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___.1 INTRODUCTION
Until recently it has been generally assumed that injury to the skin
from ionlzing radiation was not a serious hasard associated with the detone-
tion of nmuclear deviceas. Fowever, in 195, the importance of this hazard be-
came apparent when widespread radiation lesions of the skin developed in a
large group of people accidentally exposed to fallout radiation in the Marshall
Islands following the experimental detonation of a large muclear device. In
addition to exposure of some 239 Mershallese people and 28 Americans, there
vere 23 Japanese fishermen exposed on their fishing boat. The radiation ef-
fects and skin lesions in this latter group have been described by Koyama et
al., and others, Prior to that time, a limited mumber of skin lesions on the
backs of cattle (Bird; Paysinger gt gl.) and horses (Atomic Energy Commission
Report) has been noted from fallout following experimental detanations. In
addition, exposure of the hands of several individuals who had carslessly
handled fission product samples from a detonation resulted in the development
of sevare lesions (Knowlton gt al.). Other cases of beta lesions in human
beings of‘accidental or experimental nmature have been described by Robbins
et al.; Crawford; Low-Beer; Wirth and Raper; Conard and Tessmer; Kepp;y Griffith
et al. and Kepp, Miller and Reich; Nodle; and Witten st al. Some of the rather
mumercus studies on the effects of beta radiation on animal skin are reported
by Henshaw; Raper and Barnes; Snider and Raper; Lushbeugh; Moritz and Henriques;
Paysinger gt gl.; Brues; Cloudman gt gl.; Glucksmann; Kharchenko and Venolurov;
Koletsky st al.; Minisov; Passonneeu and Hamiltan; Skmbik ¢% gl. and Ungar gt al.
The recent accident in the Marshell Ialands affords the first example of

large mumbers of leslons of the skin in luman beings from fallout. Studies of
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thess lesions in the Marshallese and Americans exposed have been documented
(Conard ot al.) and will be referred to frequently in thias chapter.

Lesions of the skin induced by fallout are primarily due to the bsta ra-
diation from the flasion products adhering to tke fallout material and are,
therefore, frequently referred to as beta burns, So-called beta burns of the
skin may also result from accidental exposure to, or contamination with, radio-
isotopes used in science and industry. The possibility of such accidents mast
be considered seriously in view of the increasingly wideapread use of radio-
isotopes.

o2 FALLOUT SITUATIONS RESULTING IN SKIN DAMAGE.

With detonation of muclear devices, seriocus radiation injury to the skin
is only assoclated with fallout situations where the radiocactive material is
sufficiently concentrated. Such concentrations are most likely to occur with
close-in fallout, 1,e., fallocut that occurs within seversal hundred miles of
the detonation. It seems probable that the fallout will be visible if gerious
acute skin damage is to result; however, this cannot be stated with certainty.
In the Markhall Island acclident, the extent and severity of the skin lesions
were directly correlated with the amount of visible fallout. On the most dis-
tant of the contaminated islands, some 200 miles from the site of detonation,
the fallout was not visible and no beta lesions of the akin developed among
the inhsbitants,

The world-wide deposit of fallout which occurs slowly froam the troposphere
or stratosphere does not result in skin injury since in this sltuation the fall-
out material is greatly diluted and reduced in amount,

Damage to the skin such as that seen with beta radiation does not result
from the immediate penetrating gamma or neutron radiation assocliated with debona-

tion of muiclear devicea since the dcse of such radistions necesasary to severely
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damage the skin results in early deatha from damage to the bons marrov and the
deep organs. Thus the akin burns observed in the Japaness casusltieas from the
Hiroshima and Nagaseki bombs were not the result of ionising radiation and were
caused chiefly by thermal radiation. Fallout radiation assoclated with these
bursts was insignificant.

——s3 CHARACTERISTICS OF FALLOUT MATERIAL,

The chemical and physical make-up of fallout will vary according to the
type of terrain or soil over which the dotomtionv ocours, All fallout is par-
ticulate in nature, but- the size of the perticles will depend to some extent
on the physical and chemical characteristics of the soil. The fallout associa-
ted with the Csstle detonation, March 1, 1954, was & wvhite, powdery matorial
largely composed of incinerated corsl. Aside from the radloactive component,
the calcium oxide of the nmaterisl was in itself irritating to the skin dus to
its csustic nature. Moreover, it was probably pertly dissclved in the perspira-
tion on the skin, thus incressing its irritating edtion. This salac may have
enbanced the radiation to the skin by bringing the radioactive materials in
closer contact with the skin, The presence of irritating chemicals on the skin
ia known to enhance the radiation effect (MacKee, Cipolarrc and Montgomery).
Fallout produced from other types of soil, not predominantly corsl, night vary
considerably in chemical and physieal make~up and ability to irritate the skin.
Color and particie size would also vary, For instance, siliceous type soilas
would probably form much lass irritsting fallout.

The particulate nature of the material results in a spotty distribution
of lesicns on the body. The Marshallese claimed that the materisl adhered
closely to the skin and was difficult to brush off. This was borne out by
the difficulties encountered in decontaminating the skin of the exposed indi-
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__.4 SOURCES OF RADIATION FROM FALLOUT.

Fig. 1 is a rough dlagramatic sketch showing tre relatively uniform dis-
tribution of fallout on the ground, buildings, trees and persomnel. The pene-
trating gamma radistion which is represented by the wavy, shaded aress pene-
trates asny yards in air before it 1s attemuated appreciably, while the beta
radiation represented by the stippling is completsly attenuated in several feet,
Damage to tha skin results largely from the beta component of the fallout in
view of the fact that all of the beta radiation entering the skin 1s absorbeé
in the skin and becaus; of the high bete to gamma ratio. Estimates of this
rationvary widely up to 1/150, depending on the exposure conditions, The skin
does receive some radlation from penetrating and sof't gamma radiation, tut by
far the greater part of the dose i3 contributed by the bata radiation. Alpha
emitters are usually not present in fallout to any great extent and due to their
very weak penetrating ability, they are not likely to add significantly to the
skin damsage.

The skin dose results from two sources of beta radiations the fallout
materinl in direot contact with the skin (contact hazard) contributes by far
the largeat part of the dose to the skin, and the material on the ground (beta
bath hazard) contributes a mich smaller amount. The fallout in contact with
the skin will usually be spotty in distribution and due to the partlculate
nature will result in mltiple point sourcea of radiation on the skin, Through
radiation from these scurces is largely from the skin swrface, it is posaible
that some deeper radiation may result from percutaneous absorption as well as
penstration intc the dermal region via hair shafts, ssbaceous and sweat glands,
Some of the fission products are water soluble, and it is posaible that some

are lipid soluble, which would enhance this effect. ‘iitten et al. have shown
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that thorium-x applied to the skin results in some percutanecus absorption and
entry into the hair shafts and glands.

Beta dose to the skin from fallout on the ground will be lergely confined
to the lower parts of the body, pertiocularly the feet and legs, since the beta
particles are completely stopped in approximately two meters of air.

___.5 ESTIMATION GF SKIN DOSE

Measurement of beta doses to the akin from fallout is an exceedingly dif-

ficult problem due to the complicated apectrum of different energy beta emitters

esent,  the normuniform distribution on the skin, and the fact that practical
dose meters have not yet been perfected which will adequately discriminate be-
tween the beta radiation and the contaminating gamma component.

The penetration of beta particles into the skin depends, of course, on
the beta energies of the component isotopes. Each radloisotope has its own
characteristic spectrum of beta energies up to a maximum energy. Relatively
fow particles are of the maximum energy, however, and the average emergy (roughl
one-third of the maximum enerzy) and the 50 per cent attemuation thickness of
tissue are more meaningful in estimating skin effects. Thuz an isotope emit-
ting low onérgy rediation, confined largely to the dead, horny layer of skin,
would be relatively ineffective; more energetic radiation, penstrating through
the epidermis could result in transepidermal necrosis; and deeper penstration
into the dermis could result in more severs ulcerating lesions. Fig. 2 shows
roughly the tissue depth necessary to produce 50 per cent attermation of the
beta particleé from several isotopes.

In Table 1 data from animal studies from several investigators show the
evergy dependence of beta particles from various isotopes in producing recog-
nizable skin reactions. Note that the surface doses for threshold reaction

(erythema, epidermel atrophy) are fairly dependent on the emergy of the beta
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particles of the various isotopea., Thus it tekes 20,000 - 30,0C0 rep from
83 (ave. energy 0.05 mev.) to produce a reaction, while it takes only 1,500 -
2,000 rep of sr? or !90 {av. evergy 0.3, 0.7 mev.) to produce the same reaction.

The degree of skin damage therefors is dependent on the absorbed dose at a
certaln critical depth in the skin., Moritz and Hemriquea found that the dose
at 0.09 millimeters depth of t'e pig skin (estimated to be the spidermal thick-
ness) was constant within several hundred rep to produce transepidermal injury.
Wilhelmy has also noted that it takes roughly the same dose of electrons and
soft X rays at the level of the subpapillary layer to produce erythema. On
this basis, Parker has advocated the use of beta~detecting instruments with
chamber walls corresponding in milligrams per square centimeter to the thick-
ness of the relatively inert epidermal layer. Thus in expressing ékin dosage,
it is probably more informative to use the depth dose at a level corresponding
to the basal cell layer of the epidermis.

Table 1 also indicates the species difference in skin senaitivity to beta
radiation. Rabbits and sheep required larger doses than mice to producs the
same eoffect with roughly tlis aame energy beta. Poreine skin, which 1is re-
prtedly more.like human skin than other animals, apparently is more sensitive
than the rabbit or sheep skin, Some of these differences, aside from specles
differences, may be due to variation in thickness of the epidermis of different
species and differences in techniques used.

Table 2 shows beta dosage data from soms human experiments and acecidents
found to produée various effects on the skin. These data must be interpreted
with 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 first degree reaction in-

plies erythema and/or dry desquamation; a second degree, transepidermal necrosi
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with ulceration; and third degree, lesions which show deeper dermal involvement
with breakdown and the development of chronic radiation dermatitis. It can be
seen that there is a considerable variation in dose reported to produce the
various reactions,

In the Marshallese the dose to the skin oould not be calculated with any
degree of accuracy due to the aforementioned reasons., The majority of the beta
radlation was of low energy (average 0.1 mev, Sondhaus st al.) and accounted
for the fact that most of the lesions were superficial in nature. However,
there was sufficient penetration of more energetic components at the level of
the halr follicles to result in temporary epilation., Due to the rapid attemia-
tion of beta particlss in tissue, the skin surface dose may have been qulte
high. The contribution of beta radiation to the skin of the Marshsllese from
the ground has been estimated by Sondhaus gt al. to have been about 2,000 rep
to the feet, 600 rep at hip level and 300 rep to the head, These doses were
insufficient in themselves tc produce detectable lesions, though they probably
contributed significantly to the severity of the foot lesions thet occurred.
.6 EFFECTS OF FALLOUT RADIATION ON THE SKIN,

ews6.1 ACUTE EFFECTS. In general beta radiation effects on the skin
are similar to effects produced by more penetrating radiastion such as gamma
or x-radiation (Low-Beer; MacKee, Cipollaro and Montgomery; Warren; Nodl; and
Valbach), However, the less penetrating beta radiation produces more super~
ficlial lesions with less damage to the dermis. The leasions ars more like those
produced by grenz-rays and ultra-violet rays (MscKee, Cipollarc and Montgomery;
Ellinger). Consequently, they are usually leas painful and heal more rapidly.
The time sequence of bets lesions varies considerably with the dose to the skir
A genseral descriptlion of the sequence of changes is presented below,

6.1, EARLY EFFECTS. During the first 2448 hours after exrosure,



These symptoms may also involve the eyes with accompanying lachrymation. As
pointed out earlier, fallout of an alkaline nature may contribute to this symto-
matelogy. The above symptoms occurred in many of the Marahallese., In more
severely damaged skin, erythema, edema and areas of blanching may be noted,
Erythema was not observed in the Marshallese, perhaps due to the dark color

of the skin.

——6.1,2 LATENT PERIOD. The early signs and symptoms usually disappear
within a few days and a relatively asynmptomatic latent perlod ensues. The
length of this latent period may vary from a few days to several weeks and is
relatec to the dose to the askin; the higher the dose, the shorter the latent
period. In the Marshallese, the more heavily exposed group developed lesions
sbout 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 of skin damage becomes apparent with intensification of sligns and symp-
toma., A secondary wave of erythema may be seen along with gross changes in the
skin.,  Such changes may be in the form of simple tanning or more marked pigmen-
tation with the formation of macules, papules, or raised plaques of thickened
plgmented skin., Mild lesions may cause only sligit itching and burning and
superficial desquamation from the center of the lesion outward, leaving deplg-
mented thinned aress of epidermis whiclh gradually repigment and heal the follow-
ing week or so. In the more heavily exposed Marshallese group of 64 pecple,
about 90 per cent developed multiple, spotty, pigmented leslons on exposed
parts of the body. Most of these lesions were superficial in nature (see
Figs. 3, 4, and 5)., More severe exposure to the skin results in vesiculation
and ulceration, Such leaions may be quite painful and secondary infectioﬁ may

ocour. They require longer to heal and may result in some degree of atrophy
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and scarring of the skin., Repigmentation may be long delayed or may never be
complete., Only about 20 per cent of the Harshalleae‘grdup referred to devel-
oped ulcerating lesions and secondary infeection occurred in a fev cases. Le-~
sions on the dorsum of the feet were generally the most severe, showing bullae
formation followed by ulceration (Fig. 6). At three years after exposure some
of these lesions contimue to show incomplete repigmentation of the skin with
atrophy or scarring in some cases (see Fig. 7).

Epilation may ocour along with the development of the skin lesions. The
head region is more sensitive to epilation than thé axillary, puble, or eyebrow
regions. If‘the radiation dose to the follicles has not been tco high, re-
growth of hair commences in several months., Permanent epilation may result
if the skin dose is high. Usually by five or six months, regrowth of hair is
complete. In the Marshallese group, spotty opilationbof varying degrees oc-
curred in 90 per cent of the children snd about 30 per cent of the adults (Fig.8).
Regrowth of hair commenced in all cases about 3 months post—exposure and by 6
months, hair was of normal color, texture and abundance (Fig. 9). Though change
of color of hair from black to gray has been frequently observed in animesls
(Hance and Murphy; Chase), regrowth i1s ususlly of normal color in the bumen
being. Howcver; Conard and Tessmer have reported a case in which regrowth of
the hair of the eyebrows (previously black) regrew white in a lesion presumably
due to flasion product contamination,

—_.6.2 CHRUNIC EFFECTS, CARCINOGENESIS., Following large doses of beta
radiation, imperfect healing may result., Damage to the vessels of the dermis
may result in sufficient impairment of eirculation to cause cycles of btreak-
down and repair of the epidermis or chronic, indolent ulcers mey result. Also
commonly seen are atrophy, scarring, keratosis and telangiectatic vessels. The

hair follicles, sweat ana sebaceous glands may be injured sufficlently to result
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in permanent epilation and dryness of the skin. Such lesions are fertile
cround for the later development of malignant chanze. Lesions of the skin
resultiny from beta radiation are less likely to result in chronic radise~
tion dermatitis than are the lesicns produced by more penetrating radiation
such ags are sometimes seen following Xeray or radium therapy.

Malignant chanjes in the skin have een reported in animals following
beta radiation (Raper et al. Brues, Glucksman, Kolotsky, Shubik), but so
far as the authors are aware, such changes have not been reported in the
humon being. Though malignancy usually develops at the site of chronic
radiation dermatitis, as a result of repeated exposures to radiation, it
may develop as a sequel to mild exposures with little chronic changes in
the gkin. It has been reported to occur in animals following a single exe
posuie to bets radiation with little or no chronic change in the skin.
(Raper et al.)

In view of the auperficial nature of most of the Marshallese lesions
and the low evidence of chronic effects in the skin, the likelihood of skin
cancer in this group seems diminished.

6.3 HISTCPATHCLOCY CF BETA LESIONS. By and large, the histopatho-
logical changes in the gkin produced by bets radiation are much the same
as those produced by gamma or X rays. Since histological changes induced
by the latter radiations have been well documented (MacKee, Cipollaro and
Montgomery; Hartén; Bloom and Bloom; and Walbach, etc.), & detailed descrip-
tion of the changes induced by beta radiation will not be presented. A
limited number of studies cf the histological changes in the gkin of animals
{Snider anc¢ Raper; Moritz and Henrigues) and in man (Low-Beer) frcm beta
radiation have been repcrted.

In general the changes producec by beta radiation are more superficial
than those produced by mcre penetrating radiations with relatively much

zreater damage toc the epiderrmis tihan to tie dermis. With fallout radiation
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the damaze is spotty in character with areas of damage surrounded by rels~
tively ncrmal tissue.

The histopathological changes induced in the skim by faliout in the
Marshallese lesionsg were studied in section of a number of biopsies taken
during the first 7 weeks, at 6 months and at 2 years. Details of these
changes can be found elsewhtfe (Conard et al.). Some of the major chanses
seen are summarized below. During the early,acute period of the lesions,
the epicderrnis showed marked damage characterized by atrophy and flattening
cf the rete pegs with disorganization of malpigisn and basal layers and
marked cellular changes (pleomorphic nuclei, pyknosis and cytoplasmic halos).
Additional features were atrophy or absence of the stratum granulosum, ime
perfect keratinization, and locose fibrillation and hyperkeratcsis of the
stratum cocrneum. Cells laden with pigment were frequently present throughe
out the epidermis. In the dermis the changes were largely confined to the
upper part with edema, telangiectasis of vessels with perivascular infile
tration of lymphocytes. Chromatophores filled with melanin were prominent.
Pig. 10 shows scme of these changes in a pigmented legion biopsied 3 weeka
after cxgoﬂure.

By six months there wag considerable improvement in the histological
appearance of the lesions. The following changes were found to persist
in vurying degrees: focal atrophy of the stratum granulosum, slight focal
pigmentary disturbances in cells of the basal layer, and slight disturbances
in polarity of the epithelial cells in basal papiliary projections., In the
dermis, telangiectasis of slight to moderate dfgree persisted.

At two years, biopsies at sites of persigstent gross abnormalities re=
vealed that none of the lesions were neoplastic or ghowed alterations suge

gestive of a precancerous ccndition. In scme sections, scanthosis, absence
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of pigmcnt in the basal layer and atrcphy and beﬁién-dyaketatosia were noted
in the malpigian layer of the epidermis. In the d#ruiﬁ degenerative changes
in the colla eu were noted frequently, and cupillnty dilation persisted.
Some of these features may be seen in PFig. 11, which is s section taken at

two years of a lesion on the back of the neck which showed gross pigment changes.,

«7 THBRAPY CF BETA LESIOUNS

The treatment of beta lesions during the acute stage is very similar
to the treatment of thermal bugrns., Mild lesions yill only require daily
cleansing and application of bland antipruritic lotions and ointments. Cala~
mine lotion with 1 per cent phenol is soothing. Analgesic and anesthetic
ointments are helpful in allaying more painful symptoms and in keeping the
skin goft in lesions that are dry and thickened, Ahtibiotica applied locally
and/or parenterally should be used inf geccndary infection occurs, or prophy=-
lactically if the lesgicn is associated with severe leukopoenia from whole
body radiation, The above treatment proved guite adequate with the Marshallese
legsicns,

In severe lesicns with the development of necrotic tissue, surgical
debrideéent should be carried out. Use of pressure dressings, splinting and
elevation of affected parts may be necessary. Early gkin grafting should be
censidered in cases developing painful or progressive chronic radiztion der-
matitis (Brown et al.). FPor more cetailed therapy of radiation lesions, the
reader is referred to standard textbooks om the subject such as that of MacKee,
Cipollare and Montgomery. ’

Several esgents have been reported in recont years to be beneficial in
the treatment of radiaticn lesicns of the skin. Among these are prepara=-
ticns of the Aloe Vera plant (Lushbough; MacKee, Cipollaro and Montzomery).
The use of vitamins sucg as A and D are advocated by some investigators in
the acute stages. The use of triiodothyronine preparations in such lesions

‘ .
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appears to be beneficial from results of preliminary work (Nickson). Prece
nisone injections have been reported to reduce post-irradiation inflammation
(Matthewson). Further clinical experience with these agents is necessary
before thcy can be recommended for general use in the treatment of beta
burns,

___+8,1FACTORS INFLUENCING SEVERITY (F SKIN LESIGNS PROM PALLOUT

__+B.1 PHYSICAL FACTCRS. Usually fallout material must be in conmtact
with the bare skin to result in significant skin dassge. Most of the lesions
in the Marshallese occurred on exposed parts of the body, and protection was |
affcrded by clothing,; even a single layer of cotton material, Since clothing
would probably not result in more than about 25 per cent attenuation of the
beta particles, additional protection must have been afforded by the fact
that the loosely-fitted clothing tended to hold the radioactive material away
from the skin. Avoidance of skin contamination by teking shelter offers al-
rost complete protection. No lesions developed in those Marshallese who ree
mained in their houses during the fallout.

The ultimate dose to the skin depends on the radiation characteristics
of the falldut material, the time after detonation that the fallout occurs,
and the length of time that the material is in contact with the skin before
céntamination {3 sccomplished. Due to the process of radiocactive decay
which i3 quite fast during the first few hours, the earlier the time of the
fallout, the greater is the dose rate from a given sample. This fact empha-
sizes the importance of early decontaminatiocn of the skin, particularly if
ccentamination takes place during the first day after detonation. The fact
that thorough decontamination of the Marshallese was not accomplished until
their evacuation scme two days after the accident, resulted in an appreciable
increase of their skin dose. Those individuals that bathed or went swimming

during the early pericd developed few lesions.
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.8.2 BIOLOGICAL PACTVRS., There are certain biological factcrs known

to influence the sensitivity of the skin to radiation. In addition to species
digferences referred to, it is known that the skin of certain parts of the
body is more sensitive to radiation than that of others. In seneral, the
thinner-skinned flexor surfaces of the body are more sensitive than the thicker-
skinned extenscr surfaces (MacKee, ipolarro and Montgomery). This was found
to be true in the Marshallese. Llesions were wmore prevalent on the front and
sides cof the neck, axilla and antecubital fossae. Another factor is associae’
ted with pigmentation of the skin. Darker-skinned people, brunettes. arc
known to be less sensitive to radiation than blondes or pecple with ruddy
complexions, and Negro skin is the most resistant (MacKee, Cipollaro and
Montgomery; Bloom and Bloom).

Areas of the body where perspiration is more profuse, such as the folds
of the neck, axillae, and antecubital fossae tend tc cause the fallout to
stick and collect. It was found that skin lesions in these areas were more
abundant in the Marshallese. This effect is increased in & warm, humid clie
mate, such as in thé Marshall Islands.

—+9 CONCLUDING REMARKS

As a result of the Marshallese accident, the potentialities of serzious
injury to the skin from fallout associated with the detonation of large mu-
clear devices are apparent. Of concern also is the occurrence of similar
radiation injuries toc the skin from accidental exposure to radioisotopes which
are being used increasingly.

The skin hazards associated with fiallout can be greﬁtly reduced by take-
ing simple precautionary measures. Much was learned from the Marshallese ex-

perience in this regard. This group of people was not aware of the bazards

of fallout and only minimal, if any, efforts were made tc¢ protect themselves.

INREN

et

5 (



w]lSe

This situation represents an extreme example, and the extensiveness of the

8kin effects could have been greatly reduced had prober measures been taken.

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

and the skin legicng that developed on an individuval basis, the following facts

emerse:

1.

2.

4.

Se

Avoidance cf ccntact of fallout material on the gkin by taking shelter
or covering the body with clothing virtually eliminates the possibility
of skin effects.

Prompt, thorough decontamination of the skin and hair is of utmost
importance. Repeated scrubbing with soap or detergent and water

may be necessary. If contamination of the hair 18 severe, it may

be advisable to €lip the hair close or shave the head,

Areas of the body where perspiration is more profuse tend to cause

the fallout material tc collect. Such areas should be carefully
checked for contamination. A warm, humid climate will naturally
aggravate this effect.

Moderately severe beta lesions of the skin and epilation may result

from fallout situations in which the whole body penetrating dose of

radiation is sublethal., With such doses, the skin lesions do not
appear to complicate the radiation syndrome.

In situations where skin lesions are associated with larzer doses
of whole body radiation with marked leukopoenia, such lesions might
become secondarily infected more easily and afford portals of entry
leading to bacteremia or septicemia.

Severe skin irradiation with minimal whole body irradiation might
result in fallout situations where prompt evacuation from the cone

taminated aree occurred, but skin decontamination was delayed.
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Early skin and eye symptoms might be mildly disabling during the
first day or two after exposure to fal lout and later symptoms asso=
ciated with full-blown lesions might be quite disabling. Late ef=-
fects on the skin in the form of chronic radiation dermatitis and

malignancy are possible complications.
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LEGENDS

Figure 1. Disgramatic sketch showing distridbution of fallout. Gsmma radiation
represented by wavy shaded areas, beta radiation by stippling.

Figure 2. 50% attenusation in akin of various isotopes.

Pigure 3. Barly hyperpigmented moculopopular neck lesions at 15 days. Case 39,
age 15, F,

Figure 4. thenaivi lesiong in 13-year old boy at 46 days post exposure. Case 20.

Figure 3. Same case as in figure 4 six months after exposure showing Lealed
lesions and regrowth of hair.

Figure 6. Hyperpigmented raised plaques and bullae on dorsum of feet at 28 days
after exposure: One lesion on left foot shows deeper involvement. Feet were
painful at this time.

Figure 7. Same case as in figure 6 six months later. Foot lesions have healed
with repignentation, excapt depigmented spots persist in small areas where
deeper lesions were.

Pigure 8. Bpilation in 7-year old girl at 28 days after exposure. Case 72.

Pigure 9. Same girl as in figure 8 six months after exposure showing complete
regrowth of normc; hair.

Figure 10. Section from beta leasion of neck at 3 waeks after exposure to fallout.
(X 100) Bpidermis: extensive transepidermal damsge (with slightly less involved
gones on either side). Loose lamination of stratum corneum, absence of stratun
granulosum. Parakeratinizatior with exfoliation of pigment containing cells.
pisorganization of ths malpigean layer. Derais: mild edema of pars papiliaris
with indistinct capillary loops. Pesivascular cellular infiltrate (lymphocytes
and monomnclesar phogocytes), in superficial corium witQ telangiectasis. Case 26.

Figure 11. Section (512 x) from lesion on back of neck at two years after expos-
ure to fallout. Lesion showed mottled pigmentation and depigmentation grossly.
Section shows some loss of pigment in the basal layers of the epidermis and

telangietasis in the dermis. Case 39.



Surface Doses Required to Produce Recognizeable 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 n " 2,500
Raper and Barnes Rabbits " " 5,000
Lushbaugh Sheep | s70 0.3 2,500-5000
Moritz and Henriques | Pigs s35 0.05  [20,000-30,000

" " ! Ga®? 0.1 4,000-5,000
" " csl37 0.2 2,000-3,000
" " sr90 0.3 1,500-2,000
" " Y91 0.5 1,500-2,000
" " y90 0.7 1,500-2,000

PLEARE REFER ol



Human Exposure to Beta Radiation
Investigator Radiation ' Est. Dose (rep) Reaction
Wirth and Raper p3d 635 1st. degree (threshold)
" " 1180 2nd degree (threshold)
Low-Beer " 143% 1st. degree (threshold)
" H 7-17,000 + | 2nd degree
Robbins et. al. Cathode rays 1-2000 3rd. degree
(1200 Kv)
Knowlton et. al. Fission Products 3-4000 2nd. degree
" (1 Mev. Ave. Energy) 5-10,000 3rd. degree
" " 5-10,000 3rd. degree
" " 8-16,000 3rd. degree
* Estimated dose in lst. mm. layer.
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the damaze is spotty inm character with areas of damage surrounded by rela-
tively ncrmal tissue.

The histopathological changes induced in the skin by fallout in the
Marshallese lesiong were studied in section of a number of biopsics taken
during the fi;st 7 weeks, at 6 months and at 2 vears. Details of these
changes can be found elsevhcfe (Conard et al.). Some of the major chanses
seen are sunmmarized below. During the early,acute period of the lesions,
the epicermis showed marked damage characterized by atrophy and flattening
cf the rete pegs with disorganization of malpigian and bagal layesgs and
marked cellular changes {(pleomorphic nuclei, pyknosis and cytoplasmic halos).
Additicnal features were atrophy or absence of the stratum granulosum, im-
perfect keratinization, and loose fibrillation and hyperkeratosis of the
stratum corneum., Cells laden with pigment were frequently present throughe
out the epidermis. In the dermis the changes were largely confined to the
upper part with edema, telangiectasis of vessels with perivascular infile
tration of lymphocytes. Chromatophores filled with melanin were prominent,
Pig. 10 shows scme of these changes in a pigmented legion biopsied 3 weeks
after exposure,

By six months there was considerahle ilmprovement in the histological
appearance of the lesions, The following changes were found to persist
in vurying degrees: focal atrophy of the stratum gganulosum, slight focal
pigmentary disturbances in cells of the basal layer, and slight disturbances
in polarity of the epithelial cells in basal papiliary projections. In the
dermis, telangiectasis of alight toc moderate dgg:ee persisted.

At two years, biopsies at sites of persistent gross abneormalities re=-
vealed that none of the lesions were neoplastic or gshowed alterations suge

gestive of a precancerous condition., In scme sections, scanthosig, absence
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8.1 Scope and Statuce
The cdvent of the atomic czs hos bLoon a great stimulus to rescarch da

the fiecld of hematolepy. This is quite undorsstondable because cazsnges in the
blood and blood-forming organs, imperfcect indices thoush they may be, still rexain
the moct sensitive biological evidences for ceoicessive exposure to penetrating
ionizing radiations., Uith this chopier will be considered the more common changes
that are induced within blood and bleod-forming organs by acute and chronic expos-
ure to ionizing radiaztions.

8.1.1. BEazrly Reports. These chonges hove boen studied extensively since tha

diverse nmass of data exists in the
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early part of this century. Dos
litcerature, arising prinmcrily from the inability of the cazly investigators to
describe and mecsure adeguately the dostge of iondzing rodiation; cccordingly,

there arge many conflicting reporis. lowcver, the oziginal geporis of [leinecke,

1903-5, remain qualitatively corrzect as doos ihe exzcellent report oa blood chonges
in paticnts undergoing thesapeutic irzrcdiation (Minot and Spurling). An excellient
analytic revicw up to 1942 is that of Dumlap ia Worzen's genesal review. Since
then thore have been verious gezeral dicsertctions on the relotion of hematopoiesis
to tho effects of ionizing raodiatica (Lawrence, et al., and Ocgood).
8.2 Couse of Discrepancies im Dato. i

In cddition to the discoeponcics 3a dosage measurements, the differcnces

in specics sensitiviiy and response veze not opprecizted until the last tuwo dacades.

Of particuler importance is the fact thot mony investisotoss werze notaware of the

difference betwcen the piciures pzoduccd by unifcra toiol-body exposure, uiegqual’

total-body exposure, and that produced by pastial~body cuposure. Cozplete orx
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partial shiclding of a postion of the tody will greatly increase the exmount of
radiaticn that can be tolerated. Maay of the phcnomena that have beea described
for irrcodiztion of portions of the body can be produced only by cmounts of radia-
tion thot are grectly in excess of ti2 cmount of radiation that will kill one
hundred per ceant of the animals, For ciaomple, many of the characteristic histo-
logic lesiong of the gostrointestinal tsoct produced by local irrczdiation do not
develop with amounts of radzaelc“ that produce o 100% mortality whea the entire
body is uniformly and simultoncously irrzdigted. The response of the peripheral
blood is particularly altered. In o genegzal sense, 300 r© in a single dose to the
eatize body will give the saze hemntolefic respease as more than 600 r to the
entire skeletal arcos when the abdomen is shiclded, These preliminary cemazlks
express the opinion of the cuthors in emphasizing the futility of comparing hemae
tologic responses unless the doscze foctors, location and amount of tissue injured
are accurately lLnowa, Total absorption of rodiatlca energy as measurced by the
gzon, roentgen is not satisfactozry cither, because the distribution of the absorbed
encrpgy throuzhout the body, in part, determines the gecponse to the total cnergy
eboozbad {see chapter by Doad et al.). Therefore, the gremarks in this chapter will
be largely limited to the effects oa the blood produced by evenly distroibuted,
penctrating, icanizing radiations of the same type to the whole body of animals,
This type of ecupersiment can bercnldily duplicated., However, it must be appreciated
thot these conditicns may not approx:imote the conditions of radiation during an
atcnic bomb explosica. For emxample, theore may be considerable shielding of various
portions of tha body by coacrete and structurzl steel after detonation of en atomic
bozb over cn uzban azrea. Regardless of that fact, thig type of laborztory study
cffoxds 2 storting poliat for ctudy of rodlation phenomena of the whole animzl that
will sezve 29 a point from which one can begin to cxt:apblate'to rmon, This dig=-
cussion further will be gencrally limited to the sublethal and zego to 100 per ceat

lethzol zonge.
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Since one purpose of prescnting this material is to provide a moze complete
backsround by which cac might betics undosstond ond prophosy from animal data
vaat changes may be anticipated in ¢th2 Llood of man oftcr an gtonmic bombd explosien,
it would be desirable if the zadiaticn from ctomic bombs were uniform and cono-
chromatic., Unfoztunately, divesse says of voricus coezgics and unequal shiclding
by buildings, heavy machinery and miscclloncous intervening objects in an urban
arca will produce o shadowing cffcet ond uncouzl dapth doses in the body of man
and give, in moay instaaces, uncquel torcl-body cxnposure to the spectrum of ioniz-
ing radiation produced by cn atozic explosion. Ia additioa, the encrgy of the
scattered rodistion will be a function of the scattering medium,

8.3 Mechonigm of Injury.

The mechoaism by which the collular chiongzes toke place has been the
source of concidezcble zesecrch. Chonges in $he homatopoietic system are obviouse
ly a response ¢o the basic effects of ionizing zzdiation upon protoplasa in gencre-
al. These effects arc considered in cepasate chopiers (sce Chapters VI and VII).
The problem of rodiosensitivity of blood cells in tho pesipheorzl blood in contrast
to cells in the hematopoictic organg, pasticulorly the stem cclls, has been imvese

tigated at leﬁgth. At ¢he present time there is no good evidence that the mature

ccils in the pesipiersaol blood are signifi 1y affccted by amouats of rodiction
in the lethal and 0-2CO per coat 2ethol romge (zoughly 0-1000 ¢ will cover all

mamnalicn species), with the probable emceptica of lymphocytes. 411 the evidence

indicates that changes in the pesiphorzl blesd are fhe dizect and indirect resuld

v

of injuzy %o the formative cclls in the homotopoictic ozpons. Im the higher dose
ranges, hematopolosis ds stopped, ot lcost temporazily. From about the LDsy (that
dose which kills £2 per ceat within a gdiven time 1imit) down, hematopoiesis is im-

paired for a voricble time.



8.3.1 Direct cnd Abscopzl Effects. The problem of direct versus indirect
(cbscopal) injury of thz hemntopoietic organs has interzcsted mony workers and as
yet has not beea satisfactorily answesed. Kornblum, Hoerner and Henderson state
that poztizl body rxadigtion, as in theropy, has both a direct and an indiscct
effect upon thz peripheral blcod and organs of hematopoiesis. The indircct cffect
upon noa-irscdicted parts is presumcbly mediated through circulating toxnic pro-
cucts. Similar indircct effects have beoen alluded to by many other workers.
Osgood, by virtuc of a bone maorrow cultuse techaique, concluded that there werse
no indizcct effects. Barnes and Fucth, using parabiotic animals, concluded thot
there was g slight but definite indirect effect on the non-irrodiated rat of the
parcbilotic pair. Lawrence end associcies, in a complete anclysis of the problenm,
reviewed the existing literatuze ond presented cvideace, bosed on cross-circulation
experiznents, that led then to belicve that there is no goed evidence for the pres-
ence of circulating tomdins thot cisnificantly cffcet the periphercl blood., It is
the opinion of those writers that the subject i3 not setiled but the weizht of the
evidence today stroasly suzgests that there is no circulating "leulotonin® that acts
in 3 destructive monners oa the blood and osgans of hematopoicsis or other tissues.
The use of the terzm “indireci™ by biclogists has been questioned by Mole since
chemists have priority oa it3 use in a manner distincetly different from the way in
which it kas been uced by biolozists. Chemists use it to degeribe the effects of
radiation medicted by the products of irradiation of water (the chemical effects of
free rodicels, peroxnides, e%c.). Accordingly, Mole has coined the term "aobscopal™
to desczibe cffects toling place remofely froa the site of irrodiaticn. The prob-
lenm of cbscopal effects hos been investigated by Raventos and Doad et al. The
lotter group concluded that abscopzl effects, such as spleen, thymus end adrenzl
weight changes, develop only if and whea the irzzadiztion given dmposed o scverze
stress on the onimcl as indicated by gross illness, Under such conditioas, chonges

in spleen, thymus and adrenal weights are chozocteristic of the stress syndsoza.
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Ldainmzn et al. have reporied evidence for the cuistence of a radiotoxin in
irredinted cnimals. Similor expeziments weze repected by Carmpo et 2l.and no
evidence was found for existence of a toxdc effccs in serum from irrodizted ani-
mals o3 meosured by moxtplity or cplendc thymic woisht deczease in animals

tzansfuced with serum obtoined from irczdizied animals. These experizents do
rot support the concept but nesotive ciperincats do not eliminate the possibiiie-
ty of a radiotosdn. a

3.4 Rate of Chznge in Peripghascl Couats,

The rate of chanse of vas
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in the peripheral blood is re=-
1ated to the usual life span.of the blood cell. MHeace, the raie of change in
t..e level of the pacticular eells in ¢he peripherni blood {ollowing radiation
injury, when production is impaired, or ceascs, is the result of the balaonce be-
tween the rate of ulilizoticn zond rote of preduction. Ia thz case of the red
blood cell of mon, which has a 1ifce spon of clout 125 days——o nmuch loanger life

span than all of the other fozmod elemenis—-chanzes in the red blcod cell level

tcke place ot 2 much slower rote than waite colls or platclets. I mon, if all

%

red-cell formation weze to ccose, those wourld be o daily deficit of about 0.83
per cen% of the total red-cell manmn {(Uintzebo). The tusnover of plotelets,

granulocytes and lymphocytes is not Lnowm with cezicinty. Plaotelets aze reported
to kave a life span of pershnps 4 to § doys (Lowszence and Velentine). Granulocytes

reputedly hove o life span of 3 to 5 doys (Adzus, Saundezs and Lazwrsence) . Lympho

e
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cytces sre repozted ¢to be extremely short lived, with a 1ife mecsuzed in hours
(Lcwreace, Ervin and Wetzick). Hemilton and Csogood, however, report a 1ife span
for some lymphatic cells of ¢he oxdezr of 100 coys waich is not widely accepted.
Ixcept in the high-dose ronges, ulere cll homzlopoictic activity ctops, the rate
of disappearzance or decseose in tho nuaxber of wailte cells will be slower than the
theoretic rate of utilization. This lotter will be 2rue only if ¢k rate of
utilization ig norsmal offes igrodizticn in the deshol ronge. Irrodistion in the
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lcthal ronge may edther directly or indirectly inczcase the rate of utilization,
For csiumple, the andimals beacome susceptible to infection, and the devclopmeont of
infecticas will defindtely increase the sate of utilization. Thus tha rates of

utilization that are mcasured ia an irradiated animal may at times give values

3

thot oze greater thon ¢he normal utilization. In tha case of plafelets. this
dces 2ot seca to be the cose.
8.5 Scasitivity Factor.

There is considercble difference in the radiosensitivity of the stem
cells, securcozs of eryikrocytes (Cloom and Bloom) and lymphocytes (llarren) are
extremely sensitive to loaizing sodictien. The precursors of the gronulocytic
scries are gopporcatly less rodiosensitive. Megaharycceytes appear relatively unwe
diminiched in nuamber ia the bone morzow of doss exposed to lethal amounis of
rediction foxr o peziod of 3 to 4 days after irradiation. In foct, megaiaryocytes
azrce still secen on tho third day iam ¢h2 bone moszow of dogs exposed to 3080 ¢ of
2.0 mev total body n-zoy, an gmosunt of radistion that is about seven times tha
hundred per cent lethal doce for dogs. In geaercl, thz immature gnd prolifcrating
blcod cells are more scasitive to irrzzdiation than the adult blood cells. However,
tie reticuloendothelisl cell, ¢he coxmmon ancestor for all blood cells, is remanshe
ably sadioresistant. In other words, rodiosensitivity of the blood-forming cell
scens to go throush a mastimum in the cource of maturation (fig. 1). Under normal
conditions, the actlvely prolifcrating cclls arse the more radiogsensitive. This
1ost stotement apparently does not Rkold for all conditioas. Investigations by
Jacobson et cl. hove shown that cxircmely hyperplestic erythroid tissue 1s morkedly
rodiogsesictant. In cddition, Tullis hos preseated histologic evidence that these
oze excepticns o the low of Bergonil oad Tribondezu. It seems that the rodio-
resistance of the reticuleendodthelinl cell and of hypesplastic erythroid tissuc

chalienges in part the cloacicol low of Bergenié and Triboandezu. This low siates,
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"The biclogical action of rocantjzen zays is greater the highoz the reproductive ace
tivity of the cell, the longer the pecioed of its miZosis, and the less the degree
of differcntiation of the c211 inm secycel to i%s morphology and function.”

Recovazy of the stem cells, theis repsoductive zote, tha gclcase from the
moerrow and the rate of destruction dotemnine the reoppecsonce rete of the peri-
phezrel elements. It may toke mony montihs for t¢he nuaber of cells in the pesipherad
blood to retura to pre-isradiation levels (figs. 2 and 3). Uhy tke pezipharal
level of leubocytes is SCmetim;s set ot g Yoo 1cvc{ for a long period is not
knoum. Perhaps the relecse mechonicza is cltered. In this respect, Drecher et al;
have shouwm that the level of blood cclls in ¢he peziphzral bicod of ¢he mouse re-
covering from rodiation dnjury is not a geod index: of thz activiiy of the honatow
poictic organs. Foz example, there may be emtoemely octive hemotopoiccis with per-
sisteat low levels of leukocytes in the pesipheral blood. Residual injury of the
formative cells may be meaifested by tha late copeazonce of blood dysczosias.
Similar delay in recovery was secen in the Magchinllese (sce sccetiem 8.6.5).

8.6 Varictions in Number and Mozpholegy of Dlood Cells,

Specific changes in the morpholosy cnd number of cells in the periphal
blood have écn extencively studied. Pozticulor cifcentica has teea paid to the
relatioachip of doszze to the mosniZude cnd rate of chonges in the blood. Ths
changes that take piace after o single exposuse to ionizing radiation will be con-
sidered first. Jacobson and associazes have studied cextenscively the effect of

single doses of differcnt magnitude upoa the blood of robbits. All mommals scem

to follow tha same generel patiern, encept for some diffeccnees in the rote of

L2 hometolegic chianges thnt were observed ia the Jepan-
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detail beczuse the dogoge foctozs and ¢he geneszl bond gpancge afe uninovm
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~comparable to that in lpboratory animnls in most respects, with the exception that
the temporal relationships appear diffcrent. It secems that it took a longer time
for the Japanese casualiies t0 reach the minimum neutgophile and platclet levels
thon 1% does im lcborgtory animznis, Ze recdex is referred to tha study of the
henstology of atomic bomb casualtics by LeRoy, and to the report of the hezatolo=
gical findings in the Marshallese cx:posed to fallout radiction (Bond et al.).

8.6.1 Lymphocytcs. Lymphocytes are particularly sensitive to rediation,

In witro studies by Schrek show that there is an increased rate of destruction of
normal 1ymphocytes after exposure to cs little as 50 r. One of five suspensioas |
of lymphocytic leukemic celis wos relatively inscasitive to x-xzy. Schrek, in
further studices, decided that, "u-rays accelerate a normal metabolic process in
lymphocytes. Tke degeneration of irradiated end non-irradicted cells results from
the development of single or multiple focal.int:anuclea: areas of hydsation.”

The lymphocyte ilcvels in the dlood begin to decrease immediately after expos-
ure. Tke magnitude and the rote of change are closely related to the amount of
radiation received, poarticulorly in the sub-lethal dose range. In the higher dose

cages the rote of discppearzace of lymphocytes probably approaches the rate of

utili:ationvbec:usc production has been completely stopped; or diszppearance mly ..
exceed the pormal rate of utilizotion beccuse the’diffuse celiuler injury moy ine
creasae the demand foz lymghocyfbs and their metabolic end productions. Thus it is
easy to understond why chonges in the lymphocyté levels con only be used in esti=-
mating gub-icthal cnposure, Oace all hematopoletic activity is stopped, changes
become in pazt o function of rposanl utilizatien except when the doscge is so great
that the cells cre destroyed dizecily in the peripheral circulatica. In robblils
(Jocobson et 2l mamznua decrease of cbout 25% inm the lymphocyte count is de=-
tected 24 houss offer exposuzc to 25 r. Recovery cppears within two doys. Tz
greater the docage, the grecter the depressicn in the lymphocytes. AT SCO -, a

depsession of 90D occurs in the fizst 24 hours. At a dosoge of 300 ¢ (LDSO/ZO)

00T
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within 30 days), recovery in the
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(that dose whica kills 50 per ccnt of *n

robbit tokes cboul 50 days from ¢the time of 4tho emxposure. DBetwoca the 3rd and the

S5th days after exposuse, theze & temporary teadency for the lymphocytes to ine

e

¢zxcese in nuaber. This is follcwsd Ly o deoczcasce $0 almost the meszinmum depression
that was present 24 to 72 hours after cijocuze (fig. 2). This type of recovery
followed by a wave of destruction, iz, in general, characterzictic of all blood
cells and tissues (Jacobzon et al,, Dlcom). Similar changes were obscrved in swine
exposcd to 1000 Lvp x=-roy in various doczzes, aand in dors after 2000 kvp =-ray
(Czonkite et al.).

8.6.2 Greonulocytes. In vitro studies on gronulocytes have demoagstrated that
both the normal gronulocytes and nyclozencus leukexzic cells are resistant to z-ray
after doscs of 1CC0 r (Schzek).

Changes in th2 number of groaulocytes in the persiphesal blood follow a differ-
ent course (fig. 3). 1Im genmerzl, 21l onimals zespond with 2 period of gronulocy-
tosis predominately mecutzophilic or hafezophilic (watbits) durdng the first 24 4o
48 hours after exposure to amouats of codigtica in the sub-lethal and lethal sange.
This groaulocytosis appecass as two pecks in the robbit ot ebout 12 ond 18 hours
af ter exposufe. The first peck may reprzeseat mobilizaticn of groaulocyies throughe
out the body. The seccad peak may be cuce to cceclezated liberation of cells frono

ot 1last for more thon 24 hours

| #]

the bone marzciy. The gronulocyltocis usuzily doos
but may last loanger in gome species aad under certoin conditions. A definite greaue

ing the first 24 bouzs in the deg bul the biphasic

locytosis, bowever, appears du
recpoace of the rotbit was not obzesved. Geresally, the mamizum depressioa of the
groaulocytes is attained by 72 to 96 kouss aftes exmposuze. Recovery of the pgronulo-
cyta levels bezing by 10 to 15 days oflor exposure, or sooner with omeil doses. In
genersal, if gronulocyte levels <o nmot Imcrecse or cexndn constant, even though at a
low level, by the 15th day, death usuclly eansucs (Czenkite). As a zule, there age
one or more cboztive rises in tho gronulocytes tinnt oppear betweea the thizd cad

12¢h days after exposure, depeading oa tha animal species and the dose of radiation.

o e
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This abortive rise is folzly consistent oad gpporently has little prognostic value,
It may last for only 24 hours. The couce of tgis abortive rise in leukocytes 1is
not well undersiood. It may be compoocoble to the waves of regenezation and dese
truction that ﬁave boen described for other organs (Bloom). It hos not been seen
above LD2p ia doss and swine. Various explionations have been offered. Somatic
mutotions of precurcors that resuld in obnormal progeay have been ccasidered (Bloom)
and Jacotson). These progeay or theic precuscors may have}sho:tcr life spons.
Tiere is no satisfoctory erplaonatica ¢e date for this phenomenon.

8.6.3 Zrythurocytes. Chonges in the level of the red blood cells are much
less striking in the eazly period after igrodiation in the mid-leihal dose ronge.
There is lit¢tle increase during the first few doys. Im pnimals thet survive radiz-
tion in the O to 100% lethal ronge these is o definite decrecse in the levels of
the red cell count, hematocrit recdings oad hemeglobins betucen the 10tk znd 30th
days of ter exposure. The moximunm degsee of anemiaz is usually reached around the
15th to Z0th days in the survivors. Ia the oairpls which do mot survive, thore is
usually a mazked decrepse in the red cell Levels o day or so befo:c death. The de-
crease in the red cells 2ze due to thoee factors: (1) decsease or cescation of pro-
duction of red cclis; (2) increzsced destructicn; (3) hemorghage (Jaccbson et al.;
Cronlite, Schuzszs et al.; Davis et al.). The occasional macrocytosis thot is scen
in swine end other pnimals cboud 10 to 20 days cfter exposuse to a low lethal dose
is due to a conconitont reticulocytosis occuring s a zesult of resenesation of the
bone m::#ow with release of laébe numbers of reticulocytes in thz periphezal blced
(Czonkite).

An increase in the nember of ¢ie zed cells is uncommon except in the high dose

range, s vas seen at Dikind dusing ¢the slomic bomb test. Thare were scome animnls

that developed a macked hemoconcentscziion within a few days of the exposuze (flg. 4).

The hematocrit of one goat aitoined ¢ value of a2lmost 80%. This hemoccacentratioca

[

to dehydration resuiting from acnorcrmia, diarchea, etc.
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Nucleotced red blood cells oppecred in lorge auwmbars in $he goats and swine
abosut 13 to 17 days after exposure to th2 atoxzic bomd radisiioan at Dikini (Cron-

kitc). Comparable obscrvations have boon made on other gnimals (Warzen; Jacobson

Reticulocyte disappecrance is o very scxzitlve index of g single intcnce en-
posure to radiation inm the lethal songe (fiz. S). In viecw of the obserzvatiocas of
Blooa of the pgreat rodiosensitivity of crythoeblosizs, one mipght logically cxpect
the reticulocytes to disappear proezptly. Tiis thoy do within a pesiod of about
48 hours following a single intense eppocuze to sodictica in tha lethal range
(Jacobsoa et al; Cronkite). IHowaver, tha dizappecsoace of reticuloeytes, at least
in the rabbit, docs not occur 2t os low o doce os does the reduction in the number
of lymphocytes. 1In swime (fig. 5) and ia the Joapouese enmpoced to the atomic bomb
explosion at Hiroshima ond NogasalZi, o sceturn cf the reticulocytos was o good
prognostic sign for recovery but did not invosioblly indicate a fzvorable ocutcome
(LcRoy, Cronkite, Tullis ond Tescoer).

Most recently Stoklmon, Brechorn, Scumgidlorzzn, znd Coenliite demoastcsoted that
donizing zodiztions produce intoovosculor red coll domage and shozten red cell life
spaan. Tiiz ihju:y is indirec? os weil as prozzessive, i.e,., it is more pronounceod

the longer thz sed cells zemoin dn tho dozodinled andmnld plthisegh thoy noed not be

sent at the time of rodicticn, The red cell dnjusy ic glight end in the eocli-
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est stoges con only be detected by superinmpocing g second minimol Inzuld such as
teooing of cells with chreomium vwhich in itzelf doos mot chorienm ced cell life spon,
It 1s of ceaziderzble pezdemic and prooctical interzest thot the widely-used chrozium

label) for determiactica of red ceol cad
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after irzrcdintion either the more lieovily toz
at cn accclerased zate. The effect ic pooballdy due o tha chroomitvm metol 2nd not
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to its codioocetivily, Duzinms the thoomiocytoponic phose ef redigtien dnjuzy whe

b‘

meny sed cedls cre extrzovosated and setuzn o the gonmerald cizculction vin the

lymphatics, this possage thooush an emizzvascular cycle adds further demage fo the

red c2ll resulting in readily measuscble shorioaing of zed cell life spon.
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8.6.4 Platelets. Plcotelets docrecsed at a rate between that of the red cells
and the granuler leulkocytes. Perhiops plotelets are as scnsitive an index to expos-
ure to acute irradiztion as the goanulocytes in the rabbit (Jacobzon et all). In
swina, goats ond dogs, tha decscase in platelets is defindtely less rapid than that
of the gronulor leuliocytes (Crontite). Frequently the platelets trend upiards for
4-5 doys aftcr iszcciotion follouing which there is a deccease until platelets dise
appear or become constzat at a lower level. Above doses of radiction that produce
a 90% morztolity, the respence of the platelcts is moximal with platelets dicappear-
ing from the circulotion by the 114 doy. With lesser doses of rodiction, the |
platelets do not coxpletely disappenr but become constent at a lower lcvel, This

level is opporently 2 function of the doce of rodiation received. This new,

[T

g maintoined for 2-3 weels.

(o2

relatively coastoat level roy

Tie relztive response of gronulocytes and plctelets at diffcereant per cent
mortalities 1 illusircoted in figures 6 cnd 7. With a 100 mortolity the platelets
appzcach zero but gre maintsined constoat at gbout 5% of the normnl ronge. At this
dogz the granulocytopeaia is only moderate and infections were not prominent clinie
cally. In ceatzost to;this at SU% and 1C00% mortality, the platelets and the gronue
lccytes zcadh zero gnd infecticas and hemorrhage are obviously present before death.

The foregoing statements cover the general picture of what occurs to the peri-
pherel blood clements afters a single intcnse exposure to ionizing radicztdon., Howe-
ever, this does not give a sufficienily complete picture of various facts and ob-
servations about the responsce of the blcod to totzl body or to rather large segmene
tal cxposure as scea in thesopeutic irzadiztion of some malignancies, or to whal
micht be anticipated following exposure to mixed radiations of diffcrzent penetza=-
bilisics.

8.6.5 Hcm:tclogic:l.Findings in the Marshallese Ixposcd to Fallout Radintions.
In Mzsch 1954, groups of Marshollecse ond Amerzicans were accidentolly exposed to

follout gomma and bate redioticns fron o megateon device. The groups were observed

TREER



cazefully aftes ¢he exposure, and details of cilindicnld gnd laboratory findinngs

kove been published (Cronkite, Cond and Dunhom). Taz moct heavily exposed group
728 composed of 64 Marchallese locztcd on Rengelop atoll at the time of the acci-
dent, ond the findings in this group will bz dazlt with most extensively hoere,
None of those exposed died as o sesult of the izrodictica. The Rangelap people
received an estimated dose of 175 © of pommc sodicfion (edr dose), sufficient beata
redigtica doce from adherent materisl ¢o sesult in lcsions in some exposced areas
of skin (chopter by Conasd et al.), cnd minimcl imternnl coataminaticn with rodio-
nuclides (chapier by Robestcon cad Comn). Conscicdezsble uncertointy exists in the
magnitude of doses recedved; however, the Rongelap group con be considered to
reprcseat the high sublethal expocure ponge. lHoomtologicel depressiocn wes cone
sidered to have resulted froa the gomma cxposuze with 1ittle or mo contribution
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from the surfoce beta or iniernal e .

Serizl bematological determinoticas including tolzl vhilte count, differential,

da on eaoch cxposed individueel over tha initizl

i

platclet count ond hematocrit weo
observatica period of 72 days, ond repeat determinclicons kave bteen made at 6 months,
and then ot yearly intezvels folleuwing tha cuiposure (Conazd et gl.). Dotnils of
methods and initial.findings keve beea zepocted (Dond et al.). Uacsposed gsoups
for comporisca wore cbserved indticily ond ot dhe times of follow-up studices;
however, varicticns in findings in coatsol goocups kove presented difficuliics in
precize intescpretaticn, s din the Joponese ciposed ot Hirochima ond Nosasoki,
The avescge lewtocyte ond plateled counic ase shom groephically in figures
8, 9 cnd 10. The fizst counts ca the Reagelon goosup wore done on pocste-cinogure doay

3, at waich time o drop in total wihife ciin? wos cvident (tho composed Ameszicans

cotal vhite cocunt in tho ficst 40 hours, o5 hos tocn reporded
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th2 unemposed populations by 2 years., The time course of neutrophil count clianges
fcliowed closcly that of the totol wiite count. Lyaphocyte depzession was eacly
and profound (fig,. 9) with grodusl retusn tewasd normal. The counts rermainced belew
that of the uncmposed groupa a4 3 yeard. The platclet count reached o louw at
approzinately 4 weeks (£3g, 20) with {oizly rapid indtiol recovery followed by a
seccacdary depression and slow retura touizds nosnal. At three ycars tha mean
platclet counts woze otdll alishtly tolowr the moon of the waexpoced populcoticn.
The hematocrits ot no time were remocslobly different from the unexposed levels.

At ¢he tizes of peck depsession, sozme individucls had ncutrophil counts below
CC0/mm3 and plcatelet counts beloy 75,003/hn3. No infections atiributable to the
ncutzepenis weze observed, however, ond an epldeaic of upper sespizciozy infectiea
at cppromzimately the time of mamimum nouirophil depression wos cgually scvese in the
heovily and mildly exposed groups. No hemozrhagic phenomena could be attzibuted to
thz plotelet depression, ALY dndividunls were embuletory thoouzhoud, ond no therapy
(other tion for the skin lecicns) beyond that routinely required for cay lozge
groups of individuals was necessary or adninistered beccuse of the rodiction enpos=—
ure.

Thz 3 1d_n~° 2llow accuzate documeniaticn of the response of £hz Luzan bein

[E]

to totzl-body goxma exposure in thz kish sublethal ronge, not possible in the
Japanese cxposed ot Hirochima end Nogoocki., The tinme courgse differs in dmportont
aspects from thet scem in mogt loborctory gnimals, The total white count ciicws aa

eazly rize, with ozly minimel lcwering wmtid mosimum denressicn occurs ot arnnconi-
Y 1 / o p & o

t

matcly 6 woeks. A similse trend is ceea with the peulrophil countd, The drop in
lymsbocytes is corly end severe. Thz pictelet count folls in a regulas foshien,
zeaching o low o% opprouninately 20 days. The rote of zecovery is concidezobly
clcwaz thon would be anticipated fren labozotory animal dota and is incemplete ot

-

3 years. These {indings corz concicteat with the incomplete data cvailzble on the



Japonese exposcd at iliroshima gnd lzazascli, oud with the findincs on the humon
bedngs exposed in reactor accideats (cce Dexnd et 2l.). Thoy aze also concistent
with later findings in paticats cxposed thorereuticzlily ceithes to 2otal-body
x-radiation (Miller, Pletcher end CGerstnerp !lichkson and Daace), or to interaaily=-
adninistezed radicauglides (Wolins).

8.6.6 Splenic, Thymic Weight Doczcase. Castes et ol. hind previoucsly demone

strated a very close correlatica batuccen the dose of rodizfioa and the decsease in

tiie spleaic cad thymic weights oa ¢t 3t doy ofter cxposure to radiction. These
obscrvations made it possible to uce the decceose im splendc thymie weight for
rammalion dosimetry and in studying 4he effccets of substances that moy primarily
neutzrolize the effect of rodiatica., Tiis type of study hos boen extended by Kolle
man and Roka. In their studies the fime of minimum waight and dose zesponse did
not follow a simple zelotienchip. Toe daa bohave oo if there ore two independent
cell populztions with diffcrent scnsitivitics. Iowover, thymic. wedght 5 days

-

efter icrodiztion was a lincar fuanctica of the lozositha of the rediction dose, as
shoum by Carter et al. egrlder, In theic homds the gystem was very useful as a
biolozicc) dosimeter, Another c**c‘ul moilomatical anolysis of the weight loss of
the thymug and spicen was that of Stroud et ol, wid ore essenticlly in cgreement
with Coxter, Kallmza ond Ioka on the basic zelazionchip and the ucefulness of the
pzocedurco.

8.6.7 Miscelloneous Studies. Uarrea hos emphasized the grect instabiiity of

(54

the bonz marrow inm gome people whd Zove baen emposced to omoll amcunts of radiction
(less thon 50 ). lNeashow, Goodfelleow cnd Vlarren ove 21l gemoched upon the great
differences in stroia, gpecics, and individunl in responce to approzimalicly the
sare dase. Lorenz haos domonstrated ¢hz grestes seacitivity cnd the moze unifora
gespoase of the inbred animals €o clizenic emposuze to radistilon, Goodfellow has
showm $hot humons under tgeciment foz cancer with zodium, in such o moaner tiot a

[

large volume of ¢issuz is exposed, respoad with 2a initial lcukocytosis. His
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graphs demonsirate the phonomenon czlled "eoasting™ in which the white bloocd count
»y is discontinued. Moyncord has showm that re-

eated small exposuzes to n-ray may couse more complete gnd long-laosting damage to
thae beoane mazzow vth:m & zsiozle cmposuzca.

Tae ciznges inducad by chwonic low intensity exposure éo icnizing radiztion
will be considered in the section ca ¢he detectlon of exposure to ionizing rodis-
ticn.

8.6.8 Mozpholegy of Bicod Cells, llospholozic chonges in ¢he leuvXxocytes are
varied. Degencrating lymphocytes oze cecn in the circulation. Lymphocytic nucied
may be frogmeated, pyLnotie, clover-cizped orf only the usual anuclear patiesn may
be alfered. Nucleolld maoy bocoms very prominent, presenting the picture of “ouwl's
eye nucleoli® (llarsen), Large phosocytic mononuclezs cells may be seen containing
nuclears nasses and occocional zed cells., The cytoplasnm of the monoauclenrs may b2
excesgsively basophilic., Vaocuoles may eppear. Immoture cells moy be prescent. De-
generating granulocytesvmay be secn 3in thz peripheozal blood., Toxic graaulation,
vocuoles and basophilin moy be obsezved., Plotelets show some changes a2long with a
teduction in numboz, CGlont hypescizzomoiic platelets axe usuclly present. Meoo-
ko-yocytes have been reposted o appearingz in the blood, but were not scen in the
blood smears of the Dikind animols. Supraviial stoing with Joaus green and neulral
red cre geported o3 demonsizating glterctions in the mitochondsiz and ncutral zed
bodies. Dickie acnd empelmonn have skovn that there is an increase in the nunber

of refroctile acutsz) red bodies of the lymphocytes of perscns acutely and chroni-

cally ciposed %0 lonizing godintion. Tihese bodies are scen only in suprovitol
prepazration, erc rnot specific for sodiantion, and were also seen in the lymphocytes
of perseng working with tomic chonmlecls. Bilobed lymphocytes hove bteoen reported in
the blood of humon boings chrenically exposed to radiation and of human beings
wo:k%ng csround cyclctrong (Ingram). Eypercsegmented neutrophils have zlso been

geen.
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3.7 Llate Z{fects = Leuvkemia.

Tha prolenged and 2cte effccis of ciposusze to ienizing rodinction are of
great and practicel importonce. Somz men cnd fnirols wip have hoad a single expos-
ure or have beea chrenicclily empoced to fenizlng gadiatien develop a persistent
lcuopenia. However, this does not, of leaszt in scze cases, prevent the ozzandsa
from responding to infections and stzecces with o masked, traonsitory leukocytosis,
follouing wiich the individunls moy zefurn $o theiz previocus leulopenic level
(Czenlite). Dloom and Jacobson decceritad an appareat hypesplacis of the boae
marrow in some rabbits that cecoversed frea caan LDSD/SQ esposuze, wals "over con-
pensation®™ was seen about two montha after expocure. Tals type of rosponse lcads
one to gpeculate gbout the possible developmont of leukemia, follculnz a single
acute exposure to ionizing sodintion. That lovicexmicz %will develop im cnimols, end
probebly in mon,; pasticulorly dymnhntic leulenmiz, folloiring chronic or zepected ex-
posuse scensg well egtublishﬂd froa o stasisticnl siondpoint,

8.7.1 Development of Leutenias ofter Charonic Duposuze., Hoebs et al. found
that the incidence of leuXemiz in irzodizied nmice vas 3.5 per thousaad mice as coa=
parcd ¢o 0.6 per thousand in the conlzol mice. Hucpers demonstsated 2 74% incidence

of leukenmiza in mice that kad received 430 z cver o period of sis: wacks. The spon-

toncous incidence in contool aninmols wns nol coinled. PFuzth and PFuszil vsced o singd
and zepeated doses of Z00-480 £ in mice and zesczied an eight-foid incseose in

nyelosig and a sceven-fold incrmeose in 2Qymplhomafosis, Uedlsz descoibod the develop-
ment of o case of myeloid leuwlexmin In o x-zgy tcecimdicioa €hat culnmingted ia death.

d vas noracd befose emscsurc. Lymnhocytosis, ecsisoophilin and mesocytosi

!
&
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()
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precaded th2 positive dicqnosis of Zeowticnic. Henschzu oad Houhing repocited 3a 1944
that tha incidence of lewlenis In phiycicizng waoc 2.7 timoo as grent os din the male

: . . o Az - g . :
poprlcaiica. Masea stotisticoily anciyood thz incideonce of leulends in zadiologicis

and found 4% to ba ten-fold grector in rodiolcgists #iaa mea-rzadiologicts. Honsohaw,

i‘»

ia o leng sezies of emperziments in rmice, demonsizaied an incoeased ingidence of

lecukezia in mice thot wore chzenically axmposed $o £=oil doses of radiction. Loreans

o



end acsociates hicve shoewa i over 0.21 r per doy will, in general, increcase the
incidence of molipgnancices in mice, imcluding leukemdc processes. The forcsoing
data oa the stotistical reldoticncidy of leulicmdn to chronic exposure to lonlzing

zsaciction arze not conclucive proof 4hni leukcmia can ba caused by ionizing rodise

cozzelation that 1t would be foolliardy in-
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decd to igaore ¢he probable zeloiionzliip end not to take advantose of every con-
ccivable means to reduce the exposurce ¢f 2ll humzaas to a minimim, and in addition,
actively suppozt and operate pootoctive aad investipative projecis to prevent cxe
cessive cposuze to denicing rodiction,

S.7.2 Lculkezic cfter Sine or o Fow Repected Doses of Radiation, Heretofoze,

}

wlth the emception of the reloticaclilpy ¢of chronic exposure $o levtenmisn inducticn
discussed In the previous scctica, theze hod beea 1itile work on the influence of
single or repeated doces of rodintica ca leulcmogenesis. ’waevc:. suzvivors froa
tha atomic boubs atl iliroshima cad Nogoesaki whn were close enough to the hypoceater
to hove geceived zadiation im the poftcatinlly lethal gonge show a significantly
greeter incidence of louXemla ¢hon did sugvivors in the group ocutside the sanse of
gamma radiatica (Molcacy). Those vwho had severe, gpcute roediation illncss have

shown the highest incicencs of leutemic., The lcutemia hos been predominantly
myclodd cad,to a lesser exteant, monocytic. 7Tids is in controst to radiagtion-induced

lculerin of gni=zclis, wiich ususlly hos teea lymphoid. Im ¢he preclinical sicice of

huzaa levkemia, & low alkoiine phocphatase of separcied leucaseyies was found clong
with o noutsophilic leukoceytosis and the prescnce of increzsced nucbergs of boso=-

Liles. Molcaey and gssociztes suppest thzt sodictiom-induced chroaic myolegonis
louterla is atizibuiable to o lcos of grewthereguloting foctozs., In additica to
the cppeasance of leuteamin In tzo atoz boxdb susvivess, lculemin nos now boea showm
to occur fellicwing sodioiodine ifrzeatnent of thyroid carcinomz {Llom et ai.).

Fuctherzore, Couri-Dreum hac observed o cignificant incresse in levienis in humon

beings whd have beea treoated for ocilizilis of the spine with z-roy.
3



Tae pathogencsis of leulendn induciion Ly raliction g been exttensively
studicd. I7 hos been oily revicwod by Fuzth ond Upton. A1l types of Zonicing

radictica aze leukeme sealc. Single aad zepeooted emposurcs coa produce ioukemia.

Repeated propezly spaced expogsures vesull in o more ropdd inductica and a highes

(’l

incidenec. The dnducticn rote incceoses with the dose. Physiologic and genetic
foctoss mosledly influcnce the inductica of Zcoulenmia ia mice. Andzogens ond cor-
tisone inkible, and estrogens cahonce, the inductica of lysplioid leulkenia, Co:ti-
cone, however, does mot inhdblt 2 pociustica of myeloid lewtemia. Shielding of
the normzl splcen, wihich contaoins 2ild tyses ef hemntopoicefic tissue in the mouse,
protects cgainct lymphoma inducticn in somz sizoins of mice os do injections of
bone marzew suspeasions (Lorenz, Congden, Kaplon gnd Brova, reviewed by Coeakite
and Dond).

Eopleoan hos cozriecd on on asive gerice of ctudics on lymplicma inductioa
in mice. These ciossical siudies hove skowm (o o nortlculor froctionaiion ine

* .

creases the induction of lymplhoma, oozl thymic lrnzadictioa is insffective in

-

producing the tumors. Rexmovel of the thymus pzevents the lymphoma induction.

Subsequently they showed thot thigh chicldizs oad injecticns of mamrow suspensions
cccelezates the zcgeneraticn of thymic ficsus cad coaconitontly thynic lymphodd
Lited. Receont studics Love choum ¢hot lymplioid fumors develop in
non-irrodicted thymic ticscue grofied iato thymoctonmiced izzcdizted mice. This

observoticn would appess fo estoblish the dovelonn n* of a cancer in a tissue no

expoced to the coscinogenic agent, Howover, o cocoreinogenic effect of trouma oad

necrosis in the groft moy hove o cocotoibutory coffccet, ond colld migroticn o the

trancplonted tiscsuc conaot be ruled cul oboolilcly. Reeently Izpleoa and ascocde
ates hove showm o definite tinme dependonce for pootection ooningt incuction of

leutenia in mice Ly injections of homslcoous tong mozcow, Lymphoid tumor lipduc-

tion ig moszdimally iahdbited wikeoa injeciicas oce made one oand one~holf hours after

tha 1lost z=-zoy dose. After 16 doys, tho obility to inhibi¢ the inductlien of tuxzozs

5001112



(L34) in thy=ic cells of thigh ehkiclded and nonshiclded irrcdicted mice. It was
found thot thc DA levels per thymic ccll do rot vary with ace or ¢rcatment
croup and vt RIUA remodas censtont with time in the control group, but RIA in-

c2 with a prompt geturn to normel in the thigh

(X

creoses 1 0to 5 days ofter izzadizt
shieldad group. Thz RN per coll gond UNW/IDNA zotio remain markedly clevated over
tha eatire course of trzeoatment in ¢ho unschielded irradicted group. These authors
suggest that tha sustcined clevation of UIA moy e related to tumor induction,
since shiclding prevents iznductica ¢nd zesults in a ropid return of KNS to normal.
It ig quitc evident thot leulemosencsis by ionizing redintion ond the inter-
actions between normsl gnd izzadiczted hemopoictic tissues and endocrinces, which
are proved to imfluvcnce induction, ore most intricote. Ca the bosis of tha reports
to date, it is not pocsible to dotermince whether thz non-irsadizted hemopoicetic
tissues supply z celliules or huxmoszold foctor thot inhiblds the inducticon. Those is
evideace for bolth views. I¢ isc olso ccaceiveble that the nosmal ticsues may be
ccpeble of neutzalizing acter litzroted fsoon the irrodigted tissucs. The noature
£ the interactions betwoen irzcodicted ond normal ¢issucs and the influeace of cendo=-

ssues remoin obocure, but the existence of thase physlclogicol

§3e

cradizted ¢

| 24

crings on
interoctions that influence leuhoxogenesis is wmquestioned.

Tae unguestioned, harmful inte effects of ionicing radistion on hoxmotopoiecis
logicodly leads to 2 discussica on the volue of a study of the bleod in protecting
ecoingst excessive cxposuze +o icaiziag zodiction,

8.3 Factors Influcacing the IZifect of Ioanizing Radiation.

cotcctive facters are discusced in detail in Chsnter 10, section
Althoush pzepzotoctive openis moy protect 2l cellular gystems into which the

hemical substonces con peneirate, the most striking effects sre seen in the blood-



8.9 Tne Detection of Radinticn Injury by llematologic Procedures,

The detectiom of radiczticn injury logzicclly falls into two catcegories
the detection of the bricf, intense cxposuse gad the detection of cunmulative small
exposures. Dy hematologic sizndards, thz detection of the brief, intense csiposure
is fairly saticfoctory in animals, Ilowevers, the corly hematologic chonges in nan
after single intense total-body eiposuse (o vorious dosages are not woll Lnow
It is regrettable thot few blood studics wese pezformed oa the Japznese casualties
during the first week after the atomic boamb eiplosicns. Thezefore, it 1s necessary
at this tinme to attempt, for the most port, to extrapolate to man froam ecnimal data.
However, the Morchallese dota help coasiderably.

8.9.1 Acute Bxposure. PBegiming shoztly after the acute exposure, oae cas
anticipate a prozpt deczeasce in the toial lymplideyte count. The decrease will
roughly be proporticnate to the dosage ia the cul-lethal range (£ig. 2). The noxde
mun depression will goppear within 24 to 72 houss. The greater part of the foll
tokes place within 24 hours. Ceoacconitont with a lyaphopenis, o nculzophilic lculo-
cytosis (fig. 3) caa be cipected. 7oz nuxter of refroctile neoutzol red bodies in
the lymphocytcs will probobly imcsease. From o practical standpoint, the following
conclugions can be dzova:

1. If therze is mo cignificant decccace in the total lymphocyte count ducdng
thz fizct 24 hours, the ¢mposuse has probably beea iess than 25 ¢ of
total-bady ionizing radiction.

2. If & lymphopenia of minor degzee oopeoss with very nmild or with no
symptons, the exposure is probably less than 100 .,

3. If thz depsecsicn in lymphocytes opproximcies 500 or more of the uzual
lyaphocyte count of mza, and cymptoms ace prescad duzing the first 24
hours, cac can coaclude that ¢ cxposuzc has beea quite heavy, ia enie

cess of 100 =z,

50011
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Needless to say, thz detectioan of minoxr degzrees of lymphopenia necessitates
a koowledzge of normal lymphiveyte levels of th2 persom coaccrned. Under coaditions
of aa atomic catastrophe, this inforzmation will probably not be svailable, nor
will it be feagible-with proceat techniques to'pcrform intensive blood studies.
Other mecans of detecting ciuposure to loaizing radiation are:

a. the symptonatology

b. personnel radiaticn dosimeters and

¢c. the distance from the expioding beab
These will be discussed in Chaptes on Dizsnozis end Thercopy.

The satisfactory development of good clectronic blood-counting devices greatly
simplifies the logistics of performing enormous nusmbers of bleood counts in a

atastrophe.

8.9.2 Repeated Small Exposure. The detecsion of repeated szall cunulative
exposurces by heuntologic studices poses an entirely differeat probicm and logically
becomes part of a broad health proteciion program. Observations oo the blood of
man chronically emposed 2o radiaticn ore lepgion, Leukocytosis, lymphocytosis,

lcukcmoid reacticas, lenkoceytic levkoemins, erytuarocytosis, reticulocytosis, lerko-
penia, u.OﬁbOyCﬁlC purpura, aplizostic ancmiz, leukopenic leulexzia, refroctive ncu=
tral red bodies in the lymphocytes cnd changes in the blood cosgulation have been
desceribed as occurring after chroonic enposure to iomdzing :adiations. Froma a ge~-
vicw of tha literatuze, the following hematologic observations coa be coasidered
as presumptive critezia of excessive exposure to iondzing radiation or other toxic
cgent

1. Persistent leulopenia (WIC beiow 40C0/c.ma.).

2. Persistent leuwocytosis wiih an absolute lymphocytosis (WIC cbove

15,000).
3. A macrocytosis (mean cospusculor voluzms increcsed, a shift to the

right in 4he Price-Jenes curve, o oa increased mean cospusculng
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4. Reticulocytosis (reticulocytes above 2 per cent).
5. Drcythrocytosis (RCC over 5.0 milidon per c.mm. or hemoglobin over
13.0 g5=./100 cc. blood)

Willioms hos anlyzcd the volue of Llood studices ond protecction asninst rodio-
tioa injury and hos ccacluded that numesous zoutine counts are unnececsasy wheze
good control of all circumstances is mzaintzined. ibwever, in rodizticn arces,
mozre highly cont:élled hematologic studics are needed in order to obicin more in-
formation on the threshold zond pesmisscble values. Folde zad Wahlberg have
anclyzed the lowering of the lcukocyte count in humoa beings produced by minute
zmomts of widle-body radizticn. T2y hove utilized a siatisticaol analysis, Al-
tiough the meoa levzocyte count i unchanged, the dispersion around the nmean is
considerably decreased by low emposuse to icrgdictiocn, thug moking 4¢ possible to
use this staotisticol paramzter os oa indicatica of iz;adiatioa ZpOsSULC.

A complicating obscrvaticn ig fhat of Wald et gl. who bas observed in the

E:.
[)

coatzol populzaticn in Jopon thot wos not enposed to sadigtion of the atomic borbs
that there has beea a progressive decrcoce in thio lcukocyte count over o pecilod
of the last tea years. The seoscas fog ¢his change are obscure but obviously com-
plicate the aongolysis of chzonmically comsesed populotions,
8.10 Ivoluction of Dlooad Chznzes.

The above critesin result frox cithior o depression of or za inereased
1obility of homatopoiesis. The ccoiabllichmont of tha precence of thesce criteria
can be gzeatly ossisted by pesforming poroilel studies cn comparable groups of

humza beinss who cze itnowm ot 2o be cisocced 4o zadiztion or any other ftoxic agent.
-t (>4

(]

totistical compasicen of the potontinlly exposed coatrol group will help to deter-

similor monner the pre-ermposuse

[ ]

mine Af o sisnificcalt ¢hanse hos 4okon place. In
counts ef the suspected group or indivicdunl con be compared to the post-enposure
couwats, If there ds a significont change im the loites, one can state with some

certzinty that these kos been emcessive cipocure to gome toxdce ggeat. A good

110



criterion of cxcossive exposure of a group to radiation is a significoat decrease
in the grou, average leukocyte count boleow the pre-exposure level or below the

averase

of the control grouyp. As scon as any of the obove criteric have beea
demonstrated, the individuzls muct Lo gomoved from gay possible coatact with
raciation and the following studics chould be pezformed in order to dotermine if
radiction injury is the couse of the gbzormality. In principle, the use of a
gToup o5 its oum pre-exposure coatsol sounds secure, but admittcdly the obscrvq—
ticas of Wald et al. indicate the potontinl unrelicpbility of this approach.
Accordingly, wicnever pocsible, @ comparabtle populatica of unexposed people skould
also be followed.

1. CIadecver to eliminate a2il other causes of temporary hematologic abe
nogmalities, such os infectious mononucleosis, infectious lympho-

cytosis, infectious hepatitis, virus diseases, benzol and heavy metal

2. Study the cxczeta cad expired ais for the possible presence of lon~-
ccdiation to help determime the type and degree of internal ex-
vosure to rzdioactive isotopes,

3. Study th2 blood ot weexly intervals to detect further changes and to
scarch for the prescace of refractive, ncutral red bodies in the
lymphocytes.

In this discussion of taz role of hematolozy in the detecticn of chroaic
radiotion injuezy, < is eppropricie to state the choanges discusced gppear geaer—
ally cfies the domose has been sustained. The main protection cgoinst icnizing
godizticn injury must be an cccuzate paysical coatsol of the radizntica intensi-
ties to widch personnel aze expesed.

In concluding this section, thz zeader is referred to the wosk of Inowlien

-

and Carter in wiich & group of ten individuals were corefully follouwed over a long
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period of timc wiile they wese being chironicclly cxposed to rpdlation. The
hematologic studics suggest thnt dofinliic chnnses wore induced. The article

cemonstzates the difficuliics ond the potentizliities of thils type of analysis.

In previous editicac of this book, o long detailed discissuion of the
various fzceets belicved to ceatzibuie to hom seprhoce were discussed. Much of  the
coatroversy has becea resolved. Histeoricolly (Fesznou, Schzomek and Zarzyckis

Fabricius-¥oller; Lacassagae, Loties and Lavedan; Shouse; Warrea and Whipple)
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obscrved hemorrhnge. The most ¢ bLsezvaticas on pathogenesis wese mode

by Fabriclus-toller who corzelated platclet levels with bleeding and noted that
lead shielding of o leg during irzadiction provented loter bleeding and the
th-ozbopenis wos much less marked. (Sce Chopter 10 for dotailed discussion of
ghiclding.) Allen ond essociztes cloimed that hepasinenia was a major couse of
bleeding in cddition to the threxbopenia im i-rediated dogs, end that tie throabo-
penla cctualily scnsitizes to heporin., Of the latter these is litsle doudbt. The

ccacept of increased amounts of circulatinsg hieporin was readily ccceptied, probably

azge pagd, coantzel the bleed-
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apazineaic concept has, in
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gencrael, been refuted (Jocksea et ol.). The pros cnd cons are discussed in previ-
ous editicas of this book cud in a review by Cronltite zad Brecher.

e follewing defects in hemostosis that lcad to bleeding scem to be well
documcunted. A progresaive thrombopenin develops that iz time- and dose-dependent.
The thrombopenia leads to o quantitcotive deficicncy in clot cetoactica, pro-
thrombin utilization ond copilinry intenzity. Lastly, zt very low platelet levels
with vizrtually no prothrombin ccavessicn, the whole blood-clotting time becomes
remaziably prolenged. Ulcerations, trouma znd infecticns increase the bleeding
tendency (Czealite; Cronkite ond Srechors, Jachcen et al,, and Leloy)d.

The most direct evidence cn tha cole ¢f the platclet hos been the proof that

iv‘aaatclct trensfucions will prevent bleecding or stop blceding thot hos already
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comnmenced (Crealite et al., Woods et al., and Allien). The coantrol of thz bleeding
id not increase the survivzl rote at the LD~y level or above.

Taz platelet level at which bleeding may occur spontancously was studied by
Lamezteon ¢t ol, in rats. At platelet lovels above 40.000/mm3. blecding and
ancmia did not occur. Simiiacly In human bzings exposed to follout with platelet
counts os lew &s 35.000/mm3, blecedding was not §bsezved (sec sectica. 8.6.6).
Lostly, theze is a real spacies diffcrence(iqﬂthe rate of fall of platclets in man
and other mommals (sce seciion 3.6.60). |

8.12 Value of Hemﬁtologic Studics in Proén&gis of Acute Radistion Injury,

From thz serizl studices of the blcod that have been discussed, it be-
comes apparent thot there are ccztein hematologic signs that con be used os prog-
nostic guides. None of_these prognostic guides is ebsolute. Tke velue of hemato-
logic studies in radigtion dnjury may be summarized as follows:

a. A favozcble prognocis is suzsested by an early reticulocytosis, a re-

turn of platelets, a granulocyte count greater thon 1500 per cubic mm,
and an early retusa of the lyaphocyte.

b. An unfavoszoble przosnosis is suzgested by a complete disappecconce of
the lymphocytes, groaulocytes ead platelets, and an increcse ia the
cloiting time witla the developzeat of puspura aad particulacly wica
accomjonied by fever. In animalé. et least, if the favorable prog-
nostic signs listed atove do not appear by the 15th to 20th day efter
exposuse, death is usuai. The cuperiences of the Jepanese physicians
perzlilel the above observotions, enxcept that recovery occurred nore
slcuwly. Poor nutzition may bove altesed the natusal cousse of tha
discase ia the Jopancse. Uaforiunctely, esceptions occur and it is
izpossible to prognosticate accusately the outcome of rodiction illness

oa the basis of hemctologic signs.



8.13 Recizticaship of the Homatouoieiic Sysiem to Survival ia Radiztion Injury,

Tais subjoct ig exrtconcively dilccucsed in Chaptez 10, sectloa 10.

Suffice it to say hore thot 211 posé-rodiziica protcctive measures studied in anie

mals appear to eitlicr accelerata ¢ia recencration of homatopolcetic tizsues or to
tine

increase tke sucvival time (antibiotics) Ly coatzol of infection to give moze

for the spoantancous regenration of ¢he injurzed hemopoietic tissues,
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Fige 8.

Serial Mean Total Lcukocyte and Neutrophile Counts in the

Rongelzp People Exposed to Fallout Radiations



[ i}
2
U |
e
=5

LEUKOCYTES & NEUTROPHILES x 1072

W D OO N Ow O

RONGELAP~-TOTAL LEUKOCYTES AND NEUTROPHILES

1T T 1 T T 1T T 1 \/\5\/\r T |
o B B2
- ; A ! o -
| @ LEUKOCYTES N
()
L NEUTS f o ,
0—-~q Q\ ’l “‘ % "'G -g\\
\ ! \,' . _-—O" ‘\\
— e b ‘b\ o--o-—O'"D’ Bz \_ -
__ R C
CONTROL GROUPS Vv
A - MAJURO B, - RITA -2 YR |
B,- RITA -6 MO C - RONGELAP (NON-EXPQSED)
| ] ] | | l | | |
08I624324O4856647W 2 3
DAYS MO YR

TIME AFTER EXPOSURE



Pig. 9.

Serial Mezn Lymphocyte Countc in the Rongelap People Exposed to

Fallout Radiationc,
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Fig, 10,

Serial Mean Platelet Counts in the Rongelap

Fallout Radiations,

People Exposed to
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