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FALLOUT RADIATION: EFFECTS ON THE SKIN

__.1 INTRODUCTION

Until recently it has been generally assumed that injury to the skin
from lonlzing radiatlion was not a serious hasard assocliated with the detona-
tion of nuclear devices. FHowever, in 1954 the importance of this hagard 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 Marshallese people and 2B Americans, there
vere 23 Japanese {igshermen exposed on their fishing boat. The radistion 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 (Birds Paysinger gt al.) and horses (Atomic Energy Commission
Report) has been noted from fallout following experimental detanations. In
addition, exposure of the hands of seversl individuals who had carslessly
handled fission product samples from a detonation resulted in the development
of mevere lesions (Knowlton gt al.). Other cases of beta lesions in human
beings of aceidental or expsrimental nature have been described by Robbins
et al.; Crawford; Low-Beer; Wirth and Raper; Conard and Tessmer; Keppjy Griffith
et al. and Kepp, Miller and Reich; Nodle; and Witten g% al. Some of the rather
mmercus studies on the effects of beta radiation on animal skin are reported
by Henshaw; Raper and Barnes; Snider and Raper; Lushbsugh; Moritz and Henriques;
Paysinger @t gl.; Brues; Cloudman gt gl.; Glucksmenn; EKharchenko and Venolurov;
Koletsky et al.; Minisovy Passonneeu and Hamiltanj Shubik gt gl. and Unger et al.

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

large mumbers of lesions of the skin in human beings from fallout. Studies of
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these lesions in the Marshallese and Americans exposed have been documented
(Conard ¢t al.) and will be referred to frequently in this chapter.

Lesions of the skin induced by fallout are primarily due to the bsta ra-
diation from the flasion products adhering to tkbe 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, radlo-
isotopes used in science and industry. The possibility of such accidents must
be considered seriously in view of the increasingly wideapread use of radio-
isotopes.

——.s2 FALLOUT SITUATIONS RESULTING IN SKIN DAMAGE.

With detonation of muclear devices, serious radiation injury to the skin
is only assoclated with fallout situations where the radicactive material 1is
sufficiently concentrated. Such concentrations are most likely to occur with
close~-in fallout, i,e., fallout that oecurs within several hundred miles of
the detonation. It seems probable that the fallout will be visible if gerious
acuta skin damage is {0 result; however, this cannot be stated with certainty.
In the Markhall Islamnd accident, 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 islanda, some 200 miles from the site of detonation,
the fallout was not visible and no beta lesions of the skin developed among
the inhsbitants,

The world-wlde deposit of fallout which occurs slowly froa 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 associated with debona-

ion of mclear devicea since the dose of such radiations necessary to severely



damage the skin results in early deaths from damage to the bons marrow and the
deep organs, Thus the skin burns observed in the Japaness casuslties from the
Hiroshima and Magasakl bombs were not the result of ionising radiation and were
caused chiefly by thermal radiation. Fallout radiation associated with these
bursts was insignificant.

wwws3 CHARACTERISTICS OF FALLOUT MATERIAL.

The chemical and physical make-up of fallout will vary according to the
type of terrain or scil over which the detonation ocoura, All fallout is par-
ticulate in nature, but the size of the particles will depend to some extent
on the physical and chemicel characteristics of ths s0il. The fallout associe-
ted with the Castle detonation, March 1, 1954, vaa & white, powdery matoerial
largely composed of incinerated coral. Aside from the radloactive component,
the calcium oxide of the material was in itself irritating to the skin dus to
its caustic nature. Moreover, it was probably pertly dissolved in the perspira-
tion on the sidin, thus inoreesing its irritating edtion. Thie alaso may have
enhanced the radiation to the skin by bringing the radiocactive materials in
closer contact with the skin, The presence of irritating chemicals on the skin
ia ¥nown to enhance the radiation effect (MacKee, Cipolarro and Montgomery).
Fallout produced from other types of soil, nmot predominantly coral, might very
conaiderably in chemical end physieal make-~up and ability to irritate the skin.
Color and perticle size would also vary. PFor instance, siliceous type soila
would probably form much less irritating fallout,

The particulate nature of the material results in s spotty distridution
of lesions on the body. The Marshallese clained that the material adhered
closely to the skin and was difficult to brush off. This was borne ount by
the difficulties encountered in decontaminating the skin of the exposed indi-

Viduals.



__.4 SOURCES OF RADIATION FROM FALLOUT.

Fig. 1 is a rough dlagramatic sketch showing the relatively uniform dis-
tribution of fallout on the ground, buildings, trees and persommel. The pene-
trating gamma radiastion which ia repreaented by the wavy, shaded arsas pene-
trates many yards in ailr before it is attemiated appreciably, while the beta
radiation represented by the atippling is completely 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 is absorbed
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 radiation from penstrating and soft gamma radiation, btut 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
ekin damage.

The skin dose results from two sources of beta radiation: +the fallout
material in direot contact with the skin (contact hazard) contributes by far
the largest part of the dose tc the skin, and the material on the ground (beta
bath hazard) contributes a much smaller amount. The fallout in contact with
the skin will usually be spotty in distribution and due to the particulate
nature will result in multiple point sources of radiation on the skin, Trough
radiation from these scurces 1s largely from the skin surface, it is possible
that some deeper radiation may result from percutaneous absorption as well as
penetration into the dermal reglon via hair shafts, ssbaceous and sweat glands,
Some of the flssion products are water soluble, and 1t is posasible that scme

are lipid soluble, which would enhance this effect. ’'iitten ef al. have shown
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that thorium-x applied to the akin 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, particularly the feet and legs, since the beta
particles are completely stopped in approximately two meters of air,

-5 ESTIMATION OF SKIN DOSE

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

ficult problem due to the compliceted spectrum of different energy beta emitters

esent, the noruniform distribution on the skdn, and the fact that practical
dose meters have not yet bsen perfected which will sdequately 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
few particles are of the maximym energy, however, and the average emergy (roughl
one~third of the maximum energzy) and the 50 per cent attenuation thickness of
tissue are more meaningful in estimating skin effects. Thus an isotope emit~
ting low energy rediation, confined largely to the dead, horny layer of skin,
would be relstively ineffective; more snergetic radiation, penetrating through
the epidermis could result in transepidermal necrosis; and deeper penstration
into the dermis could result in more severe ulcerating lesions. Fig, 2 shows
roughly the tissue depth necessary to produce 50 per cent attemiation of the
beta particles 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



particles of the various isotopes. Thus it tekes 20,000 - 30,0C0 rep from
8% (ave. snergy 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 therefore is dependent on the absorbed dose at a
certain critical depth in the skin, Moritz and Hemrigques found that the dose
at 0,09 millimeters depth of t'e pig skin (estimated to be the epidermal thick-
ness) was constant within several hundred rep to produce transepidermal injury.
Wilhelmy has also noted that it takes roughly the same dose of slectrons and
soft X rays at the level of the subpepillaery layer to produce erythema. On
this basia, Parker has advocated the use of beta-detecting instruments with
chamber walls corresponding in milligrams per square centimeter toc the thick-
ness of the relatively inert epidermal layer. Thus in expressing dkin dosage,
it is probably more informative to use the depth dose at a level corresponding
to tbe 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 effect with roughly the same energy beta. Poreine skin, vhich is re-
putedly mors like buman skin than other animala, apperently is more sensitive
then the rabbit or sheep skin., Some of these differences, aside from specles
differences, may be due to variation in thickness of the epldermis of different
species and differences in techniques used.

Teble 2 shows beta dosage data from soms human experiments and accldents
found to produce various effects on the skin. These data must be interpreted
with great esution 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 im-

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

In the Mershallese the dose to the skin oould not be calculated with any
degree of accuracy due to the aforementioned reasons., The majority of the beta
radiation was of low energy (average 0.1 mev, Sondhaus 8% al.) and accounted
for the fact that most of the lealons were superficial in nature. However,
there was sufficient penetration of more energetic components at the level of
the hair follicles to result in temporary epilation., Due to the rapid attema-
tion of beta particles in tissue, the skin surface dose may have been quitse
high. The contribution of beta radiation to the skin of the Marshallese 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.
-5 EFFECTS OF FALLOUT RADIATION ON THE SKINM.

6.1 ACUTE EFFECTS. In general beta radiation effects on the skin
are similar to effects produced by more penetrating radiation 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-
ficlal lesions with less damage to the dermias. The lesions are more like those
produced by grenz-rays and ultra-violet rays (MacKee, Cipollarc and Montgomery;
Ellinger). Consequently, they are usually leas psinful and heal more rapidly.
The time sequence of bets leaions varies considerably with the dose to the skir
A general description of the sequence of changes is presented below.

we6.1.1 FARLY EFFECTS. During the first 24-48 hours after exrosure,

RS itching, burning, or tingling sensations of the skin are usually experienced.



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

w2+6.1.,2 LATENT PERIOD, The early signs and symptoms usually disappear
within a few days and a relatively asymptomatic latent period ensues. The
length of this latent period may vary from a few days to several weeks and is
relatec to the dose to the skin; the higher the dose, the shorter the latent
period. In the Msrshallese, the more heavily exposed group developed leslons
about two weeks after exposure, s week earlier than the less heavily exposed
groups.

w+6.1.3 DEVELOPMENT OF GROSS LESIONS. PFollowing the latent period the
evidence of skin damage becomes apparent with intensification of signs and symp-
toms. 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
pigmented skin. Mild lesions may cause only sligit itching and burning and
superficial desquamation from the center of the lesicon outward, leaving deplg-
mented thinned areas of epidermis which gradually repigment and heal the follow-
ing week or so. In the more heavily sexposed Marshallese group of 64 pecple,
about 90 per cent developed multiple, spotty, pigmented lesions on exposed
parts of the body. Most of these leaions were superficial in nature (see
Pigs. 3, 4, and 5), More severe exposure to the skin results in vesiculation
and ulceration., Such lesions may be quite painful and secondary infection may

ecour. 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
conplete. Only about 20 per cent of the Harshalleae‘group referred to devel-
oped ulcerating lesions and secondary infeetion occurred in a fev csses. Le-~
sions on the dorsum of the feet were generally the most severe, showing tullae
formation followed by ulceration (Fig. 6). At three years after exposure some
of these lesions sontimue 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 the sxilliary, puble, or eyebrow
regionas, If the radiation dose to the follicles has not been tco high, re-
growth of hair commences in aeveral months, Permanent epilation may result
Aif the skin dose is high. Usually by five or six months, regrowth of hair is
complete. In the Marshallese group, spotty epllation of varying degrees oc-
curred in 90 per cent of the children and 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 coler of hair from black to gray has been frequently observed in animals
(Hance and Murphy; Chase), regrowth is ususlly of normal color in the mmen
being. Hovwever, Conard and Tessmer have reported a case in which regrowth of
the bair of the eyebrows (previously black) regrew white in a lesion presumably
due to flssion 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 break-
down and repair of the epidermis or chronic, indolent ulcers may result. Also
commonly seen are atrophy, scarring, keratosis and telanglectatic vessela. The

hair follicles, sweat ana sebaceous glands may be injured sufficlently to result



in permanent epilation and dryness of the skin. Such lesions are fertile
ground for the later development of malignant chanze. Lesions of the skin
resulting from beta radiation are less likely to result in chronic radis~
tion dermatitis than are the lesicons produced by more penetrating radjation
such as are sometimes seen following Xeray or radium therxapy.

Malignant chanjes in the skin have .een reported in animais following
beta radiation (Raper et al. Brues, Glucksman, Kolotsky, Sbubik), but so
far as the authors are aware, such changes have not been reported in the
husan being., Though malignancy usually develops at the site of chrondc
eadiation dermatitis, as a result of repeated exposures to radiation, it
may develop as & sequel to mild exposures with little chronic changes in
the gkin., It has been reported to occur in animals following a single exe
posure 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 gkin, the likelihood of skin
cancer in this group seems diminished,

_____.6.3 HISTC PATHCLOGY CF BBTA LESICNS. By and large, the histopathoe
logical changes in the skin procuced by beta radiation are much the sanme
as those produced by gamma or X rays. Since histological changes induced
by the latter radiations have been well documented (MacKee, Cipollaro and
Montgonery; Warren; Bloom and Bloom; and Walbach, etc.), a detailed descrip-
tion of the changes induced by beta radiation will not be presented. A
limited number of studies of the histological changes in the skin of animals
{Snider anc¢ Raper; Moritz and Henriques) and in man (Low=Beer) frcm beta
radistion have been repcrted.

In zeneral the changes produced by Deta radiation are more superficial
thar those produced by more penetrating radiations with relatively much

zreater damage to the epidermis tran te tie dermis. With falleut radiation
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the damagze is apotty im character with areas of damage surrounded by rela~
tively ncrmal tisgue,

The histcpatholegical changes induced in the skinm by faliout in the
Marshallese lesions were studied in section of a numbar of biopaies taken
during the first 7 weeks, at & months and at 2 years, Details of these
changes can be found elsewnere (Conard et al.). Some of the major chanses
seen are summarized below, During the early,acute pericd of the lesions,
the epidermis ghowed marked damage characterized by atrophy and flattening
c¢f the rete pegs with disorganization of malpigian and basal layers and
marked cellular changes (pleomorphic nuclei, pyknosis and cytoplasmic halos).
Additional features were atrophy or absence of the stratum granulosum, im-
perfect keratinization, and loose fibrillation and hyperkeratosis of the
stratum ccrneum. Cells laden with pigment were frequently present throughe
out the epidermis., In the dermis the changes were latgciy confined to the
upper part with edema, telangiectasis of vessels with perivagscular infile
tration of lymphocytes. Chromatophores filled with melanin were prominent.
Fig. 10 shows scme of these changes in a pigmented legion biopsied 3 weeka
after exposure,

By six months there was ccnsiderable improvement in the histological
appearance of the lesiona., The following changes were found to persist
in virying 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 dsgree persisted.

At two years, biopsies at sites of persistent gross sbnormalities re-
vealed that none of the lesions were neoplastic or showed alterations sug~

gestive of a precancerous cendition. In scme sections, scanthesis, absence
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of pigment in the basal layer and atrcphy and benién-dyakeratoais were noted
in the malpigian layer of the epidermis. In the d#rnia degenerative changes
in the colla en were noted frequently, and capillary dilation persisted.
Some of these features may be seen in Fig. 11, which is a section taken at

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

«7 THRBRAPY CF BETA LESIUNS

The treatment of beta lesions during the acute stage is very similar
to the treatment of thermal burns., Mild lssicns will only require daily
cleansing and application of bland antipruritic lotions and ointments. Calaw
mine lotion with 1 per cent phenol is socothing. Analgesic and anesthetic
ointments are helpful in allaying more painful symptoms and in keeping the
skin soft in lesions that are dry and thickened. Antibiotics applied locally
and/or parenterally should be used if geccndary infection occurs, or prophy-
lactically if the lesicn is associated with severe leukopoenia from whole
body tadiation. The above treatment proved quite adequate with the Marshallese
lesicns.,

In severe lesicns with the development of necrotic tissue, surgical
debridement ghould be carried out. Use of pressure dressings, splinting and
elevation of affected parts may be necessary. Early skin grafting should be
coengidered in cases developing painful or progressive chronic radiaztion der-
matitis (Brown et al.). Por more detailed therapy of radiation lesions, the

reader is referred to standard textbooks om the subject such as that of MacKee,

*

Cdpollare and Montgomery.

Several egents have been reported in rec:nt years to be beneficial in
the treatment of radlaticn lesicns of the skin. Among these are preparae
ticns of the Aloe Vera plant (Lushbough; MacKee, Cipollaro and Montzomery).
The use of vitamins sucg as A and D are advocated by some investigatorxs in
the acute stages. The use of triiodothyronine preparations in such legions

Y
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appears to be beneficial from results of preliminary work (Nickson), Prece
nisone injections have been reported to reduce post-irradiation i{nflarmmation
(Matthewscn). Further clinical experience with theae agents is necessary
before they. can be recommended for general use in the treatment of beta
burns,

__.B.IPACTCRS INFLUBNCING SEVERITY OF SKIN LESIUNS PRCM PALLOUT

—+B.1 PHYSICAL FACTCRS. Usually fallout material must be in contact
with the bare skin to result in significant skin damsge. Most of the lesions
in the Marshallese occurred on exposed parts of the body, and protection was
afforded by clothing; even a single layer of cotton material, Since clothing
would probably nct 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 nold the radioactive material away
from the skin. Avoidance of skin contamination by teking shelter offers al-
most 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 fallout material, the time after detonation that the fallout occurs,
and the length of time that the materisl is in contact with the skin before
céntamination i3 sccomplished. Due to the process of radioactive 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 emphs-
sizes the importance of early decontaminaticn of the skin, particularly if
centamination 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 PACTCRS. There are certain biological facters 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 radiaticn than that of others. In ceneral, 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. lesions were more prevalent on the front and
sides of the neck, axilla and antecubital fossae. Another factor is associae
ted with pigmentation of the skin, Darker-skinned people, brunettes. are
known to be less sensitive to radiation than blondes or people with ruddy
complexions, and Negro skin is the most resistant (MgcKee, 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 lesiona in these areas were more
abundant in the Marshallese. This effect is increased in a warm, humid clie
mate, such as in the Marshall Islands.

.+ CONCLUDIMG REMARKS

As a result of the Marshallese accident, the potentialities of sergious
injury to the skin from fallout associated with the detonation of large nue
clear devices are apparent. Of concern alsc is the occurrence of gimilar
radiation injuries to the skin from accidental exposure to radicisotopes which
are being ugsed increasingly.

The skin hazards associated with fiallout can be greatly reduced by take-
ing simple precautionary reasures. Much was learned from the Marshallese é&x-

perience in this regard. This zgoup of people was not aware of the hazards

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

8kin effects coculd have been ;reatly reduced had proper measures been taken.

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

and the skin lesicns that developed on an individual 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 is severe, it may
be advisable to clip the hair close or shave the head.

Areas of the body where perspiration is more profuse tend tc cause
the fallout material tc collect. Such areas should be carefully
checked for contamination. A warm, mumid 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 ig 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 areas 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 micht 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. Diagramatic sketch showing distribution of fallout. Gamms radiation
represented by wavy shaded areas, beata radiation by stippiing.

Ficure 2. 50% attenuation in skin of various isotopes.

Figure 3, Early hyperpigmented moculopopular neck lesions at 15 days. Case 39,
age 15, F.

Pigure 4, Extensive lesiong in 13-year old boy at 46 days post exposure. Case 26.

Fijure 5. 8ame case as in figure 4 six months after exposure showing hesled
lesions and regrowth of hair.

Figure 6, Hyperpigmented rdicd plagues and bullae on dorsum of feet at 28 days
after exposure: One lesion onm left foo ¢t shows deeper involvement. Peet were
painful at this time.

Figure 7. §ame case as in figure 6 six months lster. Foot lesioms have healed
with repigmentation, excapt depigmented spots persist in amall areas where
degper lesions were.

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

Pigure 9. Same girl us in figure 3 six months after exposure showing complete
regrowth of normal hair.

Figure 10. Section from beta lesion of neck at 3 weeks after exposure to fallout.
(X 100) Bpidermis; extensive transepidermal damasge (with slightly less involved
gones on aither side). Loose lamination of stratum corneum, absence of stratum
granulosum. FParakeratinization with exfoliation of pigment containing calls.
Disorganization of tha malpigean layer. Dermis: mild edemm of pars papillaris
with indistinct capillery loops. Pesivascular cellular infiltrate (lymphocytes
and monmoanclear phogocytes), in superficial corium wit‘h telangiectasis. Case 26.

Pigpre 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

telangictasis 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 n 2,500
Raper and Barnes Rabbits " " 5,000
Lushbaugh Sheep 870 0.3 2,500-5000
Moritz and Henriques Pigs s35 0.05 20,000-30,000

" " | Ga®0 0.1 4,000-5,000
" " csl37? 0.2 2,000-3,000
" " sr?0 0.3 1,500-2,000
" " Y91 0.5 1,500-2,000
" " Y90 0.7 1,500-2,000
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Investigator

Wirth and Raper

Low-Beer
1"

Robbins et. al.

Knowlton et. al.

Human Exposure to Beta Radiation

Radiation

1

Cathode rays
(1200 Kv)
Fission Products
(1 Mev. Ave. Energy)

"

1

* Estimated dose in 1st. mm. layer.

Est. Dose (rep)

635

1180

143%
7-17,000 *
1-2000

3-4000

5-10,000
5-10,000
8-16,000

Reaction

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

2nd. degree .
3rd. degree
3rd. degree
3rd. degree
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the damaze is spotty in character with areas of damage surrounded by rela
tively ncrmal tissue,

The histopatholegical changes induced in the akin by fallout in the
Magshallese lesions were studied in section of & number of biopsies taken
during the first 7 weeks, at 6 months and at 2 years. Details of these
changes can be found clsewnere (Conard et sl.). Some of the major chanjes
seen are summarized below. During the early,acute period of the lesions,
the epidernis showed marked damage characterized by atrophy and flattening
cf the rete pegs with discrganization of malpigian and basal layers and
marked cellular changes (pleomorphic nuclei, pyknosis and cytoplasmic halos).
Additiconal features were atrophly or absence of the gtratum granulosum, ime
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 cunfined to the
upper part with edema, telangiectasis of vessels with perivascular infile
tration of lymphocytes. Chronatophores 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 considerable improvement in the histological
appearance of the lesiona., The following changes were found to persist
in v.rying degrees: focal atrophy of the stratum ggsnulosum, 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 to moderate dgg:ee persisted,

At two years, biopsies at sites of persistent gross abnormalities ree
vealed that none of the lesions were neoplastic or showed alterations sug-

gestive of a precancerous condition, In scme gections, scanthosis, absence
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8.1 Scope wad Stzotuca
The cdvent of the ctomic c-o has boon a great stimulug to reseorch da

the field of hematolepy. This is quitce undeosstondable beczuse changes in the

blood and blood-forming organs, imperfce thouzh they may be, still remain

o
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the most sensitive biologico) evidences for coicessive exposure to penetroting
ionizing radiationg. With thig chapter will Le considered the more commuon changes
thot cre induced withia blood and bicod-forming organs by acute and chronic expos-
ure to ionizing radigtions.

8.1.1. BEorly Reports. These chanses hove beea studied extensively since thz
early part of this century. Dospite this, a diverse nass of data cxists in the
litcerature, arising prinmarily from the imability of the cozly investigators to
describe and mecsure adeguately ¢the docstge of ionizing radiation; cccordingly,
therse are many conflicting reports. llowover, the original geports of (leinecke,
1903~-5, remain qQualitatively corzect as doos the :zccllent report oa blood chonges
in paticnts undergoing therapeutic irzradiation (linot and Spurling). An excellient
analytic review up to 1942 is that of bumlop in Varren's genesal review, Siace
then thore hove been verdous gezercd dicsertcotions oa the relatlon of hematopolesis
to the effects of ionizing rodiatica {(Lowrence, et al., aaud Qsgood).

8.2 Cause of Discrepancies in Data. i

In addition to the discoeponcics ia dosoge measurenments, the differcnces
in specics sensitivity and response wese nod apprecicied until the lost two dacades,

yere notanmre of the

s

Cf perticulor importaonce is the fact thot mony investisotozs

differcnce betucen the piciuzes pzoducced by wnifosa tetal-body exposure, uizegqual’

LY

total-body exposure, end that produced by paztizi~body cuposure. Cozplete orx
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partial shiclding of a postion of thz body will greatly increase the amount of
radiaticn that can be tolerated. Many of the phenomena that have bzen described
for irrodiation of portions of the body can be produced only by cmounts of radia-
tion that aze greatly im excoss of tiz cmount of radiation that will kill one
hundred per ceat of the animals., Foo ciample, many of the charccteristic histo-
logic lesions of the gostrointestinzl troct produced by local irradiation do not
develop with amounts of radicticn that produce a 1007 mortality when the entire
body is uziformly and simultoncously irzadiated. The response of the periphezal
blood is particularly altered., In o geaczal sense, 300 £ in a single dose to the
eatize body will give the saze hematolegic respoase as more than 600 r to the
entire skeletal arcas when ¢the abdomen is shiclded. These preliminary zemazks
express the opinion of the cuthors in emphasizing the futility of comparing hema-
tologic responces unless the doscae factors, location and amount of tissue injured
are accurately lknowa, Total absocption of rodiaticn energy as measused by the
geon, roentgen is not satisfactozy cither, becauce the distsibution of the absorbed
encrgy throushout the body, in part, determines the respoase to the total cmergy
eboozbad {see chapter by Dond et al.). Thezefore, the remarks in this chapter will
be lorgely linmdted to the effects oa the blood produced by evenly distributed,
penctrating, icnizing rodiations of the same type to the whole body of animals,
This type of expesiment con bezcndily duplicated., However, it must be appreciated
that these conditions may mot epprox:imate the conditions of radiation during an
atenic bomb explosica. For excmple, thoze may be considerable shielding of various
poztions of the body by coancrete and structural steel after detonatica of an atomic
bozb over an urban area. Regardless of that fact, this type of labozctory siudy

oint for ctudy of rodlation phenomena of the waole animal that

3

affords & stazting
will serve as o point from which one com begin to exizzpolate to man. This dis-
cussion fuzther will be genecrally limited to the sublethal and zesgo to 100 per ceat
lcthal ronge.
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Since one purpose of preseating thisz material is to provide a moze complete
backgrouad by wiich cae might beticor undosstond cnd prophosy from animal data
wiat chonges may be anticipated in ¢z bLlood of maa ofter an atomic bomb esplosicon,
it would be desirable if the radiaticn fron ctomic bomba were uniforn and mono-
chromatic. Unfoxtunately, diverzse zaysc of varicus caezgies and uncqual shiclding
by buildings, heovy machizery and misccllioncous intervenins objects in an urban
arca will produce s shadowing cffcct ond uncqual depth doses in the body of man
and give, in many instances, uncqual toral-body cxposure to the spectrum of ioniz-
ing radiatioa produced by an atomic e:plocion. 1Ia addition, tke encrgy of the
scattered radistion will be o function of the scattering medium,

8.3 Mechonigm of Injury.

The mechonisa by which the ccllular chiongzes toke place has been the

source of concidezcble sesearch. Chonges in the hematopoictic system ore obviouse

diatica upon protoplasa in gonere-
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ly a response $0 the basic effects
al. These effectis arc considered in seposate choniers (see Chapters VI and VII).
The problen of rodiosensitivity of blood cellc in ¢he pesipherzl blood in contras

to cells in the hematopoictic organg, pasticulorly the stea cells, has been inves-
tigated at lengtha. At ¢he present time there is no good evidence that the mature
ceils in the pesiphieral blood are significantly offccted by amcunts of rodiction
in the sublethal and 0-1C0 per coas letlhal roage (zoughly 0-1000 r will cover all
mannalicn species), with the probable emceptica of lymphocytes. 411 the evidence

indicates that changes in the peripzoral b*cad are %ke dizcet ond indigect resull

cr

[§]

of injuzy %o the formative ¢clls in the hamotopoictic ozgans. Ia the higher dose
ranges, hematopoicsis is stopped, of lcoct temporozily. From about the LDsg (that
dose which kills £0 per ceat within o given time 1init) down, hematopoiesis is im-

paired for a varichle time.
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8.3.1 Direct ond Abscoptl Effects. The problem of direct versus indizect
(abscopal) injury of tha hemntopoietic érgans has interzcsted mony workers and as
yct has not beea satisfactorily answered., Kornblum, lderaer and Henderson state
that pazticnl body radictien, as in thezopy, has both o direct and an indiscet
effect upon the peripkeral bleod and organs of hematopodesis., The indircct cffect
upon noa-izscdicted parts is presumebly mediated through circulating tomic pro-
ducta. Similar indirccet effects have been alluded to by many other workers.
Osgood, by virtuc of a bone marrow cultuze technigue, concluded that thare werse
no indirzect effccts. Barnes cnd Fusth, usins parabiotic animals, concluded thot
there was a slight but definite indizect effcct on the non-irrcdiated rat of the
parcblotic pair. Lowrence end ossocictes, in a complete anclysis of thz problen,
reviewed the existing literatuze ond presented cvideace, based on cross-circulatioa
experinents, that led thenm to belicve that there is no goed evidence for the pres-
ence of circulating toxins that siznificontly offect the peripheral blood., It is
thz opinion of those writers that the subject i3 not settled but the weisght of the
evidence today strongly cuzgests that there is no circulgting "leukotonin® thaot acis
in a destructive monnes on the blood ond organs of hematopoiesis or other tissues,
The use of the term “indircel™ by biologists has been questioned by Mole since
chemlsts have priority oa its use in a mionner distinctly different from the way in
which it has been uced by bioclozists. Chemists use it to deseribe the effects of
radiation medicted by tha products of isradiation of water (the chemical effects of
free radiczls, peronides, efc.). Accordingly, Mole hes coinced the term "obscopal®
to describe effects touing place remotely from the site of irradiation. The prob-
len of cbscopzl effects hos been investigated by Raventos end Doad et al. The
lotter group coacluded that abseopol effects, such as spleen, thymus and adrenzl
weight changes, develop only if and when the izrzadiztion given imposed a severe
stress on the onima) gs indicated by gross illacss. Under such conditioas, chonges

in gpleen, thymugs and adrenal weights are cherzocteristic of the stress syndsoze,

o bl
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Ldaiman et al. have reporicd evidence for the cxisteace of a radiotoxin in
irrcdicted animols. Similor expeziments waze repested by Compo et z2l.and no
evidence was found for existence of a toxzde ellfcet in gerunm from irrodiated ani-

mals o3 measured by moxrtclity or zplenic thynic woisht deczease in animzls

mols. Thase experizents do

8

transfused with seruxm obtoined from irszdisnted an
not support the concept but nezotive cperimcats do not eliminate th2 possibilie-

~

ty of a rcdiotociin,
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3.4 Rate of Chzange in Perighascl Couats.

The rate of chanze of various elements

go

the peripheral blood is re-
lated to the usual life span of the blood cell. HMHeace, the rate of change in
t.e level of the posticular cells in the peripberzl blood follicwing radipgtion
injuzy, when production is impaired, or ceascs, is the result of the balance be=-
tween the rate of ulilizotica ond raie of pzoluction. In the case of the red
blood cell of man, which has a 1ifce syan of clout 125 days--a nmuch loager life
spen thaon all of the other foomed elemonise--clonges in the red blcod cell level
tcke place at 2 much slower rate than vhite calls or platclets. Ia man, if il
red-cell formation were $o ccase, thoge would be a doily deficit of about 0.83

per cent of the total red-celd manmn (Windzeobo). Tha tucnover of plotelets,

*

granulocytes ond lymphocytes is mot Lnoim with cericimnty. 2ilztelets arze reported
to kave a life span of peshaps 4 to § doys (Lowzence and Velentine). Granulocytes

reputedly have a life gpan of 3 to 5 doys (MAdowms, Saundezs and Lowsence) . Lympho=-

et
[

cytes sre reporited to be exiremely shert lived, with a life measured in hours
(Lowronce, Ervin ond Wedzick). Hezmiliton and Csgood, however, zeport a life span
for some lymphatic cells of 2he ozcder of 1CQ coys waich is not widely accepted.
Ixcept in the high~dose ronges, ulere clil homolopoictic activity clops, the rate
of disappoarance or deczease in tho nuaxber of walle colls will be slower than the
theoretic rate of utilization. This lotter will be fruc only if the rate of
utilization is normal ofters izradictica i the lethol ronge. Irradiction in the

IR R R
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1cthal range may either directly or indizectly increase the rate of utilization.
For c:ample, the animals become susceptible to infection, and the development of
infecticns will defindtely increase ¢he rate of utilization. Thus the rates of
utilization thaot are mcasurcd ia an izzadiated animal may at times give valuces

greater than ¢h2 nogmal utilization. In the case of platelets, this

that oo

(0]

dses not seca to be the cose.
8.5 Scasitivity Factor.

There is considercble differcnce in the radiosensitivity of the stem
cells. Pzccurcozs of eryilhrocyies (Cloom and Bloom) and lymphocytes (Varzen) are
extremely sensitive to ioaiczing scodicticn, The precursors of the groanulocytic
scries are cpparcatly less rodiosensitive. Megakaryceytes appear relatively une
diminished in nuzber in tho bode mecsow of doss exposed to lethal amouats of
rediction for 2 pesiod of 3 to 4 days after izzpdiction. In foct, megoloryocytes
are still secen oan the thizd day ia the bone mosrow of dogs exposed to 3000 ¢ of
2.0 mev total body ue-ray, an gmsunt of roadiction that is about seven timesg the
hundzed per cent lethsl dose for dogs. In gemercl, the immature cnd prolifcerating
blcod cells are more scasitive ¢o irzcdiation than the adult blood cells. However,
tue reticuloendothelisl cell, the coxzen ancestor for gll blood cells, is remache
ably sadioresistont. In otker words, radioseasitivity of the blood-forming cell
seens to go throuszh a masimm in the course of maturation (fig. 1). Under sorzmal
conditions, the actively prolifcrating cells are the more radiosensitive. This
105t statemend anporently does not oid for all conditioas. Investigations by
Jacobson et cl. have shovm that exmtremely hyperplestic erythroid tissue is morZedly
rodioresistant. In cddition, Tullis hos presented histologzic evidence that there
oze cncepticns to the low of Bergonil oad Tribondeau. It scems that the rodio-
cesistonce of the reticulcendoihellzl cell and of hyperplastic erythroid tissue

chalienges in part the classical low of Be:gcnié sand Tribondeou. This law states,
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"The biologicel acticn of roecantzex zoys i3 greater the highoz the reproductive ac-
tivity of the cell, <the lonnez tha perlod of its mizesis, and theo less the degree
of differcntiation of the c21l in secycet to its morphology cad function.”

Recovazy of the stem coldlis, their mepzoductive rote, tha relcase from the
morrow ond the sate of destruction dotesnine the regppecsance rate of the peri-
phesal elements. It may toke many montis for tho number of cells in the pesipharad
blood to retura to pre-izradiaotion levels (fics. 2 and 3). Why tha pecipharal

level of leujocytes i3 sematimes get ot a loutz level for o long period is not

O

knowm, Perhaps the pelecse mochoniza is altered. In this respect, Brecher et al,

have showm thaot the level of blood cells in the periphzzal bicod of the mouse re-
covering from rodintion injury is not a geod Andesr of the octiviiy of the homatoe-
poictic organs. For example, thc:e nay be emtremely acctive konmatopoicsis with per-
sisteat low lcevels of leukocytes in the periphera) blood. Residual injury of the
formative cells may be maaifested by ¢he lo%e copecronce of blood dyscoosias.
Similar deiay in recovery was scen in the MNorchallese (sce scctieca 8.6.5).

8.6 Varictions in Number ond Mozpholezy of Dlood Cells,

Specific chaonges in the morpholosy cnd number of cells im the periphol
blood have been exmtencively studied. Posticulor cifcnticn has teen paid to tha
relatiocachip of doszze to the mosmifude ond zate of changes in the blood. The
changes that toke place after a single exposuze Yo ionizing radiation will be con-
sidered first. Jacobson and associa%es haove studied cxtensively the effect of
single doses of differcnt magndtude upea the blood of robbits. All mommals scem
to follow ¢he same genercsl patiern, cucept for soma diffescnces in the rote of
change.

Lcloy hos described the homatolegic chznges thnt were observed in the Jopon-

ese casualéies ot izochima and Nosocohi, Those choages will aot be discussed in



compaszable to that in lzoboratory anizmals in most respects, with the exception that
the temporal relationships appenr diffcrent. It secems that it took a longer time
for the Japanese casucliies to reach the minimun ncut:ophile and plaotclet lecvels
than 1t doecs in lchoratory animals, Zie recder is referred to th2 study of the
hematology of atomic bomb casunitics by LeRoy, and to the report of the hematolo-
ical findings in tha Marshallese cenposed to follout radicztion (Bond ¢t al.).

8.6.1 Lymphocytes. Lymphocytes are particularly seasitive to radiation.

In vitro studics by Schrek show that there is an increased rate of destruction of
normal lymphocytes after exposure to os little as 50 r. Onae of five suspensioas
of lymphocytic leukemic celis was relatively inscasitive to x-xroy. Schrek, in
further studies, decided that, "x-rays accelerate a normal metabolic process in
lymphocytes. Tko degeneration of irradiated gnd non-irrxadisted cells results from
tha development of single or multiple focal intronuclear areas of hydration.”

Tae lymphocyte icvels in the dlood begin to decrease immediately after expos-
ure. Tbe mzgnaitude and the rote of chanse are closely related to the gmount of
radiation received, porticulozly in the sub-lethal dose range. In the higher dose
roages the rote of dicoppeazcace of lymphocytes probably approachzs the rate of
utilization beeause production has been completely stopped; or disappenrance nay .
exceed the pormal rate of utilizotion beccuse theidiffuse celiular injusy moy ine
czease the demoad for lymphocytes and thodir metabolic end productions. Thus it is
easy to understond why chonses in the lymphocyte levels can only be used in esti-
mating sub-icthal ciposure. Oace all hematopoietic ectivity is stopped, chonges
become in past o function of rozanl utilizatien except when the doscge is so great
that the cells cre destzoyed dizecily in the peripheral circulatica. Ia zobbllis
(Jocoboon et 2l.) a mamdimua decrease of gbout 25% in the lymphocyte count is de-
tected 24 houss after exposuzc to 25 r. Recovery cppears within two deys. Toz
greater the docage, the grector the depressicn in ¢he lymphocytes. At 880 ¢, a

P
depression of 90% occurs in the fizst 24 hours. At a dosege of 300 x (LDog 50)
0TI
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(tha? coge whica kills 50 per ccnt of th imals within 30 days), recovery in the

robbit tokes cbout 50 days from tho time of ¢ho emposure. DBetueocen the 3rxd and the
Sth days after exposure, theze i3 o temporary teadency for the lymphocytes to ine
¢rease in number., Thig 1s follc:wrad by o deocorcose to almost the mominmum depression
that wos present 24 to 72 hours after cipogsuze (fiz. 2). This type of zecovery
followed by a wave of destruction, iz, in generzl, charcciezistic of all blood
cells and tissues (Jocobson et al,, Dlcoxm). Similar changes were observed ia swine
exposcd to 1000 Lvp x=~roy In vazious cocozes, aad in dogs affer 2000 kvp z-ray
(Czonkite et al.).

8.6.2 Gronulocytes. In vitro studies on gronulocytes have demonstrated that
both the normal gronulocytes and myclozencus leukemic cells are resistant to ze-ray
after doses of 1000 r (Schrek

Changes in th2 number of gronulocytes in tha periphezal blood follow a differ=-
ent course (fig. 3). Im genercl, 2l gnimals zespond with 2 pesiod of gronulocy-
togis predominately mcutzophilic o heterophilic (rabbitc) during the first 24 %o
48 hours ofter exposure to amduatg of rcadictica in the sub-lethal and lethal soage.
This groaulocytosis appeass o5 two pecks in the robbit ot cbout 12 and 18 hours
after exposure. The first pexk may repoeseant mobilizaticn of gronulocyies throughe
out the body. Tke secczd peak may be cduc to cceclezated liberation of cells frono
the bone marrcw. The gronulocytocis ucucily doos not last for more than 24 hours
but may last loazer in some species aad under certoin conditions. A definite greaue-
locytosis, howover, appears duzing the first 24 houzs in the dog bul the biphasic
recpoase of the rotbif wos not obzesved. Cenresally, the masnizmum depressioa of the
groaulocytes is cttained by 72 to 96 kours ofter esposuze. Recovery of the gronulo-
cyte levels bezing by 10 o 15 doys oficr cposure, or sooners with smell doses. 1Ia
genesal, if gronulocyte levels <o mot Increose oz cemadnm constont, even though at a
low level, by the 15th doy, death ucuclly casucs (Coonhidite). As a zule, there ase

: -

onc or more cbostive rises in the gronulocytes tint gppear betweea the thizd cad

=2l species and the dose of radiation.
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12th doys after exposure, depeading oa th
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This abortive rise is folzly conscistent cad gpperently has little prognostic value,
It may last for only 24 hours. Th2 cause of tgis abortive rise in leukocytes is
not well undersiood. It may be cormpozable to the waves of regenezation oad des-
truction that have bocn doscribed for other organs (Bloom). It has mot been seen
above LDZ2) in dogs and swine. Vorious explonstions have been offercd. Somatic
mutotions of precurcors that resuld in obnormal progeay have been ccasidered (Bloom)
and Jacobson). These projeny or their precursors may have shorter life gpons.
Tiere is no satisfoctory erplanatica ¢o date for this phenomenon.

8.6.3 Rzythrocytes. Chonges in the level of the red blood cells are much
less striking in the ecsly period afder irrgdiation in the mid-lethal dose range.
There is 1lit¢le increase durdng the first few doys. Inm gnimals thet survive radig-
tion in {he 0 to 100% lethal ronge there is o definite decrezse in the levels of
thz red cell count, hematocrit reodings oad hemeglobins betucen the 20tk znd 30th
days of ter exposure. The mominua desree of anemia is usually reached azound the
15th to Z0th days in the gurvivors. In the cairals vhich do pot survive, there is
usually a mazked decrepse in the red cell levels o day or so befo:e death. The de-
crease in the red cellds 2ze duce to thoee factors: (1) decsease or cescation of pro-
duction of red cclls; (2) increzsed destructicn; (3) rrhage (Jacobson et al.;
Cronlite, Schwzss et al.; Davis et al.). The occasional macrocytosis ¢hot is scen
in swine and other pnimals cbout 10 to 20 doys cfter exposuse to & low lethal dose
is due to a conconitont reticulocytosis occuring os a zesult of rpooeneszation of tha
bone morrow with release of laébe oumbers of reticulocytes in ths periphezal blced

(Czonkite).

i

An increase in the nember of ¢inc red cells Iis uncommon except in the high dose

ranze, &s was seen at Dikind dusming the atomic bomb test. Thare were some anixals

that developed a macked hemoconcentrciion within a few cdoys of the exposuze (fig. 4).

he hematocrit of ona goat aitoined ¢ value of almost 80%. This hemoccacentration

")

)

s due to dchydration resulting from cnoremiz, diarchea, etc.
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8.6.4 Plotelets. Plotelets decreased at a rate between that of the red cells
and the pranulor leukocytes. Perhops platelets cre as scnsitive an index to expos-
ure to acute irradiztion as thae goanulocytes in the rabbit (Jacobzon et all). In
swine, goxts ond dogs, tha deescase in platelets is definitely less rapid than that
of the gronular leuliocytes (Coontite). Frequently the platelets trend upwards for
4=5 days after irrociotion follouwing which there is a decrease uatil platelets dis-
appear or become constoat at a lower level. Above doses of radiction that produce
a 90% moztality, the respoense of the platelets is maximal with platelets dicappear-
ing from the circulotdion by the 11%a day. With lesser doses of rodiction, the
platelets do not coxpletely discppeas but become constent at 8 lower level, This
level is opporently 2 function of the dose of rodiation received. This new,
relotively constoat level moy be mointained for 2-3 week

The xelztive recponse of gronulocytes and plotelets at different per cent
mortalitics 15 illustroted in figures 6 gnd 7. With a 107 mortclity tho platelets
appzcach zeoro but gre maintzined constoat at sbout §% of the normnl rgonge. At this
doge the gronulocytopenia is only moderate and infections werse not prominent clind-
cally. In ceatrost to this at C0% and 100% mortality, the platelets ond the gronue
locytes seach zero gond infecticas ond hemorrhage are obviously prescnt before dezth.

The foregoing statements cover the general picture of what occurs to the peri-
pherel blood clenments afters a cingle intense exposure to ionizing radiction. IHowe
ever, this does not give a sufficieatly complete picture of various facts and ob-
servations abtou?t the response of the blcod to total body or to rathor large segmene
tal cxposure as scea in thoesopeutic ircodigtion of some malignancies, or to whal
misht be anticipoted following exposure to misted radiations of diffcrent penetsa-
bilitics.

8.6.5 Hcm:tclocic:l'sindings in the Marshallese IZxzpossd to Follout Radiztions.

In Mozch 1954, groups of Marchollece ond Amazicans were accidentolly exzosed to

0
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falloul: gomma ond bata rodicticns fron o megaton device. The groups waere observ
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cazcfully aftes ¢he exposure, and details of clinicad gad laboratory findinns
kove bteen published (Cronkite, Cond and Dunhazm). Tiz moct heavily exposed group
s composed of 64 Marchallese loecicd oa Renselco) atoll at the time of the acci-
dent, and the findings in this group will bz daslt with moct extensively horce,
None of those exposed diecd as o sesult of the izrodictica. The Reagelap people
received an estimnted dose of 175 r© of pommc sadiztion (edir dose), sufficient beta
radiatica doce from adherent materisl ¢o sesult in icsions in some eiposced aress
of gkin (chapter by Conzcd et al.), cnd minimsl =n21 contaminaticn with radio-
nuclides (chapter by Roberztcon cad Cokn). Consicdezcble uncertointy exists in the
magnltude of doses received; however, the Rongelap group con be consideszed to
reprcsent the high sublethal emposure gonge. Hocmtologiczl depression wes con-
sidered to have resulted froa the gomma cmposuze with 1itile or mo contribution
from the surfoee beta or internnl emitters,

Sexizl hematological detesminpticns including totaol vhite count, differentinl,
platclet count znd hematocrit wesze mada oa coch copesed individuzl over tha initial
observatica period of 72 doys, ond zepeat determinctlions kave teen mode ot 6 months,
and then ot yearly intezvels folleuwing tha ciposure (Conazd et al.). Dotoils of
methods and initinl. findings have beca zeposied (Cond et all). Uactposed groups
for comporisca wore cbserved indticily ond ot dhe times of follow-up studles;
however, vorictions in findings in cocatzol gooups have psesconted difficultics in
precize intespretatica, es in the Jopanese ciposed ot Hizochima and Mosasaki,

Th2 aversage lculocyte ond ploteles counis are ghom grophlcenlly da figuzes

o

cooup weze done o1 posiecinogsure doy

U

8, 9 cad 20, The fizst counts ca $ha Reagelrs
3, ot which time a drop in total wiiZe c¢iust s ovident {(tho coposed Amezicons

total white cocunt in thoe £isst 40 hours, oo hos baea reported
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the unoxposed populations by 2 years., The time course of neutrophil count clianges
fclioued clocely that of the totod waifte count. Lyaphkocyte depzessioa was eacly
and profound (figz, 9) with grodual ceturn tevacd nozmal., The counts remained belew
aat of the uncmiiposed groups o% 3 yeard. The platclet count reached a low at
epproxinately 4 wacks (£ig. 10) with fois-ly ronid indtlol recovery followesd by a
seccadacsy depression and slow return tovards nocnsl. At three years the me
platclet counts wore otdil elishtly boleow the moon of the wmexpoced populcticn.
Tha bomatocerits of no tize were zemockobly different from th2 uneupogsed levels.

t the times of peck depsmession, some individucls hod ncutrophil counts belew
0C0/m=3 and platelet counis belew 7s,cao/m3. No infections attributzble to the
ncutsopenis were observed, howcver, ond an epldceaic of upper sespizctozy infectiean
at cpprozimotely the time of mavimum ncutrophil depression wos cgually cevese in the
heeovily ond mildly exposed groups. MNo hemorrhagic phenomena could be attzibuted to
the plzotelet depression, AlY dndividunls were ambulotory thoouzhoud, and no thezapy

(othor thon for the skin lesicas) beyond that routinely required for gay losge
groups of individuzls was necessazy oo adminlstered becouse of the rodiotlon expos-
ure.

Thz fin s allow accusaie documeniaticn of the response of the Luzoa being
to total-body pgarma exwposuzre in the kigh sublethal ronge, not pogsible in i
Japconese exposed at irochima gnd Nogosooki, The tinme course differs in dmportoat
aspects from thot scea in most loborctory animals, Tha dotal white count siiswa aa

eazly rize, with only mindmel lcvezing wntil manimin depressiea occurs of apsooni-

mately 6 weeks. A similas trend is scon vwith the peutrophil count. The droy in

ymshocytes is cacly and gevere. The piotelet count folls in a zegulos foshien,

[

zreaching o low of oppromimately I3 doys. The rote of xecovery is considezably
clcuer thon would be aaticipoted frea latozotory cnimal dota ond ig incompledc ot

v -

3 yeazs. These {imadings oxo concigtent with the incemplete data cveilzble on the
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Japonese exposed at iliroghima and lososclhi, ond witlh the findings oa the humon
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beings exposed in reactor accideants (cce Zend et 2l.). Thoy
with later findings in paticats cxposed tharepeutically eithes to Zotal-body
x-radiction (Mdller, Pletchzr end Cezzinery Nickeoa and Doac), or o internally-
edadnistezed radicauctides (Wolins).

8.6.6 Splenic, Thymic Weight Docsease. Casters et ol. hod previoucly denmone
strated a very close cozzelaticn betuecn ths doze of rodizZioa aad the decrease in
tiie spleaic and thymic weights oa ¢tic St doy ofter coposure to rodiction., These
observations made it possible to uce the decccose in splendc thymde weight for

mmalizn doglimetry oad in studying the effcess of substances that moy primarily

Tzis type of ctudy hos beoen exteanded by Xalle-

‘ .

neutralize the effect of rodiztica.
man and Koka. Ia their studics the 2ime of minimum woisht and dose response did
not follow a simple zelaticachip. The dasta btoehave as if there are tuwo independent
ccll populztions with diffcrent scnsitivities. Iiowover, thymic.. wedght 5 days
after icxadiation was a lincar fuactica of the legzositha of the redictlon dose, as
showm by Carter et al. egrlier. In theic homcs the gystea was very useful as a
biolosical dosimetes, Anothor coseful mathomaticol onalysis of the weight loss of
the thymus and splcca was that of Stzoud et ol. wbkd cze esscnticlly im cgreoment
with Corter, Kellmen and Zohka on the basic zolationchip and the ucefulness of the
pzocedurcs,

8.6,7 Miccellonesus Siudies. Warren hos exmphasized the greot instabilily of
the boae marrow im gome people who 2ove b2ea erposed o onall amcunts of rodiction
(less than 50 ). lleashow, Goodfelleow cad Uarzen aove ail pexmochked upon the great
diffezences in stroin, sgpecies, ond individunl in responce to gppromimolicely the
same dose. Lorenz hos domoncitrated $hz sreciers sensitivity ond the moze unifornm
zesponse of the inbred znimals to chzenic emposuze o radictlon. Goodfellow bas
showm that humons under treatment foz concoer with zodium, in gsuch o maaner tiat a

large volume of %tissua is exposed, respond witi aa indtisl leukocytosis. His

S0 TT00



grophs demonstrote the pihicnomcenon called "coasting®™ in which the white blood count
continues to recade after thorapy is discontinued. Mayncord has shown that ree
peated small exposuzces to :-zay may cause more complete gnd long-laosting domage to
the beae mazgoew than a siozle exposura.

22 ciznges induccd by chronic low intencity exposure ¢o iconizing radiztioa
will be considered in the section ca the detectlon of exposure to ionizing rodio-
ticn.

8.6.8 lMozpholegy of BElecod Cells, iozpholozlce chaonges in the leukocytes are
varied. Degenercting lymphocytes oze seen in the circulation. Lymphocytic nucled
mey be frogmented, pyhnotic, cloves~cioped or only the usual nuclear pattesn may
be ailtered. Nucleoll moy bocome very prominent, presenting the picture of “cuwl's
eye nucleoli? (llarzcn), Large phococytic mononuclecs cells may be seen coataining
auclear masses and occecionel zed cells. The cytoplasa of the monoauclencs may b2
eicessively basophilic., Vacuolies moy oppear. IXomoture cells moy be prescat. De-
generoting granulocytes may be seca 3n the periphozal blood. Toxdc gramulation,
vocuoles ond basophilic moy be obsezved. Plotelets show some changes along with a
zeduction in numbez., Glant hypesclkzomctic pilcotelets axe usuzlly preseant. Mega-
ko-oyocytes have beenm reposted 29 anpearinz in the blood, + ware not scen in the
bicod smears of the Dikini animols, Supravdial stoing with Jonus green and ncutral
red are zeported os demonstsoting olterzticns in the mitochondsia and ncutrel zed
bodies, Dickic and Hempelmonn hawve shovn that there is an increase in the aunber
of refractile ncultsa) red bodies of the lymphocytes of perscns acutely and chronde

cally cxposed %o ioniczing gadiztion. These bodies are scen only in suprovital
prepazaticn, arc rnot specific for zadintion, gnd were 2lso seen in the lymphocytes
of perseng working with toxic chomlecls. Bilobed lymphocytes have bteen reported in
the blood of humzoa beolngs chrenically exposed to reodiation and of human beings

va~”ing around cyclcirons (Ingram). Eypecsegmented neutrophils have slso been

gcen.
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3.7 Late Zifects = Leuvkemia.
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end associzies hicve shewn tiot over 0.21 © per doy will, in general, increase the
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in mdce, including leukemic processes. The forceroing
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adictlon azc not concluzive proof flint lewleomia czan bo caused by doniszing rodice

[

ica in =an, bul tharze is such o strony cozrelotion thot 1% would be foollardy ine
decd to igmoze the probable zelztionchiy oad not to take advantose of every con-
ccivable means to reduce tha exposure ¢f 2il bumons 4o o minimum, end in addition,

ectively suppozt ond opercte pootoctive gad investipative projecss to prevent eoxe

S$.7.2 Leukczic ofter Sine or a Fow Regeated Doses of Radiation. Heretoforze,

with the ezception of the relaticaclip of chronic exposure to leutenmiz inducticn
discussed in the previous scctica, theze hod been litile work on the influence of
single or repested doses of rodinticn ca leulcemogzenesis, ’} wayes, susvivors froa
tha atomic bombs at iliroshima ond Nogocoki whn were close enough to the hypoceater
to hove geceived zadiation im the pofcatinldly lethnl gongze show a significantly
grecter incidence of leukemia ¢hon did svrvivoss in the group outside the zanse of
goamax radiaticn (Molecney). Those vho hod severe, acute radiation illness have

shovn tha highest dncidence of leuvicezmiac, The leutemia hos been predominanily

mycloid zad,to 2 lessez exteat, moundcytic. Tids is in controst to rodiagtion-inducad

levtemia of gnizcls, waich usually hns boen lymphoid. In the preclinical sicio of
huzan leukezmia, a low allhnlizme phocphotose of separcted leucsceyies was found clong
with a noutzophilic leukocytosis and the prescnce of inczezsed numberg ©of boso-
philles. Moleacey and cscocigtes suggest thal sodictionm-induced chronic mycicgonis
louerla ig otizibuloble to a doss of growtheregulating foetors. Inm additica o
tha zppenzance of leuvleaiz In tho atoz bomd susvivess, leulenmin zns now boen shsaa
to occur felicuing radioioding fzeatzment of thyroid corcinomn (Clom et 2i1.).
Pu:ti::mu:c. Court-Drewm hne observed o cignificant increcse in lerenia in humoa

bedngs wio have been treated for ootlziltis of ¢he spine with n-rcoy.

‘o
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Tae pathogeacsis of leulemin inductlon Ly raliction hos been extensively
gtudicd, It hog boen olly revicwad by Fuzth cad Uston. A1l types of Zonizing

-

radiztica arce leuhiemegenic. Single aad zepeocnted emposurcs caa produce ioukemia.

Repected propezly spocced expocu:cs'rc::lﬁ in o more ropdd inducticn and a highez
incidencc. The inducticn rete incccoses with the dose. Physiologic and geaetic
foetors mosledly influence the inductics of lculenia ia mice. fadzogens ond coz-
igone inhibil, and estrosens enlinee, the induciica of lys:lhold leukenia, Costie-
cene, hovaver, does not dnhibit iz poclucticn of myeloid lewtemia. Suaielding of
the nozmzl splcen, wihich centoing all tyses of hemzotopoiefic ticsue ia the mouse,
protects cgainst lymphoma inductica in some stzoins of mice a5 do injections of
bone marzew suspensioas (Lozenz, Congden, Doplon ond Brewn, reviewad by Cooakite
and Cond).

Eaplea has cosried on on extencive serics of ctudics on lymplisza iaduction
in mice. These classicsl siudies hove showm hot o nestlculoz fractionation ine
creases the induction of lymphoma, oozl thyzic lrmzadiantion 1s ineffective in
producing the tumors. Removal of the tLymus pzeveats the lyophoma dinduction.
Subseguently they ghowed thot thigh ghicldins aad injecticns of mazmzowr suspensions
aeceelerates the zegenercticn of Lhynmic tissua cad cocaconitoasly thynic lymphoid
tunozrs are inkibited. Reccnt studles love choum Lot lymploid fumors develop ia

into thymoctomiced irzzodicted mice. This

[N

non-izradinted thymic ticcue grofie
observotica would appess to estoblish tho doveolopment of o cancer in a tissuz not
exrpoced to the cooeinogenic cgent. Ilowowver, & cocoreinogenic effect of trouma gad
necrosis in the groft moy howve o coatrmibutory effcet, ond celd aigroticn to the
tzancplonted tissuc comnot be ruled cul obsolilcly. Reeently Ionlon ond gscoci-
ates kave showm o definite tine dependonce for pootoction ooningt induction of

sug toae maszow, Lymphoid tumor induc-

Ci

leuwkenmia in mice by injections of homslc
tion ig mowmicnlly inhibited ylea injeciicas coe made one ond one-hoif Lourg cfter

tha lost z=-zoy dese. After 16 doys, tho cbility ¢o inkibit 4ho inductleon of tusmozs
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was lost. This proup studied ribonuclcic acid (RINA) and desoxyribonuclicic acid
(C34) in thy=ic cclls of tihigh ehicided and nonshiclded irradicted mice. It was
found that tihic LI levels per thyzic cell do mot vary with ase or treatment
gzoup and that RUA remzins ceastont with time in tho contsol group, but RUIA in-
czezses 1 to 5 days ofter iccadisticn with a prompt return €0 mormzl in the thigh
sideldad group., Thz RN per coll onc DNUW/INA rotio remain markedly clevated over
the entire cource of treatment in ¢ho unshielded irrodicted group., These authors
suggest that the sustcined clevetion of DUIA moy Lo related to tumor induction,
gince shiclding prevents inductlea ond recults in a ropid return of RNA to normal.
It i9 quite evident ¢hot leulkenosencsis by ionizing rodistion ond the inter-
actions between normzl gnd izzadizted hemopoictic tissues and endocrines, which

are proved to imflucnce induction, ore most intricote. Oa the basis of the zeports

-+

to date, it is not pocsible to datermine whetlhes the non-irradizted hemopoictic
tissues supply 2 celliulcr or huxmoszeldl foctor that inhibles the induction. Thoze i3
evideace fozr bLoth views. I%¢ is olso coaceivable that the mermal ticsues may be

copable of neutzalizing o factor litarcied frem the irredigted tissuss. The nature

of tha interactions betwoen irrcdicted ocnd normal ¢issucs and the infilueace of endoe

.

crincs on icgodizted tissues remain obscure, but the existence of thace physiclogical

intercoctions that influence leuhcxogenesis is wquestioned.
Tze upguestioned, harmful lotae effects of ionizing raediction on homotopoiecis

lozicolly leads o 2 discussica oa the volue of a study of the bleod in protecting
I Y 3

ecoingt cxcessive cxposuse 4o icaiziag zodiction.
8.3 Factors Influcacing the Iifect of Ionizing Radistion.
Pootective facteors ace discuseed in detoil im Casnter 10, scction
though preprotective onenis moy protect old cellulpe systems into which tha

henicnl substances con peretrote, the most siriking effects are seen in the biood-
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8.9 Tue Detection of Radinticn Injury by llematologic Procedures,
hic detection of radicticn injury lozicclly €alls into two categories;
the detection of the bricef, intenze cxposuse gad tha detection of cunmulative small
exposurcs. Dy homatolocic sizndards, thz detection of the brief, intense esposure
is fairly saticfactory in aonimals., Ilowever, tae carly hezmatologic chonges in nan
ter single inteanse total-body cposure (o verious dosages are nod well know
It is regrettable thot few blood studies wese peszfozmed oa the Japanese casualties
during the first week after the atomic boob eiplosicas. Thesefore, it 1s necessary
at this time to attempt, for the nmost past, to extrapolate to mon from animal data.
However, the Marchallese dota help coasideradly.
8.9.1 Acute Bxposure. PBegimnins shoztly after the acute exposure, oac can
icipate a proapt deczease in the toial lymplideyte count. The decrease will
roughly be propont te to the doszne ia the sul-lcothal zoaze (fig. 2). The moxi-
mun depression will zppear within 24 to 72 kouzs. The sTeater part of the foll
tokes place within 24 hours. Ceoaconitont with a lyaphopenis, o ncutrophilic lculo-
cytosis (fig. 3) can be empectod. Toz auxter of refractile meutrol red bodies in
the lymphocytcs will probobly imcsease. From o practical standpoint, the following
conclugiong can be dzovas
1. If tzeze is mo cignificont deczoace in the total lympisceyte couat durdng
thz fizct 24 hours, the ¢mposuse has probably bzea dess than 25 r of
total~body ionizing radiation.
2. If & lympaopenia of minor degzea oopeass with very nild or with no
symptong, the exposuce is probably less than 100 =,
3. If tho depzecsicn in lymphocytes epproximaies 500 oz more of the uzucl
lyaphocyte count of moa, and cympioms are prescead duzing the fisst 24
hours, oae can conclude that ¢Lo cxposuze kas beea quite heavy, in ene

cess of 100 z.
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Needless to say, tihz detectioa ol minor degrees of lymphopenia necessitates

a koowledse of normal lymphocyte lovels of $he percoa coaccrned. Uader conditions

'.\-

of aa atomic catastrophe, this information will probably not be svailable, nor
will it be feasible-with precent techniques to‘pc:form intensive blood studies.
Cther mcans of detecting cuposure to ionizing radiation are:

a. the syastomatolosy

b. pessonnel radiation dosimeters and

c. the adistance from the exploding bemb
These will be discussed in Chapies on Diz~nosis and Theropy.

The satisfactery development of pood electronic blood-counting devices greatly
simplifies the logistics of pezxforming enormous nusbers of blood counts in a
catastrophe.

8.9.2 Repeated Srmall Exposure. The detection of repeated szall cumnulative

zposures by hematologic studices poses an entirely differeat probica and losically
becones part of a brood health protectiion progrom. OCbservations on the blood of
nmzn chronically emposed 2o radiatica ore lepion, Leukocytosis, lympbocytosis,

utemoid reacticas, leukocytic lerlhexmins, erytarocytosis, reticulocytosis, leuko-
peaia, thsombopenic purpura, aplastic ancmia, lculopenic leukexmia, refractive ancu-
tral red bodles in the lymphocytes aand changes inm ¢he bleood cocgulztion kave been
described as occurring after choonic exposure to iondzing :adiations. Froa a ce-
vicw of the literoture, the following hematologic observations coa be considered
as presumptive critezia of eucessive exposure to iondzing rodiation or other toxic
tgent:

1. Persistont leukepenia (VIC below 4000/c.mm.).

2. Persistent leujocyiocis with an absolute iymphocytosis (WIC cbove

15,000).

3. A macrocytosis (mean corpuscular voluzme increased, a shifi to the

right in 4bhe Poice~Jenes cuzve, oz aa increased mean cozpuscular

500 11 9 diamzterd).



4. Reticulocytosis (reticulocytes above 2 per cent).
5. Dzythrocytosis (RCC over 5.6 million per c.ma. or hemoglobin over
13.0 =./100 cc. blood)
Willizms hos anlyzed the volue of blood studics cad protcction asaingt radias
tion iajury and has ccacluded that numesous soutine counts are unnececs sy wherze

good centzol of all circumstonces is maintained. ibweves, in radiaticn arces

(&)

more highly coatrolled hematologic studics are nceded in order to obtcin more in-

formation oa the threshold aond pesmisscble values. Folde zad Wahlberg hove
anclyzed the lowering of the leulocyte count in humon beings produced by minute

emownts of whole-body radizticn. T2y have utilized a siatistical analysis, Ale
tiough the meca leuxocyte count is unchanged, the dispersion arcund 4he mean is
considerably deczeased by low empos use to dorodiaticn, thus moking 4t possible to

use this stotisticol paramater o5 oa indicztica of irrzadiaticn emposure.

Q

o2t of tzld ¢t gl. who hns observed in the
coatzol populaticn in Japon thot wos not enposed to zodiatioa of the ztomic borbs
that there has beenm a progrescive deczczse in tho Qeukocyte count over a peciod
of the icst tem years. Tie reoseas foz ¢his chance arze obscure but obviously com=
pliccte the anclysis of chronically ciiesed poyulcotions,
8.20 ZIvaluztion of Dload Chanzes.
The above crifegin mesult frox cithozr o doprecsion of or s increasced

Clichmont of tha prmesence of these coiteria

p

lobility of homatopeciesis. Th2 cc
con be greatly ossicled by perfozming pozcoliled studics ca comparzoble groups of

human beings wio aze mowm zot to be Qinsosed 4o zadizfion or any other toxi agent.

counts of the suspected gooup or fndivicual cza be compazed to the post-enposure
cowmts, If there is o siznificont cionge in the loites, one caa state with soza
certointy that fhere hos been emcessive enpocure to some toxiec pgent. A pood
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criterion of excecsive exposure of a group %o radiation is a significznt decrease
in the gzou, tverage leukocyte count Lelow tha pre-exposure level or below the
averz,e of the coatrol grous. As scon as cny of the above criteris have been
demonstrated, the individunls must be romoved from aay possible contact with
radiation and the following studics chould be pexformed inm order to dotexmine if
radiztion dnjury is the couse of the obaormality. In principle, ¢he use of a
gToup a5 its own pre-crposure control sounds secuze, but admittedly the observa-
ticas of Wald et al. indicate the potential unrelicbility of this approach.
Accordingly, wiwcnever pocsible, a compazable populaticn of unexyosed people should
also be folloied.

1. ZIndecvor to eliminate 21l other causes of temporary hematologzic ab-

nozrmalities, such ¢s infectlous monoaucleosis, infectious lympho-

cytocis, imfectious hapatitis, wvirus diseases, benzol and heavy metal

2. Study the cxereta and expired air for the possible presence of ion-

cadiation to help determine the type and degree of internal ex-
posuce o rzdioactive isotopes,

3. Study the blood at weelly intervals to detect further changes and to
scorch for tha prescace of refractive, neutral red bodies in the
lyaphocytes.

n this discussiocn of tha role of hematologzy inm the detection of chronic

[

radiotion injuzy, i; is cppropricte to state the chonzes discusced goppear geaer=
ally ofter the damoge has been sustcoined. The madn protection azaingt icaizing
rodicticn injury nmust be on cccuzate physical contsel of the radiztica intensi-
ties to which peorsonnz2l aze empescd.

In concluding this seectica, tas zeader is referzed to the wook of Inowlien

and Corter in waich a group of ton individucls wore corefully followad over a long
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period of tizme wiile they wesze beoiny chzondcezlly exposed to radiastion. The

In pzevious editicas of thMc bool, & loag detailed discissuion of the
various facets beliecved to ceatribuie to homorshkzone were discussed. Much of the
controversy hos beea resolved., Histericolly (Fesznou, Schromel ond Zorzychi;
Fabricius=-Moller; Lacassagae, Lattes ond Lavedan; Shouse; Warrea and Whipple)

obscrved hemorrhage. The most criticzl observaticas on pathogenesis weze mode

lead shielding of o leg during irzadiction preovented 1ates bleeding and the
th-oxbopenis wos much less marked, (Sce Caznplter 10 for dotailed discussion of
gkicldinz.) Allen and associntes cloinmed thot heparinenmis was a major couce of
bleeding in ccddition to the thoexmbopenia im ixradicted doss, and that the throzmbo-
penia actuglily scensitizes to heporin. Of the datier these is 1ittle doubt. The
ccacept of increascd amounts of cizculoting hkoporin was yeodily aceepied, probably
because positive treotment by cntihepasin could, in lazge part, coatzol the bleed-
inz. Suca hos mot proved o be the cosce aad ¢he hopasinceamic concept has, in
general, been zefuted (Joacksea et al.)«. Thz psos cad cons are discussed in previ-
ous editicas of ¢this book and im a zmeview by Croniiite and Brecher.

ne follcuing defects in hemostosisc ¢hat lcod to bleeding scem o be well
documcated. A progressive thrombopenic develops that is time- and dose-dependent.
The thrombopenia leads to o quantitcotive deficicney in clot cetsacticn, pro-
thrombin utilirzation and capilliosy integzity. Lastly, at very low platelet levels
with virtuzlly no prothronbin ceavessica, the whole blood-clottiing time becomes

remaziobly prolenged. Ulcezations, trouma ond infecticns increcse the bleeding

tendency (Crzoakite; Csonlkite ond Sreckor, Jackcea et 2l,, ond Leloy).

The most direct evidonce ca thz cole ¢f the platelet has been the proof that

s ma
Ll W(blatclct tronsfucions will preovent bLiceding or stop bleeding thot hos alzeady
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commenced (Crealiite et al., tloods ct al,., and Allen). The control of the bleeding
id not increase the survivel rate at the LD~y level or above.

Tz platelet level a2t uvhich blceding may occur spontauncously was studled by
Loamezton et cl, in cots. At plotelet lovels above 40.000/mm3. blecding ond
ancmia did not occur. Simiiccly In human baings exposed to fallout with platelet
counts as low 25 35,080/m>, bleceding was not observed (see sectica. 8.6.6).
Lostly, theze is a reod species diffcrcnce‘iqwthe raete of fall of platclets in mon
and other mammals (sce section 3.6.6).

8.12 Value of Hemﬁtologic Studics in PrognSQis of Acute Radiztion Injury.

From thz serizl studics of the blcod that bave beea discussed, it be-
comes apparcent thot there arze ceztedin hematologic signs that con be used as prog-
nostic guldes. None of these prognostilc guldes is absolute. Tha velue of hemato-
logic studies in radiation injury may bte summarized as follows:

8. A favorable prognosis is sugsested by an early reticulocytosis, a re-

turn of platelets, a granulocyte count greater than 1200 per cubic mm,
cnd an carly refura of the lyaphocyte.

b. An unfavozcble pomoznosis is suzgested by a complete disappeazance of
the lymphocytes, grzoavlocytes ond platelets, and on increase in the
cleiting time with the desvelopmeat of puspura and particularly when
accomjonied by fever. In animalé. &t least, if the favorable prog-
nostic signs listed atove do not appear by the 15th to 20th day after
eposuse, death is usuci. The cuperdences of the Jopanese phiysicians
peralliel ¢he above observations, emzcept that recovezy occurred mora
slculy. Poor nutzition may hove altesed the natural course of tha
discase in th2 Jopancse. Uafortunately, exceptions occur end it is
impossible to prognosticate accusately the outcome of rodiztion illness

oa the basis of hemztologic signs.



8.13 Relaoticaship of ths Homatouoietic Sysiem to Survival ia Radiztion Injury.
Tals subjeoet ig ertomsively cdlscucsed in Chapter 10, section 10.
Suffice it to say hore thot 212 post-radicztica protcetive measuses siudied in ande
mols &ppear to citlics accclerata tha reoenczation of homatopoletic tissues ox to
inczease the survival time (antibioticc) by contzol of infection to give more time

for tha spoatancous regenration of the injuxzed hemopoietic tissues.
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Fig, 8.

Serial Mean Total Lcukocyte and Neutrophile Counts in the

Rongelzp People Exposed to Fallout Radiations
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Serial Mezn Lymphocyte Counts in the Rongelap People Exposed to

Fallout Radiationc,
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Figz., 10,

Serial Mean Platelet Counts in the Rongelap People Exposed to

Fallout Radiations,
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