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THE SIGNIFICANCE OF RADIONUCLIDE
CONTAMINATION IN RUMINANTS*

[.. K. BUSTAD axp R. O, McCLELLAN
Biology Department, Battelle-Northwest, Richland, Washington
and
R. J. GARXNER

Authority Health and Safety Branch, UKAEA, Harwell, England

Ruminants: may become contaminated by radionuclides released at the
time of a nuclear detonation and to a very limited extent by radio-
nuclides released by reactor accidents or by nuclear industry opera-
tion. In order to evaluate the contamination, we must consider the
specific radioactive elements involved, their characteristics and be-
havier, and their probable route of entry into the animal and their
transfer via animal products to man.

The primary and secondary fission products include more than 200
radionuelides, In addition, there are some radionuclides produced by
neutron uactivation, such as carbon'* from nitrogen in the atmosphere
and zine®™ from stable zinc®™, A list of some of the more important
radionuclides, together with their characteristics. is presented in
Table I. There are, of course, many short-lived nuclides of high fission
vield of significance immediately after release, but they were omitted
from the table for the sake of simplicity. Furthermore, only single
1sotopes or mother-daughter nuclides are shown; they are generally
members of rather complex decay schemes. For illustrative purposes,
the decay scheme for I'™ is shown in Table 11.

In Figure I are shown the percentage contributions of several im-
portant radionuchides to the total fission product radioactivity fol-
lowing slow neutron fission.® During carly times, of course. the total
fission product radiounctivity decreases rapidly because of the radio-
active deeayv. This obtains sinee carly fullout contains many short-
Ived isotopes. Ax a rule of thumb, the radioactivity decreases by a
Lactor of 10 Tor every 7-folil inerease in time after detonation or re-
leaser that 1= 41 there were 1000 units at 1 hour, there would be 100
units at 7 hours, 10 units wt 2 davs, and 1 unit after 2 weeks.

* Wark performed vder Conteaet Noo AT(43-1)-1330 bhetween the A tomice
Fonergse Commnssion and the General Fleetrie Company and under United
Ningdom Mtomie Energy Authority,
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PHYSIOLOGY OF DIGESTION IN THE RUMINANT

TABLE I
List oF IsMporTayT Fisstoy Propuets axp THEIR CHARACTERISTICS
Ll
J Source
Falloul from muclear
explosion Reactar
tropo- strato- after
Primary organ or spher- spher- newly oper-
| Fission product Half-1sfe organs irradiated local ic ic fueled ation
B 3d thyroid gland + X X X X
Nre¢ 51 d booe X X X X
Searyr 8y, 84 b bone X X X
Buieo.Lat 12.8d,40 h bone X X X X
Zr¥s-Nbvd 65d,35d whole bndy aod gas- X hY
trointestinal tract
Ce!#.Prist 285 d, 17.5 min  gastrointeatinal tract X X X
and skin
Ca'37.Ball? 30 y, 2.8 min whole body X X
TABLE II
Decay ScHEME FoR lopINE 131
(Thermal neutron fission of U%)
Atomic number and element
49 50 51 52 53 54
Indium Tin Antimony  Tellurium Todine Nenon*®

98, 126
1 sec — 3 sec — 23 min —— 25 min — (8.05 days‘ = stable

[22%  ige e, 1
— 30 hrs 12 day
50,'

70

* Two isonteric atates—one stable.

Per cent contribution to total activity

4

10
Time after fission (days)

Fig. 1 —Relative contribution® of some important radionuclides to
total fission product activity following slow neutron fission of U™,
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SIGNIFICANCE OF RADIONUCLIDE CONTAMINATION IN RUMINANTS

Certainly, all of the 200 fission products are not of equal biological
significance. In selecting those to be discussed, we took cognizance of
the amounts present in various kinds of fallout, their physical half-
lives, their metabolic behavior, their biological significance, the avail-
able data, and the tissue or organ involved. Regarding the latter
category, we chose to discuss radionuclides that would be representa-
tive of poorly absorbed -y emitters that would irradiate principally
the gastrointestinal tract and the skin, the bone-seekers, those that
concentrate principally in a single organ such as the thyroid, and
v-emitters that irradiate the total body. Alpha-emitting isotopes are
not included because they are generally poorly absorbed and are not
concentrated in the milk.** %° Although many of the radionuclides
have not been studied in ruminants, general metabolic data are avail-
able in other species and have been recently reviewed.58

The effects of the wvarious important radionuclides on ruminants
will be discussed first and categorized according to the area of the body
irradiated. This will be followed by a discussion of the significance
of contaminated ruminants as a source of food for man and then
examination of various methods of reducing the hazard to both ani-
mals and man.

GASTROINTESTINAL TRACT IRRADIATION

A grazing animal could receive a substantial dose of radiation to
the mucosa of the digestive tract, primarily g-radiation from unab-
sorbed 8-y emitters such as Ce!'**-Pri¥4. The results of radionuclide
feeding studies have shown that the lower large intestine usually re-
ceives the highest radiation dose.*® An exception is suggested by the
recent work of Bell* in which he fed high levels (20 mCi/day) of Cel#!
to sheep. (Less than 0.05 per cent of an orally administered dose of
Cel4* is absorbed.) He found that gross damage to the gastrointestinal
tract was limited to the omasum and abomasum in most of the sheep.
Yellow fibrous and necrotic infiltration was present in the omasal
folds, some of which appeared to be sloughing. In one wether, seven
months after the cessation of Ce'#* feeding, the omasal folds were
completely absent, the reticulo-rumen orifice was distended and the
rumen appeared impacted.

In both the omasum and the lower large intestine the contents have
a relatively long transient time and are quite concentrated,”® both of
which result in a high radiation dose from the contents. In addition,
the high surface-to-volume rutio in the omasum is probably a con-
tributing factor in explaining the pattern of lesions observed. The
physiological state of the gastrointestinal tract, of course, could alter
t}.le intestinal dose by at least an order of magnitude (for example, if
diarrhea or constipation occurred).*® Irradiation, too. could modify
absorption of material from the gastrointestinal tract #

Some estimates were made by Nold and his colleagues*® 48 on the
effects of the B-emitter Y® on the gastrointestinal tract of a goat and,
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PHYSIOLOGY OF DIGESTION IN THE RUMINANT

by extrapolation. the effects on a cow. They estimated that each
millicuric of Y™ ingested by the goat resulted in a dose of 17 ruds to
the lower large intestines. Single oral dosex of more than 200 m(Qi
which delivered between 3000 and 4000 vads to the so-called critical or-
gan ithe lower large intestinesy, failed to produce any evidence of
hemorrhagic enteritis. Doszes in excess of 5000 rads were estimated to he
required to provoke the latter svodrome,

Under most circumstances involving a high-level fallout field, the
contribution of the 8 dose to the gut would be relatively insignificant
compared with the dose to whole body from y-emitters on the grounr
and in and on the animal. Nold made estimates of the dose to the
whole body and to the gastrointestinal tract for a 90-day period
following a detonation that resulted in a fallout field that had dose
levels of 100 r/hr at one hour {Table 111,

TABLE Il

CoMpaRATIVE 90-Day Duses 1o THE WHoOLE Booy asp GUT oF
Cows GRazING A FatrovT Fieup*t

Cows start grazing

Immediately afler Cows slarl grazing

after 2 weeks

attack
90-day whole body dose 100 r 150 r
90-day gut dose 100 r 30r

It was assumed that the animals that did not begin grazing until
after two weeks were kept in a barn that provided a shielding factor
of three, and during their confinement their ration was not contami-
nated. It should be noted in Table I1I that with a whole body dose
that would be acutely lethal to most if not all of the cows (1000 ),
the dose to the gut would only be ahout 10-15 per cent 1230+ of the
dose required to produce minimal injury, This latter figure 13 based on
the assumption that approximately 1 per cent of the zignificant
radionuclides is retained on the grass and thus available for ingestion
by the grazing anial. If the retention of the radionuclides on the
forage consumed is greater than 1 per cent, then the Jdose to the
gastrointestinal tract would be increased accordingly.

SKIN IRRADIATION

The deposition of fallout on the skin of animals can cause lesions
often referred to as “beta burns” since they are due to the g com-
ponent of 8-+ emitting radionuclides. Gamma irradiation. of course,
can cause a local reaction, but the cffects are not confined to a lo-
calized wrea of =kin. The most noticeable reaction to g-harns ix a
localized ehange in wool growth and in pigmentation as ilustrated
in the sheep exposed to a P* plaque shown in Figure 2. We have
found the skin responsc of sheep to Sr*” and P¥ plaques to be similar,
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SIGNIFICANCE OF RADIONUCLIDE CONTAMINATION IN RUMINANTS

as one might expect due to the similarity of the 8 energies of P3? and
the Y daughter. Short-term and long-term results of exposing sheep
to P32 plaques are summarized in Table IV .78 The reader is referred to
the work of Lushbaugh and associates who have summarized well the
early reaction of sheep skin to B-irradiation,® as well as reports by
Tessmer®® and Trum and Rust.?®

Lethality in ruminants due to @-irradiation of the skin is unlikely
because the levels of y-irradiation would be limiting before overwhelm-
ing doses of @-irradiation would be received. Extensive ‘“‘beta burns”
of the skin have been seen in animals grazing near a nuclear test site,
however, without their manifesting damage from excessive exposure to
y-irradiation.'® The subject animals were Hereford cattle which were
accidentally exposed to radioactive fallout from the first nuclear
weapon test. The dose of radiation received by these animals was
estimated to be 130r of penetrating (y) radiation and 40,000 rads
from B and « emitters to the skin. The area of skin affected was
principally the back region where dust easily settles.

A number of these exposed animals were shipped to Oak Ridge and
later transferred to the University of Tennessee for a study of the
effects caused by irradiation.

According to Brown,'® the most significant and consistent damage
associated with these cattle has been lesions on the skin, especially
over the back and upper parts of the head and neck. These changes

8000 rod 4000 rad
AT [\
W UDNTRS 1§ VT

Fig. 2.—Sheep showing wool loss following exposure to 20,000 rads from
a P¥ plaque.
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PHYSIOLOGY OF DIGERTION IN THE RUMINANT

were presumably caused by g-radiation from radioactive fallout. They
consist of relatively prowinent, irregularly distributed horny pro-
jections or plaques. Three animals which died (one in 1860, two in

‘ 1962) had cancerous growths in the arca of these skin lesions. One
animal succumbed to cancer which began in a “beta burn” lesion on
the skin and spread to other tissues ™ Perhaps the cause of death in
this animal might be considered an exception to the common cause
of death in cattle. This forn of cancer is, however, comnon in the
Hereford breed. Usually it develops about the eyes (cancer eye) but
may occur in other areas of the body. There appeared to be no
deleterious effect on the reproductive performance over a l4-vear
period. The overall conception rate was 94 per cent and one remaining
cow has given birth to 16 calves in 16 years.

On the basis of the observations made on these cattle und other
studies cited above, it is unlikely that 8 burns of ruminants will
detract significantly from their food value or contribute to any sub-
stantial increase in the effects of accompanying external whole-body
irradiation. Furthermore, the latency of neoplasms of the skin prob-
ably exceeds the economic life of most ruminants. The principal
hazard from g partieles on the backs of ruminants may well be to
her]dsmen and abattoir employees handling the contaminated ani-
mals.

TABLE IV
GrOss PaTHOLOGIC CHANGES FOLLOWING BETA [RRADIATION OF SHEEP SKIN'®

[ 183t1b

Swelling

Redness

Sensitivity

Pigmentation

Wool changes

2000 rads

Nooe

None

Very slight

Very slight, but
peraisted

No cessation of
wool growth.
No wool loss.

4000 rads

Onset iminiediate, severe, and
diffuse. Duration about four
days.

Obvious but not severe.

Onset immediate. Duration
about four days.

First noted during second
week, persisted.

Slight ceasation of wool growth
during first six weeks fol-
lowed by normal growth. No
wool loss.

4000 rods

Onset inmmediate, very severe,
diffuse (exteoding 1 ctn. be-
yond the border of the ir-
rudiated ares). Duration four
days.

Severe initially. Durstion about
four days.

Onset immedinte and very
severe. Duration about six
duys.

Very dense black pignientation
in the irradiated area. tirst
ooted during second post-
radiation week, persisted.

Wool lpas occurred during second
and third post-radisticn week,
variable in extent and cum-
pleteness. No regrowth until
after the fourth month. New
wool Abers did not sttain the
tull length of normal wool
fibera.

EFFECTS

DLE TO BONE-SEEKING RADIONUCLIDES

In the long term, S is the nucelide of principal concern when dis-
cussing contamination duc to bone-seeking fission productz in a
fallout field.** This obtains beeause it is readily absorbed from the

136

o — e et ek S Ml n. o D e ol et e 10 N 1 et o i S et = n A e - o a—————.



SIGNIFICANCE OF RADIONUCLIDE CONTAMINATION IN RUMINANTR

aastrointestinal tract (5-15 per cent in adults and up to 70 per cent in
the voung), is concentrated readily in bone (~99 per cent), has a slow
turnover in bone (>3 years for 30 per cent} and a 28-vear physical
half-life. Barium 140 and Sr*® are also bone-seeking isotopes, but the
hazard is not as great since the physical hali-lives are only two weeks
and 351 davs respectively. (There could, however, be circumstances
when shorter-lived nuclides may assume a position of importance
because of their [or their precursors’] greater fission yield.)

Only limited studies have been performed on the effects of bone-
seeking radionuclides in ruminants. 1% 12 23. 345135 Ty g study at Oak
Ridge!” two groups of sheep, one administered Sr®® intravenously
and the other Ra*, have been observed since 1954. The original
experiment consisted of 16 animals dosed with Sr®, 9 animals dosed
with Ra®™% and 6 controls. {Ra®*% was utilized in these studies be-
cause considerable data is available on its toxicity in man.!) Cur-
rently, 5 animals are surviving, including 1 control. Some pertinent
data on these animals are summarized in Table V. Early deaths were

TABLE V

SUMMARY OF DaTa 0N SHEEP INTRAVENOUSLY ADMINISTERED EITHER Sr? oR
Ra?t (5 1954 a1 UT-AEC AcricCLTURE RESEARCH Lasomratory?!®

Number of

animals in Number and (ype of
Treatment group group {umors at necropsy Remarks
Sreo
0.11 uCi/kg 4 1 osteogenic sarcoma at
102 months post-injec-
tion
5.6 uCi/kg 4 1 ostevgenic sarcoma
suspected in surviving
animal
55.5 uCi/kg 4 1 rhabdomyosarcoma at
55 months post-injec-
tion
1 osteogenic sarcoma at
93 months post-injec-
tion
278 uCi/kg 4 none acute radiation syn-
drome—aversge
survival 23 dayvs
[earrs
0.5 uCi/kg 3 none
3.0 uCi/kg 3 I osteogenic suarcoma at
33 maontha post.injec-
tion
25 wCiokye 3 none bload dyserasia with
average survival
of 5 months
Controls 6 none
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PHYSIOLOGY OF DIGESTION IN THE RUMINANT

associated with parasitiém, infection, cardiac failure, traumatic peri-
carditis, and tumors.!” The skeletal burden of Sr® at death was about
5 per cent of the intravenously administered dose. On the basis of
these data, the LDs, dose of Sr® administered intravenously would be
about 0.3 mCi, kg in sheep.® A somewhat higher figure 11.3 mCi kgl
was reported® for the goat using 3r®°,

Relative to strontium in milk, about 1-2 per cent of an orally ad-
ministered dose will be secreted in the milk,'3 ** while 10-27 per cent
of an intravenous dose may be secreted in the milk in 3-8 days. % #!

We estimate that if enough Sr° is given to a pregnant cow or sheep
in doses large enough to seriously injure the fetus, the dam will alzo
be seriously injured or will suecumb. Furthermore, since the economic
lifespan of most farm animals is relatively short, it may be tentatively
concluded that if an animal survives the acute phase, any long-term
effects can probably be ignored.

WHOLE BODY IRRADIATION

The passage of a radioactive cloud or the accumulation of early or
local fallout containing a large assortment of y-emitters results in an
exposure of the whole body to penetrating radiation from both the
external and internal contamination. Qur present state of knowledge
indicates that the whole-body dose from y-emitting radionuclides will
be the limiting exposure from the standpoint of survival.

Gamma-emitting radionuclides which are readily absorbed from the
gastrointestinal tract and distributed throughout the body may con-
tribute significantly to the whole-body radiation dose. Of these radio-
nuclides, Cs!37 is the dominant one because it is readily absorbed
from the gastrointestinal tract, has a relatively long biological half-
life, and a 30-year half-life. Since it is metabolized in a manner re-
sembling that for potassium, it, too, is distributed throughout the body.

TABLE VI

RELATIVE T1ssGE CONCENTRATIONS OF RAprocesitm Forrowisc Darny Orar
ADMINISTRATION TO SHEEP aND GOATS

(20~30 days feeding)

Cesium concentrations
(€, daily dose/kg tissue)

Sheep® Goat®
Muscle : 8 20
Kidney ] 10 36
Liver 6 19
Heart 8 -
Brain — 3
Ovary — 13
Testis 9 —
Bluod plasma 0.5 1
Femur 1 —
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SIGNIFICANCE OF RADIONUCLIDE CONTAMINATION IN RUMINANTS

Ruminunt= absorb from 50 to 100 per cent of the Cs'*" ingested and
exerete relatively more in feees than in urine, although the fecals
urinary excretion ratio is higher in non-ruminants #1- #. 13- 14, 43.43. 60

The rate of loss of Cs' from the body can be described mathe-
matically by a series of exponential functions. Hood and Comar®
ohserved that 75 per cent of an intravenously administered dose was
excreted in the first month after administration. In sheep more than
50 per cent of a single administered dose is excreted within 10 days
after administration.*?

In Table VI are shown the relative tissue concentrations of radio-
cesium following daily oral administration to sheep and goats. Unpub-
lished work in our laboratory with sheep has shown that body burdens
10-20 times the daily intake are reached after about threce months of
daily Cs'" feeding. Relative Cs'® concentration in the muscle of
these latter animals is probably at least a factor of 2 higher than that
observed in the sheep fed Cs'37 for 20 dayvs.

1.2

s
E 10—
- {b) Continuous daily
S I~ intake
2
Z 08— (c) Continuous intake from
o decaying source
o -
£
2 06—
)
©
3 -
£ o4t—
5
e -
[
c I \o) single intak
S 0.2 @) Single intake
- ’

H

j l | l .

0 4 8 12 16
Time (days)

Fiy. 3. —Change with time in percentage of initial
daaly antake of cestam-137 in milk following (a2) o
single oral dose of 1 «Ci composite curve derived
from data of Thin and Moskalev®™ and Sansom,” ()
cotttiitots take a0 constant e cquivalent 1ol
wCrdily ™ Ge) vonnmuous ntake from a =ource de-
caving with a hadi-time of 14 davs, the intake on the
first duy being 1 wCl, derived (rom curve b,
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Extrapolation of data from single dose studies to continuous daily
intake indicates that the percentage of the daily dose found in the
milk each day is 6-25 per cent and 6-11 per cent in the goat and cow,
respectively 3! 33, 15, 14

In Figure 8 are shown the changes in Cs'*" concentration in milk
with time following various exposure reginien.

RADIOIODINE AND THE THYROID GLAND

Radioiodine is considered one of the most biologically significant
radionuclides because of: (1) its abundance in early fallout and in
the gaseaus efluent of certain nuclear facilities; (2) its high inventory
in reactors; and (3} because it is so readily sbsorbed and concen-
trated in the thyroid gland and in the milk of ruminants. The thyroid
uptake of radioiodine is dependent on the level of stable iodine and
other constituents in the diet, as well as upon the age of the animal.
Reported peak thyroid uptakes in ruminants on the second day follow-
ing a single oral administration vary from 5 to more than 50 per
cent's. 54, 18, 17, 21, 25, 7, 8

The most practical case to consider when dealing with radiciodine
is the situation in which animals ingest iodine from a decaying source
as they would following a single contamination event. Several ex-
perimental studies have been performed in dairy cows in which a
single contamination event was simulated.?! 8 38. 28 Ap idealized pres-
entation of the results of such an experiment is shown in Figure 4. In

(10 uc ON FIRST DAY)

lo,ooot COWS THYROID
4 . {AVG. - 3 ANIMALS)
2 e
o
(57 L .
o X
S J +
=3 '3t FED/DAY
3% 1,000k 113! FEEDING N
. DISCONTINUED
E3w L 1! L 1 1 ) 1 ] {
- b
b .
50—~ 13 - )
3~ ! 1 /LITER OF MILK (AVG.~ 3 COWS
x 5 r )‘/ \x X, o
e | ™ o
ug ﬁ“)---x ,\
T x /
Q N
tg (of " _’3,;,,_\/ =
- < 1%
2 X - \ums THYROID (AVG. -5 MEN) R,\
N i ° {ADJUSTED FOR ! LITER/ «
<) DAY MILK INTAKE} \
o i
[
1 ! 1 ! ! ! ! ! L
I'00 4 8 12 16 20 24 28 32 3s 40

DAYS FOLLOWING INITIATION OF 113! FEEDING YO DAtRY CATTLE

Fig. +—I"" in milk and in thyrtoid of cattle and man in a simulated
contamination event study (feed pellets fed morning and evening
were all spiked with 5 uCi/day on day one).
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SIGNIFICANCE OF RADIONUCLIDE CONTAMINATION IN RUMINANTS

this experiment, cows and sheep were fed, morning and evening, one
pellet that had been spiked with 5 uCi each on day one. The approxi-
mate thyvroid uptake curve for man drinking milk from these is also
included. If cows were eating contaminated vegetation, the uptake
values would probably be about 70 per cent or less of those shown
because the effective half-life of fallout radioiodine on vegetation is
closer to 5 davs® than the 8-day half-life provided by physical decay
alone in the study illustrated in Figure 4. :

The relative concentrations of I'3! at apparent equilibrium in vari-
ous tissues, excretions, and secretions of cattle are shown in Table
VII. Sheep usually show higher concentrations than cattle.® 7

TABLE VII

CONCENTRATIONS OF I3t FoLLowInG DaiLy OraL ADMINISTRATION TO Cows
(expressed as per cent of daily dose/g tissue, excretion or secretion X 10%)

Organ, lissue, secretion, or excrelion G of dose/g X 10¢
Blood 1.7
Muscle 0.2
Spleen, pancreas 0.8
Kidney, liver 1.4
Ovary, salivary glands 1.0
Feces, milk 5.0
Thyroid 32,000

A cow may secrete in its milk about 0.5-1 per cent of the daily
administered I'3! dose per liter of milk.* 6 37 Unlike the monogastric
animals, considerable quantities of I!3! are excreted via the feces.5* 7

A thyroid dose of several thousand rads appears to be necessary
before any thyroid damage can be readily observed. Doses in excess of
50,000 rads appear to be required for ablation in sheep, and more than
100.000 rads are required in cattle. The effects of I'®! in animals have
been recently reviewed and are only summarized here.!® The most
spectacular effect is in the young animals which will fail to grow if
the thyroid has been destroyed. Adult animals may appear fairly nor-
mal following thyroid ablation; however, lethargy, constipation, fatu-
lence, and a dry skin develop. Such animals, however, may continue
to conceive and reproduce, but they may encounter difficulties at
parturition. The fetal thyroid is quite subject to damage since it con-
centrates up to three times as miuch as the ewe’s and six times as much
as the cow’s.= *7 If a thyvroid ablative dose is received by the fetus,
the animal will not survive bevond the first week of life unless therapy
1= initiated.

I1.in u pasture contamination event such as that described above,
the initial concentration is 1 uCi of T per gram of diy vegetation
eaten (20 per cent of this on =ucculent pasturage), the infinity thyroid
dose will exceed 100,000 rads. Animals grazing such a pasture for 30

i183u2l
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davs will show some cvidence of « total-boady irradiation syndrome
and will probably have ablated thyvoids.

The contributions of the short-lived isotopes of iodine IV, [
' and ') to the dose of the ruminant in close-in fullout may
approximate that due to [ (with the tellurium precursors being the
importunt sources of radioiodine, expecially in the case of Te!-11=1
The dose reccived by persons drinking milk. however, will be relatively
insignificant. especially since u delay of a day or more hetween mitk-
ing and consunmption is usual™ '* and only small amounts of tellurium
are secreted in milk.

INHALATION HAZARD

Animals exposed to lethal doses of external y-irradiation from close-
in fallout that originated from surface and underground shot:s had
only insignificant amounts of fission products in their lungs.* Meas-
urements made on animals exposed in the Marshall Islands and on
indigenous animals at the Nevada Test Site showed very little con-
tamination in the respiratory svstem. In addition to these field ob-
servations, it was estimated that a factor of 10% would have to be
applied to the inhaled dose of radiation to place it in the same order
of magnitude as that resulting from external y-irradiation in a fullout
field.** It would appear that in most cases the hazard of inhaled
radioactive materials can be ignored for ruminants.

COMBINED EFFECT

In order to evaluate the acute cffects from a combined dose of the
important radionuclides, it has been assumed that the effects are
additive and that the whole body dose is a sum of the doscs for each
individual radionuclide. The estimate of this dose is based upon the
concentration of Sr* in the blood and hone marrow, rudioiodine in the
blood, Cs'*™ in the muscle, and Ce' in the gastrointestinal tract.
Estimates of the whole-body dose are given in Table VIIL. The lethal
and damaging oral doses for adults and fetuses arc shown in Tables
IX and X, respectively.

TABLE VIII

WHOLE-BopY Dose 10 A SBEEP OR Cow DURING THE FIRsT WEEK AFTER A
SINGLE INGESTION OF 3¢, [0t Csiir

Dose
Radionuclide {rads/mCi ingested/kg hody weighty
Srde 10 (400 for bone and
200 for bone murrow)
ot 10
Cyro 100
142




SIGNIFICANCE OF RADIONUCLIDE CONTAMINATION IN RUMINANTS

TABLE IX

EstiMaTED OraL Dose 1o ApuLt Sweep of I, Sr%, Csi¥7 A~
Ce!t TaaT worLd Cavuse Seriors [NJURY OR DEATH

Oral Dose (mCi/kg body wt)

Radionuclide Lethal (LD0) Causing serious injury
I 15 0.2
Sroe 10 1
Cst¥ 35 0.5
Ceitt 8 4
TABLE X

EstiMATED OrAL DoseE To Apvrr SHeee oF I%, Sr%, Cst¥7, anp Cel#t
THAT MAY REsuLT IN FETAL INJURY OR DEATH

Oral Dose (mCi/kg body wt)

Radionuclide Daily administration Single administration
I 0.002 0.1*
S . 0.015 t
Cat¥ 0.020 0.2
Certt 0.5 4

* If administered in latter stages of pregnancy.
t Death of fetua is unlikely at doses that will pot kill the dam.

CONTAMINATED RUMINANTS AS A SOURCE OF FOOD FOR MAN

In evaluating the effects of fallout or nuclear accidents or controlling
them, it is the human population that must receive priority. One of
the major routes of contamination for man, and particularly children,
is the consumption of fresh milk. If acceptable limits are set for milk
for man, the animal will be well protected. A comparative value for
I3t will illustrate this point. A cow would have to ingest 70,000 times
as much I'®! to cause economic damage (~1.5 mCi/day) as would
give milk-drinking man a permissible level of the nuclide in the milk
(100 pCi/l in milk). Similar factors for 8r and Cs™®? would be about
10,000 and 1,000; therefore, we assume there is no danger to grazing
stock as long as the limits applied to the human population are met.

A summary of the fraction of orally administered doses of the four
radionuclicles that appear in the milk are shown in Table XI.

TABLE NI

FRaCTION or ORALLY ADMINISTERED Dosg or Sr%, I3t Cglst, anxp
Ce'* SECrRETED I1x Mitk ofF Darrvy Cows

Rudionuclide Per cent of oral dose secreted in milk Reference
Srfo 0.08-2 12,23
[ 5-10 0,21,25,37
st ~10 14
Cetn <0.01 22

REFLYEE 1



hZhegl |

PHYSIOLOGY OF DIGESTION IN THE RUMINANT

It is highly unlikely that the meat from a contaminated ruminant
surviving the acute phase will contain enough radicactivity to cause
any acute deleterious effects upon the consumer.*8

The methods applicd in cooking will also have some effect and re-
sult in some loss of radionuclides. Bell ard coworkers™ ** found that
there was some leaching of Sr¥ from bone into the contiguous meat
in a roast during the cooking process, but it was of little significance.
{More than 99 per cent of the Srin an animal 1s in the bone.) With
cesium these workers found that an oven-roasted loin retained
about 80 per cent of its radioactivity, top round steak surface-braised
with a small amount of water retained 57 per cent, and bottom round
stewed with mucly water retained less than 50 per cent.

" PROPHYLACTIC AND CONTROL MEASURES

In the event of large-scale contamination, a number of procedures
can be initiated that will reduce the hazard both to ruminants and to
man. Utilizing uncontaminated stored hay and grain can, of course,
essentially eliminate the contamination problem.®® There is also some
work indicating fertilization of pastures will reduce the I'3! transferred
to milk.?® Early hosing down of the backs of animals that have been
exposed to close-in fallout will reduce significantly the possihility of
“beta burns’ on the skin.#®

Todine concentration can be reduced in a number of ways and they
have been thoroughly reviewed by Lengemann®® recently. We have
found that increasing stable iodine content of the diet [rom 5 mg to
2 g/day reduced milk levels of I'3' by 50 per cent and thyroid burdens
more than 90 per cent.® The thyroidal uptake of adult volunteers
drinking this milk was reduced by 50-80 per cent.®!

A process for removing radionuclides from milk was developed to
the pilot-plant stage at the Agricultural Research Center in Belts-
ville, Maryland under the cooperative sponsorship of the U. S. Depart-
ment of Agriculture, the U. S. Public Health Service, and the U. S.
Atomic Energy Commission. This adaptation of a continuous ion
exchange apparatus has been under commercial scale testing by the
Producers Creamery Cowmpany in Lebanon, Missourl. It is planned
that about 12.500 1b of milk are to be processed each hour. The basic
steps in the process involve acidifving to pH 5.2, passage through a
cation resin bed where >95 per cent of the Sr and Cs is removed,
thence to an anion resin which removes the iodine (more than 90
per cent) and hydrochloric acid.*® The results of the commercial
evaluation of the removal of radionuclides from milk, however. are
not yet completed.*?
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