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1. T+ mecordance with the AFSWP letter to the Services and other >,
‘rteregted arencies, subject: "Analysis of Atomic Y apons Zffects Program", 0
deted 2 larch 195%, the inclosed informetion hea been prepared. This data, s
relatin, to the current atatus of knowledge in the medical and personnel %
effects of atomic weapons, is specifically directed toward operational o
reauirements. Certain medical aspects, such as therapeutic problems, have "
not heen discumsed ms they are outside the acope of this study. e
(828
]

2, The conclusions end recomnendations made in the study represent the
or‘n’on of the APSWP. Io elsboration is attempted. Definite stntements are
made on which to “»ese discusslon at the conference scheduled for 10 September
1“53 at Headquarters, AFSWP, Washington, D. C. Membera of the Effecis
pt 'sior will presert the current knowledpe of besic physical messurements

at the conflerence.

J

5, It is requested that the inclequres be reviewed so that these and
any nroblems that may have been omitted cun be evaluated by the technical
re~regentati 'es at the conference with the objective of:

&, Definitely establishing those fields of weapons effects in
which pufficient information for operational needs is aveilable and for which
add{tional full scale test or ® and D laboratory projects are not required,

¥ 2 Sy

h, Definitely establishing a minimum requirement for additional
rull pesle tests or R and D laboratory projects to fulfill operational needas.

Declassified by DNA, Chief,
ATE :

i, The conelusions of the scheduled conference will be incorporated in
gn overall cffects analysis study.

LY COMA4D OF #AJOR GLijaAl [UEDICKE: ;7

5 Tnclosures: y . "
1 Diomedical Air Blast Injuries, Direct /”/A'Q . ﬁbb .

2 B*omedicll Thermnl P’fects
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AFSWP 1ltr, subj: "Analysis of Biouedical Weapons Effects Program", dtd 3 Sept 53.
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Biomedical Air Blast Injuries Direct

To determine the effects of direct air ¥last on animals,

A number of Aifferent methods for exposure of animals have woen
attempted Including simple mesh cages, sliding cages, open end
aluminum cylinders, and foxholes. The various methods, with
the exception of foxholes, were designed sc as to shield the
animals from secondary blast effects (missiles), thermal radia-

tion and some ¢f the nuclear radiation. None of the containers
have been entiregly satisfactory.

The complex problem of effects of direct blast resulting from
atomic detonation has not been solved; however, based on direct
physical measurements of blast, extensive laboratory high explo~
give studies, same human experience during the bomding of London
during World War II and the work done in Furope during the last
ten years, it is generally agreed that direct blast ie not an
important cause of atomic¢ weapons casualty production. Under
unusual eircumstances, i.e, certain types of shelters, direct
blast might be the primary cause of casualties,

Zuckerman states that the lethal blast range for humans exposed
to HE detonationa is in excess of 350 psi although some of the
above data suggest that the longer blast duration of ABD blast
waves may have a different effect. Anatomical damage can be
done at much lower psi levels., The range of damage to eardrums
is In the order of seven to twelve psi. Minute internal hemor-
rhages especially in the lungs and gas centaining abdominal
vigcers may appear at pressures in excess of 10 psi. Humans

exposed to ten to twelve psi in foxholes at UPSHOT-KNQTHOLE
noted no ill effects.

Physical measurements of direct blast pressures following
atomic detonation clearly demonstrate that fatal overpressures
ocour only in the areas where either the nuclear radiation or
the thermal radiation will also insure fatality.,

Direet blast is not important as a casualty producing agent
except under very unusual eircumstances, For military purposes,
the effects of direct blast of atomic weapons on personnel can
be ignored. Casualties from blast effects result from indirect
effects, i.e. missiles or bodily displacement by the blast wave,

No further experimental work on the effects of direct blast

as related to an atomic detonation is required, Opecial shelter
experiments arc being carried out by other agencies and should
be followed as they may lead to basic information of value.

4
SE——



Tubjr Biomeldienl ALy ru.:*m

FROJECT CRCSSROADS
AGENCIES AND Naval Medical Research Institute D. H. Cahoon, Major, MC

PROJECT
OFFICERS: SANDSTONE
Naval Medical Research Institute R. H. Draeger, Capt, MC, USN
CREENBOUSE
USAF School of Aviation Mediecine John M. Talbot, Col, MC, USAF
' Clinton 3. Maupin, Col ,MC,USA
SNAPPER
Naval Medical Research Institute R. H. Draeger, Capt, MC, USN
UPSHOT=-KNOTHOLE
Naval Medical Research Institute R, H. Draeger, Capt, MC, USN
FUNDS
OFPERATION OFERATION FROJECT NO, AFSWP OTHER
PARTICTPATION '
AND SUPPORT: CROSSROADS App. 2
SANDSTONE Tol=17
GREENHOUSE 2.9
SNAPPER L,2
UPSHOT-KNOTHOLE L,2
REPORTS 1. App. 2, YAir BlastEffeclts of an Atomic Bomb Explosion"
CROSSROADS, dated 1 August 1546
2. Report No. 33, "Biclogical and Animal Container Studies"
SANDSTONE, dated 19L8.
3. WI-8, Annex 2,9, "Blast Injuriesin Foxholes" GREENHOUSE,
dated 1951,
Lhe WT-15, Annex 2.3, "Exposure Containers for the Biomedical
Program" GREENHOUSE,
5. WP-527, "Piomedical Exposure Equipre nt" SNAPPER, dated
December 1952,
6., WI-56L, "Operation SNAPFER, NPG, Apr~Jun 1952, Final Report"
T+ UKe35, "Direct Air Blast Exposure Effects in Animals®
UPSHOT-KNCTHOLE, dated Junel953,
8. DESERT ROCK IV and V.

SUPFURTING 1.
R&D
FROIECTS:

Navy 1M 0056 0L8, Study of Blast.
Hazardsand tolerance levels in animals gend man end the
development o protective devices, Panama City, Flaida,

AEC « a, Studies @ direct blast damage, UCLA.

b, blast damage, Lovelace Clinic,


http://O?ERATI.CN

Subj: Biomedical Air Blast Injuries Direct

PIBLIOGRARHY 1 1.

b

Y.

10.

Blocker, V. and Blocker, T. G., "The Texas City Disaster",
American Journal of Surgery, 78:756, 1949.

7uckerman, 5., "Fxperimental Study of Blast Injuries to
Luangs", the Lancet, 1:219, 1940.

Zuckerman, "Experimental Work on Physlological Effects of
Blagt", Ministry of Holme Security, RC 103

Fisher, R. B., "The Relationship Between Body Size and the
Lethal Effects of Blast", Ministry of Home Security, RC 224.

Kronn, P.L., et al, "Effect of Blast on the Heart and Head",
RC 249, Minigtry of Home Security.

{lemedson, Carl-Johan, "An Experimental Study on Air Blast
Injuries", ACTA Physiolog Scand, Vol. 18:1949.

"Germen Aviation Medicine World War 11" published by USAF.

ean, . M., "Bffects of High Fxplosive Blast on the Lungs",
Luaget, £:11940.

Tncikerman, 2., "Blast Injuries to the Lungs", Lancet 2:1940.

Mobtionul Research Council, Div of Med Sciences, "Report on
Blrast Injuries", dated 11 June 1953.



SUbe 0T

OBIHCTTVE:
T
ENCTRURE:

3 Jo uotjsnpoaday

14 3450%8 psitqryoad
o4

ST

P
-

ATATHS OF
KOWLENGE:

ZNO0ZE

"
+

“gMSAV “JoTun eul Jo uvorcstaacd U
ST jdaed Ul Jo0 &T0uUM LY

Fie £ - S

O RV NI VE PR

Biomedical Thermal Efffects

This document consists of ___‘_'(_w_“_".

To evnluule the biclogieal the#ﬁ%ﬁ.?ﬁ& dtlon“éézurgp}ﬁgm gRries A __

atomic detonation including possible covazive messures, the

proteetive effects of structuics und shelters, and the

protaetive effeets of personal equivment including clothing and
robootbive creams.

Extensive thermal laboratory and fiould cxnerimenes have been
vuonducted. Close working coordinzlion has been eff=zeted with
the rhvsical thermal meaouzsments in wider to determins charac-
teriztics or the thermal pulse. Spectrum, Intencliy nnd atten-
uation factors huve been evaluatcd by vhysical mezsaring
deviees as well as by expesurs eguipment spucifically designed
to evaluate physieal factors by actually burning blological
specimens.

Physical indicators and animuwls heve been utilized to determine
the protective effcets of wvaricus types of shelters ineluding
fosheles.

A combination of laburatory and field data have been used to
evaluate proutective effects of clothing and other personal
eguipment. An active program has been initiated 1b develop a
skin similant which will repluce the reguircement for the use
of living bioloiical specimens.

The time characteristics of the thermal pulsc heve been deter-
mined for yields up to 500 KT. Those choracteristics make |
evagive action imposgible. The speetral characterictics for
airburet have been determined. Surface burst spectral date is
not complele.

Threshold valucs for human skin have been determined for first
anc second degree  burns in humen experimentation and extrapo-
l"tion of animal data obtoined in the field and lnboratoery is

dequale for the threshold veluc of third degrec burns. Dark
sk}n is more scnsitive than light. Tnisg o; rerticulor import-
rnce in the range of two to five CJlOTlcn.

Structul-z mmd sheliers including foxholes offer complete

1roLeetion [rom thermal injury so long ac tnere is no line of
sirht cxposnus of bhe farmzi.

fabniatory rourecs heve been developed which cdequntcly similate
the Bomb uioe ter the production of swmall wres burns, Filld
peporience with the pig indicttes no essential aifference betwenn
smell and large area burns on .xnesod skin. There is no accept-

abic laboratory lavge arceo source svallable, bub it ig hoped that
norpneaium furmaes will be nob inbo operation this yenr.

,

Protection affor bns heen partially evalualed in
thie laberatory agdel MT“ -"'Ra at UPZ 054

complet proigydi ; . ﬁour ar ng

ATOMIC ENERGY ACT 1948
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systems, The two layer cystem and Lz importance of draping
his not bren rasclved., Opectrel vurictions for surfance bursts
and laree yvield weapons (above 100 “T) may influence fabric
protection. Fire resistant fabrice reduce secondary flame but
do nob appear appreciably more resistant to transmission of the
primery pulge.

Standard Navy Departwment flash creem 1is effective in protecting
otherwice unshielded skin and its possible use in sclected
operational situations should be consiaered.

CUNCIUSIONS :For nperetional rocuirements, basic airburst thermal radiction
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data relating to effects on unprotected skin is adequate.
Speetral varistions for surfece burst and large yield weapcns

necd further eveluutioc. The protective effects of clothing
(less than four luyer system) has been partially evaluated.

The influchre of fire reclstunt tobries, draping, and variations
n spectrum is not regelved. The protective effects of shelters
is knowei.

Adeauste laboralcry sources for smell area burus are available
Ay o large arcn scures wwalte teshing.

The probizms asgucinted with the prow ction offerédd by clothing
can be apnrosched in the laboputory bl finael verification will
regquire fisld {ests.

Gpeetral variations esn be recelved in ihe luboratory once
aceurate physiccl dato is ebtoined.

The use of the bcwo, as = thormal sourece, for evalualing mass
cafualty btherapeuiic methous moy be requlreﬁ
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Thermal Effects on ths Eye

A. To determine to what degree the flash of a nuclear
detonation impairs the vision and reduces the efficiency of
milltary personnel during daylight and night operations,

B. To evaluate protective devices developed for the
purpose of protecting the eye against visual impairment result-

ing from excessive exposure to light,

Utilizing human volunteers and animals,a number of observa-
tions have been made. Human volunteers wers exposed during
both daylight and nighttime operations and then studies made
of thelr visual aculty. In addition, a theoretical and
practical laboratory approach was initisted in 1951 and is
being continued at the U.S4A.F. School of Aviation Medicine,

Subjective and objective examination of the Japanesse
survivors of Hiroshima and Nagasaki demonstrated surprisingly

little evidence of thermal injury to the eyes. In one group
of a thousand persona within two thousand yards of ground

zero no lesions of the fundus were found which could be attri-
buted to the thermal effects of the bomb, Even the eye lids
(when the patient has sustained severe facial burn) showed
only occasional injury, A history of temporary (a fow mirnutes)
blindness was elicited from a few patients and an ccecasional
individual stated he was blind for a matter of days., In this
latter case 1t was the opinion of the attending medical

personnel that hysteria might be responsible,

For discusslon purposes, thermal eye injury is divided
into three categories

1, Temporary (flash) blindness: Evaluation of human
volunteers (alr crews) at BSIBER estaplished no visual im~
pairment under daylight conditions where other hazards (heat,
blast and radiation) were not encountered, Under simulated
nighttime conditions at TUMBLER=SNAPPER and UPSHOT-KNOTHOLE,
there was definite temporary flash blindness in unprotected

individuals,

Individuals must be focused so that the detonation is in
the direet forward field of visione, Even under nighttime
conditions, there is no impairment of vision unless the fire-

bzall is in the forward field of vision,

. 2. Retinal Injury: Four instances of retinal burns in
humans hawve been encountered, Three of these occured under

complete dark adaptations at Opcration SNAPPER and one

occurred under predawn {30 minutes) lipghting conditions at
In two of the above a permanent

Operation UPSHOT~KNOTHOLE
seovna ves SfuGeilaily
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Duri:BECHIRITYKINTORMATIRM 1 burns were sustained in
rabbits to a distance of 28,5 miles; however, the significance
of this finding in its relation to Luman retinal burns awaits
further laboratory investigation.

i-'(‘_f"- 1

3« Protsctive Devices: A number of protective devices
have been used, Experience at UPSHOT-KNOTHOLE demonstrated
that if all wave lengths verc screened cut by adequate glasses
execpt between 600 and 680 millimicrons, there was complete
protection, -

Flash blindness during daylight and night operations will
not present an operational problem for ground troops. Daylight
operations vill not be impaired for air crews. Loss of visual
acuity under nighttime conditions presents an operational
hazard for unprotected air crews. Glasses similar to those
used at UPSHOT~-KNOTHOLE will give adequate protection for all
operational requirements.

If the fireball is in the forward field of vislon, retinal
burns may bc produced.

Further laboratory work is indicated to evaluate the
findings in test animals in Opcration UPSHOT-KNOTHOLE.
Additional field tests are not required for human volunteers
excopt to evaluate new types of protective filters.

BUSTER~J/NGLE

chool of Aviation Medicine Vs Ae Byrnes, Col, MC, USAF

TUMBLER=-SNAPPER

School of aviation Medicine
Army Medical Center

Ve As Byrnes, Col, MC, USAF
Re Lo Forest, Maj, USA

ggggg{-igogzggfion Medicine Ve is Byrnes, Col, MC, USAF
OPERATION PROJECT NO. RSP S OTHER
BUSTER=JANGLE Le3 T T
TUMBLER-SNAPPER 4e5
UPSHOT-KNOTHOLE o5

1, WI-341, Projeet l,3, BUSTER, "Flash Blindness", Oct-Nov '51

2, WT;SBO, Project L,5, SHAPFER, "Flash Blindness", Apr—June
1952

3, TTr=56l, Opcration SNAPPER, "Flash Blindness", Final Report
to the Test Director, 1953

Le UKP~36, Project L.S, UPSHOT-KNOTHOLE, "Flash Blimdness®
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Subj;: Thermzl Bffects on the Eye

SUPPO..TING Studins on Flash Blindness. USAF School of Aviation Medicine,
R&D FROJLCTS:
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Radiologieal Yapards From An ABD, A'pha, Reta, and Qamme Radiation

To determine the ~wuclear radistlion hagards from an atomie
detoration including both internal and external hezards.

The primary objective of field tests has been to study phenomeno-
lozy B it occura following & bomb detonation so that suitable
radiation gources could be developed and evaluated for use in the
laboretory. 3Biomedical procedures heve been closely coordinated
with applicable physical measurements of the radiation perameters.
Tn addition to sctual exposure of hiological specimens, where
correlations of lethality and various ¢rgan system responses with
physical measuwrements were made, phantom studjes were done to
evalupte the importance of depth dosage. These tests were carried
out under conditions of varying weapon desipns and ylelds.

Fxtersi—e pathological examination of the exposed animals,
ireluding serial sacrifice studies, vere performed to obtain a
better basfe understanding of the radiation syndrome.

Internal hagzards were evaluated when suitable conditions were
available. The internal hagerd problem has been compared to
ex'sting animal dats derived from laboratory experiments and a
limited nuwber of human accidental exposures.

The Japanese data has Deen thoroughly analyzed and in the paat
year additional vhole body redijation of humans has been
acconplished in conjunction with therapeutlc radiation problemas.

Protective ghelters and personal equipment, including gas masks,
collective protectors and clothing have been tested in the field.

A. FExternal Radistion

1. Gamme

2. Acute effecisy The mechanism of action of radiation

+g unknown., TRé Bpfctrun of the prompt and the residusl radie-
tion 1a sti1ll largely urknown, but comparison of effects in

" the field to those produced by lsboratary radiation sources allows

us to make reasonable asgumptions regerding possible effecta.

Operational military tolerances have been established.
Recent human whole body mtudies in the laboratory have verified
the tolerances in the range of 0-150 roentgens, In the mid.-lethal
and lethal range, the dosages for man are not well established.
Due to biological ariation, the lethal dosage for a gi-en )

f v 1

individual . ' . ‘

1



SIMIECT: Radiological Hazards Trom An ABD, Alphe, Beta, and Camme Rddietion

Ths: re The relative biological effectieness of gamma
radiation,as determined in the mouse, is essentimlly one (1)
compared with &8 2%0 KVP x-ray machine, The RBE for man is not
definite, '

Veriations in dose rate from 1 minute to 40 minutes
do not essentially c“Fect the biological response. The data has
rot veen determined for either extremely high dosages delivered
in & short period of time or for chronic dosages, except to indi-
cate that f7eld data &t -ery high dose rates in the mid-lethal and
lethal range correlates well with lsboratory calibrations at lower
dosage rates.

The effective energy of a residusl field end its
correspording fn is under study at the present time.

Patnuaogical studies of animals at Tield tests reveal
no essential difference other than for species variation from the
patholo;ical exanination of Japanese fatalities at Hiroshima and
Vapnsakl. .

The prompt reactions or immediately incapacitating
of ects of vastly super-lethal dosages is unknown. Recent
lasoratory work will be discussed at the meeting.

Shielding afforded by military structures, including
"ox holes, is known or can be roughly calculated for any specific
structure.

%. Chroniec efPects: No information has been obtained
under Tield conditions. A number of R and D projects sponsored
by various agencies have sllowed us to make general predictions
a8 to possivle effects., All of these projects, however, have
~een done with animale and there is very little dsta available on
man. The MEPA estimates and those appearing in the Handbook on
Atomic Weapons for Medical Of'ficers represent best aveilable
information. 1In general, there seems to be s significant recovery
ollowing radiation Injury so that tolerances to integrated ‘
chronic doseres mey be significantly increased over those to
gingle acute exposures.

2, DBeta,
The measurement of the external beta hazard with cwrrently
available instruments is difficult. Various estimates based on
laoboratory type measurements snd theoretical calewlations have

SEC N
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SUBJACT: Radiolorical Hazerds Frov An ARD, Alpha, Beta and Camma Rediation -

indicated beta-ramma ratios of from 10 - 1 to several hundred to
one devending upon thc conditions of measurcrent. Estim tes
based on the opinlons of experienced radiclocists indicate that
for usurl operationnl condition there will be no extern 'l heta
hazard unless there is an assopicted large gamma hazard, This
has beon verified, for the case of f11 out contamination, by
expericnee at ficld tests and a recent specific project designed
to measure the relative beta hazard, Thero are certain instances,
however, involving isolated problems in which the beta hazard may
be important,

3. Shielding

Adet mate knowledge exists or can be calculated for the
shieldinr effects of nilitary structures and field fortifications,

B. Internal Radiotion

The biological and rhyszical half 1ifes of the imnortant
fission fragments are knowm, The relative importance of alpha
and beta emitters vhen retained in the body in amounts above
tolerance levels is not Jmowm, Studies on radiun and-
mesothorium have been extrapolated for alpha smitters in excess
of tolerance amounts, Thc problem of the single "hot" particlo
has not beon resolved,

a. Iniwalation, The irportence of article size 1s knowm,
Studies based on J NCLE indicated no internal hazard from a
surface or sub-surface buret unless an overwhelming extern-l
ganna hazard is rresent, For air crevs operating through an
atonic cloud, there is no signifieant intorncl hazard unless
an overwhelming oxternal hazard is -lso rresent.

Protective devices, includins gas masks and collsctive
rrotectors, have been tested and pive adequate mrotection,

b, Inpestion, Food and water tolcrances have been esteb-
lished vhich arc reasonable for operational rurposes, Standard
enpineer field -urification systems will adequately decontanminate
water, Food may bo decontaminated by romoving the external
contaminated surf-ce,

COIICLU.SIO0NG: Curreat operation:l roruiremonts can be fulfilled with prosently
availablo cxternnl effects information, Furthor laboratory work
on humans in the range of 1 = 200 roentgens, includine long-tornm
follou up of the cffeets, is indicated.

Available lethal cffocts information is ndequate except in the
f{eld of rrom:t response to overvhelming dosages, Individual




SUBJICT

Rodiological Hazards From An ABD, Alpha, Beta and G-mma Radiation

bilolopical variations and the relatively small ground =rea
involved in the ranpe between 3N ~ 60" roentgens do not justify
further mortality studies in animals,

Further data is required to verify predictions of the effects of
repcated exposures in the acute tolerance range.

The internal hazard is not of operational importance, If an
internal hazard is rresent, available protective devices are
ade vate,

RECOIMEIDATIONS: Continue laboratory studies on the mechanism and effects of

vhole body radiation on man in the range of 50 =« 200 roentgens.

Field studies are required to deterrine the range of immedlate
incrpacit~tive doses,

Continue studics on pammn spectrum, particularly invelving the
residual field,

Long-term inhalation studics are required to ovaluate: the "single
hot partlcle™ problem,

then therspeutic rrocedures are developed vhich might influence
the effect of radiation injury, fleld studles invelving mass
casurlty nrineiples will be required.
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SUBJECT Radiolo{:icaalz ﬁs‘ijzzr..rds Tom an 25U, Neutrons : '
o
ORJECTIVE: The mersurcment of ncutron effaects on various biologleal ’
systems.,

TEST PROCEDURL:The resongses of biological systems have bcen calibrated
asgainst lmovm doses of laborntory x-reys permitting the
evoluntion of neutron offects in terms of REM units. Mice
were oxposcd to the thermal column of the Los Alemos vmter
boiler where s reazonable estimate of the physlcsl domage.
received in REP units could be determined for the variocus
biclogicnl systems tested,

‘ice =nd some other biclogical materisls were cxposed at
weapons tests within seven inch thick lead hemispheres
designed to protect them from blast and thermel radietion
and to eliminate gtmma radiation which would otherwise
effect the same systems studied for neutron effects.

STLIIE OF Lethality, atrophy of the gpleen and thymus, mitotle depres-

KNOLEDGE sion of the testes, end iron uptake by the bone marrow all
shoved an RBE of 1.5 to 2.0 between x-rays end thermal
neutrons for mice exposed in the laboratory. RBE for cata-
rocts wns greater by a factor of four or more. Two strains
of mice showing differcnt sensitivities for x-rays demon~
strated the same BBE for thermal nsutrons. Little experi-
mentel data for fast neutron exposures is available.

g e
Ly IRy

] Initial caleulations indicated thnt the animals cexposed ad
se veerons tests within the hemispheres demonstrzted about 90%
g of the noutron effsct thet they would have shown had they

& been exnoged to the neutron radiation of the weupons in

o 8 free air. Recent work indicetes that such shields attenuate
§ 4 neutrons more severely than this, and that the corrcct

A fizure moy be no higher then 50%, denending to some extent
- i unon the external neutron siectrum,

- {7

5‘2‘ Various blological tost systems in mice charncteristically
= h showed different REM values at any piven station in the

Rt venrong bests, and the time of peask death following mid-
wh lethal exposures was less than that for comparable x-roy

e [ doses, indicating thet orpen system radiosensitivities and
£ E species mechanisms of desth may differ somevhed among

o i different ionizing rodictions. Groantest rsliability and

conpistency of data wes found among lethality and spleen
ond thymus atrophy, with the latter proving most practical
for correlation with physlecal deta.

TUY

STUD

lCOmpnrison of REl dats with physicel measurements shoed
the biological response to ba quite sensitive to neutron
gpectrum, It is clear thrt these blological systems operate

Y *2
ST 3aBd ©T S0 <yt

g

)

.~
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Subj: Hediologicel Hlozards From en ABD, Heutrons

STATUS OF
KHOWLEDGE
(Cont'd):

CORCTLISINNS:

85 excellent indicators of the inteprated biological effect
of bomb neutrons even in the absence of physical spectrel
data; snd thelr use in conjunction with limited physical
date allowe them te be employed =s relative neuntron desi-
meters,

As predicted, the imvortance of neutron biological effect
compared with bomb gamma varied markedly with weapon design
and yield, renging from ingignificant where veanon design
ond yield vere unfavorazble to neutrons to o factor at least
as rreat as cemma (at the range of mid-lethal dosage) in
coses favorable to neutron release from the fission sssembly.

Revadn test dnte showed neutrons penetrate soil less well
than <ammes; although foxholes provided less protection
from acetbttered neutrons than from scotterad gemmes. Neutron
induced cctivity in biological materisl has been shown to
present no perscnnel hazurd.

Becruse of its sensitivity to specific ionization, genetic
meteriel has proven useful in differentiating the importance
of pamma and neutron effects vhen bhoth are present.

jenger date concerning neutron spectrum and reélating neutron
effects to animal size and gpecies differences has made
extrapolation of the weapons test information to man
extremely unreliable. A agualitative theory hes been
established permitting the mouse field data to be viewed

es the upper limit to the neutron response (in term of

REM units) to be expected in men, but there is little
experimental confirmation of the assumptions involved.

Physical theory predicts that the range of nucleer redia-
tion effects, including neutrons, will be very greatly
increased nt high altitudes. The above limitations on

the extrepolation of weapons test neutron data to man do
not permit an aceurate estimate of the increase in neutron
biological effects to be anticipated under these circum~
stoances,

There 1s no current work being done with high doses of
ncutrons delivered &t very high dose rates, comperable
with ~smmn oxperimentetion now in progress where a prompt
biologicrl resronse hos been demonstrated under similar
circum=tonecs.

The biclogicel data supgest that the mechanisms of
resoonge to neutrons may be somewhat diffsrent from those
to x-rays in a2 siven speclcs.

The effect on neutron REM vulues of nrotective lesad hemis-
pheres used W has been improperly evaluated
in the past.
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T L STONS
{Conu'd):

RECOMMERT A
TINNS:

Neutron biological effects appear to be very sensitive to
the neutren spectrum, and it is clenr that biglegical
crsteme are  good indicators of the integrated effect of

1 poeutreon svectrum, but good correlation is hampercd by
lack of phiysical data.

The mouse data shows thatl neutron blolngical effects are
important ouly in thofe e¢ircumstances where weapon yleld
end configuration favors neutron release and that in these
instances the neutron effoct moay be roughly comparnble

to the pamma effect wlth distance, perhaps being even
greater at distances less than that where mid-lethil gamma

dose ig delivercd.

Foxhole ghieiding appears to be less effective in protect-
ing againet neutruns than againgt gammas.

The BBE of neutrons for cataract formation is high.

At high altitudes the renge of neutrons relative to other
affects becomes increasingly important.

1. To predict neutron response in man; -
n, Morec experimental data is required;

(1) on the response of mammalian species to
neutrons of different cnergies,

(2) on the response of animals of different size
and species.

b. Calculotions of neuiron penctration in tissue
should be made,

2. One more field test should be performed to obiain
food physicel dnte ouuside and inside th2 hemispheres
te tiz  in previous biological data with good physical
measuronnés,

s, otodien of physicul spactrum to be correlated with
binlopical datsa,

b, Data should b. obtained on the effect of the lead
homispheres on the neutron spectrum.

3. Btudiles of high doscs of neutrons with larger animals

when deliversd at very high dose rates.

4. Participrticn in high altitude tests if progremmed.
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