
-~. The Medical Research Center 

Brookhav~n National Laboratory 
BNL :'i298 

Upton, L. I., New York 40:1.0413 

PALLOtn' RADIATION: .£PPBC..."TS ON nrn S~IH 

lobert A. Conard. M.D., Eugene P. Cronkite. M.D., and Victor P. Bend, M.D., Ph.D • 

• 1 INTRODUCTION. -
.2 PALLOUT SITIJATIONS RESULTING IN SJCIN DAMAG.B. -
.J CHA.R.ACTEllISTICS OP PALLOt.rr MATERIAL. -
.4 SCURCES OP RADIATION PR.GM PAI.LOUT. -
.3 ESTIMATION OP Sl'.IN OOSE. -

____ .6 EPFE.CTS OP FALLOUT RADIATION ON TH.E SKIN • 

• 6.1 ACUI'E .BPPBCl'S. 

-
-

-
____ .6.1.l EARLY EPFECTS • 

• 6.1.2 LATENT Pli.RICD. -
· .6.2 CHRONIC .EPFEC.'TS• CARCIRIQRNBSIS. -

____ .6.3 HISTOPATHOLOGY OP BETA LhSIONS • 

• 1 nmRAPY OF BEfA LESIONS. 

• 8 PAGI'ORS INFLUiiNCI?«; S.EVER ITY GP SIC. IN LES IONS PRC.M FALLOUT. 

.8.1 PHYSICAL PAc."l\JltS. -

.B.2 BIOLOGICAL PACTCRS. -
_.9 OONCLUDING lu:MARKS. BEST COPY AVAILABLE 

REPOSITORY BN I.. J'(£CoRp5 

COLLECTION !1ARSNA4L JSLANIJS 

BOXNo. MEDICAL. DITPT. PllBL.1(.ATl()IVS 

FOLCER _#' __ 2._1-_J_-_l ..... q .... 2......._ ___ _ 



FALLQQT RADIATION1 Jp7ECIS 0Jt '1'BE SID! 

___ .l INTRODUCTION 

Until recently it has been generally assumed that injury' t.o the skin 

from ionizing radiation vae not a serious hazard associated vith the detona-

tion of nuclear devices. However, in 1954 the i.llpo:rtanoe ot this hazard be-

came apparent when widespread radiation lesions ot the skin developed in a 

large group ot people accidentally exposed to fallout radiation in the Marshall 

Islands following the experimental detonation ot a large m.iclear device. In 

addition to exposure of some 239 Ma.rshallese people and 28 Americans, there 

vera 23 Japanese fishermen exposed on their fishing boat. The radiation et-

tects and skin lesions in this latter group have been described b7 Koyama .!! 

,!!. and others. Prior to that time• a limited number ot skin lesions on the 

backs of cattle (Bird.J Paysinger ti f1.) and horaes (Atomic Energy Commission 

Report) has been noted from fallout tolloving experimental detanations. In 

addition, exposure of the hands ot several indirlduala who had carelessly 

handled fission product samples from a detonation resUlted in the development 

ot severe lesions (lnovlton ~ .11.). Other oaaea of beta lesions in human 

beings of accidental or experimental nature have been described by Robbins 

~ .!!·J Crawford; Lov-Beer; Wirth and RaperJ Conard &l'Jd Tessmer; XeppJ Griffith 

.!.1 .!!· and Kepp, Miller and ReichJ NodleJ and Witten ti !l.· Some of the rather 

numerous studies on the eff'eots of beta radiation on animl skin are reported 

by Henshaw; Raper and Barnes; Snider and Raper; Lwsh'b.ughJ Moritz and Henriques; 

Paysinger .Ji a!.· J BruesJ Cloudman Ji !J.. J Gluclnmann; lharchenko and Venolurov; 

Koletaky .!! Ji!. J MinisOVJ Passonneau am Hamil tonJ SbQbik JG Al· and Ungar ~ !!· 

The recent accident in the Marshall Islands affords the first example of 

large aumbers of lesions of the slc1n in human beings troa fallout. Studies of 

c (l f' ·i ·1 'I l' J .J ,J j I {. i 
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these leaions in the Marsr.allese and Americana exposed have been documented 

(Conard n ~.}and vill be referred to frequently in this chapter. 

Leaiona or the skin induced by fallout are primaril;r due to the beta ra-

diation from the fia•ion products adhering to the tal1out material and are, 

therafor•t frequenU, reterred to as beta barns. So-called beta burna of the 

skin may also result from accidental exposure to, or contalfh>ation vi th, radio-

isotopes uaed in science and iniuatry. The possibilit;y of such accidents mst 

be considered seriously in viev ot the increasingly widespread use of radio-

isotopes. 

-· 2 FALLOUT SITUATIONS RESULTING IN SKIB DAMAGE. 

With detonation ot nuclear devicu, serious radiation injury to the skin 

ia only associat.d vith tall.out situations vhere the radioactive material ls 

sutticienUy concentrated. SUoh concentrations are moat likely to occur vith 

close-in fallout, i.e., f'allout that occurs 'Within several hundred miles of 

the detonation. It seems probable thnt the fallout vill be visible if serious 

acu.te akin d&J11&ge ia to resultJ hovever, this cannot be stated with certainty. 

In the Marllhall Island accident, the extent and severity ot the skin lesions 

vere directly·oorrelated vith the amount of visible fallout. On the most dis-

tant or the contaminated islands, some 200 miles f'rom the site or detonation, 

the fallout vas not visible and no beta lesions of the akin deYeloped 8JllOng 

the inhabitants. 

The vorld-wide deposit of tallout vhiob occurs alovly froa the troposphere 

or •tratoaphere does not result in skin injury since in this situation the fall­

out material is greatly diluted and reduced in amount. 

Damage to the akin such as that seen vith beta radiation does not result 

trom the immediate penetrating gamma or neutron radiation associated with de'bona-

ti.on of nuclear devices since the dose of such radiations necessary to severely 
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damage t.he skin results in early deatha trom ~ to the bone marrov and the 

deep organs. Thua the skin burns obaerved in the Japanese caaualt.iea troa the 

Hiroshima and lfagasaki bomb• were not the result ot ionising radiation and were 

caused ohiatly by thermal radiation. Fallout radiation aaeociated with these 

bursts vas insignificant. 

_.) CHARAC'fl..RISTICS OF 1ALLOUT MATICRIAL. 

The chemical and physical make-up ot tallOtlt vil1 n.ry according to the 

ty-pe ot terrain or aoil over which the d.tonat.1011 occurs. All fallout is par-

tioulate in nature, but the size ot the partial•• vill deperd to aome extent 

on the physioal and chemical oharacteriatica ot the soil. The fallout associa­

ted with the Castle detonation, March l, 1954, vaa a white, powdery material 

largely composed ot incinerated ooral. Aaide trom the radioactive component, 

the calcium oxide ot the material vaa in 1taelt irritating to the skin due to 

its caustic nature. Moreover, it. wa11 probabl7 partly dissolved in the perspira­

tion on the skin, thus increasing its !rritaUng dtion. Thia also 'fllll'1 ban 

enhanced the radiation to the akin by bringina the radioactive 1111teriala in 

closer contact vith the skin. The pl"•aenoe of irritating chemicals on the akin 

is knoi.m to enhance the radiation ettect (Macl•, Cipolarro aJXi Montgol18r7). 

J'allout produced from other types ot soil, not predoairumtly- coral, might very 

considerably in chemical and pbyaical make-up and ability to irritate the skin. 

Color and particle size would also vary. 1or instance, siliceous t;rpe soils 

would probably form much lesa irritating tallout. 

The particulate nature of the material results 1n a spotty distribution 

ot lesions on the body. The Karahalleae claimed that the material adhered 

closely to the akin and was difficult to bruab ott. This vas borne out b7 

the dU'!ioultiea encountered in decontaminating the skin or the exposed indi-

viduals. 
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_.4 SOUltCF.s OF RADIATION FROM FALLOUT. 

Fig. l ia a rough diagramatic sketch shoving the relatively uniform dis­

tribution ot fallout on the ground, buildings, trees and pei'•om:iel. The pene­

trating gamma radiation vhich ia re:s:a-eaented by the vavy, shaded areas pane-

tratea many pirds in air bef'ore it is attenuated appreciably, vhile the beta 

radiation represented by the stippling is completely attenuated in several f~t. 

Damage to tha skin results larr;ely from the beta component of the fallout in 

viev ot the tact that all of the beta radiation entering the skin is absorbed 

in the skin and because or the high beta to gamma ratio. Estimates of this 

rationv&J7 'Widely up to 1/150, depending on the exposure conditions. The skin 

does receive some radiation from penetrating and sort gamma radiation, but ey 

tar the greater part ot the dose is contributed by the beta radiation. Alpha 

emitters are usuall1 not present in fallout to any great extent and due to their 

very veak penetrating ability, they are not likely to add significantly to the 

skin damage. 

The skin dose reisulte from tvo sources or beta radiations the fallout 

material in direat contact vitb the skin (contact hazard) contributes by tar 

the largest part of 'the dose to the din, and the material on the ground {beta 

bath haaard) contributes a aich smaller amount. The fallout in contact vi th 

the skin will usually be spotty in distribution and due to the particulate 

nature vill result in llllltiple point sources of radiation on the skin. Tr.ouch 

radiation trom these aourcee is largely t'rom the akin eurface, it is possible 

that some deeper radiation may result from percutaneous absorption as well as 

penetration into the dermal region via !">.air shatte, sebaceous and sveat glands. 

Some ot the fission products are water soluble, and it is possible that some 

are lipid soluble, vhich \IOUld enhance this effect. ':ii tten ,ll !l· have shovn 
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that thorium-x applied to the skin results in some percutaneous abaorption and 

entry into the hair shatts and glands. 

Beta dose to the skin from fallout on the ground will be largely confined 

to the lower parts or the bo<ly, pe.rtioularl7 the feet and lege, since the beta 

particles are completely stopped in apJll"Oximatel1 two meters of air. 

_. 5 ESTIMATION OP' SKIN DOSE 

Measurement of beta doeea to the skin from fallout is an exceedingly dit-

t1cult problem due to the complicated apectrwa ot different energy beta emitters 

esent, the nonuniform distribution on the skin, and the fact that practical 

dose meters have not yet been perfected vhich vill adequately discriminate be-

tween the beta. radiation and the contaminating ga1111a component. 

The penetration ot beta particles into the skin depends, or course, on 

the beta energies or the component isotopes. Each radioisotope has its own 

characteristic spectrum of beta energies up to a maxiDllm energy. Relatively 

fev particles are of the maxixnum energy, however, and the average energy (roughl 

one-third ot tbe maximwa enera) and the 50 per cent attenuation thickness or 

tissue are more meaningful in estimating skin etreote. Thus an isotope emit-

ting low energy radiation, confined la.rgel7 to the dead, horny- layer of 8kin, 

would be relatively ineffective; more energetic radiation, penetrating through 

the epidermis could result in tranaepidermal necrosis; and deeper penetration 

into the dermis could result in more severe ulcerating lesions. P'ig. 2 shove 

roughly the tissue depth necessary to produce 50 per cent attenuation or the 

beta particles from several isotopes. 

In Table l data from animal studies trom several investigators shov the 

evsrgy dependence of beta particles fl-om various isotopes in producing recog-

nizable skin react.ions. Mot.e that the BUrf'aoe doses for threshold reaction 

(erythema, epidermal atroph7) are fairly dependent on the energy of the beta 
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particles or the various isotopes. Thus it takes 20.000 - 30,0CO rep f"ro• 

s3~ (ave. energj' 0.05 mn.) to produce a reaction, vhile it takes only 1,500 -

2,COO rep of Sr90 or 190 (av. evergy 0.3, 0.7 ::nev.) to produce the same reaction. 

The degree at skin damage therefore is dependent on the absorbed dose at a 

certain critical depth 1n the skin. Moritz and Henriques found that the do~a 

at 0.09 millimeters depth.of t>e pig skin (estimated to be the epidermal thick­

nesa) vas constant vithin several hundred rep to produce transepidermal injury. 

Wilhelmy has also noted that it takes roughly the aame dose of electrons and 

soft I rays at the level ot the subpapillary layer to produce erythea. On 

this basis, Parker has advocated the use of beta-detecting instrument:1 vith 

chamber valls corresponding in milligrama per square centimeter to the thiok­

neaa of the relatively inert epidermal layer. Thus in expressing akin dosage, 

it is probably more informative to use the depth dose at a level oorrespon:!ing 

to the basal cell layer of the epidermis. 

Table l also indicates the species difference in skin sensitivity to beta 

radiation. Rabbits and sheep required larger doses than mice to produce the 

same ettect with roughly the same energy beta. Porcine skin, vhich is r&-

putedly more like buan skin than other animals, apparently is more sensitive 

than the rabbit or sh .. p skin. Some of these differences, aside from species 

difterences, may be due to variation in thickness or the epidermis of different 

species and ditf erences in techniques used. 

Table 2 shovs beta dosage data from some human experiments and accidents 

found to produce various effects on the skin. These data 1111St be interpreted 

vith great caution due to differences in experimental techniques and dosimetry. 

The authors have taken the liberty of interpreting the severity of the skin re-

actions given by these investigators in degrees. A tirnt degree reaction im­

plies erythema anD./or dry desquamation; a seaond degree, transepiderme.l neeros1 
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vith ulceration; and third degree, leaiona vhich shov deeper der-.1 involvement 

vitb breakdovn and the develof1Mnt or cbronio radiation derat1tis. It can be 

eeen that there is a considerable variation in dose reported to produce the 

various reactions. 

In the Marshalleae the dose to the skin oould not be calculated vi.th any 

degree of acouracy due to the a1'orementioned reaaona. The .-Jority of the beta 

radiation was ot lov energy (aver&.£• O.l mev, Sondbaus Ji !l·} and accounted 

for the tact that most ot the lesions were superficial in nature. However, 

there vas sufficient penetration ot more energetic components at the level of 

the hair follicles to result in teaporar7 epilation. Due to the rapid attenua­

tion ot beta particles in tissue, the akin aurtace dose may have been quite 

high. The contribution or beta radiation to the skin ot the Y.iarahallese from 

the ground has been estimated by Sondbaua .U !!· to have been about 2,000 rep 

to the feet, 60o rep at hip level and 300 rep to the head. These doses vere 

insufficient in themselves tc produce detectable lesions, though they probably 

contributed significantly to the severity of the foot lesions that occurred. 

_.6 EFFECTS OF FALLOUT RADIATIOI OB THE SID. 

_.6.1 ACUTE EFFECTS. In general beta radiation effects on the skin 

are similar to eff ecta produced by more penetrating radiation such as gamma 

or :z.-radiation (Lov-Beer; Ma.cKee, Cipollaro and Montgomery; 1Ja.rrenJ Nodl; arxi 

Walbaah}. However, the less penetrating beta radiation produces more super-

ticial lesions vi.th less damage to the dermis. Th• lesions are more like those 

produced by grenz-rays and ultra-violet ra)'lS (Maclee, Cipollaro and Montgomery; 

Ellinger). Consequently, they are usually leae painful and heal more rapidly. 

The time sequence or beta losiona varies conaidsrabl7 with the dose to the skiJ 

A general description ot the sequence ot changes is presented below. 

_.6.1.l !.ARLY EFFECTS. ~ing the first 24-46 hours after exrosure, 
J ~~J L ··:. -·1 ·.~ r1 

i 
1 -' ~ itching, burning, or tingling sensations of the skin ere usually experienced. 
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These symptoms may also involve the eyes with accompanying lachrymation. As 

pointed out earlier, fallout of an alkaline nature may contribute to this symto-

matology. The above symptoms occurred in many ot the Marshallese. In more 

severely damaged skin, erythema, edema and areas of blanching may be noted. 

ErJrthema was not observed in the Marshallese, perhaps due to the dark color 

of the skin. 

_.6 .. l.2 LATENT PERIOD. The early signs and symptoms usually disappear 

within a few days and a relatively asymptomatic latent period ensues. The 

length of this latent period may vary from a !ev days to several weeks and is 

relatee to the dose to the skin; the r~gher the dose, the shorter the latent 

period. In the Marshallese, the more heavily expoised group developed lesions 

about two 'Weeks after exposure, a week earlier than the less heavily exposed 

groups. 

-· 6.1. .3 DEVELOPMENT OF GROSS LESIONS. following the latent period the 

evidence ot skin damage becomes apparent vith intensification of signs and symp-

toms. A secondary \lave of erythema may be seen along vith gross changes in the 

skin.· Such changes may be in the form of simple tanning or more marked pigmen-

tation with the formation of maculee, papulee, or raised plaques or thickened 

pigmented skin. Mild lesions may cause only slight itching and burning and 

superficial desquamation from the center of the lesion outvard, leaving depig-

mented thinned areas of epidermis vhict; gradually repigment and heal the follow­

ing week or so. In the more heavily exposed Marsr.allese group of 64 people, 

about 90 per cent developed multiple, spotty, pigmented lesions on exposed 

pa.r~s of the body. Most of these lesions vere superficial in nature (see 

Jl'iga. 3, 4, .rnd 5). ~re severe exposure to the skin results in vesiculation 

and ulceration. Suoh lesions may be quite fe.in!'ul and secondary infection may 

oeour. They require longer to heal and may result in some degree or atrophy 
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and scarring of the akin. Repigmentation •7 be lona; delayed or •1 neTer be 

complete. Only about 20 per cent of the Maraballesa £l"O'lP referred to deYel-

oped ulcerating lesions and secondary infection occurred in a tt:N ca.sea. Le-

aiona on t~e doraum of the reot vere general.17 the most severe, ahovinc bullae 

torme.tion tolloved by ulceration (Fig. 6). At three 7eara after exposure some 

or these lesions oontinue to show incomplete repigmentation or the skin with 

atrophy or scarring in eome caaea (aee Pig. 7). 

Epilation may occur along vith the development ot the skin lesions. The 

head region is more sensitive to epilation than the axillary, publc, or eyebrow 

regions. It the radiation dose to the to111oles has not been too high, re-

growth ot hair commences in several months. Permanent epilstion •7 result 

it the skin dose is high. Usuall7 by t1Ye or six months, regrovth of hair ia 

complete. In the Mar•hallase group, spotty epilation ot vaeying degrees oc­

curred in 90 per cent or the children and about 30 per cent or the adults (Fig.6). 

Regrowth o! hair commenced in all cases about 3 mntbs post-exposure and by 6 

months, hair was ot normal color, texture and abundance (Jig. 9). Thaugh change 

ot color of hair from black to gray has been frequentl7 observed in anim.ls 

(Hance and li\lrphyJ Chaae), regrovth is uauall.7 ot norJIBl color in the bn-.n 

being. Hovever, Conard and Tessmer have reported a case in vhich regrowth of 

the hair or tr.e e7ebrova (previously black) regrew vhite in a lesion preBU11abl7 

due to fission product contamination. 

_.6.2 CHRONIC EFTECTS, C.ARCIBOGDESIS. Folloving large doaea of beta 

radiation, imperfect healing JJJB.Y result. Damage to the vessels of the dermis 

may result in sufficient impairment ot circulation to cause eyclee of break­

dovn and repe.ir of the epidermis or chronic, indolent ulcers aa7 result. Also 

commonly seen are atrophy, scarring, karatosis and telangiectatic vessels. The 

hair follicles, sveat and sebaceous glands lll!t.Y be injured suf!icientl7 to result 
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io permanent epilation and dryness of the skin. Such lesicna are fertile 

;round for the leter development of mali~nant c.hani:;e. Lesiona of the akin 

resultin~ from beta radiation are less likely to result in chronic rad.ia-

t ion dermatitis than are the les fons prod11ced by more penetrating rad4-ation 

such a.a are sometjmes seen fellowing :£.ray or radium therapy. 

Malignant chan:;es in the skin have >een reported in animala following 

beta radiation (Raper et al. B~ues, Glucksman. ~olotsky, Sbubik), but so --
far aa the authors are aware, such changes have not been reported in the 

human being. Though Nalignancy usually developa at the site of chronic 

radiation dermatitia, as a result of repeated exposures to radiation, it 

may develop as a sequel to mild exposures with little chronic changes in 

the skin. It has been reported to occur in animals following a sini;le ex-

posure to beta radiation with little or no chronic change in the skin. 

(Ra.per !! !!•) 

In view of the superficial nature of most of the Marsh&llese lesions 

and the low evidence of chronic effects in the akin, the likelihood of akin 

cancer in thia group seems diminished • 

- • 6.3 Hiil\. PATHOLOGY OF DliTA L.ESI<.;NS. By and large, the hiatopatho-

logical changes in the skin ~roduced by beta radiation are much the aame 

as those produced by gamma or X raya. Since hiatological change• induced 

by the latter radia.t ions have been well documented (Ma.cKce, Cipollaro and 

Montgomery; Warren; Bloom and Bloom: 11nd Walbach, etc.), a detailed descrip. 

tion of the changes induced by beta radiation will not be presented. A 

limited number of studies of the histological changes in the skin of animals 

{Snider and Raper; Mori t:t and Hen.r:iquea) and in man (Low-Beer) frc·m beta 

radiution have been re;crted. 

In general the chances produceo by beta radiation are more superficial 

than these produced by ioore penetrating radiations with relatively much 

;..;reater damage to the epidermis t!;a.!1 to ti1t: dermis. With fallout radiation 
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the dama;;e is spotty in character with areu of damage aurrounded by rela-

tively ncnaa.l ti&aue. 

n.e histopathological c~anges induc~ in the •kin by fallout in the 

Marahallese lesiQna were studied in section of a number of biopaies taken 

during the first 1 weeks, at 6 lllOnth• and at 2 years. Detail• of these 

changes can be found elsewhere (Conard .!! .!!•). Soae of the lltajor chan1;ea 

seen are sumrna.rized below. During the early,acute period of the lesions, 

the epidermis showed marked dama;e cbaracteri.%ed by atrophy anti flattening 

cf the rete pegs with disorganisation of malpigian and ba.al layers and 

marked cellular changes (pleomorphic nuclei, pytnoeia and cytoplaamic halos). 

Additional features M?re atrophy or absence of the etratwn grtlllulo&um, im-

perfect keratinization, and loo•e fibrillation and hyperkeratoaia of the 

atratum ccrneum. Cills laden with pigment were frequently pre5ent through• 

out the epidermis. In the demi• the change• .. re largeiy confined to the 

upper part with edema. telangiectaais of ve•aela with perivaacular infil· 

trat ion of lymphocytes. Chromatophore:a .filled with melanin were prominent. 

Pig. 10 showa sune of these chanse• in a pisaeated lesion biopaied J weeka 

after t!xposure. 

By six months there wa.a ccnsiderable improYem.ent in the histological 

appearance of the lesiona. 'nle following changea were found to persiat 

in V<:.rying degreea: focal atrophy of the atratum g'anulosum, slight focal 

pigmentary disturbances in cell• of the basal layer. and slight dieturbanees 

in polarity of the epithelial cella in baaal papillary projectiona. In the 

dermis, telangiectaaia of ali&ht tQ moderate degree persisted. 
' 

At two years, biopsies at sitee of persi•tent gross abnormalities re-

vealed that none of the lesions were neoplaatic or ahowed alterations aug-

gestive of a precancerous condition. In •(me aectiona. acanthosia, absence 
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of pigment in the basal layer anct atrcphy and benign dyakeratoaia were noted 

in the malpigian layer of the epidermis. In the dermis degenerative changea 

in the colla en were noted frequently, and capillary dilation persisted. 

Scme of these features may be seen in Pig. 11, wmich ia a section taken at 

two years of a leaion on the back of the neck which ahowd gross pigment changes • 

• 1 THBRAPY UF a.ETA LRSlvNS -
The treatment of beta leaiona during the acute stage ia very similar 

to the treatment of thermal burns. Mild laaiona will only require daily 

cleansing and application of bland antipirur!tic lotion• and ointsenta. Cala.­

mine lotion with 1 per cent phenol is soothing. Analgesic and aneathetic 

ointments are helpful in allaying aore ~ainful. aymptoma and in keeping the 

akin aoft in lesions that are dry and thickened. Antibiotics applied locally 

and/or parenterally should be uaed iri aecr-ndary infection occurs, or prophy-

lactically if the leai0n is associated with aeYere leutiopoenia from whole 

body radiation. The above treatment proved quite adequate with the Narshalleae 

leaiona. 

In aevere lesicns with the development of necr~tic tiasue, surgical 

debridement should be carried out. Use of preaaure dresaings, splinting and 

elevation of affected parts may be necesaary. Early akin jrafting ahould be 

c0nsidered in cases developing painful or progre•aive chronic radiation der-

matitis {Drown.!!,,!!.). Por more detailed therapy of radiation lesions, the 

reader is referred to standard textbooka oa the aubject auch aa that cf Macl.ee, 

• C!pollaro and Montgomery. 

Several agents have been reported in rec~nt yeara to be beneficial in 

the treatment of radiaticn leaicna of the skin. Among these are prepare.-

t icr>.s of the Aloe Vera plant (Luahbough; Macl.ee • Cipollaro and Mont;;omery). 

The use of vitamins such as A and D are advocated by S'Ol!U! investigators in 

the acute stages. The use of triiodothyronine preparations in such iesiona 

'Ii 
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appears to be beneficial fr<,m results of prelilllinary 1k'rk (NlcUl>n). Pree-

nisone injections have been reported to reduce poet-irradiation inflammation 

(Matthewson). Further clinical experience with theae acenta ia neceasarv 

before thcyican be recomnended for general uae in the treat11ent of beta 

burna. 

_.8.lflACTORS INFLU.BNCIOO SEVERITY (,p SllN l.BSillNS PIOM PALLOOT 

- .8.1 PHYSICAL PACTCJlS. Uaually fallout aaterial auat be in contact 

with the bare skin to result in aignificant akin cbaage. Moat of the lesions 

in the Ma.rahallese occurred on exposed parta of the body, and protection w.. 

afforded by clothin11 even a single layer of cotton material. Since clothing 

would probably not reault in more than about 25 per cent attenuation of the 

beta particles, additional protection auat have been afforded by the fact 

that the loosely-fitted clotb!ng tended to hold the radioactive material away 

froa the akin. Avoidance of skin contamination by taking ahelter offera al-

most complete protection. No leaiona developed in tboae Marahalleae who re-

mained in their bouaea during the fallout. 

The ultimate doae to the skin dependa on the radiation characteristics 

of the fallout material, the time after detonation that the fallout occurs, 

and the length of time that the material ia in contact with the akin before 

c4ntamination ia accomplished. Due to the proceaa of radioactive decay 

which is quite fast during the first few hours, the earlier the time of the 

fallout, the greater is the doae rate from a given •aJl!Ple. Thia fact emph.a-

sizes the importance of early decontamination of the skin, particularly if 

contamination takes place during the f irat day after detonation. The fact 

that thorough decontamination of the Marahalleae wu not accomplished until 

their evacuation acme two days after the accident, reaul ted in an appreciable 

fi ~ 1 .. J '~ 

j i .J u 
increase of their skin dose. Those individuals that bathed or went swimmint:; 

during the early period developed few leaiona. 
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___ .s.z BIOLOGICAL PAC"l\:RS. ntere are certain biological factors known 

to influence the sensitivity of the skin to radiation. In addition to apecie• 

differences referred to, it is known that the skin of certain parts of the 
j 

bod}' is more sensitive to radiation than that of others. In ~eneral, the 

thinner-skinned flexor aurfaces of the body are more senaitive than the thicker-

akinned extenscr surfaces CKacKc._, ::ipolarro and Montgomery). This was found 

to be true in the Marshalleae. Lesions were 1AOre prevalent on the front and 

sides ~f the neck, axilla and antecubital fossae. Another factor ia 1U1socia-

ted with pigmentation of the skin. Darker-akinned people, brunettes, are 

known to be less sensitive to radiation than blondes or people with ruddy 

c011plexiona, and Negro skin is the most resistant (MacKee, Cipolla.re and 

Montgomery; Bloom and Bloom). 

Areas of the body where perspiration ia more profuae, such as the folds 

of the neck, axillae, and antecubital fo•sae tend to cause the fallout to 

at ick and collect. It was found that skin le• ion• in these areas we.re more 

abundant in the Marshallese. This effect i$ increased in a warm, humid eli• 

mate, such &4 in the Marshall Islands • 

• 9 OJNCLUDII'G REMA.Rn -
As a reault of the Narshallese accident, the potentialities of serious 

injury to the akin from fallout associated with the detonation of large nu-

clear devices are apparent. Of concern also i• the occurrence of similar 

radiation injuries to the skin from accidental exposure to radioisotopes which 

are being uaed increasingly. 

The skin hazarda associated with fiallout can be greatly reduced by tak-

ing simple precautionary measures. Much was lea.rned from. the Marshallese ex-

perience in this regnrd. This group of people was not aware of the hazards 

of fallout and only minimal, if any, efforts were made tc protect themselves. 
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This situation represents an extreme example, and the utensiveneas of the 

akin effects could have been ,~reatly reduced had proper aeuurea been taken. 

Baaed on the experiences of these people during the critical fallout period 

and the skin lesi0na that developed ')n an individual buia, the following facts 

emer:;e: 

1. Avoidance cf ccnta.ct of fallout material on the akin by taking shelter 

or coverine the body with clothing virtually eliminates the possibility 

of skin effects. 

2. Prompt, thorough decontamination of the akin and hair ia of utmost 

importance. Repeated scrubbing with soap or detergent and water 

may be necessary. If contamination of the hair ia severe, it may 

be advisable to Clip the hair cloee or ahave the head. 

J. Areas of the body where perspiration ia more profuse tend to cause 

the fallout material to collect. Such areas abould be carefully 

checked for contamination. A warm, humid climate will naturally 

aggravate this effect. 

4. Moderately severe beta lesiona of the skin and epila.tion may result 

from fallout situations in which the whole body penetrating dose of 

radiation ia sublethal. With such doses, the akin lesions do not 

appear to complicate the radiation syndrome. 

5. In situations where skin lesions are associated with larger doses 

of whole body radiation with marked leukopoenia, auch lesions migbt 

become secondarily infected more easily and afford portals of entry 

leading to bacteremia or septicemia. 

6. Severe skin irradiation with minima1 whole body irradiation might 

res1;lt in fallout situations where prompt evacuation from the con-

taminated uea. occurred, but skin decontamination •'8 dela.yed. 
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7. Early skin and eye symptoma might be mildly disabling during the 

first da; or tlfo after exposure to fallout and later symptoms a.sso-

ciated with full-blown lesions r.li~~ht be quite disabling. Late e£-

fects on the skin in the fot'11l of chronic radiation dermatitis and 

malignancy are possible complications. 

,... n '.' ., .. , -, c·i J U i_; I l .J 
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Figure !· l>iagramatic eketch ano.a.nc d.iatribution of fallout. Gamn& radiation 

reprceented by W&YJ' all&d•d areas, beta radiatioa by etipplins. 

Pi1ur• 2. ~ attenuation in akin of Yu:ioua isotopes. 

Piere 3. .Early hyperpipnted moculopop\11.ar neck leaiona at 15 days. CU• 39, 

aae ls, f. 

Pigure 4. .Bxtenaive 1eai~ in 13-year old boy at 46 days poat upoaue. cue 26. 

Pipe .5. 8&me cue aa in figure 4 aix lllODtlu. after exposure 1howina beal.ed 

leaiona azl4 resrowth of hair. 

Fi1ure 6. Hyperpipented raiaed plaques and bullae on dorau• of feet at as days 

after espoaure a One lesion on left foo·t ahow deeper iJ:rvolycmen.t. J'leet were 

paint ul at thia ti.lie. 

Piaure 7. Sw C&H u in figure 6 •ix montha la.tel'. Poot leaiona haYe healed 

with repis11e11tati011, except depi(pMIDted epota peraiat in ama.11 are .. whe£e 

deeper leaiona Wl'e. 

f!c,ur• s. Bpil&Uon in T•yeu old girl at .aa days after upoaw:e. cue 72. 

Pyure 9. Same &irl u in fi1ure 8 aix montha alter czpoaure abowins complete 

regrowth of normal hair. 

Picure 10. Section from beta leaion of nect at 3 weeke after expoaure to f a11out. 

(X 100) .Bpider:mia1 tstenaive tranaepidermal dual• (with ali&htly leaa in"lved 

aonea on either side). Looae lamination of atratua corneua, abaence of atratua 

sranulosua. Parakeratini&&tion with ufolia.tion of pipent containing cella. 

Diaoraanization of tha -.lpiaean layer. Derid.st mild edema of pus papillaris 

td. th indiatinct capJ Uary loopa. i>eaivucular cellular infiltrate (lymphocytes 

&Dd 1110Boe.uclcu pboaocytea), in auperf idal coriUta with telu.giectaai•. case 26. 

c...r. figpre 11. Section ( .512 x) fro• le•ioD on back of neck at two year a &f ter expos­

ure to fallout. Leaioa ahowo mottled pigmentation and depigmentaUon sroaaly. 

Section aboW9 eome lo•• of pia-ent in the ba.al layers of the epidermi• and 

telangietuia in the dermis. Caae 39. 
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Surface Doses Required to Produce Recognize able Epidermal Injury 
Ave. Energy Surface Dose 

Investigator Animal Isotope {mev.) . (rep) 

Henshaw, et al. Rats p32 0.5 1,500-4000 
Snider and Raper Mice II II 2,500 
Raper and Barnes Rabbits II II 5,000 
Lushbaugh Sheep 590 0.3 2, 500-5000 
Moritz and Henriques Pigs 535 0.05 20, 000-30, 000 

II II 1 ca60 
0.1 4, 000-5, 000 

II II csl37 0.2 2, 000-3, 000 
II II Sr90 0.3 1,500-2,000 
II II y91 0.5 1, 500-2, 000 
II II y90 0. 7 1,500-2,000 

~lf~~t ~ft~ \u ~.tb. \ltrt '(l 
<"· 
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Human Exposure to Beta Radiation 

Investigator Radiation Est. Dose (rep) 

Wirth and Raper p3i.'. 635 

" 11 1180 
Low-Beer 11 143* 

11 11 7-17, 000 .. 
Robbins et. al. Cathode rays 1-2000 

(1200Kv) 
Knowlton et. al. Fission Products 3-4000 

11 (1 Mev. Ave. Energy) 5-10,000 
11 11 5-10,000 
11 11 8-16,000 

*Estimated dose in 1st. mm. layer. 

Reaction 

1st. degree (threshold) 
2nd degree (threshold) 
1st. degree (threshold) 
2nd degree 
3rd. degree 

2nd. degree . 
3rd. degree 
3rd. degree 
3rd. degree 

PL~~~~ ~t'tlR 'D RtC\.~o.\1:\olb 
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the dam&i;e is :.potty in character with area.a of d~e surrounded by rela.-

tively ncrmlll tissue. 

The histopathological c~anges induced in the skin by fallout in the 

Marahallese lesions were studied in section of a nttMber of biopaies taken 

during the first 1 weeks, at 6 month• and at 2 yeara. Detail• of these 

changes can be found elsewhere (Conard et al.). Some of the raajor chanGe• --
seen are surruna.rized below. During the early.acute period of the lesions, 

the epidermis showed marked damage characterized by atrophy and flattening 

cf the rete pegs with disorgani.$ation of ll&lpigian and ba.al layers and 

marked cellular changes (pleomorphic nuclei, pytnoeia and cytoplaa.mic halos). 

Additional features -.ere atrophy or absence of the •tratum granulo&um, im-

perfect kcratinization, and loo•e fibrillation and hyperkeratoaia of the 

atratum ccrneua. cell.a laden with pig111ent were frequently present through­

out the epidermis. In the dtl:!llia the change• .. re largely confined to the 

upper part with edema, telangiectaaia of veasela with perivaacular infil• 

traticn of lymphocytes. Chromatophorea filled with melanin were prominent. 

Pig. 10 showa aune of these change• in a pigmented lea ion biopaied J wee.Its 

after exposure. 

By six montha there waa cr.-naide.rable impro.-ement in the hiatological 

appearance of the leaiona. The following change• were found to per.sut 

in vc.rying degreea: focal atrophy of the stratum granulosum, slight focal 

pigmentary disturbances in cell• of the basal layer, and slight dieturbanees 

in polarity of the epithelial cella in baaal papi11ary projections. In the 

dermis, telangiectaaia of ali&ht tQ moderate degree persisted. 
' 

At tvo yeara, biopsies at sitea of persistent groas abnormalities re-

vealed that none of the lesion• wre neoplutic or ahowed al terationa aug-

gestive of a precancerous condition. In e(me sectiona, acanthosis, absence 
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The c.dvcnt of the c.to::iic c:c. ~ u:::::!l :i ere~! stir.:.ulu!l to rcscc.rch in 

blood and blood-for~in~ orcc.."ls, in~c=fcct ir.diccs t~ouch t~cy lll:lY be, still rc:i::lin 

the moot sensitive bioloci~ cvid~~ccs f o: c::ccssive e~~osurc to pcnctrc.tinz 

ionizinz r~di~tio:is. t"Jith thi:J chc.:;>-;c: will be considered the more col:l::lon c~"l3es 

th.:lt urc induced within blood O.."ld blcod-f or~i~3 orc:l!ls by acute Q!ld chronic c::pos-

ure to ionizin3 :a.dic.tioa~. 

S.l.1. Ezlrly Reports. These c!::..'1~Cs ~~.:.va been studied c:.-tcnsivcly since t~ 

e:irly pOl.rt of this century. ~spi tc thi:., c. diverse ~ss of d:.ta c::ists L"l the 

litcr;lturc, ~risin3 pri::!c.:dly fro:;i t!ic !:io.bilit7 of tl:c co.=!y i.."lvcstir;o.tors to 

describe end oc::.zurc ~d.cquatcly tile doo~~c of ionizi..'13 r.:.dio.tion; c.ccordincly, 

1903-S, rcm:lin qu::.lit~tivcly corrcc~ c.s docs the c::ccllcnt report on blood c~-iscs 

in ~Q.ticnt:;; undergoinG thcro.peutic i::r~di::i.tion (:.1inot n.-id Spurlin:;) • An excellent 

an~ytic review up to 1942 is tl~t of Dtmlc? i."'l ~·:c.r:cn• s t,;cncr:i.1 rcvicu. Sinc:Q 

then there h:.vc been vcrious gc~cr=l~ di~scrt~tio~o o~ the rel~t!oa of her.i:.topoiesis 

to t~ effects of ioni~bs rcdi~tic:i (l.cw:cncc, ct o.l., end Os~ood). 

c:-: Of pc.rticulc.r irapori.::.nce is tl:c fr.c-:: t~-:: rr~•}' i.."lv~sti!;:.to::;; wc:-c no~~·:.~rc:: of t~ 
-r::-

cliff crcncc bct~·;ccn the pic~urco p;:oc:;ccc ~Y u.;.ifc=:::i tct~-body c:=posU!'c, uncqu:i.1 · 

tot;:l-body e::posu:c, e:ld tl'~t p::odl!ccd b/ p:.=t.i~-bod~' c::pos'l!Zc. Co:nplctc or 
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p;irti::.l shicldin~ of a. po:tion of th:! b.:>jy will Grcc.tly increase th:? c..i:::>u::it of 

r:.di:l.ticn t~t c;::..-i be tolcr;i"!:cd. M~"lY of th~ phcnomeno. that hllve been described 

for irr~di~tion of portionD of the body C::.."l ba produced only by c.r:iount.:; of r:.dia-

tion th:l.t o.rc arc::.tly in c::cc:;s of t:::i c..-nou.'l: of r:.di:i.tion th:l.t t:Jill ?:ill one 

hun:.Ucd per cent of the anim::.l::i. Fo= c:::.mplc. many of the cbr.::.cteri.:;tic hi.:;to-

locic lesions of tho c~trointcstin~l t:~c: p:oduccd by loc:ll irr::.diation do not 

develop ~ith ~unto of rcdictic~ th~t p=oducc ~ 1003 mo:t:Uity uhcn t~e entire 

body io u:iif or~.ly .:md simultc...~cously ir:::..di~tcd. The rcsponzc of the pcriphc:~ 

blood is p::i.rticulc.rly ~tc:cd. In o. gc:lc:cl scn.:;c, 300 r in a sin~lc dose to the 

entire body will give the s:.~e hco~tolocic :cspo~se as more th:m 600 r to the 

entire skclct.U o.rc~s ~~c~ t~ ~bdonc~ i~ shicl~cd. These prclimin::.ry rc:n:ir~a 

c::;;>:."C!Js the opinion of tt.c c.u~hor$ in cr.;p~i::in& the !utility of co::lp:::.rinz hc:ua-

tolocic rc~poncc~ u:ilcss the ~~ccc f~c~ors, loc::.tion end n:::ount of tissue i.."ljured 

Q.t'C c.ccurc.tcly Z;.-io•.,'Il. To!.::.l t4b=:o:ptio:i of r:.d!atic:i encr:;:y as mca.::;u:cd by the 

sr::..~,rocntccn is not s~ti~f:.ctozy cithc:, bcc~uoc the distribution of the abzo:bcd 

encrcy throu3hout th~ body, in p~t, dctc=mincs the rccponse to the tot.U. cncrcy 

c!x:.o=b~d (soc c!~ptcr by Do::id ct o.l.). The=cforc, the re!"~r!ts in this ch:lptcr will 

be lcr3cly li::litcd to th~ cff cc!s o:i th~ blood p~oduccd by evenly distributed, 

pcnctr~tinz, icni::in3 rc.~tio:l::; of th~ so.me type to the \1h.ole body of c.nic:.13. 

This typa of e;:.:~c:i:ccnt c::n b~ rc.:lily duplic:.tcd. l-lot1cver, it must be c.pprcci;lted 

t~t these conditions mo.y not appro::.i~tc th.~ co:i~tiona of r~di~tio~ durinz an 

o.tc::iic bo::ib c:~plozic:i. Por e:=.::i;?le, th~re m::i.y be consider:i.ble shicldin3- of v~iou:J 

portion~ of ~~ body by concrete c..~d structurc.l steel after dctonotion of en ato:uic 

bo=b over an urb:lll c.:c~. Rcca:dlcso of that f ~ct, this type of l&bo=~tory study 

a!f ords o. t:t~_, .. .,.,)i...,,, ¥•.:··- ........ ~ po~~t f o: ctudy of r~di~tion phcnomen~ ol t~ w'~olc ::.ni::i~ th:lt 

\·1ill serve ~ a. "oint f ro:c t.'hic:ll o:ie c~ bcgi:l to cxt:npola.te to c=.n. This dis-

cusr;io!l fu:t~r·t.'ill be ccncrcl.ly li~itcd to the subleth:ll nnd zero to 100 per cent 
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Since one pcrDose of p::ccc~ti.~~ thi~ ~~tc:io.l is to provi~ a more complete 

it would be dc::.ir:lblc if the :::::.di::.~!o:l !"::o;:i c.·::or.lic bor.ib.::i 1:1~rc unif o::::i Qlld mono-

by buildin3~, hc~vy mac!linc:y ;!!ld t:l.icccll:...•cous intcrvcni:l~ objects in an urb:::..~ 

'1.rc~ will produce ~ sh::.do~inz cf f c~ c...~d ur.:~u::.l depth ~occs in tee body of ~ 

end cive, in m:my instt:.:iccs, u."'lC'JU~ to·:::.1-boC.7 c::posu:c to the spcct:um of ioni.::-

in3 r~diation produced by en ato::Uc e::?losio~. In cddition, the encrcy of tha 

scattered r=.d!~~ion will be a f unctio~ of the cc~tte:ina medium. 

8.3 Mech::.nicm of Injury. 

source of concidc:~blc rcscc.rc!l. C:'!:...'l:;c:l i.:l t:1c hc:.~:i.t'opoictic systcc a.re obvious-

ly a response to the bOl.!iic eff ccts of io~i=i.'G =~di~tion upon pxotoplo.sm in gcncr-

al. These effects :ire considered in ccp.:.=:.tc cl::.~tcr~ (sec Ch~J;>ters VI Qild VII). 

Th:: problem of r:.diocc~sitivity of b!ood cello in t~~. pc=ipr~r.:.1 blood in contra.st 

to cells in the hco~to~oictic o:c=-~~. p~~icul~:ly the Dtc~ cells, has been inves-

tignted at len3th. At the prcoc:it ti~c th~rc is no cood evidence th~t the m~~ure 

cells in th~ pcriphcr:;.l blood ~e sicn!f i~,tly c.ff cc:cd by ooou:itc of r~di~tio~ 

in the s;.;blci~ c.nd 0-lC~ per cent l<;tl-"'.l rc.-i3c (::ouchly 0-1000 r '1.'1ill cover oll 

m:i::l~.alicn species), with the p=ob~ble c~ccp!ioj of lymp~c-1tcs. 1.11 the evidence 

. 
of injury to the f o~tivc c~l!.:; in t~:.~ ll::=.:.tovoictic o:c:::.:io. In t~ hir;hc: ao.::;c 

dose which tillc ~:> per cent l.'Jit!i..i:l ::i. c;ivc:i tir.:c li::lit) c.o-.~. he~topoicsis is im-

p~red for a V:l.ri~':Jle time. 
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8.3.1 Direct end Abscop:::.l. Effects. T~ problem of direct versus indirect 

(cb5cop:U) injury of tl~ h~~~topoictic o::crui3 lus interested m~y wor~crs ~d 113 

yet ?us not bcc:i :lc.ti:::f ::.ctoril~· a..•:::~c=cd. Kornblum, Hocr:ncr '1nd Hcndcr~on state 

th.::it p::.::ti:.l body rc.dic.tio:i, o.~ in thc::c.r .. y, h::.:s both EL direct and ~ indirect 

effect upon t~ pcriph.c:r::.l blcod o.:id orc::.."ls of hen:l.topoicsis. The indirect cff ect 

upon non-irr~dictcd parts is prcsu~~bly mcdi~tcd th:rou3h circulatin~ to~...ic p:o-

ducts. Simile.: indircc! cffec~~ 11.'.lvc bee..~ Q.l.luded to by ~"ly other ~or~ero. 

Oz~ood, by virtuo of a bone c::.rro~ cultu:e tec.'l:lique, concluded th:l.t there ~ra 

no i."ldircct effects. E:.rnes ::::nd Fu=th, usinc parnbiotic Qn~s. concluded tQt 

there W"'..S ~ slicht but dcf i.~ite i..•di=cct eff cct on the non-irrcdiated r~t of the 

p;:u-o.biotic ptlir. Lc.\·1rencc end o.ssoci::::::cs, in a co!!tplete e.nc.J.ysis of the prob!. cm, 

rcvic\~d tt-..e e::istL--i.:; litcro::.tu:e cd prczcntcd evidence, b:ised on cross-c!:culatio:i 

e~peri:lcn~s. t~t led thco to believe t~t tr.ere is no good evidence for the pres-

encc of circul~tin~ to::ins th:.t cic~if ic:.ntly affect the periph~rcl blood. It is 

th3 o~inion of th:::se w=itcrs t~t the :::u'bject is not set~lcd but tl:e \:.':!i3ht of the 

evidence tocby ~tron3!y su.:;ccstg t~t th:::re i!l no clrculo.tinc; "lcu!;oto::.in" th::.~ :l.Cta 

in ~ destructive m::r~,c~ on the blood and or~n..,~ of hem::.topoicsis or ot~r ti~~ucs. 

The usa of the term "indirect" by biolocists l"~s been questioned by Mole since 

chc:ni~ts h.::..ve p=io:ity on ita use in ~ c::.a"li.~cr distinctly different from the ~r-1 in 

which it h:ls bce:i u:::cd by biolo~i~ts. Chemists use it to describe the effects of 

r::.di~tion meci~tcd by t~ products of irr~diation of ~..:i.ter (the chemica.l. effects of 

f;:ee rc.dic::.ls, pc:o::idcs, etc.). Accordi:lr;ly, ~1ole ~ coined the term "nbscop::U .. 

to dcsc:ib~ cff ects tC.::in~ pl~cc re~otcly fro~ the site of irr~di~ticn. The prob-

lcQ of cb~cop:ll cf f ects h!ls bec:i L~vcstiG~ted by R~vcnto3 and Dond et nl.. 

lc.ttar ::;rcup ccncli:d:.::d th!l.t ab::;copcl effects. such a.s spleen, thyr.ru:l end ooren~ 

stress on the c.ni~:.l n.s indic~tcd by aro~s illness. Under such conditio~, ch:::i~cs 

in c~leen, thymu~ o.nd adren:ll weichts a.re c~r~~cteristic of the stress synd:c=~. 
r.: (: ' • ··1 r- --1 . 
• : [,; 0 I Id 
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Ed~l:n.::..~ et ::J.. ll:lve rcrortcd evidence for !he c::istcnce of a r~dioto~.i.n in 

evidC.."lce t-:::.s found for c:dstcncc of ~ to::ic ef:cc! in ccri;.~ fro~ irr:::.di~ted ani-

not support the concept but ::c5:::.tivc c::~1c:ir::~:.tz do not eli!nino.te th~ possibili-

ty of a. r:!dioto::in. 

The r~tc of c~::.."'l~C of v~:io~~ clc~~~t~ in tr.c pcri~hcral blood is re-

l:l.tcd to th~ u3uu life svc.."l of the blood cell. Hence, th:! r:.-;c of ch;i .. "l,;:;e in 

t.:e level of the pc.:tic'!.ll::.r cells in 

inju:"/ •·"1"n p .. oduc .... "'on ~ .... i...,""""i-cd O!" -cc ... ~<:::-::-:, 1'.-.: " ....... ~ rt•<-:u_it oft!-... b...,_,,.,,..,c .. "' be-' ... - - -- • ...... ·~~- • , - --- - ~ -- -•i.:.: ...... 

tt:ccn the roite of u~ili:::::.tic:i C.."'ld =~.::c cf p=c(:.:c-:;.ion. I:i tb.~ c:isc of the red 

blood cell of rn~n, ~hicb ?ms ~ life z~:::...~ of ~~ou! 125 ~ys~~ much lon~er life 

spc.n t~ all of the other f o=~cd c!c~~n~s--c:~~3cs in the red blood cell level 

tc.ke pl::.cc ~t a much olm::cr r~te tb=.21 \:~itc c.::11.:; or pl:itclct:>. I'-l m~, if :i.11 

red-cell f o:::mc.tion were to ecc..sc, tt..::rc t~-ocld be ~ d:.ily deficit of c.bout 0. 33 

per ccn'Z of tl:c total red-cell m=r .. ~ (\':int=c!J.::) • Tl:;:? ti.=::ovc: of pl:::.~elcts, 

granulocyte:; end lymphoc7tcD is not ~"10:·::1 tJi:::h ccztc..inty. ~.l::itclcts arc reported 

to ~ve a. life sp:::.n of perh:.~s 4 to S d:;:;o (!..~·.-:=c=icc ~d V~cnti.'lc). G.:o.r.ulocytes 

reputedly b=.ve ::i. life sp~ of 3 to S d::.7s (1' .. d.::.;;;:;, S.,_u.-ide:5 o.:ld L::.~·;:encc) • Lympho-

cytcs ere rc::po=tcd to be c:::trc::cly sl:o:;:t lived, •·:Hh ::i. life mc~u::cd in houro 

(Lc.,.:rc:icc, E:vin :.nd\':ct:icl.;). l·l:.=lilton ~"'ld Osgood, ho...:~vc.r, report a. life ~~~'1 

for so~a lymp~tic cells of the o=cc:: cf lCO ~;:; uhlcll i:; not t::id~ly c.cccptcd. 

theoretic r::.tc of utili:::ition. Tb.!5 l::~tc: 'l::.:..:.1 be t:u::: only if tl~ r::.te of 

lrrc.db.tion in 

r- .... , 
l \ j IJ 
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let~ r:..::i~c ro~y either directly or indi=cctly incrc~sc th~ r~ta of utiliz~tion. 

w.:ii~lo bcco~c cu~cc~tiblc to inf cction, n.~d th~ dcvclop~ont of 

i."lf cctic::ia \'Jill definitely inc.-c~c t!:lc =~t~ of utilization. Thu3 t~ r:l.tcs of 

utili=ation th~t nrc cc:1.surcd in an irr~di~tad W'li~ m~y At times cive vo.l.uc~ 

sre:i.tcr th:.n tll~ nor:::ll utili~tion. In tb3 case of plc~clcts, thi$ 

docs not sec:n to be t~ cse. 

s.s Scn5itivity fcc!or. 

T~rc is considcr~blc dif f c:cncc in th~ r~diosensitivity of the stem 

ccll::i. Frccur:::o=.'.l of ery'C!::'ocy'!:cs (~loo::i a.nd Dloom) ~"ld lymphocytes (t';::l.rrcn) are 

nrc still scc."l o:i tl.!~ third ~Y Looi t:-:.::! bone ll'.::.:ro-::1 of docs e::poscd to 300~ r of 

2.0 mcv totc.l body ::-r~y, ~ w ... :nmt of rcdic.tion th:l.t is about sevc:i tiI:lcs tr.:: 

llu."ld:cd pc: cent lctt'.::.l do=c for do.::;s. ln cencrcl, t~ immature and prolif c:~:Hnr; 

blood cells arc ~ore scnsi~.ivc to ir::c.diation t~-i the adult blood cells. P.o~·:>?ver • 

t:ie rcticulocncot~li~ cell, th:? co:n:=on ::..~ccstor for all blood cells, is re~==-

~ly r~diorcnist::!.."lt. In other t:ord::;, r~diooC!'lsitivity of the blood-formin.; cell 

ccems to co th:ou:::;h. a ~:iou.."ll in tho cou:rce of tl!lturation (fit;. 1). Undc: no:::"..:il 

conditions, the o:i.ct!.vcly pro!i!c:ro.tin:; cells arc the more ra.dioocnsitive. Tb.is 

l~~t st~tc~ent a.~p.:.re~tly C.Ocs no~ l~!d for ~11 conditions. Invcsti3ationa by 

Ja.cob:;o::i ct cl. h:.vc shot~':l th:lt c::t:c:::cly hyPcrpl::.stic erythl'oid ti!lsue is m::.r!:cdly 

rc.dio:-e:;i:;tc..nt. In c.dditio:i, Tullin h::.s presented histolo::;ic evidence tot t~re 

c:a c::cept!cn~ to th~ lc.i1 of Dcrr;o::i~ C..'"ld Tribondecu. It scc:s tt>.:.t t~ rc.dio-

:csint::.:lcc o; the rctic.:lce::ido"!:h::tl.::..::.1 cell ::..-id of hyperplastic eryt~oid tissua 

c~~cn3cs in p~t th2 cl:lZ~ic:.l. l~~ of Bcrsc:ii~ end Tribonde~u. This 1~~ st~tes, 
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tivity of th~ cell, t!l::: lo:l:c:- th~ pc=iod of its ttito.:;is, C..'1d t~ less the dcGrec 

of diff crcnti~tio~ of !he cell to 

Rcc:ovo:y of th~ Gtc:u cello, thci:: rcp::od~ctivc ::c.tc, th~ t"C.lc~c f ror:i t~ 

~row end t~ :~tc of dcst:uc!!oj rc~~pcc.::::.ncc r~tc of the pcri-

blood to return to i;.::c-:i::::::.di~t.ic::l level~ (f is!j. 2 ~d 3) •. \"H1y th:'! pe::.iph:::ro.l. 

level of l~ti:;ocytcs i3 scm~tir.:.~:;:; cc-:: c:~ ~ le·.-:::: level f o;;; a. lens pc:iod is not 

h::.ve s!:o~"Il th~t th::: level of blood cell~ .:.n tb~ pc:iphe:::.l blcod of th.a mou::;c re• 

covcr~'13 f rem rc.dic.tion injur7 io not ~ ecod i.'1d.:!:: of th::: ~ctivity of the h::r::.~o-

sistent lo~ level~ of le~ocytc~ in t~~ pcri~~=~ blood. Rcsicu~ injury of the 

f or~tivc ccll:l my b::: mc.nifc~tcd by tl:::: lc.tc c~pcc.:c.ncc of blood dy:;;c:c.siruJ. 

Simil::ir dcl::.y in recovery w~s scc."l 4n th~ !!:lt'~l~lc.ce (see scc~ion 8.6.5). 

8.6 Vc.:ic.tionc in l~ur.i.bcr c.n:i 1.:o:pholc:;y of Dlood CcllD. 

Spccif ic ch:l.nces in the ~orpholo~y c...,d nu.~bcr of c~lls in the pcript,~t 

blood h::.vc been c:;!c:icivcly studied. P::.:t!ccl:J: ~t~~tion !Us ix::cn p~id to tb.3 

relatio:icllip of dos:.:;e to the m:.~i!udc C."ld :~tc of c~c;cz in tl:.e blood. The 

sidered !ir~t. J~cobcon a.~d ~soci~!cc ~vc stu~icd c:.:tencivcly the effect of 

single dozes of diff ercnt ~G!lituc!c upo:i th~ blood of r:.bbits. All ~n=-cls sce:n 

to follo-.i t~ :.~"':lC cc:icrc.l p:.t~crn, c::ccv-:: !o= so~ diffe:cn~~ in tlle rcte of 

r'"' .(···. 

~j l,\ 
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co~~a.::~blc to tll:lt in l~bor~tory ~=-~.=.i~ in mos: respects, ~ith t~ exception th:l.t 

the tc~~or:il rcl:ition~hips ~ppc::.r different. It seems that it too~ a lon~cr time 

for tha Jnp:.nc:;c c=.$~ltico to rc::.c.'1 th~ w..~iou:n ncutropW.le o.nd plr.tclet lcvclo 

tl~ it doc:o in lc.borc.tory nnk~~. T!ia reeder ia ref erred to t~ study of tba 

hcz:i:.tolozy of cto::lic bo~b ~u~tics by LeRoy, and to the: report of the ~~tolo-

c!c~ f ind!.."l!:;S ill t~ f.::J.rsh.:lllcse c:::;>o:;ed to fQ.Uout rc.di=.tion (Dond c~ al.). 

!!l vitro studic3 by Scllrek sho~ t~t there is an increased r~tc of de~truction of 

norr..al lyz::phocytcs after e::posurc to c.s little as SO r. One of five suspcnsio:is 

of ly11:;;t.ocytic lcu!:cclc cells 't:J~ rcl:itively insensitive to x-r:ly. Sch:e!:, in 

f urt:t:.c: studies, decided tl".=.t, "::-ro..ys Q.Ccclerate a normal meta.bolic process in 

lymphocytes. T~ dcce-~er~tion of irrc.di~ted end non-irr~dictcd cells results froc 

tha dcvclop~cnt of si.~~lc or multiple f oc:i.1 intr:.nucle~r arecs of byd:~tion." 

T~ lyw?~.ocyte levels in the blood bccin to decrc~se immcdi~tcly ~ter e~pos-

ure. The m=..c;;iitude end the r~te of ch.::.n:;e are close1y rcl:ltcd to the c.n:ount of 

ro.dio.tion received, pa.rticul~ly in the sub-leth.'l.1 dose ronge. In tl">~ higher dose 

r~ccs th~ r:::.~c of dis:::.ppc:i:c:icc of lymphocytes prob~bly approaches tb3 r~te of 

utili=~tion bcc~uoc p:oaucticn ~s been completely stopped; or dio~ppc:l.I'~cc m=.y .... 
c:::cccd no=:cl rc.tc of utiliz~tio:i be~use thc_:_diffuse cellular inju:y m::.y in-

c:c=.sa Th:ls it is 

m:itins cub-let~ c~po:::ure. O~cc o.ll hcm:'.topoietic ectivity is stopped. ch.:.:l~cs 

become :..~ pc.=t ~ f unc:ion of no=~:::.l utilizo.tion e~ccpt uhcn the doscze is so ~rc~t 

tt.:.t the cello .::.=e destroyed d.i:cc~ly in the pc:iphernl ci:cul~tic~. In rcbb!ts 

(Jc.cob:::oa et cl.) ~ :::::.::in:;::i dcc:c:::.:::c cf c.b~ut 25% in the lyr.iphocyte count is de-

tcctcd 24 t.ou::; o.f-:=e: c::pc:;u:c to 25 r. Recovery nppc::zs t1ithin '!:·:::~ do.ys. T.lu 

t;rc~tc: the do:;~3e, the c;rc:::tc: t!:c depression in t~ lyr.i;;i.lOcytcs. At SCO r, a 
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( tr~t dose \1hic~ !;ills SO per cent of ~11~ c..'lir.::.1.:; withia 30 d;:.ys) , recovery in tha 

r=.b~it tcJ;cs c.bou-:; 50 ~yo f ::orJ th:: t!.::~ of th~ c::~Josu:rc. Dcti.·~cn th:? 3rd and the 

Sth ~Y:J :l.Hc: c:=posurc. there i:z ~ tc:::;or:..:y tc:idcnC"/ for tl"~ lp.phocytcs to in-

c:cc.sc i."l nu.-;ibcr. Thin io £ ollc~·:~c! by o. de c:c~c to clmo::it the :::::...'":i.::lum dcvrc:30ion 

th.:lt ·w::.s present 24 to 72 houro :liter c::~-;o:;u::c (fi~. 2). This type of recovery 

follow~d by a \'r-Ve of dc~truc!ion, i~, i:J ec.,c:=.l, c!:::.r~ctc:istic of '111 blood 

cells :md tissue::; CJo.cobson ct tl.l •• D!co:::). Si:dl~ c.~"lgco \::ere observed in suine 

c~poscd to 1000 ~vp :-r~y in vc:ioua c!o=~;cn, end in do33 a.f~er 2000 kvp :-r~y 

(C:onl:itc at Ill.). 

8.6.2 Grcnulocytcs. ~ vitro studies on c:;:.:iulocytco lulve de:nonstrntcd t~t 

both th~ norZll grcnulocy~co and aycloienouo lcu~emic cells ere resist~t to :-r~y 

Q.fter dOSC$ of lOCO r (Sc!:::c~). 

Thill src.:iulocytoci:. appcc:s ~ t\·~ pe~o :.:i tr~ r::.~bit ot c.oout 12 c.nd 18 bours 

out the body. T~ sccc=d pe~ rr.::.y bo cue to cccclc:~tcd libcr~tion of cells fro~ 

the bone mozrc:;. The G:c.nulocy~o:;is u::;:.::::.lly cocs not lo.:Jt for more thc..."l 24 houro 

but m.;i.y l~st lon~cr in so~e cpccieo o.:ld tedcr cc:t~in conditiono. A dcf initc cr~u-

locytoois, hot-:cvc:, c.ppc=.rs du= in;; the f !rot 24 l::>u:D> in tl~ dos bu~ tl"~ biph!!.sic 

rccpo:i:;c of the rc.b'!J:..t \;•:.s not: ob=crvcd. Gcnc:o.l:J.y, t~c t"~...:.=U!'ll dcprcssio::i of the 

cr~uloqr~cs is ::.tt:;:.ined by 72 to 96 l::ii:=s o.ftc: c::poou:c. Recovcr7 of th~ t;l'cnulo-

cyte levc!s bc:;i..•o by 10 to 15 ct;:.yz =£:; ~= c::;;ozu:c. o: co oner t·li ~h o:n:ll doses. In 
c:.-
r-...,;i ccne:cl, if cr~•ulocytc levels c:!o not ::.::c::c:.oc o: :c::::--in conctc..'lt, even tl::>ugll o.t a 

lou level, by tho lSth d~y, d~~th uc~~!ly c~o~c~ (C=on!:itc). As a rule, there :::.re 

12th ~ys :lofter e::posure, d:?pendin::; o:i th:! cni'7':::.l species c.nd the do:Jc of ra.di:ition. 
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truc!ion t~t h~ve boc~ dc~c:ibcd for other orc:::r.3 (Bloom). It h.::.s not been oecn 

above LD;:;o i:i do_:;::; a.."ld std.nc. V;:.r:.ou~ c..··:pl~:.tiono ~ve been off crcd. So=.tic 

cu~~~ic~s of precurcors t~t result i:i ~bnor~ ~roceny h:lve been ccnsidc:ed (Dloom) 

~d Jr.cob~on). Th~se prOGC-"lY or th:!i:: p=ecurcors mo.y ll:::.ve shorter life sp:ms. 

8.6.3 Erythrocytes. c~~~cs i.~ the level of th:! red blood cells :ire much 

There is little i.~crc~sc durinc t~~ first fcu ~y~. In c.nim:lls th~t ourvive r~~-

tion in tr~ 0 to lOOl let~.::l r4!..~GC tho=c is ~ dcf inite decrec.se in th~ levels of 

th~ red cell count, hc::::.:ltocrit rc~dinss C!ld hc~oglobins bet~en t~~ !0th :::..~d 30th 

cmys a.f tcr c:::posuzc. The r:r·:irau.'il dc;~ee of cnc::!i.::i. is usually re~chcd o.::ound the 

15th to ZOth d::i.ys in the au=vivors. In the c::dtl~S wnich do not su;-vive, th~re is 

usually a ~~ed dec:ecze in the red cell lcvcl3 e ~y or so bcf orc dcc.th. The de-

cre~se in the red cells c.:c due to t~ee f nctor~: (1) dec=c~e or cczc~tion of pro-

duction of red cells; (2) inC:Cc.:JCd dcs~ructicna (3) hcmorr~zc (Jc.cob~on ct e.l.J 

Cronrdte, Sclr.:c=z ct a.l.; D~vi~ et o.l.) • Tte occ~ional macrocytosis t!" .. ::::t is seen 

in titdne end other ~'li~s :::.bout 10 to 20 d:.ys cite: e::posu:c to a lot·: lctr~ dose 

i~ due to a conco::iit::.nt reticulocytoJiS occurir.z as a result of =~~c~c:ation of tlu: 

bone ~row ~ith releo.ze of l:.r:Ce nu..~be:o of rcticulocytes in t?u? pcriphcr:ll blood 

(C.-on!:itc). 

/>..n incrc:::.se in the? ncnbcr of t::~ red cells is uncom:non e::ccpt in tt~ hich dooe 

ttat developed a m~r~ed heooco~c~~~=~~ion ~ithi:l a feu ~ys of th~ c::posu:e (fie. 4). 

The he~~toc=it of ona co~t ~tt:.incd :::. v~ue of :i.lt:ost 80~. T!lis hc:::.occnccntr~tion 

io dt:e to dchyd:c.tion rc~t!lt.L"lg £ro:.i :::.."'lo=c::i:;., di:iz:hea., etc. 
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Nuclc::.tcd red blood cc!l5 c.ppc:.=cd in 1:.=~c n't!:nb~:-s in the co:its omd swine 

about 13 to 17 d:.ys cite: c::posurc to ~!:c a.totlc bo~b r:::.di~tio:i o.t Di!.dni (Cron-

ldtc) • Co;4;;~::.ble ob:::;crvc.tiO:l!l !1::1c b:c:i w.::,dc On ot~r cnitlO.ls (\'::u-:.cn: Ja.COb!;On 

et cl. : ~omct:c) • 

Rcticulocyte disappc:::c:icc is ::. ~c=v cc~~i~!ve indc= of a si.."'lcle intcnco e::-

po:::;u:c to rc.di:l.tion in the let!'..:..! r~:;c (f i~ • .5). In view of the obsc:v::.tio:i3 of 

(Jc.cob~on et cl i Cro:i!:itc). l~c::.:vc=, t::~ di:::.p~c::=:.:icc of rcticuloc1tcs, nt lc::.st 

in the rc.bbit, docs not ocC"...ir ~t cs lcu ~ co~c c.z docs the rcductio~ in the nucber 

of lyn~hocytcs. In s\1inc (fig. 5) mid i:l t:::.c J::.?::::.=ccc c::po::cd to tl:c ~tor.Uc bo::lb 

procnostic sicn for recovery b~: did not .:.nv:.::~::.~:y L•dic~tc n f :.vcr~blc outcom~ 

(LeRoy, Cron!:itc, Tullis ~"'ld Tcz::::.cr). 

detected 'by 

It is of cc~:;;idcr:::.blc o.c::.dc::U.c ~'ld p:::C::.ic=l i=!c=c:;t tl::.t th~ tiidcly-uocd chro:::iu::i 

niter i:r:.di=."!;ion C :.i-"'"' .. ----- cc!!~ oz tc~ l:.bcl it~clf io loot 

at c.n Q.ccclcr~:::cd r:ltc. Th~ effect i:, p::o'b:,b!y clue to th~ cri::o::tli:....-i mc!cl c..~' i:ot 

to ito =~dio:.ctiv.i~y. 
-:-
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8.6.4 Plc.tclcts. Pl::.tclcts d~crcc.scd at e rate bctw~en th.:l.t of the red cell$ 

end th~ c;:::;:..14ul:z lcu:~oc1tes. Pc:::h::.p:l plc.tclcts c.rc e.s sensitive on indc:: to e::pos-

urc to ~cute i:::=~di~tio~ c.z th~ c=::..~!l!oc-1tcs in the r~bbit (Jacob=on et al.). In 

Gwinc. co~t~ c.nd docs, tha dcczcc.~e in pl~tclcts is definitely lcDs rapid th:lll th:l.t 

of the gr~u1:..r leul:ocytes (C=on::i°'c). frequently the platelets trend upt·.r.lrds for 

4-5 dc.y3 :.f tcr ir:c.c!i::?.t.ion f ol!o:1i::.:; i-::U.cll tl"~rc is a dec:re:l:le until plc.tclets dis­

c.~pca:- or bcCO!;lC conot;:.::it c.t a lc:·:~r level. Above doDes of ro.dic.tion t~t produce 

~ 90~ mo:t~it7, t~e rc=pcncc of t~o pl~telcta is ~~i:n::.l with plc.tclct~ dic~ppcar­

ir.G from th~ circ-..ll~tion by tt'~ ll'th ct.:.y. With lesser doses of rc.di::.tion, the 

plc.telcts do r.ot co~letcly dic::.~pc:.:.: but beconc con~tc.~t nt a lot-:cr level. This 

level i~ c.~p:.re."ltly a function of the doze of rcdintion received. Thi3 nc~, 

rcl~tivcly co~~t;:;it level r.-=.y be rn:lintc.i.~ed for 2-3 wcc~s. 

Tl:c rel::.tiv~ rccponse of cr::.."lulocytes ~d plc.tclcts at diff crcnt per cent 

~orto.litics io illt!$tr~tcd in fizu=e~ 6 end 7. With a 10% mortc.lity tr.o pl~tclcts 

o.pp=c:l.ch :::cro but czc r.i:Unt:.incd cc::l~~=it o.t cbout ~ of t~ norm:il r~,ce. At thiG 

doc~ the er~ulocytopcni~ io Ojly modc=~~c ::uid inf cctions ~~re not promincn~ clini­

c" 11 y. In cc:itro.st to· this a.t C0'1 ~"ld 1007.i n:ortclity, the pl:J.tclct3 end the gr.mu­

lccytcs rc::.ch zero a.nd inf cctic~~ :l."ld hc~orrh::l.~e are obvicu~ly Drcscnt bef crc dc~th. 

Th~ f orccoin~ st~tcmcnts cover the GCner:il picture of what occurs to the pcri­

ph~rcl blood clc:nc."lto o.ftc:: a oingle intcnoe e:posure to ioniz.int; rcdi::.tion. Hot.­

ever, this cocs not siv~ a oufficic.."l~ly conplete picture of v~iou:z facts o.nd ob­

serva~ion~ ~bout the rc~po~~c of the blcod to tot~ body or to r~thcr l:lrce scv=cn-

mi:::;ht be :mtic.ipc.tcd fo.llot1.i."'!.:; e:~o:.:a:rc to cl.:;ed r~ations of diff c:cn~ pcnet:z.­

bili!ics. 
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h:.ve bcc."l publi::;hcd (Czon!=itc, I::ond t?..."ld Dc.."lh:::;:). T:~:: moct hco.vily e:::>osed c:oup: 

\•::is co:::.po::cd of 64 Mo.rchcl!ccc loc:::tcd o:i r:.cn:;cl::.? c.toll at the t~ o: the a.cci-

dent, o.nd t~ f .indincs in tltl:J aroup t-.r.lll be c!.::~~ \'liO::b mo::~ c=:tcnr;ivcly horc • 

.None of those e:q:io::;cd died c.~ c. ~czu!t of tr..:! i:::.::!!:.tic:i. The n.o:i:;cl:::.p pcovle 

received mi eztim!ltcd doze of 175 r c~ c:::...-:.:::.~ =:.d.!:.~ion (cir doze), sufficic:it bet~ 

rc.dio.tic:i do::;c fro::i ccllic::cnt c~:tcricl to rczult b lcoio::is "n co::ie c:~o:;cd c.rc~ 

of sl:in ( ch.o.ptc:: by Co:i:::.:d et ol..), C.."ld i::lini":.1 intc::~ co:it:..."1.in=.tion trith r:.dio-

nuclidcs ( ch:.ptcr by Robc::tcon c.:id Cor_-i). CO:ld.c~=~blc t!:lcc:tcl-"lty e..~ts in the 

m:l.3nitude of dooes received: ho~:::vc:, the r..or:.:;clcp croup ~..,, be considc:cd to 

sidcrcd to h::.vc rc:::.ultcd fro::i th~ c::...~:::. c::pocu=c ~:1ith little or no cont:ibution 

from tt.c ::;m:!'c.cc bet:l. or intcrn:ll e:littcrc. 

platelet c:ocnt end tcmz.toc=it t~=c ==-~ on c::cb. c::poccd individucl ovc.: ths initi:l.l 

ob!jcrv::.tic:i period of 72 d~yn, :::.nd rcpc:::; cic·::c::::L"l::.~~c:io l::!:."/C b:cn ~e ~t 6 month:l, 

ond then ;:.t yc::::ly in!c:vcls f ollc:-::...'1~ t!:~ c::.:;;o~u=c (Cc:i:.:d et cl.). Dctc.ils o! 

mettod.:l c.:id ini ticl. f indingG ?::.~.;c bcc:i rcpo=.~.:cd (Co::.d ct cl.) • Unc:::,?o~cd c~oup:l 

for co~~~icon ~cze cbccrvcd initi:.lly c.-'1d 
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th.:? cnc.::;;o::;cd po;nllctio."'ls by 2 ye:.=::;. Th~ time: couroe of neutrophil cou."lt c!:.i"'lzcs 

c.ppro::L~tcly 4 'l~':!c!::s (fi:; • .10) 'l:i'::h f:::.!=ly r:::.pid initicl. recovery follo::.·~:1 by a 

Tl~ ~~toc.rits c.t no tke \":ere rc~!:::.bly diffe:-ent fro:ra the unc::~osed levels. 

A~ th.2 ti:i:.c:l of pccl; dcp:cz:::;io..'""l, co:.::c individucls h:ld ncutropltll counta below 

l0~0/r:m3 end plctclet ccu."'l~s bc!c~ 7S,CO~/~::i3. No infections c.ttribut~blc to the 

o.t o.ppro::.im::.tcly tlm time cf m::..~-:n:m ncu"!:rophil depression W:ls c.~u::.l:!.y .:;cvc:c in the 

hccvily :md clldly c::poscd czoups. r:o 1'..cmo:::h:!.:ic phc:no:nc~ could 9c c.tt::i'butcd to 

th~ plc.tclct depression. All ind!vidu::;.ls ti~re cmbulctory th:ou3hout, c,."'ld no thcro.py 

(ot1i=r t:~-:1 f o:: the c!dn leoic::l::) beyond t1'.:it routinely required fo: e--i.y lc.:cc 

ure. 

m:i.~cl y 6 t·cc!:o. A si:ni1=.= trend i!i cccn t·1i th the ncutrophil coil:lt. TI~ cl=o~ in 

lym~?:..ocytcs io c:.:ly c.nd :;cvcr:c. Tl:~ rl:."tclet ccu."'lt fells in a rcGul::: f c.:.hicn, 

The r~tc cf recovery i~ cc~~idc:~b!y 

:::le·:::::: then t:ou!d be c.ntici~~tcd f ::c::i l::.!;::::c.toxy ~"lir-~ 1±:.t~ a..-id io inco::l9lctc o.t 
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bcinss e::;)o::;cd in rc::ictor o.ccidc:it.:; ( :::::c l:c.:J.d c-t ~ .) • Tby ~e olzo con:;ictcnt 

:x-r~dic.!:io:i (Hiller, Plctcho:: c..'1.d Cc:::;~:ic:-: t:!c~.:::o;;l C..."ld D~•c), or to intcrnclly-

c.d."J.iniotc:cd rc.d!c::iuc;lidc::; n:olin!::) • 

8.6.6 Splenic, Thyr.tlc t·:ci,'.::ht D~c::c~c. C~tc= et cl. 11=.d p:cvio~y dci::on• 

strc.tcd a ve:y c!oze corrclo.tic.:i bct·..-:.:::cn '\:h::: c:J.:c of r~i:.~io:i ~d the dcc:c:l!JC in 

t!le splc=iic C.."ld thymic wciz;h~s C!l tl:::: s·;;:i ct=.7 ~tcr c::po.:;u=c to re.diction. These 

ob~crv::itions ~de it poszible to u.:c t~ dcc=c:.=c in splc:iic thyr.ti.c t1ci3h~ for 

ncutr:::.lizc t!:e cff cct of r::.di~!.ic.n. T::i~ type of otudy h:ls ~en c::.'1:endcd by Koll-

not f ollou a siople rcl:::~io:i:;hip. Th~ d~-::o. eel:=.~:~ a.::; if there ere tt;~ independent 

cell popul:;.tio:is with different $C:z.sitivi-::ico. I:ot·:cvcr, thyr:".ic.. l•~i3ht S d:l.is 

after i::=c.dio.i:ion w~s a li:icar fu:ic-:=ic::i of tl:.:? lc.:;:.:ith.--:i of the rc.dio;tion dose. :lS 

sho-.m by C::u-tcr et al. et-.rlic:. !n -;;I::!:!.= lr...-:~3 t::~ oystc:::i w=.s very u:::cf ul as a • 

the thymus and spleen tr-o tb.:it of s-=::oud et c.!. t:~ ere csscntic.lly in c.3rcc~c."lt 

\1itb Cc:tcr, Ka.llo:;i ~d ::ot.:i en tl~ b:.::dc :c.b.!io=..:!lip ~d the u:;cfulncss of t~ 

p::oc:edurc;.;. 

8.6. 7 Misccll;::.ncou~ Studies. i·::::.rrcn h:.s c.--:;?~:.sizcd t!1c crc:.t in!;;~:.bility of 

too bone "=":l.i:ro~1 in ~o:uc pco;ilc •:::!:.o ~~1c b::!cn c::;,Jo~cd to :;~l a~c...:::.t::: of rodi:.t.ion 

(lens th:.n SO r). !1::m:::~:1, Good!"c!.lc:·J c...1.d i~:i.:::cn ll:.vc cl.l rc~!:cd upon the crec.t 

diffc:cmccs in st::=.i:l, specie:::;, ~d :.::.::.iv~d:::.! i:l :c:::pon~c to ~p~.:o:;i:c.:.:~cly t~ 

~ o· 1·: -1 1 1
· f: v ' u \ 0..., 
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:;r:.phs dc:o:i!;trc.te the phcno:.!c:io:i ccllcd "co:isti:l~" in which the ub.itc blood count 

con~inuc:l to recede c.f tcr t~c~~~Y iz di~co~tinucd. M~yncord h!lS sh:>i-m truit re-

pc:ltcd s:imll c:-:/osu:cc to ::-rc.1 ~7 c;:usc rao:c co.::iplcte C.."ld loni:;-lc.sti."l~ d:.-lC.!!C to 

T • ..,,,. -.. e::..:.n:;cs indu~d by c.'l;'o:n.ic !0•1 intc:?~ity e::pozura to icni=in::; r:.di=.tion 

uill be con~idc:cd in the section c~ e~~ detection of expo~ure to ionizinc r=.di~-

tion. 

8.6.3 Mo:-ph!Jloay of Blood Ccl!z. r.:o:pholo;ic cll~11z;eo in the lcl.Uoc1te$ a:e 

v~icd. ~zencrc.tin~ !ymphocytc:J ~c :;cc:n in the circulation. Lymphocytic nuclei 

m~y be frc..:;mcntcd, py!;notic, c!.ovc:--.::;~;ied or only th.3 usuill nuclco..r pc.ttcrn mc.y 

oo cl.tc:cd. ?Juclco!i ~y bcco=c vc=7 p::o:nincnt, pre:zenting the picture of "c.,·:l' s 

nuclcc.r ~secs :ind occc:io~~ red cells. T~ cytop1c.s~ of the mono~uc!ecr.:; m::.y b~ 

e::cczsivcly b:isop11ilic. V:::.C".:olco c::.y c.ppc::.r. It::""..=.tu:e cells ~y be p:c::;c:it. ~-

t;encr:::.tinc zrc,."lulocytcs m:::.y be SCC!l .in th.3 pcrip~ro.1 blood. To~c 3r:::.:iulo.tio:l, 

vc.cuole::; end b.:lsophil~ ~y be ob.::;c:vcd. l'l~tclcts show so::ie ch!l..'lGCS c.lonr; \-:it:'l a. 

rcductic::i in nuc~c=. G!::.nt hypc:c·~-c::.:.tic plc.telcta a.re u~u.cl.ly prczcnt. Mc~c.-

J;c..=yocytcs hive been rcpo=-tcd c.s c..::>pc:.d-'1~ in the blood, but were not seen in the 

blood s:::cx:-a o! the Dildni ~'lir..:.l~. Sup:::.vi't=l stc.ina with Jcnu!J green &..-id ncu!:o.1 

of rcf =:::.ctilc neut=::.! red bodic~ of t~~ lynphocytcs of perncn3 acutely z.,,d cn=oni-

cc1ly c;;;iozed ~o :.:.o~::::...,:; ::c.dic:tio::l. Th~::;e bodies a.re seen only in suprcvit:.l 

the blood of h~.=.:i b~.::ig~ cr.:-c.""lic~ly e::~o$ed to rcdio.tion and of hu.~ b.:?inc:. 

seen. 
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a.7 L~te .::ffccts - Leu!:cci~. 

lcu!:opc."li~. Ho·.·:cvcr, thi:l c!.oes r!ot, ~-== lc:..z-:: :L--i :c:::c c:l:;c:;, prcvc::lt tr.e o:co...'lis::i 

mz.rro':.1 in sonc r:.bbits tmt rcco~c:-cd f rc:i C..'1 LDr--./-:-" e:~o::;u:-c. 
-'-' .JV 

~!tl:; "over co:::i-

pcn:n:.tio;:." "~ seen about tt•'O mo.nth~ ::.ftcr e::po::;u=c. T:tls type of rczi.Jonsc lc::.ds 

8.7.1 D::vclot>mcnt of Leu!:cn~"'::; c.ftc: c::.:c:i.ic Z:::poou:c. I"..rcbs et cl. found 

th.::l.t t!lo incidence of lc-U::cnic. in i:-=c.d!:.tcd nico ~:::.:; 3 • .5 pc: thou::;:::.."ld mice ~ co:i-

po.red to 0.6 per thou3:.:id in the cc:r;;:o:'.!. r...icc. Ht.:cpc= dc:::~:mtrc.tcd c. 74% incidcnco 

of leu!:c:ni:!. i."l cicc tr.::i.! h::i.d received 4::> = c-:c= ::i. pc:iod of si:: t1::c!::J. Tl:~ spon-

c.."'ld :cpc:ltcd doocs of :~0-40:> : i:l d.cc ~"'ld =cpc:::tcd en cial::t-f old inc:cc.ze in 

(Jj 

c::::> prcc::dcd tl:::: pozitivc di:::.::;no::;.i::; cf :1..c·..:~:.::::::i~. !-:::;n:.::1:.:-~:J C.."'ld r-::::.-;::.in:J rc~o::tcd i=l 1944 
c::i 

-.J 

cc:ico 
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tic::i i:l ::::i.11, bu-: ';:~:c i~ z~cl.1 ~ :.t::~~::: co:::cl~~icn tmt it \·;ould be f'ooll::irdy in-

deed to i::;nc:c ~!~ p;:ob::J.t:.J.c :cl.::.·~io:1::;:i..:.) end not to ta.kc a.clv~tc.:::;c of every con-

cciv~b!.e me:lns to rcducf! tl:~ e::po~u=c cf o..ll hu:r~'t3 to n mini.-nu::i, c.•d in a.ddition, 

Hcrcto!'o:c, 

t1ith the c:;ccption o! tl~ rcl~!ic..•::;::J.iJ of c1:=o:lic e::posi:re to lcu!;c-lio. induction 

discucscd in th~ ~=c~ious ~cctic~, ~~c=e h:.d bec=i little wor~ on the i."'lflucncc of 

to ~vc ~eccivcd r::.cil.~tion in tho po-::~:iti::.lly lctl~ r~:;e stot1 a sicnif ic~"'ltly 

sllo~m t!l;! hi::;b.c:;t incic~c::: of lcu!:cci~. The lcu!:cmia h::?.S been prcdo::r.in:i..'1!ly 

mycloid ~d,to ~ lcosc: e::!;cjt. :::onoc7tic. This is in contrc.st to rcdiatio~-lnduccd 

to occu:- f cllc~:!n.:; r:::.C.ioiodi:lc t:c:.lt::mt of thyroid c-;rcino!l"..:! {wo:::i et ~.). 



T:!~ p:.tilo::;cnc::;io of lcu!:c:::tl:::. ir..~:.:.c-::!on ~7 r.:.::!i:::.tio:i l~o been c::-::c~ivcly 

r~dic.tl.c:i :i=c lc~c::::.o;c.--iic. S.in.:;!c C..."ld =cpc:::::=cd c::po::u:cs c;:;i produce l.cu!:c::ii:l.. 

ncpc:.tcd pzovc=ly ci10.ccd. c::~o:::i.:.:co t>c:::::.::..t i.·1: c. 1-::orc r~:)id .induc!:ic;i t:..'1d a. hict~= 

incidence. The ind~dlo:i rc.tc inc=c::::.:Jc::; "1.1ith tl:~ <lo::;c. l?hyzio!ocic c..'1d scnetic 

fc.c'!:ors r....=.:::cdly influence t~ inductic::l of .::.c:.:::c::U.~ i:l :;-.ice. f;.:id=occ:w ::.nd cor-

cone, ho~:~vcr, cocs no~ i.-iltlb.i t t!~ p:::::..:.:.:c·~!c::;. cf oycloid lc'l!!:c:rJ.o.. S?.i.ic!di.'1:; of 

t!1c no!':-':-1 spleen, '1.-:'~c::i co::it:.i.."!:; o.l.l ty~cc c:? hc::::::=oi)Oic~ic ticcuc i:l the rnou:;c. 

bone ~::c-.: cu:Jpcu.:io:i.'3 (!.o=cnz, Cc~.:;do:i, I::.pl=.n ~d Drct.:i, rcvie~::cd b7 C=o:iliite 

nnd Cc:ld); 

~plcn ~s c=.=:icd on c.n ~cn::ivc :::c:!.cc of ctudics on lyr:i;il:o=-3 induction 

Subsequently tbcy cho-:::cd th:.t tCich chlc!c!!=.:-; ~d injections of ~=0·:1 cuc-venciono 

obscrv.:.tic:i t:;>uld c.~pc~ to e::;t=..b!.ich tl::: c!.cvc.!o~r::~nt o! o. c:::z.ncc: in a ti~zua not 

e::poccd to the c::=c!no~cnic c.::;cnt. i!:;:·:~ver • c. coc::.=ci.."'lo.:;cnic eff cc~ of tro.uo:i c:id 

necrosis in th~ c=~ft rn::.1 h:::.v~ c cc::.t=ibuto=y cffcc~. =nd cell m.icr~tic~ to tho 

5 0 0 ., 11 2 



,.,":.!l !oc.t. ':hi:; c::o~~ oti:dict! ri1;o:iuc!cic o.cid (PJ·lA) and deso::yribonuclcic a.cid 

(t:::J in thy:-..ic ccl!s of t:.:ich e::i.::.lcl.::d C.."ld non~hicldcd irr;::.di~tcd mice. It w::i:i 

f Ot!:ld t!...::.t t!:~ r::::. levds i:.c= t!:j·:-J.c cell do r.ot vary with c.ze or trc:::.tc:cnt 

c:oup c.."ld ~!"-.:2.t n.::.'\ rc:n:-...i:::is cc::l;:;'.;:;..;.t \·Jl~:l timo in tho control croup, but r.:lA in­

c.:c::..::;cz 1 -to .5 cb.1z :i:~c: i=r:..di:..tic:i i::iJ.;:1 a pzo::i;lt rctu:n to norr.cl in tr.c t!lich 

sl:icltl.:d ~rou~. T~ r.J·!.\ pc= cell :..~c. r..:;..V.cx~ r:::.t!o re::r.ain n:~!:cdly clcv:::.tcd over 

t~~ c~tirc courzc of t.:c:::.t~~nt in t~ un.:.hieldcd irr~di~tcd group.· Th~zc ~uthoro 

su.:;ccst th:.t th~ zuo~:::.i.."lcd clcv::.~ion o: :U~\ ~Y ~ related to tu::or inc!uctio.n, 

Gincc chicld!-"lG p4evcntc induc~icj C!ld =c~ul~s in a r~pid return of r~"\.~ to nor:r.=l. 

It io quite c7id~n! t~t lc~c:::.o.:;c:iczis b}' ionizinz rcdi:lticn c.nd the in!cr­

a.ctio:is bct"t":cc:i :io;;r.-.:..1 c,::d i:=.:.dic.tcd hc""o~cic~ic ticsues and enc!ocri.-.c!l, uhic!l 

:ire p=ovcd to inf lc~~cc induct!o~, c.rc moot intric~te. o..:i th~ b~~i~ of the :cports 

to c!::.te, it is not po::;:;iblc to dctc::::::!...'"lc \1!l::!tb.c~ t~ non-irradi.ztcd her::.opcictic 

ti::sue::::. su~ply c. cc!.lul::.= o: ht::::.~=::.l f c.ctor t~t inhibits the induct.ion. T~rc is 

evidence for beth vie~~. It i~ ~~o cc~cciv~b.le th:lt th~ no~ ti::;sucs ~y be 

of th~ interaction::; bctt·::::cn i:r:::di:;.~cd end no::r,t"! ti:;;oucs and the influc:ic:e of cndo-

intc:::ctions th~t i."lf !uencc lcu!;C;~o~c.~c~ic io unqccstioned. 

Th~ unqu~zt!oncd, h:u:r...f ul lctc ef f ccts of ioni=inz ra.diction en h=~topoie::;in 

lo~i~y lc::cts to ~ diocussic~ en tl~ v~ue of ~ ~tuoy of the blood in p:otcctin5 

8.3 F::cto:o !nflucnc!.~~ the =:feet of Ionizi.~c R:ldi~tion. 

P=o~cctivc f~ctc::s ::re tli~cu::;ccd in dcto.il in Ci•~ptcr 10. section 

Al.thou.sh pl:Ci.):otcctive ~~cn:o ~':/ p::o~cct c.ll cellular systett!l into w!l:..c!l t!l~ 

~c::iic::.l auo=t~ccs C:::.:l ~cnct~~tc, t~~ ~ozt st::il>:in3 effects are see~ in the blood-
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8. 9 The Ddc c~io:i of R=.dic.t icn !nj u:y by r:c:::~t:oloGic Procedures. 

T11c detection of r=.di::::::ic:i i:ijuri' lo.:;ic~ly f o.lls into t•.-:o c::i.tc::;oric::;; 

the dctcctio:l of the brief, intcn=:c c;;;;ocu=c c..""ld t!~ detection of CUIJulc.tivc sraa.11 

c::po::;u;:cs. Dy hc::::itolocic zt:::.nd~d::;, t:1c dc~cc:io:i of the brief, i."ltcn5a c::po:;uro 

is f :cirl y ~aticf c.c!ory i:l C.."'li:::.~s. I:o·.-:cvcr, t:-ic c:::.rl y bc::~tolo.:;ic ~3CS in run 

It is rei;rett:i.ble t~t fet1 blood s~udic:. ~·:c=c pcd·o:mcd o:i the Jnpc."lcsc c~u:lltics 

dur.inc the firot wee!: :iftcr the ~to::iic bo::ib c::~lodons. Therefore, it is nece::;::;:i,ry 

~t this time to o.ttcnpt, for the :::o:.t p~t, to c::t:~?olate to m.:m fro:ll cniz::.:ll ®ta. 

However, the t.!::r:;h~lcsc ck.:::::i. help co:::i:.!dc:-:.bly. 

8.9.1 Acute I!:;;.Josurc. Ec!:;ir'.ni."l~ c:io::tly after the ac~tc c::I,)osurc, o:ie co..'1 

nnticip:i.tc a pro::i:Jt dcc::c::.::;c i.'1 the tot cl ly:-.:)!:ocytc cou."lt. The dccrcc.se will 

1. lf t!lcrc is no cig::iif ic~•t d-:!c=c~c in the tot:U lymph:>cyic co':mt duzin3 

th~ f i:~t 24 houro. the c::~osu:c h:.s pro~~b!y b~cn lccD th.::l 25 r of 

tot:i.1-bo<lv ioni=i..,g rcdi~tion. 

2. If ~ ly::?::oi)cni~ of m.inoz: ~c:ce ::.:;~c:.=!j i1it!l ve=y mild o: tJith no 

lyn~hocytc cou:lt of ~~j, ::i...~d :.;:::Jto~~ c.:c p:csc=~ d~=i.~a the firot 24 

hours, o::.c c::.n ccncl.udc t~'l: t::.~ c;:po::;u=c t·1.'1 been quite hco.vy, i:l cm-

cess of 100 r. 
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.Nccdlc:;s to sc.y, tl::: dctcc"!:ioa of r::i:ior dc~rccs of lj1L1t:il:"~vcnio. ncccssitntcs 

a. knc•·1lcd~c of n::n:::::::.l ly:.:;h::>qtc lcvc!s of t:-..'.! ~cr::;on concerned. Under conditions 

will it be f c:.siblc with p:cc.c:it tcch:iiquco to Dcrform intcn:;ive blood studies. 

C~hcr mc.:.na of dctcc~i:l~ c~posurc to ionizing r~diatio:i ~re: 

a. the cy~~to~..'ltolocy 

b. personnel r:idi~tioJ dosim~tcra and 

c. the distc.:lcc f roz the e:plodi~G bcmb 

These will be d.iscuoscd in Ch:.p~cr on Di~:no~i~ c.nd T~rnpy. 

Th~ s~tisf ~ctcry dcvclo~rac:lt of coed clcc!ronic blood•countin~ devices crc~tly 

siovlif ics the lo~!oti~ of pe:fot'mi..~3 enormous nu:nbers of blood counts in a 

c~t~strophe. 

8.9.2 Repeated S~l .E..~~osu:c. The detection of repc~tcd s~::.tl cu:nulQ.tivc 

e~posurca by hcm~tolo~ic s~udica poses ~~ entirely different problc~ c..~d lo~ic:llly 

beco~c~ De.rt of ~ bro~ health pro:ec~ion proarw::i. C~scrv~tions on the blood of 

~ chro~iczi.lly e::posed to r~di~ticn ere lccion. Leu!:ocytosis. lymvbocytosis, 

lcU:::c~oid rc~ctic~o, lc~ocytic lct.:1::c::i~~. cryt!lrocytosis, retict.:locytosi::;, lct:!:o-

penia, th=ombopcnic pur~u=~. a~l~stic '1..~c::d::., lcu!:openic lcu!:c::iia, ref rcctive ncu­

trc.l red bodies !.n the lymph:)cytcs ~~d ~GCS in the blood co~3ul~tion hcvc been 

described a.s occu:-ri."lz .:Uter c±:;o::iic c::Docure to ionizinc rc.di::.tions. fro~ o. re­

viC1.1 of the litcr~tu:e, th:? follo~inG hc~~tolocic ob~crvationo c~ be considered 

~s p=esu.~~tivc criteri~ of e:ccssive e:~osure to ionizina r~d.intion or ot~cr to:ti.c 

c.cent: 

1. Persi::."::c..•t lcu!topcni~ (i~'DC bdci:J 40CO/c.o:n.). 

2. Pc::.-d .. ::.tcnt lc~o9-;o:;i::s i:i~l1 ~'"l o.bcolutc ly-;::.;,Jhocyto~is (tXC ~b::>ve? 

15,000). 

di~::tcr). 



4. Rciiculocytosis (rcticuloc1tcs ~bovc 2 per cent). 

S. n:ythrocytozis (u:c over 5.6 million per c.r..=i. or hc=o3lobi..~ over 

13.0 c:ii./100 cc. blood). 

~illi~~s h~s a.nly:cd tho vc.lua of b!ood ~tudico c..."ld protcctio~ ~~~in~t r~di~-

8ood control of n.ll circu::stc.nccs is mc.!."'lt:..i:!cd. z::mcvc=, in rcdic.ticn a.recs, 

more hichly cont:ollcd hc~tolocic studies ~re needed in order to obt:lin more in-

for::~tion on the th:cshold C..'"ld pc::mi:;~c.ble vcl~cs. l-!~ldc c.."ld W~hlberc rove 

a.ntlyzcd the lo;:crinc of th:? lc~oc1~c cou.."lt i:l bu=:=i bcinss produced by minute 

co:J.~idcrc.bly dcc:ca.scd by lo~·: e;:~)O!:i.urc ~o i;:::::.:H.:::.tio:::i, tl'!u.:l m::l:L"'l.; i~ possible to 

of tte la.st ten yec.rs. Tl~e :cc::;c:l:J fo: ~his c~:::.."1.;::c :.!'c obscu::e but obviou:zly com-

c. dop:cc:::lon of o~ en incrc.:.~cd 

hu=::.:..::i bcinz~ l;;~o c.:;c ~o·;.':l not to be c::)o:::cd to =~<l!.:.Zion or O.."lY other to:dc n.~cnt. 

ccrt.:.bty tbt there ~ bc~"l e::.co~zivc c::po::;u:c to ::;o:ne to:::ic c.cc:lZ. A coed 
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c=itcr.ion of c~ccssive c:::~osure of ~ crou,J to r:!diation io a siznif i~,t dccrellse 

in the c=o-.:,; c.vcz:o.GC lc!lloc;tc count bclo·:1 t!l~ v::e-e:tf)o;iu:-e level or bclo-::1 tlle 

o.v~:::z...-,,,c of t11c co~trol c:::ou~;. As cco:l =.z C..'1.Y of the a.bove c:itcri:::. h.:J:ve bcc.."'l 

r~dio.tio:i C..."ld tl:.c f ollo~·1in3 studic~ ::;::ould be pc:f ozr:~d in order to d~tc;-ni.::c ii 

r:.dic.ticn inju::-y is the c:::.u::c of tr.::: c.b::ior::"~ity. In principle, th::: u.::;c of a 

c;::ouµ c.s its oi::n p:c-c~~o:;urc cc:it~ol cotmd.'.l sccu:e, but ci.d::i.ittcd.ly the ob:;c:rv:i­

tic:is of \~o.ld ct al. ind!.c::i.te th~ potcnticl unrclia.bility of this ll)?pzo:ic.~. 

AccordinGly, ~~never pozsible, a co~~a.=Qblc DOPul~ticn of une::r;)o~cd pcovlc sl::J~ld 

<ll~o be f olloi-:cd. 

1. E.~dc~70::- to elimin:::.tc all o~hc: cauzcs of tem~or::iry hco:l.tolo~ic ab­

nor~:.litics, sue..~ ~s infectious mononuclco~is, infectious ly~)ho­

cytosis. infectious ~p~!itis. virus diseases, benzol n..~d he~vy met:l.l 

po.isoni:i3. 

2. Study tile c:c:-eta. and e::pii:ed .Ur for tl!e possible presence of ion-

~osu:c to =~diocctivc isotopes. 

3. Study th~ blood ct l:.'~c!.:ly intcrvc.ls to detect further c.~:mccs end to 

scc.xc!l for the p:cscnco of rcfra.ctive, ncutrtll red bodies in the 

ly::lphoC';tcs. 

In this discussio~ of the role of h~m~tolo~ in tha detection of chzonic 

r~di~tio~ injc~y, it is ~pp:ropri~te to ct~te the c.'m.n3es disc~sccd cppe:u- gcner­

a.lly cf tc= th~ c:::..~~~c !~ bc~n cu~~~ncd. The Q~in protcc~ion ~~~inst icnizi.n~ 

r~di~ticn i.,jury ou~t be c..~ ~ccu=~tc p~/sic~ co~trol of the r~di~tioa intc.~si-

ties to u!tl.cil pczzo::ncl a.zc e::?ozcd. 

In ccnclu::!in~ this scctioj, th~ =c~d~r is ref erred to t~c wo=~ of !:.nO"~lton 

n..~d c:.rtcr in w:llch ~ crollp of ten ~jivid-:.io.l:l w;:=c c~cfully f ollo-:.::ad over o. lon.:; 
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period of ti=~ 1:i:tl.lc t!lcJ" \:IC::c bci~;; c:~::o;lic~.!ly c:;po::;cd to rcdio:tion. 

In p~cvious edi~ic~z of t:tl~ boo~. ~ !o~~ dcto.ilcd disci::;suion of the 

vru:-io~ f ::.cctri believed to cc:itrioutc to ~::or::!:=.:;c t-.:~rc d.ioc-..lOzcd. r.1uch of the 

Fo.b:icius-r.!ollc:: La.co.ss:l.:;:ne • Lo.t!c::; ~"ld Lo.vcdc.n; Sb.ousc; t:tl.rrcn c.:id \':llipple) 

by Fo.bricluz-t,:ollc: \:1~ cor.:cl:.tcd pl:::.tclct level::; t1ith b.leedi."13 a.."ld noted tre.t 

chlcldi.."l;:; .) Allen end a.s::;oc!c.tc::; c!c.i.~cd 'Cl~t hcp::.d.:ic::iic. t-.-:::.s a major c;:.uce of 

blccdinG in c.ddi·;io:i to th(! tl!:'C:::bopcni::i. in i::rc.di:;.tcd do::;s • e."ld th:..t the thro:::ibo-

peni::i. cctu~ly ::;cnoiti=c::; to hcp.::.=izl. Of tr~ latter there is little doubt. The 

cc:icept of i!lcrc~scd :..:nou..-it~ of ci:cul::;:::.:...*'!:; h-::p~::.n t·r.lS rc::.dily o.cceptcd. prob3bly 

be~u::;c po~itive trcc.t~c..~t by cntir.~p~=:'..:l co~d, in l:.rse p:::.rt, co:itrol tr.c bleed-

Suc'.:l 1'..:.s no~ proved to b~ tr.c c=..::.c ~'1d h~~~=i..~c~ic concept h:::.s, in 

gcncr::.l, bcc:i ::cfutcd (Jc.c!.:zc:o et cl.). Th~ p:;os c=td cons o.rc discussed in prcvi-

ous editic:io of tl:'..is boo!: end in a. rcvict1 by Czon!:i~c c.:id Dt"cchcr. 

The f ollc-:.1in~ def ecto in h~r::o.::;t:::.::i.i~ tr~t lcc.d to b.lcccli.na seem to be t-:cll 

documc:ited. A pro3rcsoivc t~.J:"o~bopcni~ dcvclo~s t~t i~ ti~c- C..4d doze-dependent. 

The t!l:o~bo~cni~ lc~ds to e qu~!it~tivc ctcf icicncy in clot =ct=:::.c~ic:i, pro-

th:o:nbi:i utiliz:l.tic:i c:id c:::.Dill~y L--itc:;=ity. Lcstly, at very 10~·1 plctclct levels 

t:itll virtu::l.lly no protll=or~bi::i cc::i7c.=.::;.ic:i, th~ t:~o.!e b.!ood-clo!tin!; t!ma bcco::ics 

rem:.=:::::.bly p:::olon.:;cd. Ulcc:c;~!.o:i:;, t=::.t:...~ O...."!d infec~ic:is i.."lc:c:::.~e th~ bleedin3 

tendency (C:c:i~itc; Cro~~tc e-~d ~=ccc~=. J:::.c~~cn ct cl., e-~d lc~oy). 

The cost di:cct eviccncc o~ th= :olc cf t~ pl~tc!ct ~ bee~ the proof th:.t 

5 0 0 .! ·11 &,ic.tclct trc.n:o;f ucion!l t::ill prevent b!ceC.:..:g or otov b1cedin,:; tl~t ~:l tl.l:eady 
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co::."Jcnccd (C:-c:l.!;itc et tl., Uoods ct ~., and .Allen). The control of th.::: bleed.ins 

did not incrc~c tr..:: surviv:.l r=.te at th~ LD.:;o level or o.bovc. 

p!::.tc!ct level e.t \::·dc!1 blccdinc 111:1.y occur spontZl.!lcously \·~s studied by 

L;:..."llcrtcn ct c.l.. in r:::.t!l. At vlc.tclct level:. a.bovo 40,000/mrll3, b1ccdin~ a.nd 

::..'lcn'.i~ did not occur. Si::i.il:.=1¥ in ll~-:.:.n b~incs ~~posed to f c.llout with pla.tclet 

cou.11-::~ c.s lc-::z c..:; 3S ,OC·~/x:n3 , blccdi."lG tr.is not observed (sec sectic:i. a .6 .6). 

L~~tly, thc:c is a reel spcc!cz difference in._the r~te of fa.11 of pl~tclots in m:n 

ond o;hcr m=.::i;i:.:ils (sec scctio~ 3.6.6). 

8.1~ V~lue of Her.:.:.!oloJic Studies in Procnosis of Acute Rndi~tion Injury. 

Prom the acri~l studies of the blood that b.:2.ve tx?en di.:;cusscd, it be-

nostic cuidcs. None of these p:ocnostic suides ia absolute. Too vc.lue of ho-~to-

locic studies in r:l.dia.tion injury m~y be Sll::!r'..!l.rizcd a.s follows: 

e. A favor~ole p:oGno~is io susGcsted by o:n ea.rly reticulocytosis, a re-

turn of pl~telets, ~ er::mulocyte count greater th:ln l~OO per cubic m:n. 

i:.nd :::...~ c::.r!y retu=~ of th~ ly:Jph~cyte. 

b. kn unf ~vo:c.ble p:o~no~is i~ su~~cstcd by a complete dis~~pec.rc.nca of 

th~ lymphocytes, G==.nulocytcs &:ld platelets, and c.n inCl:c~sc in the 

acco:=:;=.nicd by fever. In cni.'"l:.ls, et le::t.St, if the f c.vorc.blc pro.;-

nostic sicns listed ~b~vc do not ~ppc~ by the 15th to 20th do.y cf ter 

e::po::iu=e, dee.th is uzuc.l. Tb:? e:;pc:icnccs of the Jo.pc.neza physicic.ns 

p~r=.l!cl the above ob3c=v~~ion~. c~ccpt th:?.t recovery occurred mora 

slc>:ly. Poor nut:i-=:io:i co,y ~ve altc:cd the rutturol cou:ce of th::? 

d.isc~sc in th~ J~p~ncse. Unfcr~c..~utcly, e:ceptiona occur end it is 

im~ocsiblc to procno~tic~tc ~ccu:~tcly th~ outco~e of rc.di~ticd illness 

o:i the b~sis of hcm.::.tolocic sicno. 
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8.13 Rcl~tio::i~hiv of th~ H:=-~~o~;o.ic'.;.ic System to Surviv:::.l in R~di:.tion Injury. 

Suff icc it to s~y hc=c t!-i:.~ ~1 po~t-r~di~~ic~ p=otcctivc mc:.su=c~ studied in cni-

inc=c::i:::c the su:viv~ time (:l.~tibio~icc) by co::it=ol of inf cctio~ to civc i::o:c tir.:e 



Ad~o. \·J.S., Sau."lG.cr:;, R.H., C."ld L::::::cnce, J.S.: Outv'l:t of lympho9tcs in cats, 

inclu~in~ ~tudics on thor~cic due~ lymp~ ~d pcriph.er:.l blooa. Am. J. 

~hysiol., ~: 297-304, 1945. 

Allen, J .c., et al.: Hc~:..ri."'lc:-::.i:::.--1'.n ~tico:i.3ula.nt in the blood of do.:;s \-;ith 

hcr.:orrh~,:;ic tendency :lfte= tot cl body c;:posure to roc:itscn r::.7s. J. E.;::;.icr. 

:.:cdo I .Q!: 7l-o5, 19400 

Allen, J.G.: Pctl~~~ncois of i=~:::.di~tio~ hc~orrh.:.3c, Sth An...~uo.1 Conference o~ 

Dlood Co~!,;ulo.Zion cad Allied Subjects. Trc.."lsactions o! .1osia.h Miley Found.:J.tion, 

N. Y. I 1952. 

Barnes, i1.A. c.nd Furt:-i, O.n.: Studies o~ indirect cff cct of roc~tccn r~ys in 

sL"l_:;lc and pcrcbiotic mice. A~. J. Roc~tGcnol., 49: 662-631, 1943. -
llloom, t·J. : R~dioscn~itivity of e=ythroblc~ts. J. Lc.b. end C!in. Med., 654-

659, 1947. 

Bloo:;i, \·;.: Pl~-::oniu::l ~Jroject; hi:::tolo:;icc.l ch:mscs f ollo'.::in0 r;:.d.ic..tion e;:)osu:cs. 

R~oiolocy, .::..§_: 344-348, 1947. 

Dloom, l'i. , c..--id J ~co~:;c::i, L. O. : Sc:nc hc:::l:itoloi;ic effects of irro.di~tio:i. Dlood, ~: 

536-592, 1943. 

~,io:n, P.S., Qucr:.do, A., C!ld Lcc!:s:r~, C.a.t·z.: Acute leukemia. follot••inc; :t-.r:l/ and 

rc.dio!odi..'1c t:c:ltncnt of tl:y:-oid c=..rcinoc:.. Drit. J. R.o.diol. ll= 165-166, l9SS. 

Oo:id, V.P., S~Ji!t, M.N., Tcl:ct:::., S.T •• t<Jclch, n.l'., end Tobic.s, C.A.: Indirect 

cffcc:s of locc.lizcd dcutc:c::i i==~di~tio:l of the r~t. A~~r. J. Puysiol. ,!Zi: 2 

1953. 

Bond, V.P., ct ::.1.: Ch~p~c= 4 in °~o:::c effects of ionizint, r~di:::.tio:i o::i. hu::.=.n 

beincz , 11 edited 'o7 C::o:-..:;i~c, E.P., nc.::d, V.P., ~d D'.i..-ic~, C.L. U .s. cov•t. 

Printi."l~ Office 1Z.!2, 535:3, Ju!y 1956. 

Dond, V.P. end C=c~~itc, ~.P.: n!fcct~ of r:::.~tion on ~~~mals~ A.."lll. Rev. 

5001181 Phyziol • .!2,: 299-3~3, 1957. 



Drcch::::, G., Zndico-:=t, K.M., Gu:::), :1., ~d :;=~:·.-:le:, H.:.>.: Th.a effects of ::;-r::::.y on 

Brcct.~r, c. O.."ld C=o:l!:ite, D.P.: Po::;-::-:::.1.:.~~.:.cn po.z:ibiozi::; ;:md ~urvivcl in rnta. 

1'roc. Soc. £.--:;.i. 13iol. :.~~d., If..: :?:-:?4, 1951. 

C~~µo, R., Dond, V.P., C:c~~i~c, n.~.: Studies o~ SUZvCC~cd circul~~in~ "r~dio• 

to::in:." in c.drcn::.lccto=i::ed i:=:idi:::.tcd :::~.;:;::;. Fed. Proc. ,ll: 13- t 1957. 

C:i:tcr, R • .E., H~rris, P.S., C..'ld Drcnn:..."l, J.T.: ':'h::: effect of :ic-Jte doses of 

x-irr:l.di:l.tio::i c:i t!le splcnic c.."ld t!'ly:tlc t::icht of cri-1, fe:;i:.J.c mice. u.s. 

Ato::Uc llilcrcy Co:=.ission DOC'l.:::!~""lt !..t";.-1075, d::::.tcd /.!:::.rch 7, 1950. 

Coll;l.rd, R.A., C~'l."lo:i, B., lluccins, c.n., Ric:~:cts, J.n., and Loi:.1~ry, A.: Medic:ll 

rovcn N:ltio;:ial L:lboz:lto:y Repo:!, c:::r.. 412 (T-80) , 1956. 

Conilrd, R.A., Lo~ .. ,~::y, A., Moye=, L., ~o.ll, J.Z., C:.:-..no;i, B., D~cll, S.A., Cilrter, 

E.L., P..::!c~tcz, ll., c.nd E.l~c=, :.1.: :.:::d!c~ cu;:vey of Mo.zoil:illcsa th:cc yco..rs 

~ftcr e~o::;ure to f::U.lout r~i::.~ic~. t=oo~:"Cvc:i :I~~io::J.::1 Lo.bo:::.tory Report, to 

be puolishcd. 

Cou:rt-Dzc.-m, ~·J .r.1. , c.nd Doll, R.: T:~:: incid~::.cc of lct.:!:c:::io. o.:no::J.3 th~ survivor:. of 

H~r M:ijcsty' s St:;.tiC.:lC.!'/ c;f ice (19.56). 

Crcn~ita, B.P., :ind Do~d, V.P.: nffec~z of :~di~!io~ o~ ~:.r.i.~:.ls. Ann. Revic~ 

Physiol., 1&: 433-S26, 1956. 

Cro:illite, E.P., Eo~d, V.P., ::ma D-.;;.•l::...~, C.L.: So=c effcc!s of io~i=i..~c ~o.d~ation 

• co::.ts c:;po::;cd to c.n atcr...ic bo:::.1:> c:::_;lo~.:!.c::, t::ith co~cnts Oll thero.r;iy, Bi.?:ini, 

1946. U.S • .N::.v. M. Bull., !2_: 199-:!5, 1949-_ 

500~1182 



c:o~~ite. E.P.: Di~3r.ooio of ic~i=inc r~ia~ion injury by physic~ cxc.:i:ination 

n.."ld cliaic::.l l::.bor=.!o:y p:-occdu=c5. J.A.'t.1.A., ~: 366-369 1 1949. 

C::on!:He, B, P.: Th~ hccor:-r~cic ~ynd:or.::l of a.cut<:: io:iizin~ r~ation illncos 

produced i:l cc:.t:l and s·~1inc by c::~o:;w:-e to ttc =:.toc.ic bomo e::plosic.na 01t 

Di~ini, 194~. Blood, 1: 32~45, 1950. 

Cro:l!~ite, E.P., Tullis, J.L., a.."ld Tc:;::;:i:cr, C.F.; Tm re::;ponsc of the pcri;:ihcrcl 

blood of s'l.·1i..."lc to whole bo:-: ::.-:c.y rcdio.tio::i in the let~ ri::.:i:;c. Project 

l·r.1 007 039, Report .No. 21, N::-.v. ?.:ed. Res. Inst •• Ileth~s~, Md., 7 April 1949. 

Cro~!:ite, E.P., Jc.cobs, G., Drcchcr, G., ~d Dille.rd, G.H.L.: Th~ hcmorrm~ic 

Dh~.ne of the :::.cute r::i.dic.tio:i synd:o:::e duo to c:cposure of tha whole body to 

pcnctrztin~ ionizin3 r~i~tion. Amer. J. Rocmt., 2,!: 796-803. 1952. 

Cronkite, E.P. C..'1d D:cd:or, G.: Defects in hemost:lsis produced by wh.ale body ir­

r::.diction. 5th J.nnu:il Conf ercncc on Dlood Co~sul~tion c.nd Allied Subjects. 

Tr~s. of Josich M:icy Fowic!.::.tic::i, New York, 1952. 

D::l.vis, n..t~., Dole, N., I::::o, M.J., end Youn:;, L.n.: The hemolytic effect of 

ro.dic.tion. U.S. Ato::tlc Enc:z;r Co:n.-n.i.ssicn Repo:t, tm-99, Univer::>ity of Rocl"~ster, 

1')~9. 

DicZ:ie, A. , o.nd H~:-:iplcr..=..--i, L. H.: Mo:pholoc-ic c.h:mzes in leukoc"jte3, pcr~o:i~ e:i:­

posed to ioni.::::inc r.:.dic.:tion. J. Lc..b. end Clin. Med., 32: 104.5-1059, 1947. 

Du!llap, C.E.; Eff cc!s of r~di~tio~ o~ th~ blood c..~d the hcmopoictic ticsucs, ~­

cludi.'1~ the spleen, thy::iuo, c.."ld lynph nodes in S. tfarren ".Eff'ect::o of rc.di~tio:i 

on normc.l tiz.:uzs." Arch. P:lth li• So2-603, 1942. 

E.:!cl~"l, A.: ?!cw evidence for a. to::ic oubstc..'1.cc el:ibo:::i:tcd 2.f tcr ir:a.di:ltion. 

fed. Proc. 2:.i= 42, 19~5. 

f.:.vric!u::;-:~ollcr, J.: E::pcrimcntcl. o'tud.ics of t~ he:o:orr~ic diathesis f ro:n ::-~~Y 

P e::ic.u-, s ch:c::::::!.': ~d zo.rzyc!:i: U cbc!:' die \'1ir!:t::i:; vo.n indu::iertc.r Ro.dio::.!;ttd t~t 

S O O .
11 

B 
3 

(Vo:lncuf i~e, t.:ittcilu."1~). \'!ien. ~in. t'Jch."1schr. • ~: 94, 1913. 



Furth. J •• ~d furth. o.s.: Ncopl::.ct.ic di::;c::.::;cs produced in mice by i;cncr<ll 

irr~d.ic.tion tilth :;:-rcyo; inc!cc:::cc ::.'ld types oi ncopl::i._s~. Am. J. C:uiccr. ~~, -
.54-65. 1936. 

su~~lcmcmt 116, 469-476, 1956. 

Gooe; cllow, D.n.: Rc.diu::i i..'1 hu;n~ !cu!:ocytcs. Act~ Ro.diol., ,!1: 1-50, 1930. 

Gocc!t cllow, D.~. : Lct!!:oc7tic v~i:::.tio.ns in rcdiic \:.'Or!;e::-s. Brit. J. R:::.diol., ~z 

669-7.SZ, 1935. 

H:.:nilton, Lcon::.:d: Control of l~·:::;:!:::>cytc p;-oduc:io=i. Droo!;h.:.;rcn !i'J.tion::.l Lc.bor-

ntory, Sympozi~ i..~ 2io10~7, ~o. 10, 1957. 

thc::-::.pie de:: Lcu!:::.cclc C.."ld !?~ccdolc~:::.c:::ic t:.'1d de:. ~~ko~. Dcut~ch zt scbz .. 

J. OJ..-.' 7~: 196-230, 1905. -
ccd. t°JC!.l.""lSChr.' _ll: 735, 1904. 

!!cldc, M., nnd i-:~"llbc::g, T.: Sc:::.c obsc:-vo.tions on ~hi? rclc.tion bc~""'.1cen rc.c:U~t.ion 
~ 

dose :mcc.::;urcs ~d blood cMn~cc~. 40: - 435-442, 19.53. 

J. N~t. C~~cc= ~nst., 4: - 503-512, 

1944. 

J. N=.t. Cw'1CC= lns~ •• _i: 4~5-.!:0.l, l 944. 

5001184 



H~:•.:;h.:.w, P.S.: .E;;()Cri:::cnt:..l rocntccn injury and effects on ti:;sucs and blood of 

C3H nic~ rrocuccd wit!l si."lglc c::!cl.l w~lc-body exposures. J. N::i.t. C:mcer Inst. 

~: 477-434, 1944~ 

I!;:n!ih.:::.w, P.S.: .E:;pc=imcnto.l roc::itc;c:i inju:y, effects of rc~c3.tcd c:cll doses of 

C~ccr Inst., ,i: 513-552, 1944. 

I~:::ism;.;1, P.S., and lb.w!d .. ~o. J.t·J.: Incidence:; of lcui:ccla. in vhysicic."ls. J. N~t. 

~ce: In~t., _±: 339-346, 1944. 

Science, 111: 103-109, 19SO. -
J~cob::;on, L.O., ~1:s, B.X., Q.."ld Si=on:;, E.L.: The effect of total. 'body 

l:-ir:::::.di~tion on ~ pre-e:d.stinc induced a."lc:tlo. in r:.bbits. Tlle rcs;.•onse of 

Co~-:tl~sion, Univc:zity of C.'lic~;o Co~~=a.ct Numbar W-7401 E-:G-37, 1946. 

J::.cobson, L.O •• ct ::.!. : :Effcct!i o! ::-:-::.yG o;.i r~bbits: T~ henotolocic effect of 

tot::.l body :=-i:ra.dia.tio:i in th:!-:c.bbit. t.mX-1174, U.S. Ato::dc !l.'1crr;y Com-

mission, 1946. 

Jacob:;o=i, L.O., Si:i:nons, E.I.., M:ir!>:::;, ll.4., rtobso:i, M.J., Beth:l=d, tJ.r:., and 

Gc.zton, E.O.: T!J.~ :ol~ of t!l-:i .-;plcc~ in r:.c!i~:tic:i injury e..~d recovery. J. Lcb. 

and Clin. Med., ll:, 746-770, l.9!30. 

Jo.c!:con, D.P., Cron!dte, E.P., Lc:-,oy G. v., c.."ld r~pcrn, D.: fu;-t~r studies o:i th3 

449-~61, 19.52. 

z:.:tio:i in f:.to.l f'-:-,,. ... ·-··-- .. J. Physiol., lli= 203-217, 1952. 

Rcsc~=c~ ~: 2SO-Z93, 1955. Ibid, ~c~cticnc of mouse spleen to ~-r;::.ys. ~~di!:.--
tion ncscc.::c!l ~c 77-o7, 1955. 

5 0 0 "'l 18 5 



Kaplan, n.s., et al.: Indirect induction of lyr.:.:;hc::ias in irradiated mice. 

Cancer Research 16: 422-425, 1956. Ibid Cance~ Research 16: 426-423, 1956. 
' -

Xno~lton, N.P.: Value of blood counts in i~divicu~l~ exposed to ionizinc rzdiation. 

u. s. J\.tc::iic Encrcy Co::--'1licsion, tr;:cl::.~::;iz.iccl :1.cport No. 397, Lo~ Al:lmos Scicn-

tific Laboratory, 1949. 

Kornblu::i, K., Boerner, P., and Hcncc::!:.cn, s.G.: E.ffcc-::s of r:ldiation on the normal 

blood cells ~s dctermir.~d by bleed c~~nt. t:.. J. Rocnt~cnol., ~: 235, 1938. 

Krebs, K., Rask-~ielscn, H.c., and 1:;:.c;nc:, A.: O:ir;in of lymphosarco::na.tosis and its 

relation to other forms of leuco~is in '~!i~c nice. Acta radial., suppl • .!Q.: 1-53, 

rro::ie!:e, P.: t:ebcr die .Eim1irlmn; de:: ~ocn~c;cnJtrclllen au.f die rotcn Blutkoerperchen. 

Strahlenthcrapie, ~: 603, 1926. 

L~c~s~ncne, A., Lattes, J., and L~vcd~n, J.: Etudc e:q>erimentale des cffctsb.iOlogiquc 

du poloniL-m introduit d~ns l'o=G~ni~~z. J. ~~diol. et d'Electrolozie, .2,: 1-14, 19: 

Lnwrencc, J. s. and Valentine, H.N.: T.-:~ =~tc of utilization of cross-circulated 

platelets in the tbro::ibopcnic c::.t. 

Lawrence, J.s., Ervin, o. M.,a.nd \'lctdch, n.:-1.: Life cycle of white blood cells: rat, 

of disappearance? of leukocytes fro;;i peripheral 'blood of leukopenic cats. Ar.i. J. 

Physiol., ~: 234, 1945. 

L;.wrencc, J.s. Valentine, 1·1.N. and 1\d~":ls, 11. s.: Thrombopcnic purpura.; the f:iilure 

of direct blood transfusions to r<iise the plzi.telet level. J. Lab.Clin. Med. E,: 

1077-81, 1948. 

Lawrence, J.S., Valentine, \·J .N., and Dc~·:dy, A.H.: The effect of radiation on hemopoi 

Is there an indirect effect? Blood, 1: 593-611, 1948. 

Lenoy, G.V.: Medic:il scqucl.:.e of ato::i.ic bo~b c::plosion. J.A.M.A •• lli_: 1143-1148, J 

LeRoy, G.V.; Hcnatology of ~to~ic bo~~ c~su~ltics. Arch. Int. Med.,~: 691-710 

1950. 



Lorenz, 2., ct :ll.: ~lu~c~it:..~ p=ojcc~; biolozic:.ll ctudies in tolcro.nca ra.n3c. 

R~diolO,'.;'/, .i2,: 274-235, 1947. 

l-l~ch, I-!.C.: LeuZ:c::.i~ i."l rc.dioloci~ts. R~diolocy, 43: 21s-21s, 1944. -

of rc.dic.tio:i. B:it. J. R~C:.:.ol., ,!: 257-:62, 19~3. 

Mcdic=.l Re~o::t of Jo.int Co::t":l.i~sion f o= the Investic~tion of the E!f ects o! tha 

Ato::tl.c 3or:".b !n Jc~c.n, 1947. 

r.U.lle:, L.S., Flctche::, G.!l., end Gerstner, U.D.: Systemic end cl.i.?lic:ll cffcct:J 

inc.!uccd in :u3 c:::...'lccr p::lticnto by t1!iolc-body :::-irrc.dio.tion with no::tl."l~ air 

doocs of 15 to ~OC> r. Ai: U:i:!.vc:.-~ity, School of Avic.tion Medicine, R::.ndolph 

AFB, Tc::~, 1957. 

Minot, G.R., c.nd Spu=lin:;, R.G.: Th:? effect on the blood of irrc.di=.tio:i C!;~cci:i.lly 

Am:?:. J. Med. Sci., 16: 215-240, 1924. -
Mole, R.H.: \'Jl:olc body rc.di.::t.io:i - ::::.diobiolo:;y or medicine. Brit. J. no.diol. ~: 

23"4-241, 1953. 

J.!olcncy, ti .c. :::..."lcl r~tc.."lb=..u:::i, ?-1.i\.: LcU:.:c:::occnic cff ects of ioni:::inz r:i.di:l.tic:i o;i 

NiC::con, J. c.nd Dc.."'lc, H.: Pc::;o~~ co:::::u:iicctic:l. 

o~cood, E.n.: !a actio~ of _ro~~~ccn =~ye direct or indirect? Invc~tication of 

this quc.:;ticn by method 0£ h~'"l no..:::otr culture. Am. J. nocn~cc:iol., ~: 214• 

219' 1943. 

C~:ood, n.n.: Cc~~:ol of pe=ip~~=cl co~c~~t:~ticn of lcucocytcs. Droo~hc.vcn 

n~~c~:ch != 331-337. 1954. 

:-rcyo. J. Cc1l. ::..~d Co~p. P~7c!ol., 2.Q: Z03-224, 1947. 

5001131 



to method of unotc.incd cell cou..;,~.:J. !'::oc. ~oc. l:::~r. Oiol. Qlld r.!cd., 1£: 

2c!i-2:::s. 1945. 

U.S. Ato::U.c .Enc=GY Co~..ni~oion, !94S. 

to::icction in e-:s p=oduccd by :cc...--i~::;c:i :::.d~:.tic:i of o.ll bonco. J. Il::pc!'. 

Med. , .21: 4Zl-4~ 5. 1931. 

pt~sc of r~d.ic.-ti0:1 .inju:y. J. I!c~-::oloc7 1 to b:.'! publio~d 19S7. 

i in mice zivcn f rc.ctio:l::..tcd i:-:-:.C:.:..::::icn. r:.:.di:.~io:i r..c::;cc:ch 11: 267-~79. 1955) 

Bi~!ni; prclimin:iry repo:t. J I\ •• ~ ., ... .t, • 11 cs " 11 5"' ... -lt.~······· ~· -1 •..:..- ..;,, 1947 • 

tfarrc..'l, S.: Blood findi."lCS in cc1c:!.ot=c:l t~::::c::o. R:::.diolozy, Ei 194-199, 1942. 

Wa:rcn, s.: Arch. P~t~. ~: 

749; 917: 1070, 19~2. 

bci cine:- Rc:Jtccnlc.borc..";.'Cin. r::.:.:::l. :-:c::...;.::cil:::., !1: 1579-ls::;o, l9::;s. 

Willi:;..-:ls, "' ..,. . ...,, ... lio •• 

Act:. Ro.diolo;ic:l ~-1: 2!-Z9, l 9S4. -

5001188 

562; 



\·Jc!.in::., t'!.: Dcl~ycd hc~tolo:;ic:.l c:ffcc~s of intcr~ly Q.dm.inio:itcrcd G::i.72. 

Wco~, M .c. , G;i:nbJ.a, f .N ~ , Furth, J, o.."'ld :!L;ClO"~: Control of' tM post-i:::.di:.:.tio:i 

hc=o:~h~~ic Gt~tc by pl~t~let t~:..~~fu~iono. Blood,,!!: 545-553, 1953 • 

•.. - 0 n 500 i lu~i 



---------~---- - ---

Serial Mean Total Leukocyte and Ncutrophile Counts in the 
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Fig. 10. Serial Mean Platelet Countz in the RonGclap People Exposed to 

Fallout Radiations. 
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