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ABS IBA CT 

Following the detonation 0f a thermonuclear device in the Marshall Islands in the Spring 
of 1954 a significant amount of radioactive fallout material was deposited on neighboring Pa­
cific islands. Of the 239 Marshallese people and 28 hnericans exposed,64 Marshallese on the 
isla~d of Rongelap received the highest dose of whole-body penetrating radiation (an estimated 
175 r), the most extensive epilation and beta lesions of the skin, arxi small amounts of in­
ternal absorption of radioactive materials. Other island groups were less heavily irradiated. 
This report is concerned with the epilation and beta lesions which occurred. 

~any individuals in the higher exposure groups complained of burning and itching of the 
skin during the first 24 to 48 hours after exposure. Epilation and skin lesions were observed, 
beginning approximately two to three weeks after exposure, on skin areas contaminated with 
fallout. Bluish-brown pigmentation of the fingernails was also a cC11111on finding. No primary 
or secondary erythema was observed and consistently the first evidence of skin damage was in­
creased pigmentation in the fonn of dark brown to black macules, papules, and raised plaques. 
1be lesions developed largely on the exposed parts of the body not protected by clothing, and 
occurred usually in the following order; scalp (with epilation), neck, axillae, antecuhital 
fossae, feet, limbs, and trunk. Epilation and lesions of the scalp, neck, arxi foot (dorsal 
surface) were the most camJOn. 1be majority of lesions were superficial without vesicle for­
lllltion, and after silll>le dry desquamation healed and repigmented. Approximately 20 percent 
of the people in the highest exposure group developed deeper lesions, usually. occurring on the 
feet or neck and were characterized by wet desquamation with ulceration, •Mild burning, itching, 
and pain accompanied the lesions. The majority healed rapidly with nonspecific therapy. Re­
sidual pigment aberration consisting of hyperpigmentation arxi lack of repigmentation and mild 
atrophic changes were noted in some deeper healed lesions at six months and one year. Regrowth 
of hair, normal in color and te!~ture, began about nine weeks post-exposure and was complete at 
six months. Biopsies of typical lesions at three to six weeks showed changes consistent with 
radiation damage with marked epiderRBl damage and nuch less severe dermal damage. Biopsies at 
six months showed only a few residual changes. The nail discoloration had "grown out" c~ 
pletely at six months in all hut a few individuals. 

Submitted by authors 16 February 1955. 
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For Official Use 
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INTROOOCTI~ 

Between approximately 5 and 10 hours after detonation of a thermonuclear device in the 
Marshall Islands in the spring of 1954, a significant amount of radioactive fallout was de­
posited on neighboring Pacific islands. Exposure to fallout of personnel living en four of 
these islands resulted in whole-body radiation from g1111111a rays, skin lesions and epilation 
largely from beta irradiation, and a minimal amount of internal radiation. This report is 
concerned with the effects of fallout on the skin and its appendages. 

(kl the nnst heavily contaminated island the fallout was described as a powdery material, 
"snow like," which fell over a period of several hours and whitened the hair and adhered to the 
skin. Less striking fallout described as "mist-like" was observed on two other islands. Fall­
out was not visible on still anotrer island which was caitaminated to only a mild degree. The 
severity of tre skin manifestations was roughly proportional to the amount of fallout observed. 
The canposition of the four island grrups and incidence of skin lesions were as follows: 

Group 

Rongelap 
Ailingnae 
Rongerik 

Utirik 

Composition 
Fallout 
Observed 

64 Marshallese . Heavy (snow-like) 
18 Marshallese Moderate (mist-like) 
23 White Americans Moderate (mist-like) 

5 Negro Americans 
157 Marshallese None 

Extensiveness 
of Skin Lesions 

and Epilation 

Extensive 
Less Extensive 
Slight 

No Beta Lesions 
or Epilation 

Evacuation of exposed persainel to Kwajalein wrere medical facilities were available, was 
accomplished one to two days after the event. It was not until this time that thorough de­
contamination of the skin was possible. 

Skin examinations were carried out almost daily during the first 11 weeks and then again 
at 6 months and 1 year after the accident. Examinations of unexposed Americans and native 
personnel were also carried out for c~arative purposes. Color photographs and biopsies of 
lesiais in various stages of development were taken. 

SIGNS AND SYMPTOMS 

[)iring the first 24-48 hours after exposure, about 25 percent of the Marshallese in tre 
two higrer exposure groups experienced itching aid burning sensation of the skin and a few 
also complained of burning of the eyes with lachrymation. Those S)'q>toms were present to a 
much lesser extent in the Americans on Rongerik atoll who were aware of the dangei;, took shelter 
in their butler-type buildings and bathed and changed clothes. These precautions greatly re­
duced the subsequent development of skin lesions in this group. 'The people on Utirik, the 
furthest group away from the detonation, suffered no early skin s~toms. By the time of e­
vacuation, one to ty,o days after the event, all symptanatology subsided. Qi arrival of an 
emergency medical team on the ninth post-exposure day, the exposed.personnel all appeared to 
be in relatively good health with no unusual findings on skin examinaticns. The only evidence 

. of radiation injury was significant depressiai of peripheral blood elements. However, further 
evidence of radiation. injury became apparent about two weeks after tre accident when epilaticn 
and skin lesions began developing. 

Erythema of the skin was not observed either during the early examinations when a prunary 
erythema might be expected, or later when a secondary erytherna might be expected. 

After subsidence of tre initial skin s~toms there were no further symptoms referrable 
to the skin until the gross beta lesions developed. [Airing the early stages of developing 
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DAYS POST EXPOSURE 

Figure 1. - Co111>arison of the Incidence and Time of Appearance of Epilation 
and Neck Lesions in the Rongelap and Ai lingnae Groups. 
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lesions only itching, burning sensation and slight pain were experienced with the more super­
ficial lesions. ~ith deeper lesions more severe pain was experienced. The deeper foot lesions 
were the most painful and caused some of the people to walk around on their heels for several 
days during the acute stages. SOOE of the more severe lesions of the neck and axilla were 
painful when turning the head or raising the arms. There were no constitutional s)'lTl>tans as­
sociated with the lesions. 

DESCRIPTICN OF LESIONS 

1. Skin lesions* 

a. Gross 

The time of appearance and severity of lesions varied with the degree of skin exposure 
in the different groups. The Rongelap group which showed greatest radioactive c<ntamination 
of the skin (according to instrument readings) were first to develop lesions and epilation at 
about 12-14 days after the accident. They also suffered the most severe lesions. The lesser 
exposed Ailingnae and Rongerik groups lagged about a week behind in development of lesions 
which were less severe and extensive. The Utirik group.did not develop any lesions which could 
be attributed to irradiation of the skin. The relative severity of lesions in the different 
groups is apparent from the fact that 20 percent of the Rongelap people developed ulcerating 
lesions while only 5 percent of the Ailingnae and none of the Ronger~ people developed lesions 
of this severity. Ninety percent of the people of Rongelap ard Ailingnae developed lesions, 
compared with only forty percent of the Rongerik group. The lesions were not nearly so ex­
tensive on an individual basis in the Ailingnae or Rongerik groups as in the Rongelap group. 
A comparison of the incidence and time of appearance of epilation and neck lesions in the two 
groups is illustrated graphically in figure 1. 

Nearly all the lesions were spotty and developed on exposed parts of the body not covered 
by clothing during the fallout. The majority of individuals developed rm.tltiple lesions (par­
ticularly the Rongelap group), most of which were superficial. There v.ere several days' dif­
ference in the latent period for lesions on different skin areas. The order of appearance was 
roughly as follows: scalp (with epilation), neck, axillary region, antecubital fossae, feet, 
arms, legs, and trunk. Lesions on the flexor surfaces thus tended to precede those on the 
extensor surfaces. Tables 1 and 2 show the incidence according to age and time of appearance 
of lesions in the various groups. 

In the early stages all lesions were characterized by hyperpi~ntation in the form of 
macules, papules, or raised plaques. These frequently were snell, 1-2 nm. areas at first, 
but tended to coalesce into larger lesions in a few days. Most of them had a dry, thickened, 
leathery feel. 

In those lesions which were superficial in nature the pigmented stage was follo....ed after 
several days by dry, scaly desquamation from the central part of the lesion outward, leaving 
pink to white sanewhat thinned epithelium. As the desquamation proceded outward, a character­
istic appearance of a central depigmented area fringed with an irregular hyperpigmented zone 
was seen (plate 11). Repigmentation began in the central area and spread outward over the 
next few weeks leaving skin of relatively normal appearance. Plates 3, 4, 11, and 12 show 
superficial ·lesions as.they appeared initially and six months later. One of the mildest mani­
festations of skin injury was the development of a blotchy increased pigmentation of the skin 
with barely perceptible desquamation. Such lesions were most often noted on the face and 
trunk. 

• The description of lesions refers to the Marshallese unless otherwise indicated. 
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Table 1. - Lesions in Rongelap Group 

Percent of Total in Age Group having Indicated Lesion 
Type of 
Lesion A~ 0 - 5 yrs. Age 6 - 15 yrs. Age 16 yrs. and Over 

( 13 people) ll3 people) (38 people) 

Epilation 
l plus 
2 plus 
3 plus 

Total 

Skin Lesions 
anus-groin 
scalp 
neck 
axilla 
antecubital fossae 
hands-rists 
feet 
arms 
legs 
trunk 

Nail Pigmentation 

• Post-exposure Days 

7.6 
38.6 
53.8 

100.0 

38.4 
100.0 

69.2 
61.5 
30.7 
30.7 
23.0 
15.3 
7.6 

15.3 

61.5 

38.4 
30.7 
23.0 
92. l 

0.0 
100.0 
76.9 
7.6 

38.4 
23.0 
53.8 
15.3 
23.0 
23.0 

100.0 

13.8 
5.5 
8.3 

27.6 

0.0 
37.0 
68.0 
15.7 
34.2 
18.4 
53.0 
10.3 
4.3 
4.3 

95.0 

Table 2. - Lesions in Ailingnae and Rongerik Groups 

Median Time 
of First 

Total Grou) Cliservation 
(64 people of Lesions• 

17.2 17 
17. 2 17 
22.0 16 
56.2 16 

7.8 17 
62. 5 18 
70.3 21 
23.4 21 
34.4 28 
21. 8 . 33 
45.3 28 
12.5 31 
7.8 33 
9.4 33 

89.0 38 

Type of 
Lesion 

Ailingnae Group 
(18 people) 

Rongerik Group 
(28 people) 

Epilation 

Lesions of: 
sea lp and face 
neck and shoulders 
back 
axilla 
antecubital fossae 
hand and wrist 
feet 
legs 

Nail 
Discoloration 

Percent of Total 
with Lesions 

16.7 

38.9 
61.0 
0.0 

22.2 
11.l 

5.6 
16.7 
5.6 

17.7 

• Days post-exposure 
•• cne case claimed slight epilation 

- - ! "') 5 G U I J J 

Mean Time of 
Appearance• 

27 

26 
27 

24 
28 
38 
33 
44 

38 
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Percent of Total 
with Lesions 

3.5•• 

10.7 
14.3 
7.1 
3.5 

25.0 
3.5 
3.5 
o.o 

17.9 
(All negroes) 

Mean Time of 
Appearance• 

42 

32 
30 
28 
23 
29 
47 
43 

40 



Scalp lesions usually accompanied epilation (plates 13, 17, and 19). Some individuals 
tended to develop new scalp lesions over a period of aha.it a month. Neck lesions were usu­
ally of "necklace" distribution, beginning at the front usually and spreading posteriorly. 
They were mre severe in wanen where the thick hair touched the nape of the neck. Neck lesions 
are illustrated in pl ates 1-4. Axillary lesions (plate 11) usually consisted of coal esc in g 
papules. Antecubital fossae lesions usually were characterized by thickened plaque fonnation. 
Several babies and one wanan developed lesions in the anal region which though not detp were 
painful due to excoriation of the epidermis. They healed rapidly. 

Lesions of a de~per nature were seen on the scalp, neck, feet, and in one case on the ear. 
The early pigmented lesions were similar to those described above but tended to be larger. 
They were characterized by transepidermal necrosis with wet desquamation leaving weepin~, 
crusting ulcerations. Vesiculation was not observed except with foot lesions which developed 
bullae, frequently· several centimeters in diameter, beneath thickened pigmented plaques. After 
several days the l:ullae ruptured ard desquamated leaving raw ulcers. Some of these lesions, 
particularly of the feet, became secondarily infected requiring specific antibiotic therapy. 
However, rrost healed rapidly and new epitheliun covered the ulcerated areas in a week or ten 
days. Foot lesions are illustrated in plates 5-10.- One ear lesion (plates 13-16) took several 
months to heal. 

The repigmentation process in some of these deeper lesions presented certain abnormalities. 
Neck lesions tended to develop a dusky, grayish-brown pigmentation associated with a thickened 
"orange peel" appearance. Histological appearance of epidernal rugosity w'as also noted in these 
lesions (see section on histopathology). In addition, the deeper lesions of the feet failed 
to repigment, remaining a pink to white color. 

At examination 6 months and 1 year after the exposure, the skin appeared nornal with no 
residual changes in the vast majority of cases. However, sane of the deeper lesions continued 
to show slight evidence of residual damage. Foremost among these was the ear lesion which 
showed healing but with coosiderable scarring, atrophy, scaling of the epidermis, and gross 
telangiectasis. This was the only lesion in which future breakdown appeared likely. By 6 
months the hyperpigmentation and thickening of the skin of the neck lesions had greatly sulr 
sided and by 1 year little of this residual change cculd be seen. Foot lesions continued to 
show no repigmentation at sites of deepest involvement and sane atrophy of the skin in these 
areas was apparent. 

b. Microscopic 

Biopsies were taken of seven neck, and one axillary lesion in the Rongelap group during 
the third to fourth week after exposure. At the time of biopsy these lesions were in the hy­
perpigmented stage with little or no desquamation. Most of the biopsies were taken from indi­
viduals. with lesions of greater than average severity. A second series of biopsies (repeats 
in three individuals) were taken from this group, four at the seventh week and five at the 
eighth week post-exposure. These were taken from the neck and antecubital fossae. All of 
these lesions had desquamated and the depigmented skin had repigmented to a dusky, gray color 
with some thickening of the skin ("orange-peel" a wearance), plates 25 and 27. Biopsies were not 
taken from open lesions or from the feet for fear of infection. A third series of 11 biopsies 
were taken fran the Rongelap group at 6 roonths along with several control biopsies from unex­
posed natives. Material was obtained from sites of previous lesions, mostly in individuals 
who had previous biopsies. 

All biopsy wrunds healed rapidly within a week to 10 days with no secondary coinplications. 

The microscopic findings are sumnarized as follows: 

First series - 3rd to 4th week. Epidermis. - Transepidermal danage was noted with a few 
intervening arcades showing less damage (plates 21 and 22). The epidermis in the most ex-
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tensively involved areas showed ccmsiderable atrophy with flattening of the rete pegs and. in 
places the epidennis was reduced to a thickness of two to three cells (plates 21,23, and 24). 
1he cells of the malpighian layer showed pleomorphic nuclei, pyknosis and cytoplasmic halos, 
giant cells and in a few instances nultinucleated cells. Pyknosis of cells of the basal layer 
was ccmnonly seen. Focal disorganization of the malpighian and basal layers was usually present 
in the more extens~vely daDBged arcades (plate 23). Cells laden with pigment were frequently 
present throughout the epidermis and intercellular pigment was noted in some sections. 1he 
stratum graniloswn was usually atrophic or even absent. Imperfect keratinization with para­
keratosis was visible in all sections. The stratum cornewn was loosely fibrillated and hyper­
keratotic. Sporadic cases showed early dyskeratosis. 

The arcades of minimal danage were usually fowld in areas where sweat ducts approached 
the epidermis (plate 22). 1here was an apparent increase in the number of eel.ls and mitotic 
figures along the neck of the ducts and the adjoining areas where regeneraticm was underway. 
In these areas the stratwn granulosum appeared almost normal in width. In contrast to the llOre 
severely damaged areas whe_re pi~ent was increased, these areas of minimal danage showed an 
actual decrease, being almost entirely pigment free. 

Dermis. - Oianges in the dermis were confined largely to the pars papillaris and super­
ficial pars reticularis (plates 21-24). Mild edema in sane cases was noted. Capillary loops 
were often indistinct and when discernible they frequently were associated with an increased 
nwnber of pericytes. 1he endothelial cells showed swelling and were polygonal in shape. Tel­
angiectatic changes were noted in these areas where the overlying epidermis shoted greatest 
danBge which were associated with perivascular l~lxx:ytic infiltration. Oiranat~hores, filled 
with melanin pigment, were praninent in the superficial dennis. The fine elastic fibrils 
rtDllling into the pars papillaris were often altered or absent. 

Little if any damage was seen below the superficial pars reticularis. The hair follicles 
were narrow and in most instances devoid of shafts in this region. 'There was sane telangiectasis 
of the capillaries and slight mononuclear cell infiltration. Sane of the large elastic fibers 
in this region showed slight swelling in sane cases. No damage to fibrocytes or collagen fibers 
was noted. 

Second series - 7th and 8th weeks post-exposure. Epidermis. - In general, reparative 
processes of the epidermis appeared to have been good, except for a few persistent areas of 
atrophy with narro.ving of the epidermis and finger-like downgrowths of the stratum malpighii 
(plate 27). These changes occurred in areas of greatest narrowing of the stratwn granulosum. 
In such areas basal cells often showed accentuated pigment content. 1here were many outward 
epidermal excressences covered by thickened stratwn corneum, still loosely laminated, (plate 
25), which prd>ably accounted for the" orange-peel" appearance of the skin noted gross! y. In 
almost all instances the basal layer was intact with little or no disorganization. There were 
a few scattered areas in which occasional epithelial cells with pyknotic nuclei and perinuclear 
cytoplasmic halos occurred in the malpighian layers (plate 26). 1here were occasional arcades 
in which the epidermis and particularly the stratwn granulosum, appeared to be widened. 1hese 
occurred primarily in relation to contiguous sweat gland ducts where. the latter penetrated the 
epidermis. A narro.v zcne of parakeratosis and anorphous debris was still present between the 
stratum granulosum arrl the loosely laminated stratum corneum. 1he stratum lucidum was not 
apparent. 

Dermis. - The capillary loops in the dermal papillae were not uniformly distinct. Peri­
cy tes remained in increased number but fewer lymphocytes were present. Generally, there was 
a slight telangiectasis of the capillaries in the pars papillaris and the superficial pars 
retirularis (plate 27). There was some edema of the pars papillaris (plate 25). Scattered 
pigment-laden chranatophores were irregularly distributed in the papillary layer (plate 26). 
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In some cases hair shafts in the superficial pars reticularis were narrow or absent; in others 
the hair shafts appeared normal. Small hair follicles (plate 25) and sweat ducts in sane cases 
showed mild atrophy. 

Biopsies of three pigmented lesions were taken fr<m two of the white Americans of the 
Rongerik group. Only one of the three gave evidence of danage, which was slight and confined 
to the epidermis. 

Third series - 6th month post-exposure. - Sections of skin at this time revealed some 
changes persisting in the epidennis and to a lesser extent in the dennis (plates 28 and 29). 

Epidermis. - The following chaiges were found to varying degrees: focal atrophy of the 
strattun granulosum; .slight focal pigmentary disturbances in cells of the basal layer; slight 
to mderate hyperkeratinization; and slight disturbances in polarity of epithelial cells in the 
the s~ill persistent basal papillary projections. 

Dermis. - In the dennis, telangiectasis superficially persisted fran a slight to moderate 
degree in most of the sections, and contributed t.he -orily abnormality noted. 

2. Epilation 

The incidence and time of appearance of epilation in t.he various groups is illustrated in 
tables 1 and 2, and figure 1. Epilation was first observed on t.he fourteenth post-exposure day 
in the Rongelap group, and sonewhat later in the other groups. It was of a spotty nature md 
was confined almost entirely to the head region. Epilation was divided arbitrarily into three 
degrees of severity. "!+"-indicated loss of hair without obvious thinning; •2+" i.nti.cated loss 
of hair sufficient to cause thin spots; and "3+" indicated an extensi~ epilation with bald 
spots. Table 1 illustrates that there was a greater degree of epilation in the children (0 to 
15 years), with over 90 percent developing epilation to some degree as coq>ared with mly 2~ per­
cent in the older age group. The preponderance of scalp lesions in the areas of epilation in­
dicated that radiation from t.he fallout material on the skin was primarily responsible fer the 
epilation. Only three cases of mild epilation developed in Ailingnae children and one case of 
questionable epilation in one of the Americans. 

Regrowth of hair in almost all individuals was noted c<J11Dencing some time during the third 
month post-exposure. By the 6 months' examination cOOFlete regrowth of hair nonnal in color, 
texture, and abundance had taken place. Plates 13-15, 17,18, and 19 show epilation and regrowth 
of hair. 

3. Nail Pigmentation. 

An unexpected observation was the awearance of a bluish-brown pigmentation of the finger­
nails which was first well documented on the 23rd post-exposure day. 'lhe discoloration began 
in the semi.lunar area of the fingernails (to a lesser extent in the toenails), and tended to 
spread outward sanetimes in streaks. As the discolored area grew outwards the semihmar area 
usually becane clear. Plate 20 shows pigmented bands'in the nails at 77 days. At six months 
the pigmentation had grown out with the nails, and was no longer evident except in three cases 
which still showed pigment at the distal end of the nail. 'lhe pigment aweared to be on the 
under side of the nail plate, between it and the nail bed. Discoloration of the nails was seen 
in ·a large prq>ortion of the two higher exposure groups (tables 1 and 2). 1he phenanenon ap­
peared 'to be a radiation response peculiar to the dark-skinned races since it was seen in all 
of the exposed American Negroes and in none of the ...ftite Americans. This lesion was not ob­
served in the Utirik peq>le or in unexposed Marshallese. Since the mil pigmentation occurred 
in individuals wi. th out skin lesions, it aweared to be the result of a more penetrating ganma 
coqxment of radiation. 
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TREATMENT 

The treatment of the skin lesions was largely nonspecific. Most of the surerficial lesims 
were treated with calamine lotion with me percent phenol, which in most cases relieved the 
itching 'and burning. A few of the hyperpigmen ted lesions not relieved by calamine with phenol 
were treated with pontocaine ointment, with apparent success. When the epithelium was desqu­
amating, all lesions were treated by daily washing with soap and water followed by the appli­
cation of a water soluble vanishing type ointment which kept the injured skin soft and pliable. 
Raw areas, which became secmdarily infected, were cleansed with soap and aureanycin ointm~nt 
dressings were applied. Bullous lesions of the feet were left intact as long ·as no symptans 
were present. If painful, the b.tllous fluid was aspirated with sterile technique to remove 
the clear straw-colored fluid and a pressure dressing applied. A single aspiration was ade­
quate since the bullae did not refill. In one instance, an extensive, raw, weeping ulcer de­
veloped for which penicillin was given for two days. IA.tring this time the lesion developed 
healthy granulation tissue. Some of the lesions of the skin of the foot rerreined thickened 
and less pliable af~er desquamation. 1his was relieved by the use of vaseline or cocoa butter 
to soften the tissues. One persistent ear lesion did not heal after desquamation. 1his was 
treated daily with warm boric acid corrpresses and washing with surgical soap to remove the 
eschar. Slowly, regenerating epithelium grew in from the edges of the ulcer. Upon re-exami­
nation 6 months after exposure, healing was complete with a depigmented scar remaining as evi­
dence of the previous ulceration. 

FACTORS INFUJENCING SEVERITY OF THE LESICI'iS 

1. Character of the Fallout Material. 

This material was composed mainly of calcium oxide from coral, with adherent fission 
products. Fifty to eighty percent of the beta rays emanating from this material during the 
exposure period were soft with an average energy of about 100 kev. Since 00 microns of tissue 
produces 50 percent attenuation of such radiation (1), a greater portim of energy was dissi­
pated in the epidermis which is roughly forty to seventy microns in thickness. The remaining 
20 to 50 percent of the beta rays had an average energy of approximately 600 kev. 1he latter 
would penetrate well into the derrre since it takes 800 microns of tissue to produce SO percent 
attenuation of this energy radiation (1,2). In addition, a wide spectrum of gamma energies 
irradiated the skin. Approximately 10 percent of the total ga111JB spectrum was below 80 kev 
which would be absorbed largely in the superficial layers of the skin. The remainder of the 
gamma spectrum was distrib.tted between 100 and 1,600 kev with a large proportion between 600 
and 800 kev. 

2. Dose to the skin. 

The skin lesions oh9erved resulted primarily from beta radiation fran fallout material 
deposited on the skin, with minimal or no cmtribution fran chemical irritation. 1he garmna 
dose to the skin was small carpared with the beta dose, and thus relatively uninportant in pre>­
ducing the lesions. The entire surface of the body of the people of Rongelap received approxi­
mately 175 r fran gamma irradiation derived from fission products distributed on the ground, 
trees, and buildi~s. To this 175 r would have to b~ added the beta conponent from this source 
which might be large in view. of the high ~ta to gall'l!B ratio in fissim products. To these 
doses 'Mluld have to be added the major contribution (beta) from the material in contact with 
the skin. The latter cannot be calculated, or estimated biologically with aiy degree of ac­
curacy. A rouf!ti approximation of the dose received at the hair follicles can be Rede as follcws: 
since epilation occurred, the hair follicles must have received a cbse in excess of the knONll 
minimal epilating cbse of aboot 400 r for 200 kvp X-rays. Since regrowth of hair occurred, the 
upper limit of dose at the depth of the hair follicle must not have exceeded the permanent epi­
lating dose of around 700 r of 200 kvp X-ray (3). From this a rough idea of surface dose may 
be made. A dose to the hair follicles canparable to 400-700 r of X-radiation nust have been 
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due almost entirely to the more.penetrating beta COIJl>Onent (average energy, 600 kev). There­
fore, the surface dose in rep f ran this carponent alone must have been of the order 4 to 5 
times this depth dose, i.e., roughly 2, 000-5, 000 rep. The soft caJt>onent (average energy, 
100 kev) must have contributed a considerably larger share to the surface dose though with 
only superficial penetration. 

3. Protective Factors. 

The following factors were found to afford some degree of protection: 

a. Shelter. - Those individuals who remained indoors or under the trees during the fall­
out period showed some degree of protection as carpared with those who were in the open during 
that period. 

b. Bathing. - Those who bathed during or shortly after the fallout were protected to 
varying degrees. Small children who went wading in the ocean developed fewer foot lesions. 
Most of the Americans who were more aware of the danger of the fallout, took shelter in their 
butler-type buildings, bathed and changed clothes and consequently developed only very mild 
beta lesions. 

c. Clothing. - Clothing, even a single layer of cotton material offered almost caiplete 
protection, as was demonstrated by the fact that lesions developed almost entirely on the ex­
posed oarts of the body. 

4. Factors favoring the development of lesions. 

a. Areas of more profuse perspiration. - Lesions were more numerous in areas ..here per­
spiration is abundant such as the folds of the neck, axillae, and antecubital fossae. 

b. Delay in decontamination. - There was a delay of one to two days before satisfactory 
decontamination was possible. The prolonged contact of radioactive materials on the skin during 
this period increased the oose to the skin. However, the dose rate fell off rapidly and decon­
tamination would have to have been proiq>t in order to have been very ef fee ti ve. 

CORRELATION WITII HEMA10LOGICAL FINDINGS 

Attenpts were made at correlation of the severity and extensiveness of skin lesions with 
maximum depression of platelet, lymphocyte, and neutrophile counts for individuals in the 
Rongelap group. No positive correlation was foWJd. Thus, the a>ntamination of the skin app­
arently did not significantly contribute to the total-body dose of· irradiation. It is pcs.sible 
that the skin lesions may have been partly responsible for the fluctuation in leukocyte counts 
during the period when the lesions were most acute. 

DISCUSSIOO 

There has been little previous experience with radiation dermatitis resulting from ex­
posure to fallout material from nuclear detonations, and the general consensus until this 
event has been that the hazard fran fallout material was negligible. From the present experi­
ence it is evident that following detonation of a large scale device close to the groond, seri­
ous exposure of perscnnel with resulting radiation lesions of the skin may occur from fallout 
material, even at considerable distances £ran the site of detonation. This incident is the 
first example of large numbers of radiation burns of human beings prodoced by exposure to fall­
out material. With the Hiroshima and Nagasaki detcnations fallout was not a problem since the 
banbs were detonated high in the air. The flash burns of the Japanese were due to thennal 
radiation only. 

Following the Alamogordo atanic detonation there were a number of cattle that developed 
lesions on their backs due to the deposit of fallout material (4). Also, following a deton-
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ation at the Nevada Proving Grounds, 16 horses developed lesions resulting from fallout de­
posit on their backs ( 5) . 

Knowlton et al. (6) described burns of the hands of four individuals who were handling 
fission product material follONing detonation of a nuclear device. ·These bums were due 
largely to .beta radiation. The gross lesions of the hards occurred from an exposure of about 
on~ hour, resulting in doses between 3,000 and 16,000 rep of beta radiation (maximum energy 
about 1 Mev) with a snell ganma canponent ccnsidered to be insignificant. The lesions were 
described as developing in four phases: (1) An initial phase which began almost irmediately 
after exposure and consisted of an erythema with tingling arid burning of the hams, reaching 
a peak in 48 hours and suhsiding rapidly so that by 3 to 5 days there was a relative absence 
of signs and S}fl1lton8; (2) A second phase which occurred fran about the third to the sixth 
or eighth day, and was characterized by a more severe erythema; (3) The third- phase at 8 to 
12 days, which was characterized by vesicle and bullae formation. The erythema spread to new 
areas during the following two weeks, and the active process subsided by 24 to 32 days. The 
bullae dried up, ard desquamation and epithelization took place in less severely danaged areas; 
and (4) The fourth phase or chronic stage was characterized by further breakdown of skin with 
necrosis in areas which were damaged sufficiently to compranise the blood supply. Atrq:ihy of 
the epidermis and loss of epithelial structures took place, which necessitated skin grafting 
in sane cases. 

Robbins et al. (7) repor::ted six cases accidentally exposed over 1111ch of their bodies to 
scattered cathode rays (beta) from a 1, 200 kv primary beam with exposure t.irne of about 2 min­
utes and a rough esti.nm.tion of dose to the skin of between 1,000 and 2,000 rep. The lesions 
described were similar to those reported by Knowlt.on et al. with a primary erythema developing 
within 36 hours; secondary erythema with vesiculation and bullae formation appearing about 12 
to 14 days later; and, in the more severely affected, a tertiary phase characterized by further 
breakdown of the skin. In conparison with severe roentgen ray reactions these investigators 
stressed the unique periodicity of cathode ray burns, relative absence of deep damage to the 
skin, less pain, greater rapidity of healing, and ahsence of pigmentation. These points would 
apply to the Marshallese lesions except for the multiphasic reactions and absence of pigment­
ation. Crawford (8) reports a case of cathode ray burns of the hands which were similar to 
those described by Robbins et al. 

Experimental beta radiation burns in human beings have been reported by Low-Heer (9) and 
Wirth and Raper (10). Both investigators used P32 discs applied to the flexor surfaces of the 
arms, forearms, or thighs for varying lengths of time. Low-Beer reported "monophasic" skin 
reactions. He found that a calculated dose of 143 rep to the first millimeter of skin, ig­
noring self-absorption, produced a threshold erythema. Dry, scaly desquamation was produced 
by 7,200 rep in the. first millimeter and bullous, wet desquamation was .produced by 17,000 rep 
to the first millimeter. Erythema developed in three to four days, followed later by pi~ent­
tation and desquamation with higher doses. Recovery was observed with doses of 17,000 rep. 
The lesions later sht»'ed depigmented centers with hyperpi~ented edges (also seen in the' pre­
sent cases) • 

Wirth and Raper (10) produced primary erytherna within six hours after exposure to a dose 
of 635 to l, 180 rep of P32 radiation. Minute vesicles 'with dry, spotty desquamation were noted 
with 1,100 rep at about the fifth to sixth weeks post-exposure. 

There were 23 Japanese fishennen exposed to the same fallout acGident which involved the 
Marshallese and Americans. There were many similarities in appearance of skin lesions that 
developed. Pi~entation was also cannnn in the Japanese and some degree of erythema was re­
ported accCJll>anying some of their lesions (11) which was noc seen in the Marshallese. Distri­
bution of lesions was not the same dtE to different parts of the body being protected by clothing. 
For example, in the Japaiese scalp lesions and epilation were more comm:m on the crown of the 
head since hankerchiefs were usually worn arolllld the head leaving the crown exposed. Wearing 
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of shoes protected against foot· lesions in the Japanese, but lesions of the hands between thunb 
ard index finger were comron apparently due to handling contaminated fishing lines. Difficult 
to explain were the increased number of lesions of belt line distribution in the fishermen as 
compared with the Marshallese. In this connection there were several American sailors on naval 
vessels who also developed mild pi!Jllented lesions of belt-line distribution from fallout on the 
ships. From available information, the severity and course of the lesions in the Japarese fish­
ermen appeared to be similar to those seen in the Rongelap Marshallese group. 

The lesions reported in this paper did not follow precisely the same course as those beta 
radiation lesions described by Knowlton, Robbins, and others and they presented certain unique 
features which merit further discussion. . 

The early symptoms of itching ard burning of the skin and eyes were probably due mainly to 
skin irradiation from the fallout material. Ho-,,,iever, the diernical nature of this material may 
have contributed to the irritation. It has been noted (12) that irritating chemicals applied 
during or shortly after irradiation enhance the effects of radiation. 

The lack of prominence of an erythema was notable, particularly in view of the severity 
of sane of the lesions that developed. Wilhelmy (13)_states that erythena only occurs when the 
dose reaching the papillary layer exceeds a certain level. Perhaps due to the low energy of 
the beta radiation the dose to. the dennis was insufficient to evoke the response. On tre other 
hand, the darkness of the skin and the developnent of hyperpigmentation may have masked an ery­
thema. Microscopically, a superficial hyperemia was not a notable finding. 

Wirth and Raper {10) point out that they were lJllPressed in their studies on P 32 radiation 
of the human skin with the difficulty of distinguishing between true erythema and tanning, par­
ticularly in the skin of brunette individuals. It was unfortunate that color filters were not 
available to aid in distinguishing an erythena as suggested by Harris et al. (14). 

In general, the length of the latent period before developnent of lesions of the skin is 
considered to be roughly inversely proportional to the dose of radiation (15, 16). In the 
present series of cases the relatively long latent period is suggesti"Ve of a low dose of radi­
ation. Due to the wide spectrum of beta energies and particulate distribution of radioactive 
material, strict canparisons cannot be made with previous experience. However, the later de-
ve lopnent of less severe lesions in the Ailingnae and Rongerik groups as contrasted with earlier 
develo(Xllent of more serious lesions in the Rongelep gro~ is in keeping with a lower skin dose 
in the former, and a higher skin dose in the latter. It is of interest, however, that the latent 
period was deperdent to some extent on anatomical location. The foot lesions. which were gener­
ally the most severe lesions encountered had a longer latent period than did the less severe 
lesions occurring elsewhere on the body. It seems likely that the greater severity of these 
lesions was due to a greater radiation dose to the feet since the feet received an appreciably 
greater contribution from close proximity to the contaminated growd. Perhaps such differences 
in latent period may be related to thickness of the epidermis, differences in length of mitotic 
cycles or other inherent characteristics of skin in different areas of the body. 

The histopathological changes noted, such as destructive and atrophic changes of the epi­
dermis, disturbances in keratinization, and atrophy of hair follicle~ when taken together are 
consistent with radiation injury to the skin (9, 12, 17, 18, 19, and 20). Severe injury to the 
dermis and blood vessels was not d:>served. The minimal dermal injury w.ith severe epidennal in­
j.ury is in keeping with. the large carponent of low energy beta material present, resulting in 
absorption of the greater portion of the energy in the epidermis. 

Hyperpig;nentation of injured areas was a consistent finding in the Marshallese and the 
American Negroes. Pigmented lesions were also observed to a lesser extent in the white Americans. 
Such pronounced pi!JOentation is not characteristic of the usual lesions as described following 
exposure to beta or penetrati.ng radiation, but may be more typical of the response to ultra 
soft roentgen or "Grenz rays" ( 21). 
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1bere is no satisfactory explanation for the darker dusky-gray color that appeared in 
sane of the skin lesions as healing progressed. The color changes may have been due to alter­
ations in local pigment production, vascular changes, or a thinning of the epidermis, render­
ing it more translucent with resultant darker appearance of the pignent layer. 1be return to 
near normal in this pigmentation by 6 months sha.¥ed the transient nature of this change. The 
continued absence of pigmentation at the site of the deeper foot lesions at six months and one 
year la.ter suggests that the pigment-producing elements in these areas may have been perma­
nently damaged. 

1be unique features of the lesions such as the marked pigmentation changes, the absence 
of obvious nrultiphasic response, the long latent period, and the severe, spotty epidermal in­
jury with minimal dermal injury, may have been partly related to biological factors and partly 
to physical radiation factors. 

Among the physical parameters the particulate nature and uneven distribution of the fall­
out material was no doubt responsible for the spotty nature of the lesions. Severity of lesions 
were due to factors related to the skin dose, detennined by the time after detonation that con­
tamination occurred, and the length of time before decontamination was acccmplished, and radio­
chemical composition of the fallout material particularly in regard to the beta energy spectIU11 
which detennined the skin depth dose. 

Biological factors such as varying degrees of skin pigmentation are kna.¥n to affect the 
radiation response. It is generally recognized that blond individuals are more sensitive than 
brunettes (17). Many of the characteristics noted in these lesions, particularly the marked 
pigmentation changes, may have been related to the fact that the exposed population was largely 
a dark-skinned race.• The part of the body involved was important. As was pointed out the 
flexor surfaces with thinner epitheliwn are considered to be more sensitive than the extensor 
surfaces with thicker epithelium. Other inherent differences in sensitivity of different areas 
may exist. 

In table 3 are listed the approximate surface skin doses required to produce recognizable 
epidermal injury from beta radiation in animals. It is apparent 'from the table that beta ray 
energy is of considerable importance in determining the degree of injury. According to Moritz 
and Henriques, the difference in dose between that required to produce threshold skin damage 
and that for permanent damage in pigs is 500 to 1,000 rep (26). One is not justified in co~ 
paring animal lesions fran known doses with lesions in the exposed individuals in this stooy 
in order to estimate the skin dose, since species differences in response may exist, and cer­
tain radiation factors are not well established, such as accurate knowledge of the beta spectrum 
of the fallout material and chse rate. Comparison with hunan data suffers from the drawback 
of wide differences of radiation doses reported to produce stated effects. 

The fact that there uas so little secondary infection of these lesions may be partly 
attributed to the daily cleansing and care given them. Ha.¥ever, the la.v incidence of in­
fection, even during the acute stages, also indicate that the humoral and cellular defenses 
were not sufficiently altered under the circumstances to predispose to infections. 1bis con­
clusion is emphasized by the fact that an epidemic of upper respiratory infections, as well 
as other diseases encountered, occurred conccxnitantly with the skin lesions without untoward 
results even though significant leukopenia was evident. It is conceivable, however, that with 
a slightly larger dose of whole-body radiation, the defenses against infection might have been 
sufficiently impaired to have resulted in serious complications from skin lesions of the sev­
erity encountered. 

• Reeorted clinical experience with radiation skin lesions is based predominantly on the response of 
white-skinned people, whereas the lesions described herein were observed primarily in Marshallese 
(Micronesian) people. 
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Table 3. - Surface Doses Required To Produce 
Recognizable Epidermal Injury 

AverafM Surface 
lnves tiga tor Animal Isotope Energy Mn) Doae (rep) 

Henshaw, et a Z. (22) rata p32 0.5 1,500-4,000 
Raper and Barnes (23) rats p32 0.5 4,000 
Raper and Barnes (23) mice p32 0.5 2,500 
Snider and Raper (24) mice p3Z_ 0.5 2,500 
Raper and Barnes (23) rabbits p32 0.5 5,000 
Lushbaugh (25) sheep Sr10 0.3 2,500-5,000 
Moritz and Henriques (26) pigs 535 0.05 20,000-30,000 

" pigs Coeo 0.01 4,000-5,000 
II pigs Cs 137 0.2 2,000-3,000 

II II 
pigs Sr1 0 0.3 1, 500-2. 000 

II II 
pigs y'' 0.5 1,500-2,000 

II II 
pigs ylO 0.7 1,500-2,000 

The outlook for the development of.maliwiaicies at' the site of healed lesions is 1.ncertain. 
Certain factors tend to make the outlo~ more favorable. (a) The majority of the lesions v.ere 
superficial. (b) Visible signs of chrcmic radiation dennatitis were absent in the vast ma­
jority of cases. &!ch changes have been generally observed prior to the development of radi­
ation cancer. (c) The lack of any marked histological danege six months after exposure. (d) 
The fact that low energy radiation was chiefly responsible for the skin lesions. It has been 
reported (27) that none of 1,100 individuals exposed to low voltage X-ray for dermatological 
conditions developed epidermoid carcinoma five to twenty-three years after treatment. (e) 
1he fact that epitheliomata rarely develop after a single dose of radiation to the skin (12). 
( £) The incidence of skin cancer in Negroes is one-sixth to on~ninth the incidence in Cau­
casians (28) in the United States. 

Other factors tend to make the outlook less favorable. (a) Deeper lesions of the feet 
and neck ccmtinued to show pi~ent aberrations and slight atrophy at 1 year, and one severe 
ear lesion showed marked atrophy and scarring at this time. (b) It is not known whether or 
not radiation of the epidermis per se can predispose to malignant change. Since the epi~rmi.s 
was heavily irradiated in these cases, canpared with the dermis, this becomes an i~ortant ccm­
sideration. (c) Since many children and young adults were involved, the life expectancy of a 
large number of the individuals will exceed the long induction period for the develoµnent of 
radiation cancer observed in radiologists. (d) Exposure to tropical sunlight, potentially 
carcinogenic in itself, may increase the probability of neoplastic change. (e) 1he influence 
of the sublethal whole-body exposure received by these people on skin cancer induction is not 
known. 

The occurrence of epilation 2 to 3 weeks .after exposure corresponds roughly to the tirtE 
of awearance of epilation in the Japanese exposed to ganum radiation at Hiroshi.rm and Nagasaki 
(29, 30). Since the greater amount of epilation occurred over a period of a week to ten days 
there was awarently no phasic response dep:mdent on the growth cycl'e of the follicles (inactive, 
or telogen and active, or anagen follicles ) as has been reported (31, 32). 

The r~growth of hair, beginning about 9 weeks after exposure in the Marshallese, was about 
the same time as noted in the Japanese fisherman (11), and slightly later than the time of 
regrowth (6 to 8 weeks) noted in the Japaiese bomb casualties. In contrast to the marked pig­
mentation changes noted in the irradiated skin of the Marshallese, there were no pigment aber­
rations in the new hair which was ol::served to be of normal texture and abundance at six 
months. Increased graying has been reported in animals (33-36) but has not been seen in human 
beings. Neither was there ·any awearance of dark hair in aged individuals who already had 
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gray hair as has been reported in human beings (32, 37, and 38). 
al ties (30) and the Japanese f{shermen ( 11) the regrONn hair was 
t~.~a~•~. · 

In the Japanese bomb casu­
also normal in color, tex-

1he nature of the bluish-brown transverse hands of pisnentation that developed beneath 
the nails is not known. Since it occurred in the majority of the more heavily exposed Mar­
shallese groups and in all five of the American Negroes, but none of the white Americans, it 
appeared to be a response peculiar to dark-skinned races. \he phenomenon was apparently pro­
duced by whole-body radiation with dosage as low as 75 r since this was the estimated dose the 
American Negroes received in the absence of significant contamination of the hands. Sutton 
(39) has reported a case of similar fingernail pigmentation which developed in a negress, follow­
ing 150 r of soft X-irradiation to the hands. 

Certain conclusions may be drawn from this experience concerning the hazard of radioactive 
fallout in regard to the skin. (1) Serious contamination of personnel with fallout may occur 
many miles from the site of detonation of a nuclear device; (2) Beta radiation of the skin 
may result in extensive epilation and skin lesions even though the dose of woole-body pene­
trating radiation received may be suhlethal; (3) Just as the da;e of whole-body radiation can 
be decreased by early evacuation so can skin irradiation be reduced by prompt personnel decon­
tamination. One can conceive of a situation following fallout where early evacuation from a 
field of radiation might result in a minimal whole-body dose of radiation, hut due to delayed 
decontamination of the skin.for various reasons, serious skin exposure might occur. The re­
verse situation might occur if decontamination were possible early, hut evacuations were de­
layed and adequate shelter against penetrating radiation were not available; (4) 1he i.nportance 
of prOfll>t decontamination cannot be overemphasized. 1he earlier the fallout occurs the more 
radioactive is the material and the higher the dose rate. Therefore, prompt decontamination 
is exceedingly i~ortant when fallout occurs within several hours after the detonation. Diffi­
culty encountered in decontamination of the hair may necessitate cutting off the hair or shaving 
the head if contamination is great; (5) Warm weather would tend to aggravate the hazard since 
increased perspiration would tend to concentrate the material and cause it to stick, aad less 
clothing would increase exposure and; (6) Simple preventive measures may completely eliminate 
or greatly reduce the hazard of skin irradiation. Recognition of the powdery, ash-like materi­
al as radioactive fallout should not be difficult. Preventive measures center around avoidance 
of the deposit of fallout on the skin. Taking shelter or keeping indoors during the fallout 
are obvious safety measures and covering as much of the body as possible with clothing, even a 
single layer, will provide marked protection. 

SUMMARY 

Radioactive fallout from an experimental thermonuclear detonation resulted in accidental 
exposure of 239 Marshallese people, and 28 American servicemen. Whole-body exposure to pene­
trating radiation, beta radiation of the skin, and a small amount of internal absorption of 
radioactive materials occurred. Beta lesions of the skin, epilation and nail pigmentation are 
described. 1his r~port covers the results of examinations immediate! y after the accident, again 
at 6 months and at 1 year after the accident. During the first 24 to 48 hours, itching and 
burning sensations of the skin occurred lasting only a, day or two. Lesions began developing 2 
and 3 weeks later on exposed parts of the body in roughly the following order: scalp with epi­
lation, neck, axillae, antecubital fossae, feet, limhs and trunk. No primary or secondary ery­
thema was observed. The majority of lesions were superficial and occurred in about 90 percent 
of the higher exposure groups. 1hey were characterized by pigmentation which was accanpanied 
by mild itching and burning sensations of the skin, followed by dry desquamation leaving de­
pigmented areas which gradually repignented to normal color. Some 20 percent of the lesions 
in the highest exposure group were deeper and were characterized by pain, wet desquanetion and 
ulceration. Some of these deeper lesions showed persisting aberrations in pi~entation and 
some degree of atrophy. 1here has been no breakdown of the skin noted in any lesions after 
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healing. Histologic study of biopsies of lesions showed changes consistent with radiation 
injury. These changes were much more pronounced in the epidennis than in the dennis. A few 
histolog1c changes were still in evidence at the site of deeper lesions six months after the 
accident. With only a few exceptions the lesions did not becane secondarily infected nor were 
they assoeiated with systemic effects. They heated rapidly, usually with ncnspecific treatnelt. 
Epilation was spotty and occurred mainly in the ~ldren. Regrowth of normal hair occurred 
beginning about the third month ani was complete by the sixth month. Discoloration of the 
nails in the semi.lunar area occurred in the majority of people in the higher exposure groups. 
It was first noticed about the third week after exposure and had c001>letely grown out with 
the nails in most cases by six months. 
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Plate 5. 

I 

Plate ~ 

q 1 , .. 
~. I \ 
·~ '-'' ·-· -

llyperpigmented raised plaques and 
Lullae on dorsum of feet and toes 
at :s davs. CXie lesion on left 
loot sho~s deeper involvement. 
Feet were painful at this time. 
Case fi7, al!e l.t, F. 

[£sions 6 days later than in Plate 
fi showing repigmentation except for 
sma 11 scar on dorsum of left foot at 
site of deepest lesion. 

'· 1, 1:. v 

Plate 6 Lesions 10 days latPr. flullae have 
broken, desquamation is essentially 
complete and lesions havp healed. 
Feet no longer painful. 

Plate 8. Same case, 6 months later. Foot 
lesions have healed w~ th repigmenta­
tion. Depigmented spots persist in 

small areas where deeper lesions 
were located. 



PI a Le l F. a r I v h v per p I i(Tlle n te d ma I c u I o pap u la r 
neck les1011s .Jt IS da vs. r.ase lq, 
a!(e l S, F. . 

Plate 2. .'ieck lesions at 28 days. Wet desqu­
amatioo. White color ts calamine 
lotion. Case 78, age 37, F. 



Plate 13. 

Plate 15. 

·- r, ,., I· !; 
:) l l. u ,,• 

Desguamation of back of sea lp 
at 28 days. Epdation occurred 
earlier in desquamated area. 
'iote persistent ulceration of 
left ear. Case 79, age 41, M. 

Head has Leen shaved. 

Same case showin~ complete re-
1".rowth of hair of normal color 
and texture at six months after 
exposure. Ear lesion has healed 
with considerable scarring. See 
Plate lli. 
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Plate 14. Eighteen days later. Scalp 
lesions have healed with 
repigmentation of skin. No 
hair growth evident in epi­
lated areas. Ear ulceration 
persists with little improve­
ment. 

Plate 16. Ear lesion shown in Plate 
15 magnified 20 times. .'llote 
atrophy and scaling of scar 
tissue. Telangiectat1c 
vessels can he seen in the 
upper part of the picture. 



Plate 17. Eptlat1on in 7 year old girl 
at 28 days. Case 72. 

Plate 19. Spotty epilation with scalp 
lesions in 13 year old Loy. 
Same case as Plates 9-12. 

s n c l · L~ 
'- l; I 

" 
Plate IR. Same case as in Plate 17, 

six months after exposure 
showinit complete regrowth 
of normal hair. 

Plate 20. Pi.anentation associated •·ith 
fin1o1er nails. Has rro'(l'essed 
to the end of the nai[l,ed ;., 
c10nths after exposure. 

PRIVACY ACT MATERIAL REMOVED 
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Plate 22. 

(XlOO, H&E) Epidermis: Arcades of minimal 
damage occur in relation to excretory ducts 
of sweat glands. Stratum granulosum of 
good width and shows scant alteration. 
l'nderlying stratum malpighii shows decrease 
in pigment. In the deeper portion of the 
overlying, loosely laminated stratum 
corneum moderate amowits of pigment, how­
ever, are present. One narrow arcade of 
more severe transepidermal damage at 
the left of the photomicrograph shows 
alterat1on of the stratum granulosum with 
intercellular edema, pyknosis, swollen 
nuclei, and pigment seat tered throughout. 
Tiie latter is especially dense in the 
contiguous parakeratotic material. Dermis: 
.\moderate cellular infiltrate, chiefly 
per1vascular,is most pronounced in the 
superficial pars reticularis where there 
is a m1 ld telangiectasis. Case 2/i 

r ,.., 
,, u ,) 
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Plate 21. 

(XtOO, H&E) Epidermis: Extensive transep1dernJl 
damage (with slightly less 1nvolved zones on 
either side). Loose lamination of stratum 
corneum, absence of stratum ilranulosum. l'ara­
keratinization with exfolia t1on nf pq;ment r·.on­
ta1n1ng cells. Disorganization" of the malp1l!llldn 
layer. Dermis: \hld edema of pars papillari-; 
with indistinct capillary loops. Per1vascular 
cellular infiltrate (lymphocytes and rnononucle.ir 
phailocytes), in superfic1a l corium with telan1n­
ectasis. r.ase 2/i. 
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Plate 24. 

(X100, (llff) Transepidermal damage 
with disorganization of the mal­
pighian layer. Slight parakeratosis. 
Migration or exfoliation outward of 
pigment. Loose lamination of stratum 
corneurn. Pigment laden chromatophores 
and h1st1ocytes in superficial pars 
papillaris of corium. Marked cellular 
infiltration and edema of pars pa­
pillar1s. Slight telangiectasis of 
superficial pars reticularis. Case 
63. 

J 

Plate 23. 

(X400, H&E) Transep1dermal Jama!(e with J1sorf!afl-
1zat1on of the malp1ghian layer. Stratum granu­
losum absent. \1alp1ghian and basal lav"r <rnlv 
two or three ~ells thick with exfoliat1on of p•~­
ment outward toward parakerat1nized lone adjacent 
to stratum corneum: Some puanent laden chrom;;­
tophores a~l hist1ocytes in pars pap1llar1s nf 
cor1um. Latter is edematous and infiltrated Lv 
moderate numl:ers. of lymphocytes, dnd mononucle~r 
Rhagocytes. C1pillary loops ind1st1nct. Case~·: 
-2 days post-exposure. 
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Plate 25. (53 days post-exposure). 

5 1: [ 

(XtOO, H&E) (Case 11 75) Loose lami­
nation of stratum corneum with out­
ward pap,f llary ~,roJections and re­
sultant rugose appearance. Stratum 
granulosum of good width. Basal and 
malpighian layers distinct with pigment 
present. Slight edema of corium with 
mild te 1 angiec ta sis and slight increase 
in perivascular lymphocytes and peri­
cytes. Sma 11 somewhat atrophic hair 
follicle adjacent to sebaceous gland -
in mid pars reticularis. 
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Plate 26. (53 days post-exposure). 
(X400, H&E) (Case •75) Same as 25. 
Occasional perinuclear cytoplasmic 
halos in mid stratum granulosum. 
Loosely laminated stratum corneum. 
(Pigment laden chrcxna tophores in 
superficial corium along w1 th oc­
casional lymphocytes and mononuc !ear 
phagocytes.) 

Plate 27 _ (46 days post-exposun>l. 
(XtOO, H&E) (Case •59) 
Narrow rugose epidermis 
with papillary extensions 
downward of stratum mal­
pighi i. Latter arp hean Iv 
laden with melanotic pig­
ment. Slight telangiectdsis 
of pars papillar1s and pars 
ret1cularis of Jermis. Cl::­
casional pigment laden 
<:nrcxnatophores lfl surwr-
fic1al dermis. 



Plate 29. 
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Shows lesions (third 
series of biopsies) 
at 6 months post­
exposure. 
(X100, H&E) (Case •24) 
Moderate focal atrophy 
of stratum corneum 
accomp~nied by paranu­
c lear halos. Areas of 
depigmentation are 
prominent. In the 
dermis a moderate uni­
formly distributed tel­
an giec tas is is seen. 
There is also a peri­
vascular distribution 
of cellular ·infiltrate. 
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Plate 28. Shows leaions (third series 
of biopsies) at 6 months 
post-exposure. 
rx100, H&E) (Case •39) 
Note the marked diffuse 
atrophy of the stratum 
granulosum accompanied by 
narrow dCM'nward prolong-

-- ,/ 

at ions of the basal papillae. 
Moderate disturbance of kera­
tinization and moderate tel­
angiec tasis are also seen. 
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Plate 29. Shows lesions (third 
series of biopsies) 
at 6 months post­
exposure. 
(X100, H&E) (Case •24) 
Moderate focal atrophy 
of stratum corneum 
accompanied by paranu­
clear halos. Areas of 
depigmentation are 
prominent. In the 
dermis a moderate uni­
formly distributed tel­
angiectasis is seen. 
There is also a peri­
vascular distribution 
of cellular infiltrate. 
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Plate 28. Shows le•ions (third series 
of biopsies) at 6 months 
post-exposure. 
lX100, H&E) (Case •39) 

i. -.... _;. 

Note the marked diffuse 
atrophy of the stratum 
granulosum accompanied by 
narrow downward prolong­
ations of the basal papillae. 
Moderate disturbance of kera­
tinization and moderate tel­
angiectasis are also seen. 
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