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10: Office of the Surgeon General, United States Amy,
¥Washington 25, D, C., ATIN: Special Projects Office

1. Reference is made to document MH-327, dated 17 November
1949, in whish the Chief, Chemigal Corps, requests informaticn on
the prediocted signs and symptoms of exposurs to jonizing radiations

in humans. These same questions will be answered in light of pros-
(K ently available information, as follows: ﬁ_’
(\ s. Suestion 1: A uniform exposure of 50r of external s

gamma radiation will result in no decrease in combat efficiency of

Armed Forces personnel. A uniform exposurs of 100r of external gamma
radiation will result in cccasional cases of mauses and vomiting,

o but these would be insufficient to decrease the gombat efficiency
of troops. Thess statements apply if the exposure oceurs in one L’\(\‘\
hour or one day. A unifors exposure of 150r obtained in one hour -'"".f-g’

'{ or one day would result in not more than 105 temporary casuslties 69

g 1 (nausea and vomiting) with no psrmanent casuslties. Beosuse of the

U] recovery factor exhibited by individuals reaeiving radiation, a e

A '} ocusulative chronic dose does not cause &# much body danage as an -

. 2] acute dose of the totel amount. As an example, at the rate of 30r -

\1‘ = per day approximately 1800r would be necessary for 100f desths an !

; An anslysis of ¢$/

opposed to approximately 600r for an acute doss.
the probable effects of ohronic whole body radiation doses is given
in the table below, It is aguin assumed thet the individual is in

good general physical condition and has no injuries of any other

S OF
G corrrs, st

::Uj type.

Q

O PROBARLE EFPECTS OF CHRONIC WHOLE BODY CAMMA RADIATION DOSBS

&)

Z &) Delly Chronjo Dose Dave Expogure JIotal Dowe Aquis Dose Fquivalent
%]

= 60y é 360 300

8 s 30r 5 150 100

a 30r u 420 300

g = 15r 32 480 300
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b. estion 2 a It has been determined thet approxi-
mately 200 beta rep Zavorngo enargy 1 MEV) is the least dose thst
will produce erythems in human skin. A dosage of at lesst 2,000 rep
is required to produce damage to the skin. If we assumé that the
dosgge level of bsta radistion iz less than 2,000 rep there would
be no loss in combat efficiency. I1f any total dosage exceeds this
figure, we have to assume skin damage and therefore, cssualties. The
ratio of rep to r in a fission product conteminated field is spproxi-
mately 10 to 1, for at least the first thirty days eftor detonation,
We may thareby conclude that if the total gemma exposure doss not
sxcoed 200r, then the total beta exposure will be less than 2,000 rep.

¢. GSugetion 4: It ia felt that an axposure level of 25r
per hour or day can be repeated at weekly or longer intervals for
a totul of eight exposures. More exposures at this level may be
feasible but persormel 20 axposed should bo chocked and evaluated
before a decision is made to exesed en sxposurs of greater than
200r total,

d. Suegtion 51 Seme as Cuestion 4. It 18 axpected that
an exposure of l00r should be followed by withdrawil from possible
exposure to gexma radiation for & period of six months, There in
a posaibility that an axposure of greuter than 200r may reduce life
expectancy in the exposed individual, hut not more than 5i.

e. Suestiopn §: Same as Question 10, pages 7 and 8, of
WHR-275, '

£. fSuestion 73 Ho data 1s avallable on this subject.
Dr. Schilling at Rochoster has found that an exposure of 250r in
& rat does not delay the healing time of the standard wound, How-
ever, in view of the ansvwor to Gusstion 6, it can be assumed that
the hesling time of 3 wound may be Increased, Dr. Ham, st the
Medical College in Virginia, is currently studying thls protles.

& Zuestion 2: Expogsure to dotages of rediation under
facoeptable hazard conditions" as listed above, will not reduce the
perfornance ability of Armed Forges payrsonnel. The dossge required
to reduce performsnce sbility by at lesst 10X would probably be at
least 200r.

h. Sysestioen 9; Military operaiions resulting in moderaute
fatigue will not significantly increase the cusualty rate among
Arned Forces persommel exposed to less than 200r gamua radiation.

At domages above the LD 50 range, it 1s ressonable to assuxe that
exhaustive exercises will result in inereused nortality.

i. Sueation 10t ‘There is no data presently available
to unswer this question.
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J. Guestieq l1lLi

Fission producte vary widely in their physicel and
chemical nature, their routes of absorption, the site of .deposition,
and their metabolism within the body. To determins the worst
-possible situation from exposure t¢ fission products, it is desirable
to cunaider an isotope which is absorbed with ressonable efficisncy
ard also officlently dcﬁositod and retained in a localized portion
of the tody. Strontiumd? and the Stroatium?0-Yttrium70 complex are
good exaaples. 1f we assume that:

{1) The poriod of contamination (ingostion) is
within one mounth after detonation,

(2) Daily water consumption is 2.2,liters,

(3) 40% of Strontium in water is sbesorbed from
the stomach and intestinal traet,

{4) 7The sbscrbed Strontium reaches a comventretion
in bone equivalent to that if the sbeorbed
smount wero complets and uniformly deposited
in 108 of the bone,

(5) The dally radintion dose to any acoroscopic
ragion of the body should not axcesd O.7r per
day and the total integrasted dose of any

(%) macroacopic region not, exceed 50 rep, and
Caleulations developod by Dr. ¥illlem ¥. Eale,
Pr. Forreat liester, v, k.iA. Norgan, and Dr.
Uliver Bagak, and reviewed by others, fcr this
theoretical situation, are valid,

the permitted emergency uptake of Strontium®? is 77 microcurles.

12 this amcunt is ingested over a ten-day period, this reprozente

& conoentration of 0.0035 microcuries pex cc, or 7,700 disintegra-
tions per minute per ec. Animal experiments indicate that the
zctual abgorption of Stroantium from the gastro-intestinul tract

49 in the neighborhood of 7% rather than 40%. Morsover, as ocutlined
sabove, approximately 108 of the bony tissues would receive beta
radiation in this aftuastion. It is apparent then that sven if
there were pure Strontium contaminition of water, we have here an
additional safety fagtor of 10 in these figures.

Present svidence indigstes that under the worst concolvable
conditions the aversge adult lmmsn ocan consume 75 microcuries of
‘radicactive fisaion product contaminalion with no significant danger.
Available evidencs indicatss also that the consumption of redioactive
contasinated water in amounts eguivalent to 2,000 mierocuries has a
very low probubility of procducing radiastion damnge. Lovels 25 times
higher than this carry only winor risk of hasard from radicastivity,
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Fased upon these assumptions, the following table 13 given
for levels of beta-gamns sotivity in drinking water iu a perioed
immediately following bomb detonation:

TIHE WATFR 18 10
EF CONSUMID SAFE 1OW ACCEPTABLFE. RISK

(UiiES  DISINTEGRATIONS = CURIAS  DLS INTEGRATIUNS
Pix CC_ PER WIN PER CC  PER CC  Pii MIN PR GC

Ten days 3.5210-7 7,7x10° 9.x10-8  2.x105

One moath Cpaxae? 2,600 3308 7.x0%

Similnr sevuaptions and calculations cen be zade for alpha
scetivity contamination based upon the presently accepted industrial
tolerange of 0,04 microcurlies of plutonium deposited in the body with
an sbsorpticn and retontion factor of 0.0, from the gastro~-intsstinel
tract. Agein, in these calculations there 1a the factor of safety of
&t lenat 25. The following table liste levels of alphe activity ia

drinidng water:

TIME ®WATER 1S TU
BE _CONSUMED SALE ACCEITABLY R1S¥

CLRIvS  DISIMTEGRATI WS CURLSS DIt 1RTOBATIONS
PER CC_ 7k RIN PER GC_ FiR OC  FIR WIN Pifi GC

Ten days 2,x10-10 ALO 5.x10-7  1.1x10%
Cne month 6.7x10-13 145 1.710-7 3,703

1he ubove answers reflect presently svailabie lnformution
based on animal wxiverisentation, Jupaness astetistice, sccldents occurring
at Ail prolects, end the opinion of the leading radiobicloglasts in
Amgrice. Scme of the questions cannct bo saswered well &t thie time,
This 1a partloularly true of mestion 7, It i» requested that before
dietribution is made of this documant, on savance oipy be sent to this
Headyuartere,

It should be remambered that exposure of military personnel
to lonising radiation will depend on 8 comzand deglaion besed on the
imsediate military situation.

FOR THE CHIEF, AFSHP:
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%, E. KIRKPATRICK _
ﬁﬁnlonal, Corps ¢f Enginédis

T CHIE of BGEh .~



