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I. Issues 
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TECHNICAL INFORMATION PROGRAM SUMr~ARY #6 
RADIATION ·PROTECTION - ISSUES, TERMS, DEFINITIONS 

A. How harmful is radiation exposure? 

This isn•t a simple question and can•t be answered simply. The 
health effect of radiation exposure is undoubtedly one of the most 
extensively researched health issues in medical history. In evalu
ating the question, we have to distinguish between short term 
(acute) and long term effects, whether the source of the radia
tion is external to the body or whether it comes from radioactive 

' materials taken into the body, the type of radiation involved, 
what part(s) of the body have been exposed, etc. 

Considerable attention is being given today to the long term~ cumu
lative effects of low level radiation exposure. By low level, we 
mean exposures of less than 5 rems per year whole body penetrating 
radiation. This is currently the maximum amount permitted by gov
ernment regulations for \'lorkers in the nuclear industry. Because 
of the biological nature of t.he interaction of radiation with body 
tissues, it is impossible to say with absolute certainty that there 
is no long term effect of such low exposure. The 11 bottom line 11 

comes down to r..t~t· There is probably an exceedingly sma 11 (but 
not non-existent) risk associated with long term radiation expo-

. sure at current limits. The risk is so small, that effects, if 
any, on radiation workers attributable to their occupation have 
not'been detected by even th~ most sensitive statistical studies, 
~ven though there has been a lot of publi~ attention on this 
subject. Basically, we are .in a position of saying that the risk 
is, at worst, exceedingly small. In fact, it is so small, that 
such effects, if they do exist, have been completely masked by the 
normal personal, environmental, dietary, etc., effects . 
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B. The Mancuso Study seems to show that Hanford radiation workers 
have a higher evidence of cancer, so how can you say that radiation 
exposure within present limits isn't danqerous? 

Professor Mancuso's conclusions have been challenged by a number of 
well-qualified scientists, including an extens'ive study by Drs. 
Gilbert and Marks of Battelle Northwest and Dr. Breitenstein of 
HEHF. Statistical studies of the type attempted ·by Professor 
Mancuso and his associates must be conducted with extreme care or 
they can lead to erroneous conclusions. For example, using basic
ally the same data used by Dr. Mancuso it can be shown that Hanford 
radiation workers also live longer than similar groups in the 
general population. From this you could conclude that radiation 
exposure is good for you - which isn't true either. (The real 
reason for the ·longer life of Hanfor~ employes is that working 
employes of any 1 arge company \'lith a good safety record and a com
prehensive medical care and health insurance program will almost 
always have a greater life expectancy than a random, similar age 
group in the general population.) And this longer life expectancy 

. observed for Hanfor~ radiation workers is actually the cause of a 
higher fraction of the deaths being due to cancer. Cancer as a 
cause of death increases as average age increases. When deaths 
among Hanford radiation worker.s are compared with deaths i.!l ~ 
comparable~ aroup in the general population, it turns out that 
the percentage of deaths due to cancer isn't any higher among the 
radiation workers than it is in the general population. What this 
all boils down to is that the long term health effects of low level 
radiation exposures ar~· so slight that they have. not yet been 
measured or even conclusively proven to exist . 
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C. Hhat about working with plutonium? Isn't that very dangerous? 

Plutonium in finely divided form which becomes airborne can be 
very dangerous if taken 1nto the lungs. Extensive laboratory 
experiments with laboratory animals show conclusively that pluton
ium deposited in body tissue, even in relatively small amounts, is 
a potent carcinogen. The principal radiation from plutonium is 
alpha particles, which are totally shielded by a single sheet of 
paper or even a couple of inches of air. These alpha particles 
can't even penetrate the outer (dead) layers of your skin. So 
plutonium outside of the body is pretty innocuous. For these 
reasons all work with unencapsulated plutonium is conducted in 
tightly sealed cells or glove boxes. This keeps plutonium dust 
totally confined so it can't get out where it can be inhaled. 
Don't such containers ever leak? Yes, but rarely, a·nd when they do 
we have special instruments that immediately detect any radio
activity from plutonium in the air and provide an immediate alarm. 

·Also, plutonium laboratories are designed so that air flows are 
such that any particles in the air are carried forward to high 
efficiency filters in the exhaust system. 

Paradoxically, the source of the hazard associated with radioactive 
materials, i.e., the rays and particles given off by them, also 
make them by far the easiest hazardous material to detect, even 
in minute quantities, when they are present in the workplace. 
Electronic instrumentation detects them quantitively and essen
tially instantaneously, providing immediate warn1ng. ·.Contrast 
this with such common industrial materials as asbestos dust, 
copper, lead, mercury, etc., which must be measured by time
consuming analysis and may therefore only provide "after the factu 
warning. So far the track record of the nuclear industry in pro
tecting against health effects from plutonium is excellent. 
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Extreme care has been given to containment. Very conservative 
inhalation/ingestion limits(l) have been set. Some workers have 
had minute but measureable depositions of plutonium, and some of 
these have exceeded the permissible limits. (2) However, to date, 
there has never been a single occupational illness attributable 
to plutonium. 

·D. . What about radiation to WHC employes~ 

Nominally, Westinghouse Hanford Company employe radiation exposure 
is controlled to the U. S. Department of Energy limits, which are 
a maximum of 5 rems per year and a. maximum of 3 rems/calendar quar
ter. These limits are set to provide a very wide margin of safety 
between the limits and levels of exposure which begin to yield 
detectable health effects on humans~( 3 ) Moreover, in actual 
practice exposures to Hestinghouse Hanford Company employes don't 
even approach these levels. On the assumption that no radiation 
exposure is desirable (even though the risks associated with low 
exposures are very small) we strive to maintain employe radiation 

(1) Maximum permissible concentration in breathing air is 2 x 10-12 

microcuries per cc. Maximum permissible body burden of plutonium 
is .04 microcuries (with bone as the reference organ). 

(2) There are about 35 workers in the U. S. who have exceeded the 
maximum permissible body burden (MPBB) for plutonium. The highest 
of these is about 10 MPBBs. One group of 26 employes at LASL who 
received plutonium deposits > 10% of MPBB (11 had > 100% MPBB) back 
in 1944 are being followed very closely. Of these 26 employes, who 
have now had their plutonium depositions for 35 years, 24 are still 
alive and two have died from unrelated causes. There is still no 
evidence of plutonium-caused illness in any of these employes. 

(3) To be more meaningful, these numbers can be compared with levels of 
exposure \'lhich, if incurred over a very short time period (e.g. less 
than a week) would begin to show such effects. An acute dose of 
50-100 rems will produce clinically observable blood changes, but 
not usually any directly felt effect by the recipient. 100-200 rems 
will produce some nausea and vomiting, normally followed by com
plete recovery. At 500-600 rems, there is a 50% probability of 
death within about 1 month .. Greater exposures produce a rapidly 
incre~~1ng probability of death, and in a shorter time . 
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exposures to .. as low as practicable" levels. As a specific 
exa·mple of the results of this policy, during 1978 only one 
employe received as much as half (2.5 rems) of the annual limit 
and only 22 employes (out of approximately 3,000) received more 
than 1/5 (1 rem) of the annual limit& 

E. What about the genetic effects of radiation exposure? 

Radiation exposure is capable of causing chromosomal damage, and. 
therefore~ radiation exposure to the reproductive organs could 
cause genetic effects. However, the same is also true of certain 
foods, pathogens, chemicals and other environmental factors. Cur
rent radiation exposure limits have been established taking this 
effect into account, and the probability of an undesirable effect 
of this type is very, very small - but not zero. Also, there is 
considerable evidence that the fetus is particularly radio
sensitive, especially during the first three months of pregnancy. 
For this reason we have special radiation exposure policies and 
controls for any of our female radiation workers who may have 
become pregnant. First we explain to all our female radiation 
workers the added risk associated with radiation exposure to the 
fetus, and we request that they notify their manager as soon a·s 
possible if they suspect that they are pregnant. We also offer a 
free pregnancy test for them. If pregnancy is confirmed, it is our 
policy to~offer placement on another job which will not involve 
radiation exposure during pregnancy. Our objective is to minimize 
any radiation exposure of the fetus, and in any case to limit it 
to no more than 500 millirems . 
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II~ Terms and Definitions 

A. Radioactive Materials 

Some chemical elements or isotopes of certain elements spontane
ously give off sub-atomic particles or rays. They are called 
radioactive materials. Some of these occur in nature (uranium, 
thorium, radium) and some are "man-made 11 {plutonium, strontium 90, 
cesium 137, etc.) 

B. Radiation 

Radiation is the emission of energy from atoms in the form of 
energetic sub-atomic particles or rays. In its broadest sense, 
these rays include the entire electromagnetic spectrum including 
radio waves, infra red, visible light, and· X-rays. However, in 
the nuclear industry, radiation really refers to 11 ionizing 11 

radiation, \'lhich is any type of radiation that can cause ionizing 
·of other elements. The common types of ionizing radiation include 
X and gamma rays, beta particles, alpha particles ·and neutrons. 
It is important to understand that the term 11 radiation 11 applies to 
the rays and/or sub-atomic particles given off by radioactive 
materials and not to the materials themselves. A person who 
receives radiation exposure but is not contaminated by contact 
with radioa~tive material does not in turn become radioactive. (4) 
The cases you have heard about where people have 11 become radio
active~~ all involve cases in which relatively large amounts of 
radioactive materials have somehow either been swallowed, inhaled 
or injected into the person. A few accident cases of this kind 

(4) This is a slight over-simplication, because human exposure to 
very high levels .of neutron radiation vli·ll induce some radio
activity in the body, but the level of this radioactivity is 
negligible compared to the initiating radiation, and the induced 
radiqactivity has a very short half life .. 
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have occurred, such as the case in the early part of this century 
when workers painting luminous watch dials became contaminated 
with radium. · However, a far more common situation is the medical 
use of radioisotopes administered for diagnosis or therapy. By 
nuclear industry standards, these medical applications often 

; produce quite high (but short lived) levels of radioactivity in 
/ the body. 

. . 

C. Half Life 

The term half life refers to the length of time it takes for the 
radiation from any given quantity of a radioactive mate~ial (radio
nuclide) to "decay 11 to half of its original value. When six half 
lives have elapsed, 98.4% of the original radionuclide has dis
appeared, leaving the decay products behind. 

D. Contamination 

This term is used to .indicate the presence of radioactive materials 
which have become airborne (like dust), have become dissolved in 
liquids, or may be adhering to the surface of or mixed with other 
materials. It indicates the actual physical presence of radio
active material, not just the radiation given off by it. Anaiogies. 
would be water (a contaminant) in your gasoline, smog in the air 
or dirt on your hands. 

E. Curies 

The curie is the basic ~nit used to describe radioactive material 
based on the rc:.te at which it emits radioactivity. It has an 
indirect relationship with the physical quantity of the material 
itself. By definition, 1 curie is 3.7 x 10.10 disintegrations per 
second, 1·1hich is the same radioactivity as 1 gram of radium 226 . 
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However, radium is a highly radioactive material. By contrast, it 
requires two metric tons of natural uranium to produce 1 curie of 
radioactivity. Thus, the .curie is a unit of radioactivity, not of 
mass. For convenience, the term curie is frequently prefaced by 
standard metric prefaces such as milli (10-3), micro (10-6), nano 
(10-9), pica (10- 12 ), etc. When describing radioactivity present 
in liquids or in the air it is customary to express the concentra
tion units in terms of radioactivity per unit volume, such as 
microcuries per cc or picocuries per liter. 

F. Dose (Exposure) & Dose Rate 

The quantity of radiation exposure to humans (and other biological 
entities) is usually given in rems or millirems (thousandths of a 
rem). This is a unit of radiation exposure which is directly 
related to its biological effect. The basic limit for whole body, 
penetrating radiation exposure is 5 rems per year, not to exceed 
3 rems per calendar quarter. The limit is far below the minimum 
1 evel known to produce health effects. However, l~HC uses 11 admi n
istrative controls .. which utilize short time periods and much 
smaller doses to further control exposure. For whole body', pene
trating radiation exposure these administrative controls are 300 
millirem per month, with higher levels permitted only with specific 
management written approvals. The dose rate refers to the rate at 
which a· dose is occurring, e.g., 100 mrem/hour would indicate that 
a person so exposed would receive 100 mrem in one hour, 100 mrem 
in two hours, etc. Dose and dose rate have the. same relationship 
as say, gallons and gallons per hour. 

These are convenient units for des~ribing the amount of 
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radioactivity present when making radioactive contamination 
measurements. They are related to the curie in the sense that 
both are measurements of the quantity of radioactivity present. 
One nanocurie (10-9 curie) is equivalent to 2,200 disintegrations 
per minute. Sometimes counts per minute are.used as a matter of 
convenience, because Geiger-~~ueller (G-M) type sur-vey instruments 
respond in 11 Count rate 11 or counts per minute. Counts per minute 
are proportional to the disintegrations per minute in the source 
being measured. The counts per minute measured by the instrument 
is usually about a factor of 10 below the actual disintegration 
rate. (The exact relationship can be established when required.) 

H. Accidental Nuclear Criticality 

The term 11 nuclear criticality .. refers to the reaction which takes 
place in an operating nuclear reactor. This reaction requires use 
of 11 fissile 11 materials, such as uranium-233, uranium-235, pluton
ium-239, or plutonium-241. If enough of these materials are 

. . 

accumulated together in close proximity and if certain other condi-
tions such as geometry, concentration, and/or moderation are favor
able, a nuclear reaction can result which produces heat and 
extremely intense levels of neutron and gamma radiation. In a 
nuclear rea~tor, the heat is carried away by the coolant, and the 
neutron and gamma radiation is safely confined within massive 
shields which protect ·the personnel. 

A similar nuclear reaction, uncontrolled and of short duration, 
would take place outside of a reactor if the fissile materials were 
placed together under equivalent conditions of proximity, geometry, 
concentration and/or moderation. Such a reaction is called 11 Acci
dental Nuclear Criticality.~~ This produces extremely intense 
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levels of neutron and gamma radiation for a short time. l~hile a 
.nuclear explosion is impossible, anyone in the immediate vicinity 
ofsuch a criticality accident will receive a. very high and 
possibly lethal radiation exposure. 

A single massive exposure to penetrating radiation can be fatal in 
hours to a few weeks. A fatal radiation exposure requires roughly 
100 times as .much exposure in a very short time as is normally per
mitted for .an employe to receive over an entire year's time 
(usually a whole-body exposure to 500 rem causes 50% fatalities). 

As a matter of fact, the only four radiation exposure fatalities 
to occur in the nuclear energy field .in the United States have all 
been due to criticality accidents. Thus, this aspect of radiation 
protection, i.e., the prevention of criticality accidents, receives 
a great deal of attention. HHC has never had a criticality acci
dent or even come close. Such accidents are rel~tively eas~ to 
prevent by assuring that all equipment and facilities for handling 
fissile materials are properly designed and all work procedures 
are rigidly adhered to. 

Surmnary 

Radiation protection is a highly developed science, backed by a 
research effort since 1943 that dwarfs any other toxic material 
research effort in history. He are at the point of trying to 
determine if there is any long term health effect~~ (at cur
rent worker exposure limits). If there is, it is so small that it 
can not yet be demonstrated statistically. We suggest you compare 
this with other common toxic industrial materials such as asbestos, 
lead, vinyl chloride, various pesticides, etc., where the effects 
are both substantial arid m~asureable. The record shows that the 
nuclear industry has one of the best industrial safety records of 
any major industry, and WHC is among the best in the nuclear industry. 




