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INTRODUCTION 

 A nuclear attack or the explosion of a nuclear device(s) poses a problem not only to 
damage from the explosion but also danger from the radioactive fallout downwind from the 
detonation. This report was written to advise the public about ionizing radiation and how they can 
be better able to cope with the problems of survival and living with radioactivity. These 
recommendations could help citizens cope with radiation in the event of a nuclear detonation. 
 

In this report, general information will be presented about radiation, such as: sources, 
uses, misuses, misinformation, dangers, and regulations. Specific information will be given on 
how to help protect against radiation excesses in an agricultural environment. There are many 
beneficial uses of radiation that offer few risks when properly employed. Data presented are based 
on scientific evidence with an attempt to omit emotional antinuclear and pro nuclear statements in 
an effort to expand and complement both the editorial by Moore (1992) on “Our Fear of 
Radiation” and the use of radioactive products in the classroom by Couch and Vaughn (1995). 
Single or multiple nuclear explosions would be horrible but survivable for some people (NAS-
NRC, 1975). This report also serves to extend the Bell and Riechert (1987) reactor accident 
publication to include all radiation emergencies. 

 
A. IONIZING RADIATION 

 Ionizing radiation is a natural phenomenon, which cannot be seen, heard, or felt by any 
of our senses. Ionizing radiation consists of particle and ray emissions coming from unstable 
elements and is found naturally in air, soil, water, and all living matter in small quantities known 
as background radiation. Radiation added to the natural environment is of concern if too much 
exposure is involved. Throughout this report, the term radiation will be used interchangeably with 
ionizing radiation. All matter is made up of elements and most elements are stable, but some are 
unstable (Couch and Vaughn, 1995) giving off emissions in the form of rays and particles (Table 
1). 
 

Gamma rays and x-rays are photons with no mass and most are very penetrating. In 
contrast, beta particles have the mass of an electron and some weak betas cannot penetrate a sheet 
of paper; however, some stronger betas may penetrate a notebook. Alpha particle radiation 
emissions are not very penetrating, since most will not penetrate a piece of paper. Local damage 
from alpha particles can be much greater than from beta particles, since alpha particles are 
charged particles and are four times as large as neutrons, which are more than 1800 times as large 
as beta particles. Most neutrons are much more destructive than the smaller betas and can cause 
matter to become radioactive. All of the above emissions are forms of ionizing radiation because 
they produce ion pairs and free radicals in matter where they interact.  

 
If the radiation exposure is small, no harm is measurable; but if the exposure is great, 

damage can be done. Living organisms repair damaged cells and tissue regardless of the source of 
damage. Small injuries are easily repaired but massive injuries may overwhelm the repair 
mechanisms and result in either permanent injury or death. Much data are available on radiation 
effects on living organisms. There are acute and chronic signs and symptoms of radiation effects. 
For example, acute gamma radiation given in a few hours which is lethal to about 50% of those 
exposed results in death in about 14 days from hemorrhage due to failure of blood clotting in most 
mammals. Higher levels cause quicker deaths due to severe damage to the gastrointestinal tract 
and to the nervous system.  

 
Tender loving care and supportive medical procedures including blood transfusions 

increase survival chances. Chronic effects from less than near lethal levels of radiation at 
Hiroshima and Nagasaki in 1945 have been surprisingly low. Those several thousand exposed 
survivors had a cancer death rate of only 9% more than for a similar group of several thousand 
Japanese controls (Ron et al., 1994). The rate of birth defects in offspring conceived after 
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exposure has not been different between the two groups. Children in the Pacific islands downwind 
from some of the nuclear bomb tests had a higher rate of thyroid problems, probably resulting 
from radioactive iodine fallout in the food, which was prepared outside in open containers.  

 
Iodine is necessary in the diet and concentrates in the thyroid whether it is radioactive or 

not (Bell and Riechert, 1987). In plants, small amounts of radiation above background have been 
shown to increase yield of seed and other plant parts while larger amounts of radiation decrease 
seed yield first; then if more is given, forage yield decreases also. In some continuous radiation 
fields, the more sensitive plant species disappear and surviving less sensitive opportunists take 
over (Benson and Sparrow, 1971). 

 
Table 1 

Example Characteristics of Ionizing Radiation (Couch and Vaughan, 1995) 

   Uses Sources 
 Size  

Neutron = 1 
Penetration in 

water (½) 
 Natural Produced 

Alpha 4 1 mm Watch dials   

Beta 1/1839 1-100 mm Watch dials and heat 
sources 

  

Gamma Ray Pure energy 10-10,000 mm Diagnostic and 
therapeutic medicine; 
Pasteurization and 
sterilization 

  

Neutron 1 1-100 mm Electric power 
generation and 
therapeutic medicine 

  

X-ray Pure energy 10-10,000 mm Diagnostic and 
therapeutic medicine 

  

 
 

1. NATURAL BACKGROUND 

 Ionizing radiation occurs everywhere and poses very little or no measurable risk on the 
surface of the earth. We get radiation from external sources from our surroundings and internal 
sources from food, water and air. Carbon, hydrogen and oxygen atoms are in all living cells and a 
few of these atoms are radioactive. Radioactive atoms of each element react the same chemically 
as the non radioactive element. Cosmic radiation varies with sun spots, sun flares and is greater at 
high altitudes since there is less atmosphere to absorb the radiation. Radon in homes and in 
uranium mines have been cause for some concern, especially to smokers. On the surface of the 
earth, radon is the main source of natural background radiation (Bell et al., 1994). Sales of radon 
detectors and expensive measures to reduce radon in homes may have been increased by 
statements that elevated indoor radon exposures has an individual lifetime risk of one in 100 
without defining elevated levels (CIRRPC, 1994). In contrast, advertisements for radon gas 
therapy in abandoned uranium mines or health mines, claims that such therapy has been 
successfully used in small regular doses to relieve suffering from shingles, arthritis, impaired 
vision, asthma, eczema, emphysema, back pain, bursitis, and much more.  

 
In addition, thorium, one of the main sources of radon gas, is also the element which has 

been used in concentrated form in wicks for gas lanterns (Moore 1992; Couch and Vaughn 1995). 
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Background radiation varies with the soil content of radioactive materials and with the amount of 
cosmic radiation. Comparison of two groups of more than 70,000 people each having 
backgrounds of 3:1 ratio between the groups showed no differences in radiation effects. There is 
an apparent threshold level that humans are able to tolerate and repair tissue effects (Abelson, 
1994).  

 
2. PEACEFUL USES OF RADIATION 

 Nuclear power generated more electricity in the world in 1993 than the total world 
production of electricity in 1958. France produced 78% of their electricity from nuclear power 
and exported some electricity to neighboring countries while the USA produced 21% of electricity 
from nuclear power (Griffith, 1994). On a per unit of power produced basis, nuclear power plants 
in the USA do not release as much environmental pollution as coal fired power plants. Fuel 
volume and waste products volume are much smaller for nuclear plants than for coal fired plants. 
Fatalities per unit of electricity are greater for the coal industry than for nuclear power (Bell and 
Riechert, 1987; and CIRRPC, 1994). There are no viable alternatives to these large sources of 
electricity. Since the electricity is needed, both sources of power are appropriate. Specifically, 
there are safe procedures available for handling sulfur emissions from coal plants and for handling 
radioactive spent fuel from nuclear plants. Nuclear power reactors simply produce heat from 
nuclear fission, which produces steam to turn the turbines and produce electricity. Nuclear fission 
used in power production involves the use of uranium and plutonium radioisotopes in a carefully 
controlled reaction to have the production of the right amount of neutrons to produce a sustained 
heat reaction.  
 

Radiation accidents at nuclear power plants are few. In 1989, Lushbaugh et al. stated that 
101 people had been killed in radiation accidents throughout the world in the past 50 years. 
Thirty-three of these were recorded in the United States which is an average of less than one 
radiation fatality per year compared with about 75,000 fatal accidents per year. Three Mile Island 
accident in 1979 in Pennsylvania, which had no radiation fatalities, was our most serious accident 
in the United States. Data indicates that a person outside the plant would be exposed to less 
radiation from the accident than those flying from California to Pennsylvania to protest against 
nuclear power. 

 
The worst nuclear power accident in the world was at Chernobyl in Ukraine in 1986, 

killing 33 people. Most of the deaths were workers trying to correct the problem. These 33 were 
all inside the plant area and evacuation of 135,000 people downwind from the plant greatly 
reduced the exposure of those outside of the plant (Bell and Riechert, 1987). Fortunately, all 
nuclear power plants in the United States and most throughout the world are more safely designed 
than the Chernobyl type reactors. Nuclear power reactors are built so that they will not explode 
like a nuclear bomb. Unfortunately, fear and misunderstanding are created by sensational 
statements such as “according to rumors circulating in Kiev 5,000, even 10,000 Ukrainians have 
died from various ailments somehow connected with the accident” at Chernobyl (Edwards, 1994). 
Along with a few facts, popular fiction books present incorrect and sensationalized stories about 
radiation causing two headed animals, snakes with legs, six legged pigs and bags of cancer (Posey 
1992). Research with animals has shown a small increase in cancer rate but no increase in the 
other predictions for radiation effects (Bell and Riechert, 1987). 

 
 Very important medical diagnostic decisions are made by physicians who use x-ray and 
gamma ray procedures on patients. The use of computerized tomography (CT) x-ray scans and 
angiography greatly increases the radiation exposures of patients but provides very helpful 
diagnoses. (Table 2). Other diagnostic procedures include the use of radioisotopes that concentrate 
in certain organs and tumors. These can then be scanned externally to determine the metabolism 
of the element, the compound containing the radioisotope, and in some cases, the location and 
treatment of a tumor. Still other procedures use radioisotopes to label compounds that are added to 
blood samples which can then be used to test hormone levels. Heart pacemakers are powered up 
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to 10 years using plutonium-238 as an energy source. Medical uses of ionizing radiation provide 
many useful life-giving options. High levels of radiation are used in radiation therapy to treat 
malignant tumors by killing these cancerous cells with minimal effects on normal tissue. 
 

Table 2 
 

Potential Benchmarks for the Radiation Index  
(Adapted from Bell et al., 1994 and UNSCEAR, 1993) 

 
Benchmarks Index Value 

 
A. Low-Level Benchmarks 

1. Natural radiation (1 y average) 
• radon exposure 200 
• radiation from other internally deposited radionuclides 40 
• cosmic radiation 30 
• terrestrial radiation 30 
• total without radon 100 
• total with radon 300 

2. Consumer products (1 y average) 10 
3. Medical diagnostic procedures 

• mammography (1 procedure) 15 
• chest x-ray examination 8 
• total (1 y average) 50 

4. Three-Mile Island (off-site exposure of the public) < 1 
 

B. Intermediate-Level Benchmarks 
5. Astronauts (1 space mission) 500 
6. Medical diagnostic porcedures 

• CT scan 430 
• GI tract x-ray examination 560 
• Angiography 680 

7. NRC limit for radiation workers (in 1 y) 5,000 
8. Natural radiation (70 y average lifetime) 

• radon component 14,000 
• total 21,000 

9. Atomic-bomb survivors 22,000 
10. Limit for emergency lifesaving 75,000 
 

C. High-Level Benchmarks 
• Lethal dose in one day to 50% of mammals in 30 d (LD 50-30) 500,000 
• LD 50- for Pine trees 500,000 
• LD 50- for Oak trees 4,800,000 

 

 

 Ionizing radiation can be used to preserve food by either inhibiting or destroying the 
processes that cause food to be unusable and sometimes unsafe. Small amounts of radiation are 
required to prevent potatoes from sprouting while larger amounts are used to kill insects in stored 
grain. Pasteurization of foods requires even more radiation to inhibit bacterial growth in food. 
Sterilization of food products requires a higher amount of radiation since this process kills all 
microorganisms. Mammals, birds and young plants are the most sensitive to radiation. Next in 
order of sensitivity are trees, seeds, insects and then small microorganisms. Bacteria, fungi and 
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protozoa are the least sensitive to radiation.  Food preservation is accomplished by exposing food 
to gamma rays, x-rays or to electrons from an electron generator in a well shielded facility. The 
food does not become radioactive. The results of research in this area show that there are less 
effects from radiation than from other methods of preservation (Diehl, 1995). Radioactive 
materials give off heat which can be used to power many devices in remote areas on the earth and 
in space. Smoke detectors throughout the world also use radioactive sources. 
 
3. NUCLEAR WEAPONS 

 Nuclear weapons are in the form of atomic bombs (fission) and hydrogen bombs 
(fusion). A fission bomb is exploded by quickly bringing 2 masses of uranium-235 or plutonium-
239 together so that the neutrons from these form a chain reaction that gives off intense heat and 
light. This explosion can be used to trigger a fusion bomb that combines heavy hydrogen to form 
a much greater explosion. The nuclear fission breaks the uranium and plutonium into many 
smaller atoms called fission products, most of which are radioactive. Since this is an instantaneous 
fission the decay rate is rapid and 90% of the radioactive fallout deposited within one hour on the 
ground downwind from a detonation will decay in the next seven hours. The rate of decay is very 
rapid at first, then the rate slows down with time as the short lived radioisotopes decay leaving 
those isotopes which decay more slowly. Surface bursts give more local fallout than air bursts 
from neutron activation of elements in the soil. Nuclear warfare was initiated in 1945 with the 
nuclear weapons used on Hiroshima and Nagasaki to hasten the end of World War II, perhaps 
saving as many as one million allies and one million Japanese if Japan had been invaded. 
 
4. RADIATION PROTECTION 

 External radiation protection is provided by mass, distance and time. Lead is dense so an 
inch of lead is better protection than 10 inches of water, and water is better than many feet of air. 
Time is important, since all radioactive elements decay and have half lives. Radioactive fallout 
from an atomic bomb decays very rapidly while radioactive fallout from reactor accidents such as 
Chernobyl decays more slowly. The delay rate is more rapid at the starting of the reactor and is 
slower after the reactor has been operating for years due to the accumulation of long lived fission 
products. Mass, distance and time are used routinely as radiation protective measures. Skin 
damage from high levels of beta radiation was very evident on the Hereford cows accidentally 
exposed downwind to the first atomic bomb detonation at Alamogordo, NM July 16, 1945 and 
will be discussed in a later section (Bell and Riechert, 1987). 
 
 Internal radiation protection can be implemented through procedures that limit the 
entrance of radioisotopes into the body through the food, water, air, and skin contamination. 
Fortunately, the dietary absorption of larger molecules is small with uranium, about 1%, and 
plutonium, 0.05% from the diet. Alarmists incorrectly list plutonium as the most toxic element in 
the universe. In a study for potential radiation effects on 15, 727 males who worked with 
plutonium and other radioactive isotopes at Los Alamos for 34 years, researchers found 3,196 
deaths when 5,105 were expected for comparable males who were not employed at Los Alamos. 
Cancer deaths were 732 when 1,152 were expected (Wiggs et al., 1994). Radioactive strontium 
reacts like calcium, and radioactive cesium reacts like potassium and these will be discussed in the 
livestock section.  
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FIGURE 1 

 
Hereford cow accidentally exposed to fallout on July 16, 1945, at Alamogordo, 
New Mexico. Note Grey hair on back and side. This cow produced 15 calves in 
16 years at UT-AEC-ARL. Calf at side in insert (Bell and Riechert, 1987). 

 

5. BENEFITS VS. RISKS 

 The benefits from the use of ionizing radiation far outweigh the risks involved. Benefits 
from nuclear power vs. risks are heavily in favor of nuclear power since it accounts for generation 
of about 20% of the electricity in the world. Most countries need more electricity for economic 
development and nuclear power is an environmentally clean source of electricity. Medical 
diagnostic procedures have developed into a nuclear medicine industry with little apparent risk 
and fantastic benefits for diagnosis of diseases and injuries. Ionizing radiation can cause and 
promote cancer under some conditions. In contrast, ionizing radiation is used successfully to treat 
some cancers. Ionizing radiation causes life shortening at high doses but some animal studies 
show that low doses of ionizing radiation can increase lifespans. Much research has been done on 
ionizing radiation but much more needs to be done on interpreting the benefits vs risks of proper 
use of ionizing radiation. There seems to be an excess of misinformation on the risks of low level 
radiation. 
 
 Wing et al. (1991) reported on 8,318 workers at Oak Ridge National Laboratory (ORNL) 
who received varying but mostly small amounts of added radiation. Over a 41 year period there 
were 1,524 deaths from all causes which was 536 less deaths than for a similar population not 
working at Oak Ridge, TN. Total cancers expected were 438 but they found 92 fewer cancers. In 
contrast they expected 17 leukemia deaths but found 28 instead. It could be surmised that the 
small amount of added radiation the workers received at Oak Ridge was beneficial since the death 
rate was 26% lower than expected and 21% less total cancers than expected. However, many other 
factors may have influenced these results. Cardis et al. (1994) reported on cancer mortality due to 
low doses of radiation on 96,000 nuclear industry workers in Canada, United Kingdom and the 
United States and found an increase in leukemia and a slight decrease in all other cancers 
compared with control data from workers not in the nuclear industry. An obvious bias in these 
results may be that there are no records of medical exposures used in these radiation studies 
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(Gilbert and Fix, 1995). Abelson (1994) discussed the risk assessments at low level exposures and 
concluded that “the public has been needlessly frightened and deceived and hundreds of billions 
of dollars wasted” on extrapolating high dose to low dose effects. He concluded that safe levels of 
exposure exist.  
 

Luckey (1982) stated that “extensive literature indicates that minute doses of ionizing 
radiation benefit animal growth and development, fecundity, health and longevity”. In his review 
listing more than 200 references, he found that large doses of radiation are harmful and that low 
doses are stimulatory. It was concluded in the 1993 UNSCEAR Report that harm from small 
doses of radiation is zero but that at some threshold level harm ensues. In contrast, the CIRRPC 
(1994) committee reported that low level estimates of risk must be extrapolated from high doses 
and high dose rates.  The function of the whole organism is not usually affected by loss or damage 
to a few cells. Repair and replacement is evident in all living organisms. In a January, 1995 
symposium on “Chronic Radiation Exposure: Risk of Late Effects” in Chelyabinsk, Russia, Balter 
(1995) described some of the exposures of people after a series of weapons plant radiation 
accidents saying people “who lived near the plant received doses up to 1700 times the annual 
exposures permitted by today’s international protection standards”. It was further stated that “they 
have a large number of people who have been exposed to fairly high doses over a very long 
period of time”. In contrast, DOE lists anything greater than 5 mGy y-1 (500 mrem y-1) as high rad 
in their mixed waste clean up procedures at Oak Ridge, TN. Most of the waste clean up is listed as 
low level ranging from 0.2 to 5 mGy y-1. From the data reviewed, it appears impossible to show 
any risk from levels below 5 mGy y-1.  

 
Only risky high level radioactive wastes need attention for possible clean up like those in 

Chelyabinsk where the leukemia rate is about 3 times the Russian average. Leukemia incidence 
was less per unit dose than expected from data from short high rate exposures (Personal 
communication with M. Degteva and M. Kossenko cited in Balter 1995). Teller (1995) testified 
before the U.S. House of Representatives that more than a third of the Department of Energy 
(DOE) expenditure is now devoted to the environmental cleanup process. He cited Japanese and 
British research that there was a statistically lower cancer rate when a little more than natural 
background radiation is received. It is becoming more obvious that the present “low level” 
cleanup is a waste of the financial resources and that there is a threshold for measurable 
detrimental radiation effects. Luckey (1982) reported slight beneficial effects in mice given up to 
20 mGy y-1. The 5 mGy y-1 is approximately the same as the 500 in Table 2 and in Fig. 2. 
Regulations need to be based on experimental data and not on hypothetical extrapolations from 
high level radiation experiments. It appears that small amounts of radiation provided a stimulus, 
which results in a stronger organism. 

 
6. REGULATIONS 

 The United States Nuclear Regulatory Commission classifies accidents as an event, an 
alert, a site emergency or as a general emergency, depending upon the severity of the accident. 
Also, there are protection action guides to determine unsafe levels of radioactivity in human food 
and livestock feed (Bell and Riechert, 1987). IAEA has published an international nuclear event 
scale that goes from level 0 to level 7 which is shown in Fig. 2 adapted from IAEA (1992). 
Radiation accident handling procedures have received much attention and criticism throughout the 
world. Strict regulations have been used for many years to limit the exposure of workers in the 
nuclear industry, especially in radiation and radioisotope research areas. Nuclear power reactor 
safety has also been strictly regulated. By contrast, there is much less concern for medical patients 
who may receive small amounts of diagnostic radiation for a chest x-ray exam or mammogram or 
for those patients who receive large amounts of diagnostic radiation from GI series, angiograms 
and CT scans.  
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FIGURE 2 
 

International nuclear event scale. For prompt communication of safety 
significance (adapted from IAEA, 1992). 
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Regulations require records of annual and lifetime exposures of workers in the nuclear 

industry. If these records for nuclear workers are necessary, it follows there should be a 
requirement of records for patients exposed to diagnostic radiation procedures. Since medical 
misadventures have accounted for about two thirds of the 33 accidental radiation deaths in the 
USA (Lushbaugh et al., 1989), it appears to be appropriate to have the same regulations for 
medical diagnostic patient radiation as required for workers in the nuclear industry. Brodsky et al. 
(1995) reviewed some of these medical regulations. The United States Nuclear Regulatory 
Commission has strict regulations for disposal of radioisotopes used in research except that the 
excreta from medical patients given diagnostic and thereapeutic radiopharmaceuticals are exempt 
from these regulations. Since Boston University Hospital waste streams had over twice 
background readings at least once a week during a survey, they instituted a more stringent 
expensive monitoring system to reduce the levels. These control measures were instituted 
“because of concern for loss of radioactivity with the potential for negative publicity in the media 
....” (Evdokimoff, et al., 1994). These radiopharmaceuticals are not harmful to these patients; 
therefore,  these wastes that are usually diluted many times cannot possibly cause any damage in 
landfills and streams ( Siegel and Sparks, 2002). Uniform regulations are needed for all users of 
radioactive materials. 

 
 In the event of a nuclear attack, most all of the government regulations would be 
meaningless. The main effort for those outside target hits would be on survival by limiting 
exposure to radioactive fallout. Taking shelter before fallout arrival and remaining there for at 
least a few days greatly increases chances of survival. 
 
7. RADIATION INDEX 

 French was the main developer of the radiation index (Fig. 3) proposed to help compare 
the different sources of radiation exposure of the public. Potential benchmarks for the index are 
shown in Table 2 (Bell et al., 1994). Also added in Table 2 are data adapted from this report and 
UNSCEAR (1993) showing additional medical procedures giving the higher levels for CT scans, 
GI tract exams and angiography which were not included in the 1994 report. These average values 
in Table 2 are listed for whole body exposure and the entrance dose for these x-rays could be 10 
to 50 times as much as the values listed. The terms for the benchmarks level in Table 2 are chosen 
for low, intermediate and high levels because of their effects on humans. Low levels have no 
significant measurable effect. Intermediate levels vary but some have measurable effects on 
humans. High levels definitely affect humans, especially if received in a very short time. High-
level benchmarks have been added showing lethal dose to 50% of the population in 30 days 
(LD50-30) for mammals including humans is about 500,000 and this varies with care and 
treatment. Pine trees are sensitive to radiation while oaks and similar hardwoods are resistant to 
radiation (Benson and Sparrow, 1971). A very comprehensive index is needed to compare 
radiation risks from all sources in comparison with risks in everyday life. 
 

B.  AGRICULTURAL AND ENVIRONMENTAL RADIATION EFFECTS 

 The rural population and environment would be less exposed to early effects of a nuclear 
disaster than would urban areas. Initial blast, fire and nuclear-radiation pulses would be limited to 
a few miles around targets, leaving the largest part of rural areas to cope with delayed 
consequences of fallout, debris, and of target devastation. Despite myths about “dead land,” the 
soil and seeds would be little affected. Nature is able to adapt to many kinds of environmental 
insult (Simon, 1980). The recovery following Mt. St. Helens volcanic eruption in May 1980 has 
shown this impressively. 
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FIGURE 3 
 

The radiation index. The numbers shown represent the effective dose equivalent 
associated with the radiation exposure in units of hundredths of a millisievert but the 
units need not be employed when specifying an index value. From Bell et al. (1994). 
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 Radioactive fallout could affect all aspects of farm practice and life. Farmers would need 
information on farm practices that would support survival from a substantial nuclear attack. Of 
first importance would be the vulnerabilities and protection of the farmer and his family. Topics to 
be discussed in sequence are livestock, crops, wildlife and plants and insects. 
 
 On the broad subject of recovery from nuclear attack NAS/NRC (1967) gives 
particularly useful coverage, at least on the subject of farm problems and practices. While this 
report is out of print, it is available in certain report repositories. Reports in AEC (1971), AEC 
(1969), RCD-3 (1973), and Berger et al. (1987) are also available and give good coverage of 
problems and related data. 
 
 Effects of nuclear attack on agriculture and the environment have been discussed in 
relation to the arguable and uncertain “nuclear winter” hypothesis (Scope, 1985; Chester et al., 
1987; and CIRRPC, 1988). Some of the issues raised would have little measurable effect on 
agriculture. Uncertainties dominate these reports. 
 
1. LIVESTOCK 
 
 Livestock products are by far the largest source of protein in our diet. The size and 
importance of this industry can be gauged from the numbers in Table 3. 
 

Table 3 

U.S. per Capita Annual Food Consumption (after USDC, 2001 and USDA, 2002) 

Product kg Product kg 
 
Chicken1 35.0 Wheat flour 91.8 
Turkeys 7.7 Corn products 12.9 
Beef 30.0 Rice 8.6 
Veal 0.3 Oat products 2.0 
Lamb 0.5 Fats and oils 31.1 
Pork 22.0 Sugar 30.9 
Dairy products (milk   
    and equivalents 271.4 Mushrooms 8.4 
Fish 7.0 Potatoes (white) 21.7 
Eggs 13.9 Potatoes (sweet) 8.0 
Fresh fruit (retail) 135.4 Peanuts 2.9 
Vegetables (fresh) 87.3 Corn sweeteners 40.5 
 

 

 Although Bondietti (1982) concluded that in the period immediately following a nuclear 
war, meat, milk and green vegetables would be a prime source of food for serveral years, it is 
uncertain whether this would be true. Farm livestock must be led to, or kept in shelter if external 
and internal exposure to radiation is to be controlled. Further, livestock already in shelter might 
die from lack of attention to their feed, water, milking, and climatic control of their environment. 
While most livestock are located away from population centers, some are located near hard 
(military) targets where they are vulnerable to surface bursts and fallout debris if these sites were 
attacked. In NCRP Report 109 (1991) the Council agreed with the ICRP statement “If man is 
adequately protected then other living things are also likely to be sufficiently protected.” This may 
not be true for large terrestrial grazing mammals. 
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a. Vulnerability of Livestock 

 Beef cattle, the largest volume of reserve meat, are vulnerable to radiation effects (Bell, 
1971). More than 75 percent of beef cattle are outdoors all the time, compared with 30 percent of 
swine; and almost all poultry are kept in buildings (Bell, 1967). In addition, should 90% of female 
cattle be lost by nuclear war or other disaster it would take about 13 years to replenish the 
breeding herd. This contrasts with one to two years for swine and six months for poultry (Figure 
4). 
 

 

FIGURE 4 
Years required to rebuild after 90 percent loss of female breedingn 
stock (Bell, 1967). 

 

 Livestock inventories in the United States in millions are: beef cattle 97; hogs 60; sheep 
and lambs 7; dairy cows 9; horses 5; chickens 435; and turkeys 270 (USDC, 2001). Although the 
five million horses are important companion and sport animals, they are not usually considered as 
an important human food resource in this country. But they could be used for food in a serious 
emergency. 
 
 Grazing livestock are more vulnerable to fallout radiation from skin exposure, 
gastrointestinal exposure, and whole-body exposure than those confined either in open pens or 
inside buildings (Table 4). Gastrointestinal exposure is from fallout particles retained on forage 
that is ingested by grazing livestock. Livestock downwind from a surface burst would be most 
vulnerable because of early arrival of large quantities of fallout. Ekman et al. (1974), in a three 
year study, found that an average of nine percent (range 4 to 28 percent) of close-in, simulated 
fallout was retained on forage consumed by grazing dairy cows. These particles have a specific 
gravity of approximately three and settle in the most ventral portions of the rumen, reticulum and 
abomasum of ruminants, where the emitted beta radiation causes severe local inflammations (Bell, 
1971). 
 
 Animals confined in pens have some mutual shielding from gamma exposure, while 
animals confined in barns not only have mutual shielding from their body masses but also are 
protected from skin exposure, ground exposure and by the mass of the structural materials of the 
barn (Bell, 1971). Inhalation of radioactivity is considered to be a minor (sometimes the sole) 
contributor to exposure of farm livestock (Thompson, 1960). 
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Table 4 

Estimated LD50/60 from High-Intensity Exposure to Fallout Radiation (Bell, 1971) 

                           Total Dose (rad) 100 rad = 1 Gray      
Animal Barn Pen or Corral Pasturea 
 (WB) (WB + Skin) (WB + Skin + GI)b 

 
Cattle 500 450 180 
Sheep 400 350 240 
Swine 640 600c 550c 
Equine 670 600c 350c 
Poultry 900 850c 800c 
 
aAssumed forage retention of 7 to 9 percent of the fallout mass; this fallout can be in contact with 
upper body skin.  

b”WB” refers to whole body exposure to gamma radiation only; “Skin” refers to beta radiation of 
large areas of skin; “GI” refers to internal dose to the GI tract from ingestion of fallout particles 
with forage. 

cEstimate. 
 
 
 
 Swine are more resistant to radiation than cattle and sheep. Lethal doses from gamma 
radiation for poultry are almost twice those for cattle and sheep. Because tissues can repair some 
radiation injury, all livestock can survive higher radiation dose if their exposure is protracted over 
an extended period of time, such as weeks, rather than receiving the same total dose in a few 
hours (Bell, 1985). 
 
 Many variables are involved in vulnerability estimates. Poultry and swine could die from 
lack of attention much sooner than grazing livestock that have access to forage and water. Many 
modern livestock-confinement systems depend on electricity (which may be disrupted) for 
complete control of climate, feeding and watering of birds and animals. Contamination of water 
supplies for livestock would contribute much less radiation dose to animals than would the 
contribution of whole body exposure and that from fallout on forage and skin. This is because 
early fallout particles would likely be insoluble and would quickly settle in water supplies. 
 
b. Livestock Protection 

 Protection of livestock not only prevents losses from death and injury but also limits 
contamination of animal products used for humans. Radioactive iodine is the primary fission 
product of concern in fresh milk. Since milk is the livestock product with the shortest shelf and 
storage life, it is important to protect dairy cows from ingesting feed contaminated with large 
quantities of radio-iodine (mostly 131I). The recommended procedure for reducing 131I in the food 
chain to humans is removal of lactating cows from pasture and giving them priority over all other 
livestock for stored feed. Iodine-131 in milk can be reduced by 1/3 to ½ or more by feeding two 
grams of KI daily to dairy cows (Bell and Bell, 1981; Bell and Riechert, 1987; Miller et al., 1975). 
Also, powdered milk can be made and shelved for a time to allow for radioactive decay of short-
lived radio-nuclides. 
 
 Confining animals in large barns with thick walls is the most desirable method of 
protecting livestock. A report of the former USSR (Akimov, 1969) recommends a simplified 
airtight seal used in their civil defense exercises to prevent radioactive dust from entering 
livestock barns. But livestock confined in barns need proper ventilation to prevent severe 
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respiratory problems; therefore sealing of barns containing livestock is not recommended. In 
windy areas, a baffle system of windows and hay could reduce ingress of fallout contamination. 
 
 Confinement in pole barns would offer more protection to grazing livestock than open 
pens which, in turn, would be better than letting the animals continue to graze on heavily 
contaminated pasture. The protection of pole barns would be reduced in windy areas where 
radioactive dust could be blown into the barn. 
 
 In a 1968 review it was concluded that Fallout Protection Factors (FPF) as low as two to 
five may be very important for livestock survival (Bresee et al., 1968). According to Table 5, such 
values are characteristic of much of the shelter for livestock. One should also keep in mind that 
some configurations in the open can be partially protective. But without special protective 
coverings for the skin, severe skin damage can result from contact with fallout particles. 
 

Table 5 
Protection from Gamma Radiation Offered by Common Farm Structures  

(Sullivan et al., 1979) 
 

Fallout Protection Factor  Type of Shelter  
10 – 20 Large barns, concrete or masonry 
2.5 – 5 Large frame barns, full masonry or concrete 
 block hoghouse 
2 – 3 Conventional frame barns 
1.5 – 1.7 Pole barns, loading sheds, stock confined 
 under roof 
5 Multistory poultry houses, masonry 
1.3 – 3.3 Other poultry houses 
 
 

 

 Protection of the skin of livestock from early fallout beta exposure is desirable to reduce 
infections, parasite problems, and heat losses. Holstein cows covered with thin canvas blankets to 
reduce exposure to cold weather were exposed to a venting at the Nevada Test Site. Beta radiation 
damaged their face and poll but not their backs (Engel et al., 1971). 
 
 Brown et al. (1966) described the effects of skin injury to beef cattle accidentally 
exposed to radioactive fallout in 1945 at Alamogordo, New Mexico. Since beta radiation is 
reduced by ≈ 50 percent by one millimeter or unit density tissue, livestock with heavy haircoats 
would be better protected against beta radiation damage than those with light haircoats and thin 
skins. 
 
 Pastures within a few hundred miles downwind from a surface nuclear detonation would 
likely be the most heavily contaminated. It is important to keep livestock from grazing on such 
heavily contaminated pastures for the first few days after arrival of the radioactive fallout. 
Gastrointestinal injury from ingested radioactive fallout by cattle and sheep reduces the magnitude 
of the LD50/60 from external gamma exposure by 30 to 60 percent, whereas skin exposure reduces 
this LD50/60 by only about 10 percent (Table 4). 
 
c. Effects from Near-Lethal and Lethal Exposures 

 Cattle and sheep fed near lethal amounts of fallout simulant showed anorexia, severe 
fetid diarrhea, and pronounced lesions in the most ventral portions of the rumen, reticulum, and 
abomasum and no lesions in the large intestines. No lesions were found in mouth parts by Bell 
(1971). Loss of appetite and loss of weight are common symptoms in livestock recovering from 
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near-lethal radiation doses. Survivors of near lethal doses which included ingestion of heavily 
contaminated forage would show the most anorexia, diarrhea, and weight loss in comparison with 
those exposed only externally to the same near-lethal dose (Bell, 1971). 
 
 For doses larger than lethal, effects appear more rapidly and their severity is increased. In 
an area of radioactive fallout heavy enough to kill fewer than 100 percent of the animals, livestock 
would die primarily from the consequences of hematopoietic damage caused by whole-body 
exposure. Blood platelet formation would be severely reduced to the extent that blood would not 
clot and would be lost from the blood vessels into tissue and from damaged areas externally and 
internally. Bell (1971) reported that ruminants can die as late as 60 days after ingestion of 
radioactive fallout material. The cause of such delayed deaths can be confused with that of earlier 
deaths caused by high level irradiation of the lining of the intestines. 
 
 If food-producing animals are dying from fallout radiation in less than seven days after 
initial fallout arrival, then probably none will survive. However, care should be taken to separate 
effects of radiation exposure from those caused by lack of water and feed, from any blast damage, 
or from heat effects (Bell, 1971). Early prediction of survival is difficult for livestock exposed to 
LD50/60 levels of radiation, so panic slaughter of animals should be avoided even if meat 
preservation facilities are available (Sullivan et al., 1979). 
 
d. Effects on Productivity and Reproduction 

 Beef cows exposed to fallout radiation at Alamogordo in 1945 and then kept for lifetime 
productivity studies at Oak Ridge, Tennessee, showed no significant detrimental effects on 
productivity in comparison with comparable control cows also brought from New Mexico. All of 
the exposed cows had skin lesions on their backs from the beta radiation (Brown et al., 1966). 
Three of the cows that survived 15 years or more after exposure developed squamous cell 
carcinoma of the skin at the site of the hyperkeratotic lesions. However, beef cattle are usually 
used for human food long before they are 15 years old. 
 
 Beef steers, after recovering from exposure of eight percent of the skin surface to 
simulated fallout radiation, did not gain weight during winter months, whereas control animals fed 
identical diets gained at the rate of 1 lb/d (0.45 kg/d). External exposure to beta radiation is 
believed to account for the lack of gain because the irradiated steers gained as well as controls did 
during summer and when fed high levels of grain for 60 days (Bell, 1971). Loss of hair would 
have resulted in excessive heat loss during the winter months. 
 
 Lactating Holstein cows exposed to whole-body irradiation and fed a radioactive fallout 
simulant (90Y fused into sand), showed a drop of more than 50 percent in milk production 
compared with controls. However, during the next lactation there were no differences in milk 
production between the two groups (Bell et al., 1973). 
 
 Brown (1975) observed clinical signs of radiation in ponies exposed to whole-body 
gamma radiation at levels below LD50/60. After signs of radiation sickness disappeared, the ponies 
were used on turnstiles to measure work performance compared with non-irradiated control 
ponies doing similar work. The irradiated ponies performed work as well as the control ponies. 
 
 Studies of effects of fallout radiation on pregnant livestock have been mostly restricted to 
effects on offspring exposed in utero. In rats somatic radiation effects on offspring may occur 
from exposure at almost any time during the gestation period; but in cattle they are usually 
confined to about 34-36 days of gestation, and in sheep and swine to about 24-26 days gestation 
(Erickson and Murphree, 1964). In these studies the pregnant females were exposed to more than 
100 rad (≈ 1 Gy) in a few hours. At a low exposure rate of 0.25 rad/d (≈ 2.5 mGy/d) for 108 days, 
Erickson (1978) found that the number of germ cells in male and female offspring of pigs were 38 
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and 60 percent of controls. When the (continuous) exposure rate was 1 rad/d (≈ 10 mGy/d) for 
108 days, only two and five percent, respectively, of the germ cells of the pigs survived. 
 
 An extension to these studies showed that pigs exposed to these dose rates reproduced 
when they reached puberty. There appears to be a great excess of germ cells available in both 
females and males of mammals, so that as long as some germ cells survive, long term sterility 
would probably not be caused by exposure to fallout. 
 
 Most of the research showing the effect of ionizing radiation on male reproduction for 
farm livestock has been done with acute doses of more than 100 rad (≈ 1 Gy). Such doses usually 
result in a temporary loss of fertility several weeks after exposure (Erickson, 1965). 
 
e. Long Term Effects, Cancer and Genetics 

 Farm breeding livestock are not usually kept for longevity and are culled from herds and 
flocks when productivity is reduced. This reduces the relevance of long term effects for them. 
 
 West and Bell (1977) reported on a probable radiation induced epidermal carcinoma in 
one wether (a castrated male sheep) that developed severe diarrhea that contaminated the area 
around and beneath the anus. This wether had been fed 20 mCi (0.74 GBq) of soluble carrier-free 
144Ce-144Pr daily for 14 consecutive days. By the 11th day severe diarrhea had developed, but 
ulceration and bacterial infection were successfully treated during the next few weeks. About 54 
months later a firm enlargement in the anal area was found to be epidermal carcinoma. No other 
areas in the gastrointestinal tract showed permanent damage from the ingested radioactivity. 
Water content of the GI tract helped dilute this soluble radioisotope and the exposure of the tract 
was reduced by induced diarrhea. Only temporary damage to the lining of the tract occurred. 
 
 In 1983, Lushbaugh et al. summarized a unique group of studies on longevity of 88 
irradiated burros and 21 non-irradiated (control) burros. These exposures ranged from 180 rads to 
545 rads (1.8 to 5.45 Gy). Some burros received only gamma radiation. Others received mixed 
gamma+neutron exposures from the Godiva reactor. In 1983 thirteen irradiated and seven control 
burros still survived. The median survival time in years was: controls, 28 years; gamma only, 26 
years; and mixed gamma+neutron, 23 years. Most deaths have been attributed to common equine 
diseases and as of 1983 none had died from malignant neoplasms. The last control burro died in 
November, 1988, and the last irradiated surviving burro died in December, 1988. 
 
 Low levels of radiation have not had consistent measurable effects on life. Some data 
indicate beneficial effects as discussed by Luckey (1982) and Cameron (2001). Some people 
believe all ionizing radiation is detrimental while others believe there is a threshold with no 
negative effects below this level due to “hormesis” (Parsons, 2002). 
 
 In summarizing genetic risks from ionizing radiation, Crow (1981) stated that the effect 
on any one future generation is very small and difficult to translate from experimental animal data. 
Farm livestock and other animals show an increase in somatic cell chromosome aberrations from 
exposure to ionizing radiation; but the chance of observing genetic changes in offspring of food 
producing animals is very small. Note again that unproductive food-producing livestock are 
normally used for food (Bell, 1971). In general, the genetic effects in animals from exposure to 
fallout radiation appear to be unimportant compared with the survival of the animals, and with 
some of the somatic effects (Turner, 1975). 
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f. Animals and Animal Products for Human Food 

 Use of surviving livestock and livestock products for human food needs to be assessed in 
relation to the risk to humans and especially in the context of all the other risks that would 
probably be paramount to survivors of a nuclear attack. Protective Action Guides (PAG’s) 
designed for peacetime accidents would not be appropriate for use until long after a large nuclear 
attack. Following an attack or accident that distributes radioactive materials widely, government 
officials would restrict the movement of food products (Berger et al., 1987). If irradiated meat 
animals appear healthy and would pass typical inspection, they should be usable for human food. 
Irradiation does not, by itself, render food dangerous to eat. But an animal sick from radiation is 
more susceptible to infection, which is a different matter. 
 
 If there were a shortage of food available in the area and if no abattoirs were readily 
available, field dressing could be undertaken. Care should be taken by using sanitary practices to 
not only prevent bacterial contamination, but also to prevent radioactive contamination. Meat 
from animals fed stored feed probably would not be expected to be contaminated by fallout. Meat 
from grazing livestock would contain some fission products, mostly radioisotopes of cesium. 
 
 Liver and other organs accumulate radionuclides to a greater extent than muscle, so 
organ meats might be discarded from livestock grazing heavily contaminated diets. Farm livestock 
are very good screeners against fission products; few radionuclides are absorbed to an appreciable 
extent. Cesium 134 and 137Cs would be the main fission products found in meat from livestock 
grazing fallout-contaminated pastures. Feeding Prussian blue to livestock has been found to 
greatly reduce the absorption of cesium (IAEA, 1990).  
 
 Radioactive iodine in milk is perhaps the foremost hazard in foods contaminated by 
fallout; it is less of a problem in other foods. Where the pastures have received large amounts of 
radioactive fallout, dairy cattle should be fed stored feed for at least 40 days to prevent significant 
quantities of the radioisotopes of iodine (mostly 131I) from reaching milk. If radioactive iodine is 
measured at above acceptable levels in milk, then storage for a few weeks as dried milk or other 
preserved milk products will greatly reduce the 131I. Additional protection for humans against 
radioactive iodine could be obtained by consumption of KI tablets such as those available for 
workers at nuclear power plants. Iodized salt should be consumed by humans and animals to help 
protect against 131I in thyroids. 
 
 Milk from dairy cows fed on forages contaminated with radioactive fallout also contain 
radioisotopes of cesium and strontium. Milk is an excellent source of calcium, and strontium is 
metabolized by the cow similarly to calcium. Using 45Ca and 89Sr, it has been shown that the 
fraction of ingested 89Sr that reaches the milk is about 25 percent of the fraction of 45Ca. While 
omitting milk from the diet reduces strontium and calcium intake, strontium and calcium from 
other sources are then used more efficiently by the body. Thompson et al. (1971) showed that 
diets with and without milk resulted in similar retention of 89Sr. Methods have been developed for 
removing 131I, 90Sr, and 137Cs from milk but they may not be practical, as discussed in the review 
by Bell and Riechert (1987). 
 
 Present poultry production practices use total confinement and processed feeds 
principally containing grains with supplements of protein, vitamins, and minerals. If this process 
can be continued after a nuclear attack, then eggs would be an excellent food to supplement 
needed protein, vitamins, and minerals in human diets. Contamination of poultry feeds with 
radioactive fallout would not be significant, so eggs and poultry products should be relatively free 
of fission products. However, poultry are very vulnerable to lack of feed, water, and the electrical 
power needed in this highly automated industry. 
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2. FOOD CROPS 

 The United states produces an abundance of human and animal food, and is a major 
exporter of wheat, soybeans, corn, and rice. But despite this level of production, disruption of the 
complex agriculture system of production, harvesting, distribution, and processing would be 
catastrophic following a large nuclear attack. Our important food reserve and the continuing 
production of sufficient food grains would be vital for survival and recovery. 
 
 Woodwell (1982) discussed the hazards to agricultural crops from heat, blast, and 
ionizing radiation in the event of nuclear attack. He stated however, that it was almost impossible 
to predict the full range of harmful effects. 
 
a. Vulnerability of Grains 
 
 Fortunately, not all grain crops are at the same stage of growth at the same time in the 
United States. For example, wheat harvest may start in late spring in Texas and end in late August 
on the Canadian border. Crops in general are less sensitive than livestock, but they would grow 
near ground accumulations of fallout and cannot be moved as can livestock. 
 Emerging seedlings are the stage of development most sensitive to radiation. The 
survivability of grain seedlings was determined by using simulated fallout gamma exposures. 
Fifty percent of barley seedlings survived an exposure to 2000 rad (≈ 20 Gy) and fifty percent of 
wheat seedlings survived 3000 rad (≈ 30 Gy). Reduction of seed production to 50 percent of 
normal by surviving plants occurred at exposures of about 300 rad (≈ 3 Gy), much less than that 
required for 50 percent seedling survival. 
 
 Sparrow et al. (1971) lists amounts of gamma ray exposure needed to reduce yield in 
growing crops by 50 percent. Data on yield in Table 6 were obtained from actual experiments plus 
predictions based on the interphase chromosome volume (ICV) of plants. As the ICV increases in 
plants, the radiation sensitivity increases. 
 

Table 6 
Predicted Fallout Gamma Exposure that Result in a 50 Percent Yield Reduction (YD50) of 

Crops (Adapted From Sparrow et al., 1971) 
 

1000-6000 rad 
10 – 60 Gy 

6000 – 12000 rad 
60 – 120 Gy 

12000 – 24000 rad 
120 – 240 Gy 

Alfalfa Onion Asparagus Muskmelon Brussel sprouts 
Barley Orchard grass Artichoke Mustard Bluestem, big 
Bean Pea Beet Parsley Dallis grass 
Brome Peanut Bluestem, little  Parsnip Flax 
Chives Rhubarb Broccoli Pepper Grama, blue 
Cucumber Rye Buckwheat Radish Okra 
Fescue Ryegrass Cabbage Rutabaga Peppermint 
Garlic Safflower Cantaloupe Sesame Potato 
Liik Sorghum Carrot Sisal hemp Rape 
Lentil Spinach Cauliflower Soybean Rice 
Lettuce Sunflower Celery Sugarcane Spearmint 
Maize (corn) Wheat Clover Swiss chard Squash 
Millet Wheatgrass Cotton Timothy Strawberry 
Oats  Cowpea Tobacco Turnip 
  Dill Watermelon  
  Eggplant   
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 The experimental values obtained were: barley, 1000-2000 rad (≈ 10-20 Gy); corn, wheat 
and oats, 2000-4000 rad (≈ 20-40 Gy); and rice, 10,000-25,000 rad (≈ 100-250 Gy). Damage from 
irradiations by beta radiation has been found comparable to that by gamma rays (Killion and 
Constantin, 1975). 
 
 Cereal grains exposed as seedlings at a level to reduce yield to near zero may still have 
sufficient survival to be used as forage for livestock since vegetative growth is less sensitive to 
radiation damage than seed production. Farmers are all too familiar with environmental effects on 
crop yields: For example, in 1983 drought reduced corn production to 50 percent and soybean 
production to 33 percent of normal. 
 
 Crops growing in an area where radioactive fallout is deposited would be exposed to 
both gamma and beta radiation. Beta exposure would depend mainly on retention of fallout on 
plants, which, in turn, depends on wind, rain, dew and partial shielding by other plants. Gamma 
radiation from fallout on the ground also irradiates plants especially parts near the ground. Much 
more data are available about effects of gamma exposure on crop yields than about effects of beta 
radiation and the combined effects of beta plus gamma exposures. Schultz (1971) used fused 
particles containing 90Sr for exposure of wheat and corn seedlings. He found severe damage to 
wheat yield at beta doses of about 2000 rads (27 Gy), but no effect on corn at about 9300 rads (93 
Gy). The meristem (growing point) of corn is protected by much more tissue than the meristem of 
wheat. Meristem damage by radiation may cause grasses to increase tillering, which may or may 
not result in viable seed production. 
 
 As the crops grow the meristems rise farther from the soil surface. This reduces exposure 
from nearby fallout on the ground. Note also that a high resistance to gamma rays for rice 
indicates relatively high resistance also to combined gamma and beta radiations. 
 
 Mature seeds of cereal grains are not only relatively insensitive to ionizing radiation, but 
those in storage would be shielded from much of the fallout radiation. Stored seeds of cereal 
grains are a very important food reserve; and stored seeds would be available to produce food for 
the surviving population. 
 
 Grain production and supplies are located away from population centers. Haaland (1977) 
discussed the problem of food for survivors of a nuclear attack and argued that grain stocks and 
their transportation would likely be available to provide food for the surviving populace. But he 
also warned that many of the food processing plants would be unable to operate because of 
electrical power outages. Wheat is the major grain consumed in the United States, but feed grain 
production is almost four times as great as wheat production. Processing for use as a food would 
be necessary for any of the grains. Acceptability of corn and milo for human food would be 
particularly limited if little processing were available. 
 
 Protective action measures appear to be impractical for growing crops. Seed grains stored 
temporarily in the open could be covered to reduce contamination. The usual milling process 
would produce products containing lower concentrations of radionuclides than the unprocessed 
cereal grains. 
 
b. Vegetables and Fruits 
 
 Leafy vegetables such as lettuce are less sensitive to yield reduction by ionizing radiation 
than are most seed-producing food crops. Because of their high fractional retention of fallout 
particles, lettuce and other leafy vegetables may be partially or largely unsalvageable for human 
food. However, removal of outer leaves of cabbages and head lettuce and simple washing would 
remove most of the radioactive materials. If practical, these crops could also be ensiled and used 
for animal forage after much of the radioactive material has decayed (Barth and Gelaye, 1969). 
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 Consumption of milk and meat from animals fed leafy food crops contaminated with 
radioactive fallout is probably safer than direct human consumption of these same vegetables, 
even after washing. Note again that farm livestock screen out many undesirables in our diet. After 
several weeks of radioactive decay, consumption of food containing small residual amounts of 
decayed fallout radioactivity would have minimal consequences in comparison with other 
problems of survival. 
 
 Tuberous vegetables are provided some protection by soil and might be harvested when 
radiation dose rates have dropped to safe levels for outdoor activity. Washing and peeling would 
remove contamination from surfaces. 
 
 Beans, peas, and similar seed vegetables have radiation sensitivity similar to grain crops 
such as wheat, soybeans and corn. Contamination of seed vegetables would be less than for leafy 
vegetables at harvest. 
 
 Fruit-bearing trees should have sensitivity to ionizing radiation similar to other deciduous 
trees. Washing and peeling would remove fallout particles from the surfaces of fruit. 
 
3. PROCESSING FOODSTUFFS FROM PLANTS CONTAMINATED BY FALLOUT 

 Plants can be contaminated by fallout deposited on the exterior of the plant, by 
absorption from the foliar deposition, and by uptake from the soil. Foliar deposition can be direct 
from the atmosphere, but it can also result from wind-driven suspension of fallout from soil 
surfaces. Uptake of fission products by plant roots is practically negligible for all fission products 
except 89Sr and 90Sr. An exception to this is that in Alpine areas cesium is readily taken up by 
plants. The physical form of the fallout material will also determine the availability of the fission 
products. For example, particles formed at high temperatures may be glasslike and relatively 
insoluble. 
 
 Farming practices that can reduce radionuclides in food-stuffs include adding lime to 
acid soils to reduce strontium uptake by plants. Other well-selected additives in fertilizers can also 
reduce plant takeup of radioactive chemicals. For irrigated areas with good drainage, early 
sprinkling can wash out as much as one-third of the important surface radioactive materials into 
drainage ditches. Clearly suggested by this are studies of long term consequences of concentrating 
significant amounts of fallout in regional drainage systems versus leaving it more widely 
distributed. The preference could depend on the age of fallout. Also plowing, particularly deep 
plowing, can reduce access to the radioactive materials by shallow roots and resuspension onto 
foliage. However, many farmers use no-till planting and some farming areas are not amenable to 
deep plowing. For further discussions see Leising and Wirth (1990), Sandalls (1990), and 
Schechtner and Henrich (1990). 
 
 With their relatively long half-lives, radioactive strontium and cesium would remain 
problems for agriculture for decades in spite of processes that ensure systematic disappearance 
from surfaces. For discussions of these problems see Russell et al. (1971) and other studies in 
AEC (1971), studies in Session IV of AEC (1965), various studies in IRPA (1968), Bondietti 
(1982) and studies in IAEA (1990) and ILSI (1990). 
 
 Regarding radioactivity in animal food-stuffs, a reduction can result from use of 
uncontaminated fodder before the slaughter of the animals (Strand et al., 1990). Selected additives 
to animal food-stuffs can reduce the amount of radioactivity transferred to them from their food. 
A striking example of this was found in experiments with goats and sheep. Reductions have been 
found for radiocesium uptake of up to 75 percent in sheep, and 80-90 percent in the milk of goats. 
The cesium binders added were Bentonite, Zeolites, and hexacyanoferrates. Of these last, AFCF 
(Ammonium iron hexacyanoferrate, commonly called Prussian Blue) administered in the feeds, in 
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a salt lick or in a bolus is apparently very effective (Hove et al., 1990; Howard et al., 1991). See 
also Lembrechts et al. (1990) and Ringdorfer (1990). 
 
4. PROTECTIVE HANDLING AND SELECTION OF FOOD 

 Because many radionuclides have fairly short half-lives, contaminated foods might be 
stored for later use. The time required for a significant decrease of radioactivity would, however, 
be long enough to expect spoilage of some types of stored food. Also, much of the stored food 
may not be very accessible to survivors, or it may not be in a form familiar to, or desired by 
humans. If available processing plants are not functioning, the surviving populace must improvise 
by using older methods of food processing (and perhaps storage) not dependent on current 
technology. 
 
 Should food with possible radioactive contaminants be consumed, disposed of or stored? 
For the most dangerous contaminants, the iodines, the hazard can be greatly reduced by delaying 
consumption by at least six weeks. The effects also can be reduced, but to a lesser extent, by 
consuming a carefully selected dose of potassium iodide shortly before the radioiodine is ingested. 
 Meat from animals fed contaminated forage crops is generally less contaminated in 
edible parts than the animals’ food. However, this is not true of some types of fish or of certain 
organs such as the liver or the thyroid which concentrates an animal’s intake of iodine. Frying, 
roasting or grilling contaminated meat transfers most of the radioactivity to the liquid (Grauby and 
Luykx, 1990). Concentrations of cesium can be reduced by up to 90 percent by cubing and 
freezing the meat and soaking in water (Gernon and Bell, 1964). The stewing of meat that has 
been cut into small cubes has been shown to remove half or more of its radioactive cesium (Meyer 
et al., 1962). Bone will contain about 99 times as much Sr as in meat. Meat contaminated with 
fission products should be deboned before cooking (Bell and Buescher, 1961; Hembry and Bell, 
1966). 
 
 Food preparation methods can either increase or decrease concentrations of radioactive 
contaminants in the finished product. Radionuclides in milk products are much higher in skimmed 
milk than in the cream and butter. Also, cottage cheese has lower concentrations of radionuclides 
if made from skim milk rather than whole milk (Grauby and Luykx, 1990). 
 
 Peeling off external layers of plants can remove the radioactive contamination; and 
washing or perhaps brushing fruits and vegetables to remove residual fission products is 
recommended. Normal tap water, if available, should be sufficiently free from fallout materials, 
which are fused to small sand-like particles. 
 
5. VULNERABILITY OF WILDLIFE 

 Responses of wildlife animals and birds to large exposures of ionizing radiation are 
similar to responses manifested by food producing animals and birds. More interest and effort has 
been directed to wildlife than to food-producing livestock, even though only a very small fraction 
of human food is obtained from wildlife. 
 
 Herbivorous wildlife are more vulnerable than omnivorous animals since they would be 
exposed via ingestion of contaminated plants in addition to whole body and skin exposure. Also, 
many accumulate 131I in their thyroids. Herbivores grazing browse might consume less 
radionuclides than those grazing low-growing forages where more fallout material collects. 
 
 Omnivores would benefit from a dilution effect on ingested contaminated forage. Also, 
most omnivores have simple stomachs. Swine are less sensitive to radiation damage than are 
multi-compartmented stomach animals such as sheep and cattle (Bell, 1971). Carnivores and 
scavengers would probably suffer little if any adverse effects from ingested radioactive fallout but 
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would be vulnerable to whole-body and skin exposure. However, many carnivores eat the liver of 
their prey preferentially. 
 
 The holes of burrowing animals would give the protection of overhead soil mass against 
radiation as well as physical forces. These animals would probably have a higher rate of survival 
than other terrestrial animals. Some evidence for this derives from the survival of rat populations 
after the four test nuclear detonations on Engebi Island in the Pacific ocean (French, 1965; Turner, 
1975). 
 
 Aquatic species would have a high rate of survival because of shielding against ionizing 
radiation provided by water. Fallout would settle, and animals feeding at or near the bottom would 
receive greeter exposure to ingested fallout. 
 
 Dunaway and Kaye (1962) summarized data on relative sensitivity and radiation effects 
on wildlife populations. They reviewed research showing that supralethal levels of 150,000 rad (≈ 
1500 Gy) killed mice and rats in about 30 minutes due to central nervous system damage; 
exposures of a few thousands or exposures of several hundred rad killed them by damage to the 
hematopoietic system. Most of these doses were given at higher dose rates than expected to result 
from fallout. 
 
 Dunaway et al. (1967) estimated the LD50/30 for ten species of wild small animals to be 
between 500 and 1100 rads (5-11 Gy) acute exposure to 60Co gamma rays. Brown (1964) studied 
effects of continuous exposure to gamma rays from 60Co on successive generations of rats. 
Exposure to two rads/d (20 mGy/d) for 11 generations caused a 30 percent depression infertility 
as compared with controls, but no other observable effects. Higher levels of 5, 10, and 20 rads/d 
(0.05, 0.1, 0.2 Gy/d) resulted in sterility of male offspring, while the females remained fertile. 

 
 Long term effects of radiation from nuclear detonations on animal populations have been 
difficult to assess. At the Nevada Test Site most of the tests were of short-term acute effects. 
There was some uncertainty in the Pacific tests about the survival of rats on the islands used for 
weapon tests. If they were extinct on some of the islands even in their burrows, they could soon be 
repopulated from ships and by rats from other islands. 
 
 Attempts have been made to better simulate continuous exposure conditions using 137Cs-
contaminated fields or using a dry lakebed contaminated with large number of fission products. 
Although these studies were an improvement, they still did not include all the exposure conditions 
of radioactive fallout (Turner, 1975). 
 
 Effects from radioactive iodine would be a major concern for grazing wildlife 
populations exposed to early fallout radiation. Like domestic animals they would suffer partial or 
complete destruction of thyroid tissue from radioactive iodine ingested with their food. Thyroid 
destruction would lead to lethargy and could reduce or prevent reproduction. This, in turn, could 
result in death of animal populations. Inhalation of 131I alone would not contribute enough 131I to 
damage surviving animals. 
 
 Turner (1975) discussed indirect effects of plant irradiation on animal populations. He 
came to the same conclusion observed by others from studies of food-producing animals that, 
unshielded, continuous gamma exposure alone is unsuitable as a model for fallout radiation 
studies of natural populations of plants and animals. Reproductive processes were identified as the 
systems most sensitive to radiation for both animal and plant populations. There were also data 
indicative of some adaptation to, or compensation for, continuous irradiation, in the form of 
higher birth rates in some animal populations. 
 
 In this same article Turner also reviewed attempts to measure radiation effects on wildlife 
in Nevada where the dose rate averaged about one rad/d (≈ 10 mGy/d). Some rat species became 
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extinct in the irradiated area within one year, and in one of the enclosed control areas within five 
years. A few years later rats reinvaded all areas because of poor maintenance of the fences. Pocket 
mice in the irradiated area had higher early mortality up to six months of age but survivors fared 
better than controls over the next three years. Extensive studies were also made on effects of 
continuous irradiation of lizard populations in Nevada. Sterility appeared to be the main effect of 
low-level continuous exposure of one to three rad/d (≈ 10-30 mGy/d) (Turner, 1975). 
 
 Caution must be used in trying to extrapolate these data to large animals such as those 
used for human food, or to humans. 
 
6. RADIATION PRECONDITIONING 

 Radiation doses from nuclear attacks could cover a large range, and exposure to radiation 
has become a source of many myths in the minds of some of the public. Does radiation in reality 
ever have positive effects on animal life? More to the point here, does irradiation ever make an 
organism less susceptible to later large doses of radiation? 
 
 Results of studies of the first question are conflicting. Luckey (1982) published a review 
of more than 200 studies supporting a contention that minute doses of ionizing radiation benefit 
animal growth and development, fecundity, health and longevity. But Henry (1982), discussing 
the hypothesis that all radiation is harmful, suggested that conclusions be based on all the data 
available. This controversy continues as shown in articles by Mossmann (2001) and Cameron 
(2001). Results are also inconclusive for the second question (see Nishio et al. 1968). What can be 
stated is that despite extensive study, protective effects by low doses have not been consistently 
demonstrated, but protective effects have been shown for large doses. 
 
 In swine, exposures at or just below the LD50/30 have been shown to have a protective 
effect on survivors later exposed to LD50/30 of gamma rays (Page and Still, 1972). Exposure to 600 
rad at 60 rad/h (≈ 6 Gy at ≈0.6 Gy/h) from 60Co is near the LD 50/30 for swine. After 60 days the 
survivors were exposed to 900 rad (≈ 9 Gy), and this was found to be the approximate new LD50/30 
(Bell, 1985). While it would appear that this result is due to elimination of the more sensitive 
swine, data by Page and Still (1972) showed that a preconditioning exposure below the lethal 
level similarly increased survival to later exposures. Bell (1985) attributes the increased radio-
resistance of swine to the stimulation of bone marrow. 
 
7. AQUATIC LIFE 

 With the much greater attenuation by layers of water as compared with air, it is assumed 
that animal life in streams would tend to be much less subject to radiation than animals on land, 
although intake of fallout through the mouth, gills, etc., should be greater than ingestion by land 
animals. Exposures to biota confined to stream and pond bottoms should be somewhat reduced 
below exposures to non-aquatic life on ground surfaces. There is almost no information about a 
possibility that descending fallout material would be attached to underwater plant fronds; this is 
assumed to occur only to a minor degree. 
 
 Effects of ionizing radiation on aquatic organisms have been reviewed (NCRP, 1991). 
The LD50 of ciliate protozoa has been reported as 300 Krad (≈ 3000 Gy) while 100 rad (≈ 1 Gy) of 
acute exposure may produce some mortality in developing fish eggs. Adult mosquito fish tolerated 
three rad/d (≈ 0.03 Gy/d) for 128 days with no demonstrable effects, while levels of 2 Krad (≈ 20 
Gy) have been shown to inhibit proliferation of gill epithelium in goldfish. 
 
 Fish, like other species, can tolerate much more chronic total radiation exposure than 
acute doses given in a very short time. Other similarities are that acute doses primarily affect the 
hematopoietic system. Fish lethality is temperature-dependent and requires a longer time for 
hematopoietic death than corresponding times for mammals. 
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 Fish sperm and eggs exposed to 26 rad (≈ 0.26 Gy) from x-rays show a doubling of 
malformed embryos. Rainbow trout sperm exposed to 25, 50, 100, 200, and 400 rad (≈ 0.25, 0.5, 
1, 2, and 4 Gy) of 60Co gamma rays show increasing embryo mortality, and at lower levels an 
increase in numbers of developing embryos as compared with controls (NCRP, 1991). Chronic 
exposure of developing fish embryos to a 137Cs source for 500 hours at one rad/h (≈ 0.01 Gy/h) 
had no measurable effect on larvae produced. Radiation studies of mutation rates in fish are 
limited, but sensitivity appears to be less than for Drosophila and greater than for mice. 
 
 NCRP Report 109 (NCRP, 1991) reviews research about continuous ionizing radiation 
effects on mosquito fish exposed initially to about one rad/d (≈ 10 mGy/d), declining to 0.06 rad/d 
after 15 years, in White Oak Lake in Oak Ridge. These fish showed an increase in abnormal and 
dead embryos, but brood size of viable embryos was larger than for the control group. The 
conclusion was that continuous ionizing radiation at such levels was deleterious but that it had 
little effect on the total population. 
 
 The density of fallout (like fine sand) would result in its descent to the bottom of ponds 
or streams, as noted. Should the bottom be fairly smooth, radiation emitted would have intensities 
reduced by a factor of 20 or more at heights greater than one foot above the bottom. Intensities 
very near the bottom could be comparable with intensities above dry contaminated areas nearby, 
although this would not necessarily be true for fast-flowing streams. Israehl and Petrov (1988) 
reported that there was a drop in 137Cs in river and reservoir water by a factor of 15 between July 
and October 1986 near the Chernobyl accident; and about 70 percent of 137Cs radioactivity was 
adsorbed by suspended particles. 
 
8. EFFECTS ON PLANTS AND INSECTS 

a. Forages 

 Pasture forages such as grasses and clover vary in density of ground cover depending on 
climate, rainfall, fertility of soil, and season of the year. Interception and retention of radioactive 
fallout particles by forages would vary with many of the above factors. Dahlman (1971) reported 
near 50 percent initial retention of fallout simulant particles (sized 44-177 microns) by dense 
fescue, which decreased to near ten percent retention by 24 hours later. These values are similar to 
other data reviewed by Dahlman (1971). Retention was greater for 44-88 microns than for larger 
(88-177 micron) particles. 
 
 Weathering by air movements and rain would greatly affect forage retention of fallout 
particles. Particles deposited on soil may be splashed by rain, blown by wind and replaced back 
on forages by grazing animals walking through wet forage. Rain could increase forage 
contamination by splash or it may wash off the contamination. Usually there is less contamination 
with time, but some of this decrease could be a dilution due to plant growth. Retention of 
radioactive fallout particles by plants not only affects the intake of radioactive material by grazing 
animals, but it also affects the radiation exposure of the meristem (growing point) of the plant. 
Due to the sheath of leaves around it, the meristem of grasses is much more protected from beta 
radiation than are the meristems of clovers and similar plants. 
 
 Simulated fallout radiation effects from 137Cs on tall fescue showed that 10 to 21 rad/d (≈ 
0.1 to 0.21 Gy/d) reduced seed production by about 50 percent the first year, compared to 
controls. During the second year when the dose rate was 40 percent less, the seed production was 
decreased by 20 percent. Seed germination was not affected (Dahlman et al., 1971). 
 
 Pasture forages of mixed composition may experience the elimination or reduction of a 
sensitive species, with the remaining forages getting more nutrients to promote more growth, 
hence the resulting forage production roughly equals a non-exposed forage area. 
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b. Forests 

 Early work on the vulnerability of forest species to gamma rays is described in papers of 
the Atomic Energy Commission (AEC, 1969). In general, ecosystems retain the capacity to 
recover from both natural and human ravages. Auerbach and Warren (NAS/NRC, 1969) reviewed 
the limited information on vegetative recovery from radiation exposure forest trees in the area 
near an unshielded reactor were killed. Deciduous trees returned from sprouts, but pine trees did 
not recover. Atomic testing on the islands of Bikini and Eniwetok produced heavy damage to 
vegetative cover. However the vegetation recovered and appeared normal after six to eight years. 
 
 Whicker and Fraley (1974) emphasized these same points in a later review, explaining 
the need to study radiation effects at the community or population level rather than at the 
organism level. Due to the varying sensitivity of plant species, the total productivity of an 
ecosystem may remain unchanged while the species involved may be quite different due to 
reduction and/or eradication of the more radiation-sensitive species. With time and increased 
radiation intensity, the species become progressively dissimilar to those present originally. In 
general, plants with large chromosomes are relatively sensitive to ionizing radiation while those 
with small chromosome volume are less sensitive. Whicker and Fraley discussed both genetic and 
somatic effects of radiation on plants. 
 
 The wide range of predicted radiation sensitivity for major woody species reported by 
Sparrow et al. (1971) is summarized in Table 7. Pines are the most sensitive, with hardwoods such 
as hickory surviving ten times as much radiation as some pines. Such studies indicate that much of 
a forest canopy would be eliminated by radiation exposures exceeding the pine or deciduous lethal 
ranges say 1000 rad or 6000 rad (≈ 10 or 60 Gy), respectively. Regrowth would occur, but a large 
concentration of dead trees anywhere would be a fire hazard requiring attention and care. This fire 
hazard would develop slowly as trees became progressively more dehydrated after their death. 
 
 From studies of gamma exposure alone, it was found that mosses and fungi survived 
higher chronic exposures than grasses. Shrubs in turn survived higher exposures than trees. Beta 
dose would be greater to the lower-growing plants than to trees, since the retention of fallout 
particles would be less by tree foliage than that of smaller plants. Also smaller plants would be 
closer to radiation sources on the ground. Decreasing sensitivity to gamma exposure has been 
listed by Whicker and Fraley (1974) as trees > shrubs > herbs > thallophytes > microflora. Within 
each general group there is a wide range of sensitivity, as indicated by the sensitivity of pine trees 
in comparison with other trees. 
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Table 7 
Predicted Sensitivity to Gamma Radiation of Major Woody Plants 

(Adapted from Sparrow et al., 1971) 
 

Conifers Deciduous 
 

Common Name 
Predicted 
LD50, rad 

 
Common Name 

Predicted 
LD50, rad 

Pine 600 Poplar 3,000 
Fir 730 Magnolia 3,700 
Hemlock 750 Oak 3,700 
Spruce 790 Birch 4,300 
Arborvitae 1,700 Maple 4,800 
  Beech 6,400 
  Hickory 6,400 

 

c. Insects 

 The title of Greene and Strom (1988), “Would the Insects Inherit the Earth?”, addresses a 
popular myth discussed in that publication. Insects are affected by radiation, though less than 
animals, fish or birds. 
 
 Crowder (1983) reviewed the benefits and losses generally from insect populations. At 
least 54 crops in the United States are dependent on insect pollination. Honey is an important food 
and beeswax has many uses. Silk and dyes are also useful insect products. Many insects are 
natural predators on harmful insects and on some weeds, and they enhance the decay of both 
animal and plant materials. Crowder states that about ten percent of the million named insect types 
are damaging and only 500 types are considered major pests in the United States. 
 
 Insects are less sensitive to ionizing radiation than are birds or animals. A gamma dose of 
5000 rad (≈ 50 Gy) will disrupt the organization of a beehive to the extent that by 21 days it is no 
longer a functional unit. But much higher levels are needed to kill bees outright. Lower forms of 
life are in general more resistant to ionizing radiation (Auerbach, 1967). 
 
 Microdosimeter-tagged insects exposed to beta radiation from an area contaminated by 
90Sr + 90Y showed that crickets received significantly greater doses (by two to three times) than 
grasshoppers, due to their different habitats. Differences in gamma exposure above the ground 
surface varied little up to the 33 cm height measured in these tests (Styron and Dodson, 1972). In 
further studies Styron (1973) reported that the LD 50/30 for continuous beta dose rate for adult 
springtails was nearly ten times as great as the continuous beta dose rate required to reduce 
fertility of their eggs to zero. 
 
 Using 137Cs-tagged fallout simulant, Styron and Dodson (1973) showed that exposures 
from 2.4 to 13 rad/d (≈ 24 to 130 mGy/d) significantly reduced insect populations during summer 
months but did not affect the total population at the end of their three years of study. Turner 
(1975) reviewed data which showed that insect populations have been altered by long-term 
exposure to gamma sources which selectively killed or reduced vegetation. See Table 8. When 
trees were killed, the normal species of insects were replaced by species feeding on dead wood 
and fungi. Surviving white oak trees on the edge of the lethal area had a dramatic increase in 
aphid infestation restricted to the area involved. Leaves from these trees contained about 20 
percent more sugar than those from non-irradiated trees. 
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Table 8 
Effects of Continuous Gamma Radiation on Insects in an Oak-Pine Forest on  

Long Island, New York (Adapted from Turner, 1975) 
 

Exposure rate 
(rad/d) 

 
Changes in numbers 

 
Changes in species composition 

2500 Insects persisted but in reduced 
numbers 

Only 6 families left, mostly 
scavengers 

650 “ 19 families 
160 34% of normal Few herbivores left 

40 71% of normal “ 
18 Leafhopper population greater than 

normal 
Normal, 57 families 

 
 

SUMMARY 

 Ionizing radiation is a natural phenomenon that is found in very small but measurable 
quantities in air, soil, water and in all living cells. Radiation has many safe uses such as 
production of electricity, medical procedures, food preservation and remote power sources. A 
radiation index plus a table listing additional radiation values are provided so that many radiation 
exposures can be compared with natural background. Radiation research has provided us with 
answers to safely cope with use of these resources and with countermeasures in case of accidents. 
Radiation research has also provided us with safe methods for radioactive waste disposal. 
Radiation accidents that result in loss of life are few in comparison with other risks in everyday 
living. Many sensational untrue statements have been published on radiation effects. A more 
comprehensive listing of radiation risks based on experimental research data and not based on 
theoretical extrapolations should be published in comparisons to the risks we encounter from other 
sources. There is no need to clean up radioactive contamination at background levels since there is 
no significant risk to humans at this level of exposure.  
 

Environmental regulations should have a single set of risk-based rules. Regulations for 
use of radiation should be standardized to include all uses of radiation. Epidemiological data on 
radiation effects may be of questionable value unless medical exposures are included with other 
radiation exposure records. External radiation protection is provided by mass, distance, and time. 
Internal radiation protection can be provided by countermeasures at many stages in the food chain 
to humans. Benefits from the safe use of ionizing radiation are great in comparison with the small 
risks involved.  

 
Grazing livestock are the most vulnerable of all animal species to radioactive fallout from 

a nuclear explosion because they are exposed to fallout on their hides, from contaminated grass 
they eat, and from fallout on the ground. Suggested methods of protection are included not only 
for the livestock but also on how to reduce the radioactivity in the food chain to humans. 
Livestock are good screeners to undesirables in our diet. Differences in radiation sensitivity are 
presented among many species including mammals, plants, aquatic organisms and trees.  

 
It is hopeful that this condensed manuscript will help to answer the needs of citizens who 

depend on ionizing radiation for some of their electricity, some of their medical needs and other 
uses of radiation, to better understand the benefits and some of the risks of this valuable resource 
used in our everyday lives. 
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Glossary of Terms 
 

Background – the radiation in man’s natural environment, including cosmic rays and radiation 
from the naturally radioactive elements. 
 
Becquerel (Bq) – the amount of radioactivity equal to 27 pCi. Becquerels are usually quoted per 
unit volume in liters (1) or weight in grams (g) or kilograms (kg). 
 
Core – The active portion of a nuclear reactor, containing the fissionable material. 
 
Critical – capable of sustaining a chain reaction at a constant level. 
 
Critical reactor – a nuclear reactor in which the ratio of moderator to fuel is either subcritical or 
just critical. 
 
Curie (Ci) – the unit used in measuring radioactivity, equal to the quantity of any radioactive 
material in which the number of disintegrations per second is 3.7 x 1010. One Ci equals 
37,000,000,000 Bq. 
 
Dosimeter – an instrument that measures the total dose of nuclear radiation received in a given 
period. 
 
Fission – the splitting of an atomic nucleus into two parts of approximately equal size, 
accompanied by the conversion of part of the mass into energy. 
 
Fission product – any radioactive or stable nuclide resulting from fission, including both primary 
fission fragments and their radioactive decay products. 
 
Gray (Gy) = 100 rem. 
 
Half-life – the time it takes for disintegration (decay) of half the atoms in a given amount of 
radioactive material. 
 
Lethal dose 50 (LD-50) – the dose of a substance that is fatal to 50% of a specific group. 
 
Metric abbreviations: 

1,000 picocuries (pCi) = 1 nCi – 10-9 
1,000 nanocuries (nCi) = 1 uCi – 10-6 
1,000 microcuries (uCi) = 1 mCi – 10-3 
1,000 millicuries (mCi) = 1 Ci 
1,000 curies (Ci) = 1 kCi - 103 
1,000 kilocuries (kCi) = 1 Mci – 106 
1,000 megacuries (Mci) = 1 Gci - 109 

 
Nuclear reactor – a device containing fissionable material in sufficient quantity and so arranged 
as to be capable of maintaining a controlled, self-sustaining nuclear fission chain reaction. 
 
Rad – a unit of absorbed dose, equal to energy absorption of 100 ergs per gram (0.01 joule per 
kilogram). One rad equals slightly more than one roentgen. 
 
Radioactive – giving off, or capable of giving off, radiant energy in the form of particles or rays, 
as alpha, beta an gamma rays by the spontaneous disintegration of atomic nuclei. 
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Radioactive decay – the spontaneous transformation of a nuclide into one or more different 
nuclides, accompanied by either the emission of particles from the nucleus, nuclear capture or 
ejection of orbital electrons, of fission. 
 
Radioisotope – a naturally occurring or artificially created radioactive isotope of a chemical 
element. 
 
Rem – a unit of ionizing radiation, equal to the amount that produced the same damage to humans 
as one roentgen of high-voltage X-rays; derived from roentgen equivalent man (rem). 
 
Roentgen – a quantity used in measuring ionizing radiation, from X-rays or gamma rays, equal to 
the quantity of radiation that will produce, in 0.001293 grams (1 cc) of dry air at 0º and 760 mm 
mercury pressure, ions carrying one electrostatic unit of electricity of either sign; abbreviated as 
R. One R equals about 0.87 rads in air or 0.96 rads exposure in tissue. 
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