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INTRODUCTION

A herd of grade Hersford cattle was accidentally exposed to radio-
active particles from the fivst atomic bomb explosion near Alamagardo,
New Mexico in July 1945. These cattle wers purchased by the govermnment
and shipped to Oak Ridge, T ennessee, in December of that year to be
maintained and observed. In the spring of 1948, Dr. A. H. Holland,
Chief of the Office of Research and Hadicine, for the Oak Ridge
Operations of the Atomis(Energy Commission, requested assistance from

the University of Tennessee in developing a program for determining what —~

effect, if any, this irradiation had upen these eattle. Because little
was known about the effects of any type of irradiation on farm animals,
and because of great posslbilities that hunan belngs as well as other
farm animals might be exposed to s:milar irradiatmong elther from our
‘own tests or from enemy action, Dr. Holland farther expressed the need

for a detailed study: '

(a) To determine if there had been any irradiation damage to
the germ plasm of the' exposed amimals.' | b ‘

(b) To determine the relative fertility of the exposed
animals and their offspring. :

(¢) To determine the long-range effects which irradiation
exposure may have on domestic animalss '

(d) o identify, if possible, pathological changes cecurring
in the exposed animals,.

(e) To determine whether or not malignant degeneration would

occur in the keratosic lesions on the exposed cattle,



(f)“To determine, by means of a control herd, whether or not

the biologieal findings were significant.

As these cattle and the>£acii£ties at Oak Ridge offered a unique
oﬁportunity fbf the investigation and the accumulatioﬁ‘ofuvaluable
biological information of great interest and importance to the Commis-
sion, the University and the publicj'a cooperative program was developed
known as the UT-AEC Agricultural Research Program, with its primary
objective 'being that of determining the effects of the bomb irradiation
vpon these cattle.

The background information concerning the irradiation of these
cattle, and any other available information about the cattle, was re-
quested by The University and Oak \Ridge research workers, but was not
available because it was part of the TOP SEGRET repert on the first

atomic bonmb explosion.:




REVIEW OF LITERATURE

The medical profession has employed X-rays or roentgen rays and
radium in the diagnosis and treatment of certain diseases for many
years. Werren (19L6) observed at Hiroshima and Nagasaki that the late
effect of atomic bomb explosions were similar to those of X-rays.

Henson {1942) found that litter survival from male rats exposed
to 100, 500, 1000 and 3000 r of X-radiation and mated to normal femsles
was as follows: The embryonic litter survival values of progeny of
males receiving 100 and 500 r was about one-half that of the controls.
Litters sired by males receiving 1000 r kad orly sbout one-third the
nunber of individuals as in the litters sired by control males. Males
exposed to 3000 r were sterile. Murphree et al,, (1952) found that male
rebbits receiving relatively low levels of whole body X~-radiation (100
to 300 r) when mated to normal females produced smaller litters than the
control matings. )

Furth and Boon (1947) reported that fou¥ to six weeks old mice
exposed to X-radiation ranging from 87 to 350 r, developed ovarian
tumors beginning at about eleven months of age. Almost every mouse
living to seventeen months of age developed ovarian tumors regarde
less of the irradiation dose.

Henshaw et al., (1549) found that rats exposed to Beta rays
from P32 developed practically every type tumor that could arise
from the skin and connective tissue within ten to twelve months,

The optimum single dose for tumor induction appeared to be in the

range of 4000 to 6000 rep. For repeated treatments 50 rep-per-day




, L
seemed to be the most effective., They also found that irrasdiation

as applied in these¢ studies caused non-malignant abnoymelities, such
ag extra elaws on the toes and goft tissue growths on the feet and
nese of rats.

Rust (1951) in 2 review report, stated that the skin wes very
sonsitive to the use of roentgen rays for diagnostie or therapeutic
aid. Skin vleerz sometlimes developed whieh healed slowly. Pigmsntae
tion was altered and the haiy texbure ond ceolor affected, HNoderats
doges of ionizing irradiation reduced the number of lymphocyies.
Greater doses caused lymph nodes to disappear and epithelisl cells of
the gastrointestinal eanal to break down.

Glasser ot al., (19L7) veported:

"For ony given radiation effect - say death - some types
of cells or of biologic organisms requive much grester
doses of radiation than others, Any information obtained
with one kind of organism or tissue cannot be assumed to
apply directly to any other. Thus the results of animal
experiments cannot be applied directly toman + » + « &
Furthermore great variations in radlosensitivity exist
among apparently identical individuals.”

Dunlap (19h8) in reporting upon the effeets of radiation
states that the changes in the blood are due to injuries to the
blood-forming organs rather than destruction of cells already in

eireculation.



OBJECTIVES .OF STUDY

The objectives of this study were to investigate any geﬁeral
and/or specific effects of the 1945 bomb irradiation upon the general
health, growth, breeding efficiency and relative fertility of the

exposed Bereford cattle and their offspring.
PROCEDURE

Cattle Used ‘

The cattle aveilable for this study were all Herefords. The
irradiated herd included 31 cows, 15 steers, L two-year old bulls
{(That were in dam at time of bomb explosion) and 1 irradiated bull,
In August 1948, approwimately 32 mnnths—after the first shipment of
irradiated cattls to Oak Ridge, lo\cows and 3 steers from the
original irradiated groups were shipped from Alamagardo, New
Mexico, to Oak Ridge, Tcnnesses, for adding to the cattle in this
study, .

A herd of 7L eows, very similar in type, condition, size,
breed, and raised in & similar enviromment to that in which the
irradiated cows were raised, was purchased in June 1948 as a control
herd, These animals were selected by Dr. Charles S, Hobbs, Head of
the Animal Husbandry-Veterinary Secience Department of the University
of Tennessee and Dr. James C. Kyle, Veterinarian who had received the
original irradiated cattle in 19LS and who had been Veterinarianeine-

charge until the University took over their menagement,

c5b
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A portion of the heifers produced from these groups of cows were
added to the breeding herds as they matured, Some young bulls were
added to the stud. A& total of 211 breeding cows, 290 salves, 11 bulls |

and 1B meture irradiated steers were used in this study.

Descrigtion of Irradiated Catile

From a distance the exposed cattle presented a frosty or roan
appearance, On cleser examination one found that the top portion of the
animals showed the greatest damage, or effects. Figure 1 shows a gidae
view of a typleal irradiated snimal, cow number 88, as she appeared in
the spring of 1949. Figures 2 and 3 are close~ups of the backs of
other typical exposed cattle as they appeared in August of 19L8.
Figures 4 and 5 show the back of cow, brand number 89, as she appeared
in fugust of 1948 and June 1951 respectively. It ean be noted in
Figures 2, 3, and L, thot the animals gppeared to be in an extremely
unthrifty condition, were thin and had not shed the previous winter's
- egoat. A -detailed description of esch irradiated animsl was made ab
the beginning of this study. An example of this deseription is for
cow number 89, whieh follews:

Left sides Bxztensive epllation extending from anterior

withers to tail head, hyperkeratotisc for 6 to B inches

laterally., Hyperkeratotic tissue is grayish white in

areas of depigmented hair--long white haired area of

withers, and reddish brown in pigmented hair areas, The

skin is fixed, immobile and thickened. Ioecalized epilated

area posterior to 13th rib in lumbar fossa. These are

horny proliferations alemg the back. The skin in general
is scaly--broad, firmly adherent reddish brown scales.,
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There was mild hyperkeratosis on old brand left hip. The hair
is long over the affeeted portion of the back.

Right side: Same as left.
- Bssentislly, the appearange of the hair ané hide made litile

change during the period of this study.

Herd Management

The entire herd was mainbained, in as far as possible, under
similor conditions and feed. Mature animals were fed in the open,
except for short pericds in the eorly spring of 1949 and 1550 when the
brood cows were fod in open barng. Cows freshening in the fall of 1548
and 1949 were given a slight advantage by wintering them vhere they had
access to a limited amount of fall soun pasture., The nutritional level
was high at all times as indiceted by the gains in weight of 211 groups
of cattle, Ses Table I,

Feeds -

The gattle ware graszed on wild native grasses and ¢lovers during
the growing seasonz of 1948 and 1249, In 1950 and 1951 the pastures,
for the mest part, were improved orchard grass and ladine olover sods,.
During the winter perdods the cows were fed all the corn silage they
wﬁuld clean up before the next feéding and a limited amount of poor
quality mixed hay (lespedeza and Johnson gress). One pound of
protein supplement, either cobion seed meal or soybsan oil meal, per

head per day, was fed on the gilage, The feeding was done once each

d&y .


















Weight Record

The cattle were weighed at approximately 28 day intervals in
1048, 1949 and 1950. In 1951 weights were taken at approximately three-
month intervals. Calves were weighed at birth, at weaning, and with the
octher cattle ab regular weigh periods. At the beginning and end of each
winter feeding period the calves were weighed on three consecutive days,
the aversge of each of these three day weighte was used as the initial

and final veights respectively.

Tdentification of Animals

Pach animal was identified wvith an ear tag, a tattoo in both
ears, and a hot iron brand on thé ?ight hip corresponding with the
tattoo number, Cslves were ear tagged and tattooed at birth and
were branded the following fall after the danger from serew worms

had passed.

Calf Management

Calves ran with their mothers recelving no fecd other than their
mothers! milk and pasture. In the fall of 19L9 and 1550 they were
weaned and separated into groups according to their sires. Bach group
was fed individually in a shed type barn entirely open on the south
side, adjoining a concrete lot, twenty feet by thirty-six feet
(20'X 36') with a eoncrete water trough in a corner of each lot,
The barn had concrete feed mangers adjacent to the alley. Mixed hay,
lespedeza and Johnson grass, and corn silage were fed according to

their appetites. In 1949 the hay was chopped, (having been harvested




1k
with a field harvester) and contained 50% or more lespedeza. The 1950

hay was harvested with a pickup bailer, contained very little lespedeza
and was a coarse, poor Quality, Johnson grass. In addition to these
roughagae, the 1949 cdlves received 3 pounds whole-oaﬁs and .65 pound
cottonseed meal per head per day. In 1950 the calves recéived L9
pounds per head daily of the following mixture: 653 pounds corn and
cob meal,,327 pounds soybean cil meal, 10 pounds salt, 10 pounds steam
bone meal. Any feed not consumed before the next feeding period was
removed, weighed and credited to the respective lot. Because of the
poor quality hay in 1950, two to three times as much hay was put in
the mangers each day as the calves were expepted to eaty giving them
a chance to select the better part., The giain mixture was fed on

top of the silage in the morning and the hay was fed in the afterncon.

Calves had access.po’salt at all times,

Breeding\

The eleven bulls used in this study included one irradiated
bull, "Atom", two sonslof "Atom", out of irradiatéd cowsy two bullg
th;t were in dam at time of lrradiation, five pure%red bull;, and
one grade control mll,

At the beginning of each breeding season the cows, except the
purebreds, were allotted into as nearly comparable groups as possible,
considering origin,*type, condition, age, date of pal&ing, etc, How-
ever, the purecbred control cows were allotted équaruy between the ir-

radiated btull "Atom" and the purebred bull "Pal in 1948 and 19L9.




\

15
gerd Health

Some of the irradiated cows were known to have been positive to
the test for Bangs disease before this study was started. The control
cows were all clean, and since the two groups were to be maintained
together, it wes deemed advisable to vaceinate all animals with strain
19 Brueella Abortus. All heifers were veccinated against Bangs
disease at approximately six months of age. All calves were vacci-
nated for blackleg at the time they were weaned.

Three cows from the control herd and one from the irradiated
herd died suddenly in the fall of 19L49. The trouble was diagnosed as
anaplasmosis. To eliminate the carriers of this disease arrangements
were made with Dre L. T. Giltner, in the Bureau of Animel Industry in
Washington, D. C., to test the herd., Several blood samples of the
entire herd were drawn, prepared and sent to Dr. Giltner. From the
results of these tests 73.2% of the irradiated and 37.6% of the
contr?l herd was identified as being carriers of anaplasmogis,

These animals were sold for slaughter,
Every effort was made to avoid spreading any infection while

bleeding, vaccinating, castrating, dehorning, ete.
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Pathology
Report on Autopsies. In December 19L9 the two steers, brand

numbers 211 and 221, that appeared most affeéted by the irradiation
were sacrificed for & detail pathological study. Tn's study was made
in eolloboration with Major T. G« Jones of the Armed Foreces Institute
of Pathology and was rveported in detail in March 1950 in report
UP-AEC I, entitled "Fission Product Retention and Pathology of
Mamagordo Cattle®, The following is taken from that report:

Pissues from the cattle exposed to the Youtfall! of radio-
active materials at Alamogorde showed no alpha=beta~gamma-
activity or uranium content above the neturally occurring
level some U-1/2 years after exposure.

In general, gross changes in exposed animals consist of
marked thickening of the skin prineipally involving the
region from the withers to the tail head and extending
laterally for variable distancesj the skirn is nonepliable,
firm and fized showing marked to extensive hyperkeratosis;
the surface is horny in nature, fissured and sealy, with
localiged or larger areps of partial to complete alopecia,
graying of hairj there are a few sessile or peduneulated
papillomas. .

Mieroscopie findings indicate that the sever;st changes
are confined to the superfiecial parts of the skin and are
compatible with radiation injury. The small cuteneous
nodule studied is believed to be an adenoma of sebacceous
gland type and not a malignant neoplasm. Changes observed
in the intestinal tract and kidney do not appear to be
related to the skin lesions or the radiation injury.

In December 1950, 2L irradiated and 10 conirol cattle. suspected
as being anaplasmosis carriers were sold for slaughter. To further
check for gross pathologleal changes, Dr. West, Station Veterinary
Pathologist, examined these cattle on the killing floor. The
following is taken from his report:

Detailed examination of these cattle was not possible
due to the fairly rapid rate of slaughter. Of the cattle exposed
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At 21 days inecisions in the control cattle were visible as at
1l days. Seme transverse confraction of the incisions in the irradiated
cattle had cccurred., The bioad clots were displaced by reddish‘ur
reddish white granulation tissue, A blood elot was present in one
animal . y

At 28 days the wound lips in the irradiated ocattle were still,
relaxed or gappiag in 2 cases. In the others the surface was
epithitralized. The tissue was glistening, pale reddish white in
eolor, and scaling.

At 35 days the incision area in the irradiated catile was 5
te 8 mm in width. The surface was covered wiih a glistening, scaly,
dry, wrinkled tissue, These areas were moderately pliable. A small
tongue-like proliferation originsting from a suture area was
observed.,

At 42 days the incision area in the irradiated cattle was
essentially the same as at 35 days. Dry brownish heavy prolifera-
tions were observed in the center of the healed area of one animal,

Calf performance. From the detail records of the performanece

of the calves from these gontrolled matings the following tables
have been compiled comparing the performance of ealves by cow groups
and by sire groups.

Tables VI through IX compare birth weights, wesning weighis,
feed lot performance and pasture performance of calves by cow groups.
Table XII through XV make the same comparisons for the sire progeny

groups. Tebles X and XVI compare the live animsl grades



3
of the calves by cow groups and by sire progeny groups. Tables XI and
XVII compare the breeding efficiency and relative fertility of the difs
ferent COW groups and of the sires respectively.

Generally the male calves Weighed more at birth than the females,
averaging one and one~half pounds for all groups of cows. An excepticn
occurred with the galves out of control cows in 1949 and with calves
out of first generation irradiated cows in 1951, see Table VI, Also
the male calves weaned heavier than the heifers, averaging 5h.2 pounds
for all groups. ‘An exception occﬁrred with the calves from first
, generation irradiated cows in 1951, In this group the heifers averaged

4
|

28,7 pounds heavier than éhg maleslat weaning. ?
Comparing the ¢alves of the irradiated cows with those of the

controls, the calves from the irradiated cows averaged 1;6 pounds

more at birth and 3h.8 pounds more at weaning than the cal;es out

of the control cows. However; in 1950 the male calwves out of cén.

trol cows averaged 0.6 pounds heavier at birth and 6.3 pounds

heavier at weaning than the male calves from the irradiated cows.
Comparing the feed lot per@brmance of the two groups of

. galves Table VIII shows that in 1949-50 the heiférs from the)control

cows gained 11.9 pounds more than the helers from 1rradiated COWE.

However, their final average Weight was still 39. 3 pounds less than

the heifers from the irradiated cows, The 1950 male calves from the

irradiated cows averaged gaining 16 pounds per dqy more than the

male calves from control COWS. But here again their final average

N weight was 33.2 pounds less than the male calves from the control
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ol
1948 was only 45,5 percent compared with' 80.0 percent for the irradiated
cows, This 1ow‘percentage for the' control -cows is probably due to the
fact that- they had not becomeyacol;mated to our condations and to
their thin condition, After the first'year both groups of cows had
satisfactory calf,cropg;

" Breeding efficlency of sires. ~The breeding efficlency of the

individual sires could not be correlated wiih irradiation., The
exposed bull "Atom" sebtled 78.l percent of his cows compared to 76,2
percent for the control bull Pal. The. breeding efficiency of all

bulls was considered satisfactory under the conditiona of this study.

-



SUMMARY

The appesrance of the hair of the exposed caitle (graying,
thin areas, dead appearing) was an effeet of the irradiation.

The skin oondition of the exposed cattle was an effect of
irradiation. |

The thin condition of the exposed cattle at the beglnning of
this study was a nuiritional effect rather than irréﬁiation, based
on a comparison of beginning welghts, ratc of gain and general ap-
poarance of the exposed and eontrol cabtile.

These exposed scattle made satisfactory growth and weight
gains when fed an adequate ration,

Percent of cattle lost by death was slightly higher in
gontrol herd than in the irradiated herd.

Pathological changes in the exposed cattle were the most
severs in the superficial parts of the skin. There was a marked
thickening of the gkin, i; was nen-plisble, firm and fixed, with
extensive hyperkeratosis. Artifically preoduced wounds required
2 to 3 times as long to heal as similar wounds on control cattle.,
Less pressure was required to incise the skin of exposed animals
than the controls.

No significant difference was found in the blood picture of
the two groups of cattle. Both appeared to be within normal range.

The calves from exposed cows performed equally as well as

the calves from the eontrol cows.
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There wag very little difference in the performance of calves

by the irradiated sires and control sires, :
The breeding efficiency and relative fértility were as good

H

in the irradiated herd as in the control herd.

Breeding efficiency of all the sires used in this study was

satisfactory,
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