann

“"Treatment of Chronic Lymphocytic Leukemia with Extracorporeal Radiation
of the Blood"

Nouv, Rew. Franc.Hemat, 8:709-18, Sep.~Oct. 1968,

Barth, G.

"The Knowledge of Radiation Pathology as a Basis for Radiation Protection in
Radiology"

Radiologe, 6:298-303, Aug. 1966~

Bauer, R,
"C linical Problems in Radiation Hematology"
Aerztl, Forsch, 23:139-46, 10 Apr. 1969.

Bauer, R.
"Radiation Hematology Past and Present"
Strahlentherapie, 136:387-~94, Oct. 1968,

Barnard, J.
" The Preleukemic Aplasias"
Nouv, Rev Franc.Hemats, 9:41-8, Jan.~Feb. 1969.

Cardini, G., G. Riggio, M, Pegoraro, et, al.

"Radioprotection of the Chromosomes of Human Medullary Cells in Vitro. 1I.
Protective Effects of Methionine, Glutamic Acid, Phenylalanine and
Tryptophan Against the Indirect Action of Ionizing Radiations"
Radiobiol,Radioter. Fis. Med., 22:371~5, Nov.~Dec, 1967,

Chone, B., H,B, Fuchs

"Studies of the Course of Leukocyte Concentrate During and After Therapeutic
Irradiation"

Radiobiol. Radiother. (Berlin), 10:489-503, 1969.

Chone, B.

"Internal Medical Possibilities and Hematological Limits in Radio- and
Chemotherapy of Tumors"”

Radiologe, 6:111-27, Apr. 1966.

David, A.

"Course and Prognosis of Occupational Hematologic Radiation Injuries"
Int, Arch, Gewerbepate, 24:271-86, 1968.
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BONE MARROW (cont.)

11,

12,

13.

14,

15,

16.

17,

18.

19.

20.

Fleischmann, T.
"Chromosome Anomalies in Hematologic Diseases"
Orv. Hetil, 109:2866-70, 29 Dec. 1968.

rranzen, J.
" Means of Reducing Somatic Radiation Hazards"
Fortschy Roentgensts, 105:893-9, Dec, 1966-

Fuchs, G., J. Hofbauer

"On Injury to the Bone Marrow in Simultaneous Radio- and Cytostatic~ Therapy"
Radiol Austria, 18:233-8, 1968.

Franzen, J.
"Means of Reducing Somatic Radiation Hazards"
Tortschr, Roentgenstn, 105:893-9, Dec. 1966.

Gebert, P,, K, Lorenz

“"Malignant Hemoblastoses Following Prophylactic and Therapeutic Procedures"
Deutsch, Gesundh, 23:1318-22, 11 Jul. 1968.

Gerna, G., R. Moratti, G. Carosi, et, al,
"Erythroblastometric Research on th. Bone Marrow of Irradiated Subjects™
Arch. Sci.Med. (Torino), 124:506-22, Nov. 1967,

Gheorghe, N., I. Plesca
"Action of Small Doses of Radioactive Radiations on the Body"
Med. Intern. (Eucur) , 21:21-7, Jan, 1969,

Gorizontova, M. N,

"Some Indices of Mitotic Activity of the Bone Marrow Under the Effect of
Ionizing Radiation"

Med. Radiol, (Moskva), 11:55-6, Dec. 1966+

Horst-Meyer, H., S. Mau, C, Petroff
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