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The development of nuclear energy has created a
new and complex danger in living throughout the
whole world. Much has been written and said about
the dangers of nuclear testing and nuclear war. While
the results of nuclear testing and nuclear war are not
exact! y predictable, certain facts emerge, which if understood, will do much to remove the "terror aspects"
of a nuclear explosion. This understanding will also
do much to reassure those who have a basic understanding of the "bomb" and its capabilities and limitations; but most important, how to survive if the
country is ever subjected to a nuclear attack.
We have attempted to boil down a vast amount of
information on nuclear explosion and the effects on
humans and livestock. This is also an attempt to present in simple readable form , the essential elements of
survival in this nuclear age. It has been estimated that
67 million people are classed as rural, in the United
States; i.e., living on farms and ranches or in towns of
10,000 or less population. In South Dakota the majority of the population can be classed as rural. As rural
people they would be subjected mainly to fallout in
the event of nuclear war.
WHAT IS RADIOACTIVE FALLOUT?

Radioactive fallout is produced when a nuclear
explosion occurs at or near the surface of the earth.
Tons of soil are sucked up into the mushroom cloud
and each particle becomes radioactive.
Each particle of earth gives off three types of radiation - alpha, beta, and gamma.
Alpha radiation is harmless to skin. Beta radiation,
which produces burns, can be avoided by brushing
or removing outer clothing and by washing exposed
skin areas ( face, neck, and hands) thorough! y with
soap and water to remove radioactive particles. Take
care to leave contaminated clothing outside the shelter area.
Gamma radiation is much like X-ray. Gamma rays
are invisable and cannot be tasted, seen, or felt. These
rays can penetrate deeply into most materials includ-

ing your body. When they penetrate deeply, they destroy living cells and can cause sickness or death to
both humans and livestock. The radioactive particles
which emit radiation can be as large as a grain of salt
and have a glassy appearance, or they may be so fine
that they can scarcely be seen by the naked eye.
Fallout can settle anywhere. It is carried by wind
currents, and remember that wind currents are blowing in different directions at different altitudes so fallout can settle on the earth hundreds of miles in any
direction from the point of the explosion. All land
areas within the fallout pattern would not receive the
same amount of fallout.
RADIOACTIVITY IS NOT CONTAGIOUS

A person or an animal could be exposed to heavy
doses of radiation, without passing it on to others so
long as the radioactive particles on the clothing, skin,
or hair were removed and placed a safe distance away
from those not originally contaminated. Generally
speaking, radiation diminishes quite rapidly; within
a few days after a nuclear explosion, radiation would
be reduced through decay to tolerable levels in most
areas. Table 1 illustrates the rate of reduction of radioactivity from a single contamination caused by nuclear explosion.
Table 1. Rate of Reduction of Radioactivity From a Single
Contamination

Time (hr.)
since blast

Amount
remaining

1 ----------------------------------------------------

7 --------------------------------------------------1/ 10

7x7 =49 (2 days) ____________
____
__________
1/ 100
1/ 1,000
7x7x7 = 343 (2 weeks) __________________

Assumed radiation intensity
in roentgens*
per hour

1,000 r / hr
100 r / hr
10 r / hr
1 r / hr

• A roentg en is a mea sure of radiati on exposure.

Decay in radioactivity is related to time. For every
seven fold increase in time following a nuclear explosion, the intensity of the resulting radiation decreases
to one tenth as much. When radiation is 1,000 r-hr. 1

hour after an explosion, at 7 hours after the explosion
the intensity would be about 100 r /hr, or one-tenth
of the original intensity.
.
According to this rule, for every sevenfold mcrease
in time following an explosion the resulting radiation
decreases tenfold. For example, suppose the radiation
dose rate in an area is 1,000 roentgens per hour (1,000
r /hr) at 1 hour after the explosion. If no more fallout
occurs, 7 hours after the explosion the dose rate would
be about 100 r /hr ( a tenfold decrease from 1,000).
In 49 hours (7x7) or about 2 days, the rate will be
dO\vn to 10 r / hr. In 343 hours (7x7x7) or about 2
weeks, the rate will be down to 1 roentgen per hour.
Approximately 14 weeks would be required for the
radiation dose rate to be reduced to 0.1 r/hr.
A roento-en is a unit for measuring a radiation
exposure d;se. Instruments are available that will
measure radi ation directly in roentgens. The human
body is able to with stand continued exposure to small
doses of radiation such as we have always gotten from
natural sources without harmful consequences.
We have always been subjected, for example, to
low level radiation from cosmic rays and certain minerals and rocks in the earth. It is from high radiation
levels that we must protect ourselves. Nuclear weapon
testing and nuclear reactors for peaceful uses have
produced gamma radiation, but this is far below the
danger level for human beings and livestock. Table 2
shows the expected percentage of radiation sickness
and subsequent deaths in humans within 30 days or
so for various acute radiation doses over the whole
body.
Table 2. Expected Effects of Acute Whole-Body
Radiation Doses*
Acute dose
(roentgens)

Effect

0-25 ____
____________
__No obvious injury
25-50 ____
__
_________
_Possible blood changes but not serious injury
50-100 ____
__
_____
__Blood-cell changes, some injury, no disability
100-200 ____________
Injury, possible disability
200-400 _ _ ___Injury and disability certain; death possible
450 ____
___
_____
________Fatal to 50 per cent
600 ______
____
_____
_____Fatal to most
•F rom " Civil Defen se In formati on for Food and Drug Officials," prepared by the Food and D rug Admini strati on, U. S. Department of
H ealth , Educati on and Welfare , December 1956.

Injury caused by a dose of radiation will depend
on the extent and part of body exposed. For example,
an acute dose of 700 roentgens applied to a small region of the body such as a finger or hand would heavily damage the affected part, but the overall health of
the individual would probably be affected only moderately. If all or most of the body were subjected to 600
or more roentgens within a few days, the individual
would sicken and probably die within 30 days.
PROTECTION FACTOR

The protection factor is the relative reduction in
the amount of radiation that would be received by a
person in a protected location compared with the
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amount he would receive if he were unprotected.
People can gain some degree of protection from radioactivity by simply seeking and getting under cover.
The first floor of an ordinary framehouse with tight
fitting windows and doors would provide a protection
factor of about two and cut the radiation in half. By
going into a basement of an ordinary framehouse the
protection factor is increased to approximately ten;
i.e., there would be 1/10 as much radiation in the
basement as compared to outside. However, a protection factor of 10 is still not enough to avoid casualties.
Some additional protection in a basement would be
needed to increase the protection factor to at least 100;
i.e., to reduce the radiation inside to 1/100 of that outside, which would be needed in areas of heavy fallout.
Eight inches of concrete provide about the same
protection as 12 inches of earth, 10 inches of brick, 16
inches of books, or 30 inches of solid wood, any of
which would be adequate in most instances for a basement fallout shelter. This shielding should be on all
sides and overhead, and is in addition to the existing
basement walls and ceiling. If the shelter were constructed above ground much more shielding is necessary. The more mass between the persons being shielded and outside, the more safety is afforded.
An effective basement fallout shelter providing a
protection factor of 100 or more can be constructed
using solid concrete blocks for material cost of about
$200. Plans for this and other types of home shelters
can be secured from your local county agent, civil defence director, or Extension Service Agricultural
Engineer. An outdoor cave or root cellar can be
an effective fallout shelter, when it has two or more
tight fitting doors, and doors are sandbagged to stop
radiation.

EQUIPMENT FOR SHELTER

The basement shelter or outside shelter should
provide at least 15 square feet of floor space for
each person using it. Ventilation would probably
not be a problem. Bunk beds, mattresses, and blankets will be needed in the shelter. Include an adequate supply of canned food and uncontaminated
water for drinking and personal hygiene. It is well
to remember that so long as fallout particles do not
actually blow into or land in food or water, they
are safe to use. A battery-powered radio and a
source of light such as a flashlight or battery lantern should be included as well as a receptacle with
a tight .fitting cover for disposal of personal wastes.
Fresh or frozen food in the deep freeze or refrigerator are safe to use. Even foods such as vegetables or
fruits are safe to use if they are peeled or washed to
remove fallout particles. Fallout particles landing
in open water such as ponds or lakes settle to the
bottom. This makes the upper layers of water safe
to use in time. Boiling does not remove radioactivity, however, straining contaminated water through
several thicknesses of cloth will remove most of the
fallout hazard from drinking water. Running contaminated water through an ordinary zeolite type
water softener would help. The softener should be
cleaned immediately and the radioactive particles
buried.
Livestock, like people are affected by radioactive fallout. Table 3 shows the effect of shelter on
mortality rate of livestock.
Table 3. Effect of Shelter on the Mortality Rate of Livestock*
Mortality rate by nature of shelter
Kind of livestock and
2 story Basement type barn
radiation exposure
Tight wood- barn loft
with loft full
-unsheltered dose
en barn full of hay of hay (pro(number of roent(protection (protection tection factor
gens-1 day)
No shelter factor of 2) factor of 5) of 10 or more)

Cattle
%
500 ----------------- 30
1,000 -------------- 100
3,000 -------------- 100
Hogs
500 ----------------- JO
1,000 ---- ---------- 100
3,000 --100
Sheep
500 ------------------38
1,000 ------------- 100
3,000 -------------100
Poultry
500 ------------------10
1,000 -------------- 64
3,000 -------------- 100

%

0
30
100

%
0
0
80

%
0
0
0

0
30
100

0
0

so

0
0
0

0
38
100

0
0
80

0
0
0

0
10
100

0
0
20

0
0
0

-

---

cially, for breeding stock or a milking herd. The roof
should be washed off to remove radioactive particles
unless the roof is covered with a foot or more of earth
or other heavy shielding material. For range animals,
confinement in a corral would be of some help in reduction of radiation exposure to individual animals. If
animals have been directly exposed to fallout, wash
them thoroughly as quickly as possible, but give due
regard to human safety.
Livestock feed and water, if not directly contaminated by fallout particles, are safe to use. Thus feed
stored in sheds or under cover are reasonably safe.
Water from wells or flowing springs would be normally safe to use for livestock. Do not use animals which
have been heavily exposed to radiation for food until
they recover.
IODINE 131 AND STRONTIUM 90

The_radioistopes, iodine 1.31and Strontium 90 are
by-products of a nuclear explosion. Milk can contain a
large account of Iodine 131 shortly after a nuclear explosion, caused by cows eating contaminated forage.
Using stored feed can greatly reduce the Iodine 131
hazard. Iodine 131 has a short half life of 8 days. Thus
it decays rapidly, and loses one-half of its radioactivity
during the first 8 days, half of its remaining radioactivity during the second 8 days and so on. Even after
heavy radioactive contamination, the Iodine 131 hazard becomes negligible after a few weeks provided no
new heavy fallout arrives.
Strontium 90, like Iodine 131, can find its way into
milk and milk .products. Strontium 90 has a long half
life of 28 years. Again, giving animals feed stored in a
tightly closed shed can greatly reduce the hazard.
Plants pick up Strontium 90 from the soil along with
calcium. However, plants discriminate against Strontium 90 from the soil in favor of calcium. Thus in
high calcium areas such as in South Dakota plants
would pick up mostly calcium in preference to Strontium 90, even though a high concentration of Strontium-90 exis_tedin the so.ii.Cows then further discrim-

Livestock

Protection

•The reduction of radiation by shelter is described as the "protection
factor." For example, if the protection factor of any given structure is 2,
then the intensity of outside radiation is reduced by one-half.

It is advised that livestock be sheltered as soon
as possible in the event of a nuclear attack. A covered trench silo or potato cellar could be used, espe-
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inate against Strontium 90 in favor of calcium, thus
reducing Strontium 90 in milk to tolerable levels except when massive amounts of Strontium 90 are in the
soil. Equipment is now being perfected on an experimental basis which can readily remove Strontium 90
from milk, should the need arise.
ON OUR OWN

In the event of nuclear attack, we in South Dakota and those living in other rural states would be
large! y on our own for several weeks. Therefore, it
is imperative that all rural people have a good understanding of nuclear weapons and their effects
upon people and livestock and also how humans
and livestock can be protected from radiation sickness or death.
Immediately after a nuclear attack, trained
radiological monitoring teams would measure the
radioactivity at many different locations. This in.:.
formation would be sent to communication centers,
making it available to the general public by radio
and telephone, but principally by radio. This
points up the need for battery powered radios
should power failures occur.
Recovery activities would begin as soon as radioactivity subsided enough to permit recovery personnel to assume their duties. Most county, city, state,
and federal governmental agencies have been
charged with definite responsibilites in the event of
a nuclear attack, in order to permit resumption of
normal activities insofar as possible.

WHAT TO DO IN NUCLEAR EMERGENCY

1. Do not look at the bomb burst. Light and heat
radiation can damage the eyes.
2. Seek cover immediately to avoid burns and injury
from flying objects, if within a few miles of blast.
A nuclear fireball lasts a minute or two. Blast
pressure requires 5 seconds to travel each mile.
3. Carry out your survival plan. Fallout will not
start until approximately one-half hour following
a nuclear blast if near blast area; or for several
hours after the blast if a hundred or more miles
away.
4. Remain calm, encourage others to do likewise.
Do not spread rumors.
5. Remain in your shelter until notified by competent authority that it is safe to leave shelter.
6. You and your family can survive with few ill effects if you prepare now.

WHAT TO DO NOW

1. Learn as much as you can about nuclear weapons
and fallout-there are many publications available
through your local county agent and civil defense
director. Attend your local civil defense meetings.
2. Study your home and farm facilities-decide how
they can be upgraded to provide the maximum
protection to you and your family and your livestock should the need arise.
3. Know your warning signals for your area.
4. Develop a written family survival plan, and locate the plan where all members of the family can
become familiar with it.
5. Enroll at least one member of your family in the
Medical Self-Help Course given in your commonity. (See your county nurse or civil defense director).

The following publications are available at local
County Extension Offices or Extension Service, South
Dakota State University, Brookings, S. D.
"Family Food Stockpile for Survival" Home
and Garden Bulletin ____________
______________________________
No. 77
"Your Livestock Can Survive Fallout
from Nuclear Attack" __________________________________
PA 516
"Family Shelter Designs" -------------------------------------_H-7
"Defense Against Radioactive
Fall out on the Farm"- -----------------------------------FB 2107
"Fallout Protection" -------------------------------- _______________
H-6
"Rural Fire Defense-You Can Survive" ________
PA 517
"Soil, Crops and Fallout from
Nuclear Attack" ____________________
_____________
_____________
PA 514
"Fallout and Your Farm Food" _______________________
PA 515
"Your Family Survival Plan" _____________________
PA 578
"Protecting Family and Livestock from Nuclear
Fallout"

This low-cost family radiation measurement kit records
radiation intensity and accumulated dosage.

Issued in furtherance of Cooperative Extension work, Acts of May 8 and June 30, 1914, in cooperation with the United States Department of Agriculture.
John T. Stone, Dean of Extension, South Dakota State University, Brookings.
1.5M reprint-6-70-128

