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1. 

THE EFFECTS OF RADIATION ON HUMAN HEALTH AND SAFETY 

INTRODUCTION. 

The biological hazards of nuclear energy usage are a growing source of 
pub T'c concern. The medical profession may well be expected to con
tribute to public debate on this issue. 
This document, therefore, attempts a balanced review of the known and 
suspected human biological consequences of exposure to different types 
of Ionizing radiation, emphasizing In particular the nuclear Industry. 
Three view points characterize the current debatt:-
1- Those who believe that Insufficient Information exists for us to 

set and achieve adequate safety limits for community exposure to 
radiation, and who therefore, seek a moratorium on uranium mining 
and nuclear energy development, pending further research and 
discussion. 

2. Those who believe that there is considerable information about the 
risks involve*1, and that adequate safeguards are attainable. 

3. Those who believe that there is sufficient Information to establish 
that the risks are too great and the available safeguards inadequate 

WHAT IS RADIATION? 

Ionizing radiation may be electromagnetic (e.g. X-rays and gamma rays) 
or particulate (e.g. alpha or beta particles). It may be produced by the 
natural fixed-rate decay of radioactive elements, wherein nuclei emit 
charged particles or gamma Irradiation or by electrical X-ray generators. 
The effects of X and gamma rays 1n particular, are well known from their 
extensive diagnostic and therapeutic use. Alpha particles are positively 
-•harged helium nuclei which have a greater mass and kinetic energy than 
other radiation particles, but have only feeble tissue penetrating power. 
They are locally very destructive. Beta particles, being predominantly 
electrons, have greater penetrating power, but less Ionizing effect per 
unit length of path in tissue. A proportion of the constituent atoms 
of substances in the path of radiation become charged particles, known 
as Ions. Ions have greater chemical activity than neutral atoms, and the 
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2. 

harmful effects of ionizing radiation are thought to be due to their 
disruption of the normal chemical processes of the cell. 

UNITS OF MEASUREMENT 
* The CURIE is the unit of radioactivity, representing 3.7 x 10 

atomic disintegrations per second. In measuring the amount of 
ionization produced in air by X-rays, the unit is the ROENTGEN. 

* The RAO is the absorbed dose where 10 kilojoules of nerg is 
imparted to 1 kg. of tissue by ionizing radiation. 

* The REM (roentgen-equivalent for man), is a unit used to attempt 
to quantify the biological effect of different fcrms or radiation 
on different tissues. For example, alpha particles have approx
imately ter times the effect of X-rays on the skin for a given 
dose in rads. A "quality coefficient" is, therefore, used to 
convert the dose to rems. For beta, gamma, and x-irradiation, 
one rem is usually equivalent to one rad. 

SOURCES OF ENVIRONMENTAL RADIATION 
Mankind has always been exposed to naturally-occurring environmental 
radiation - terrestrial, cosmic, atmospheric, and internal. (Internal 
ionizing radiation, from radioisotopes present In living tissue, accounts 
for one-fifth of all natural radiation dosage. Terrestrial radiation 
emanates from radioactive elements such as uranium, thorium, and radium, 
which persist In the earth's crust because they have half-l*ves similar 
to the geological age of the planet. Uranium decays to radium, which 
then produces radon gas and "daughter" radionuclides. These radioactive 
decay products are naturally present In air, food, wat"*- and building 
materials. 

Nan-made Ionizing radiation emanates from nuclear explosions, the nuclear 
energy Industry, medical radiology, certain occupational exposures, and 
various consumer items (e.g. luminous watch dials and television sets). 
The approximate per capita average annual exposure to ionizing radiation 
is.-

Natural background 100 milHrem 
Medical radiology 50 mlllirem 
Other man-made radiation TO mi 111 rem 

Total; 160 mil 11rem 
This estimate is much affected by geographic location, al t i tude, standard 
of l i v ing , occupation and health status. 
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SAFETY LEVELS 
Sine 1928 the International Commission on Radiological P»n*«ction 
and hdny other International bodies have been concerned with setting 
standards for maximum permissible exposure. These levels have been 
derived mainly from practical experience with radiation workers over 
the past sixty years. 
Many believe that all radiation, no matter how small the dose, is harmfu. 
The clinical effects may not be evident, however, if the doses are very 
low. Past experience with x-irradiation cannot be necessarily used to 
set safety limits for exposure of other forms of radiation. The U.S. 
Environmental Protection Agency in 1977 has reduced the maximum permissible 
additional whole-body dosage from 500 millirem to 25 millirems for annual 
exposure o r the public living near nuclear power stations, and 5 millirems 
for the public at large. 
Experience with radiation over the years has resulted in the development 
of measures for controlling exposure. In the case of X-rays, where the 
experience has been greatest, a combination of exposure time limitation, 
shielding, filtration and beam size limitation has been used to reduce 
the dos* to both patients and operators. 
. chniques for controlling radioactive materials have also been developed, 
although the nature of the materials makes them extremely difficult to 
handle and control. Their frequently long half-life, and extreme 
toxicity, combine to make the setting of safety standards extremely 
difficult. In addition, the risk of misuse and misadventure needs to 
be considered if safety is to be placed in its true perspective. 

BIOLOGICAL HAZARDS OF IONIZING RADIATION 
All radiation, whether from radioactive materials or from radiatir 
producing machines, can produce changes in living tissues and interfere 
with normal life processes by either direct or indirect action. With 
direct interaction, collisions with important cellular molecules may 
ionizo or excite these molecules and thus disrupt cellular function. 
Indirectly, cells may be damaged by toxic agents, such as free radicals 
or hydrogen peroxide, which are formed as a result of the ionization of 
water molecules in thp cells. 
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Two main types of biologic effects have been described; somatic 
effects, manifested within the exposed person, and genetic effects, 
manifested in immediate or remote descendants. 
1. Somatic effects include injury to the skin and superficial tissues, 

cataract formation, impaired fertility, cancer induction, 
teratogenesis, and a non-specific reduction in life span. While 
the use of therapeutic X-rays has enabled quantification of dose-
response relationships for skin injury, the other somatic effects 
are less well understood. For instance, it is not yet known 
whether there is a minimum requisite ("threshold") dose for cancer 
induction, as opposed to a "linear-no threshold" relationship. 
Acute radiation sickness results from exposures in excess of 100 rem. 
Gamma ray exposures of about 500 rem as a single ''se or between 
500-1500 rem over a short period of time, have a M% probability of 
death. N"n-fital cases recover after several weeks. Seven acute 
radiation sickness fatalities have occurred in US workers exposed 
to nuclear power project accidents. These all occurred before 1961. 
Cancer is the most important of the somatic effects, and virtually 
all types of cancer are now known to be radiation-inducible. 
Radiosensitive tissues (bone marrow, lymph tissue, thyroid gland) 
are especially susceptible. Well-documented evidence exists for 
a marked excess of bone cancer In radium dial painters, lung and 
stomach cancer 1n uranium miners, leukaemia and skin cancer In 
radiologists, leukaemia in ankylosing spondylitis patients treated 
with radiotherapy, and leukaemia, lung cancer and thyroid cancer in 
Japanese atomic bomb survivors Exposures 1n these various situ
ations averaged in the range 100-2000 rems. More recent epidemiol
ogical data Implicates multiple chest fluoroscopy (TB patients, 
1940-55) and manmographic examination In causing breast cancer. 
Childhood cancers (especially leukaemia) appear to be increased 
following in utero x-1rrad1at1on. 

2. Genetic effects result from chromosomal damage, and are usually 
detrimental. The International Commission on Radiological Pro
tection observes: "A hereditary defect causino slight physical 
or functional impairment will tend to continue for many generations, 
whereas a severe oefect will be "Mminated rapidly through the early 
death nf flir zygoto or Individual. The main consideration is the 
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burden to society in future generations imposed by an increase in 
the proportion of individuals with deleterious mutated genes". 
The dose levels of radiation producing genetic damage have not been 
established definitely and could bs lower than those inducing cancer. 
Two mechanisms of genetic damage are postulated, - firstly, random 
damage to chromosomal structure (thought likely to produce, 
cumulatively, general biological deterioration), and secondly, an 
increase in gene m 'ations (thereby increasing the incidence of 
specific detrimental traits or diseases). 
Much uncertainty exists about both the eventual form that genetic 
damage might take, and, inevitably, the radiation doses capable 
of producing such changes. For example, a recent study in coastal 
India suggests markedly increased rates of Down's Syndrome and con
genital severe mental retardation in an area of naturally high-
radioactivity soils - approximately 70 times the world average level. 
Other surveys suggest that the inhabitants of Guarapary, Brazil, c.nd 
parts of New vork State, USA, where terrestrial radiation is very 
high, experience a greater incidence of congenital abnormalities than 
do people living elsewhere. 
However, it should be noted that studies of the Japanese survivors 
of the atomic bombings have yielded no evidence for excessive genetic 
defects amongst offspring to date. 

BIOLOGICAL HAZARDS FROM URANIUM MINING AND THE NUCLEAR FUEL CYCLE: 
The mining, milling and transport of uranium involves exposure to its 
natural decay products, a series of radio nuclides (radon, and radioisotopes 
of polonium, bismuth, and lead). Inhaled radon gas diffuses throughout 
the body. The other radio-nuclides, attached to dust particles, deposit 
predominantly at the bifurcations in the trar1 rbronchial tree. Although 
there is some beta and gamma radiation from these radio-nuclides, most 
of the radiation dose results from alpha particles. The intensity of the 
alpha radiation at these sites is, therefore, estimated to be much higher 
than in the inspired air. The considerable excess, during this century 
of lung cancer in uranium miners greater than that expected from cigarette 
smoking history (US and Central Europe), may be one consequence of this 
alpha radiation. The systemically distributed r^Hon probably has other 
less obvious ca reinogenic and genetic effects. 
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Radioactive wastes from nuclear power generation contain up tp 30 other 
radionucTides, including iodine 131, strontium 90. cesium 137, and 
Plutonium. These enter the body via air, food, or water, and after 
uptake (often selective) by various tissues, emit alpha, beta or gamma 
radiation. Strontium 90 is selectively taken up by tv>ne, cesium 137 
by the gonads. 
Plutonium is one of many long lived actinides, which is produced in 
considerable amounts during the nuclear fuel cycle and warrants special 
mention. It is a known carcinogen (with a half-life of 24,000 years), 
and may have a particular capacity for producing genetic damage because 
of its prolonged retention in the gonads. Studies of ' f s distribution in 
animals after intravenous injection suggest that it nit only lodges in 
the gonads, but, in the male, deposits in the intertubular spaces and 
peritubu'er tissues in close justaposition to the spermarogonial stem 
cells. 

NUCLEAR POWER GENERATION 
A nuclear reactor is a gigantic water heater. The conventional fission 
reactor is fueled by thousands of rods filled with uranium pellets. A 
uranium atom, when struck by a neutron, splits into two radioactive 
components, releasing a large amount of energy, much of it as heat. 
Less than 1% of the fuel rods develop leaks, during normal reactor 
operation, releasing radioactive material into the circulating water. 
These fission products are mostly trapped and held, but those with longer 
half-lives are eventually released as "nuclear effluent". 

The used fuel rods are stored (to dissipate short half-1'fe radioactivity) 
and then sent for reprocessing. The uranium and plutonium may f e re
claimed, and the remaining "waste" must be disposed of in some total and 
permanent (or at least very long term) way. 
Under normal operating conditions, it 1s estimated that, if all power 
generation in the Ub were nuclear, the annual additional exposure (from 
disseminated radio-isotopes of, for example, krypton, xenon, plutonium, 
cesiuir, iodine and tritium), would be less than an average of one mflli-
rem per person per year (c.f. 100 millirems of background re-diation 
annually). Some groups of people may of course, receive higher doses. 
It should he noted that the potential community radiation exposure 
due to environmental accumniulation of long-lived radfo-nuclidcs, will 
increase almost linearly with time - since the rat.- of waste rtc';unimu1ai.toM 
will considerably outstrip rv 1 inactive decay. 



The major hazards from the nuclear fuel cycl? are from abnormal events -
reactor accidents, transportation accidents, inefficient disposal of 
wastes, criminal and terrorist activities and nuclear war. y reactor 
•• cident of large const juence must involve a "melt down". To attain 
the necessary 5000°F, to induce this "melt down", a major rupture in the 
Mgh-pressure water cooling system would need to go unchecked for about 
one minute, after which complete melting of the reactor fuel would occur, 
with the release of vast quantities of radioactive materials. The amount 
of dissemination into the environment would depend on the degree of 
damage to the concrete encasement. Explosive destruction of t' > plant 
could cause thousands of immediate deaths in neighbouring communities, 
plus tens of thousands of subsequent c ~er deaths. 
Various US studies have estimated that between 1U-600 cancer deaths might 
occur annually, on average, in the US from reactor accidents, if all the 
energy were provided by nuclear power. The majority of the studies have 
suggested a figure closer to 10 than 600 deaths JS being a reasonable 
estimate. Steadily improving technology makes significant reactor 
accidents increasingly improbable, but the risk can never be eliminated. 
This reality appears to be increasingly recognised by nuclear scientists 
and engineers, as is the fact that "clean" (radiiition-free) nuclear 
power generators, such as fusion reactors are as yet not technically 
possible. 
The long-term disposal of radioactive wastes is still an unresolved issue. 
The need to seal wastes off from environmental contact for thousands of 
years is a formidable challenge. A particular concern is that all 
known entombment materials degrade after several hundreds of years, and 
contamination of subterranean water cannot be precluded. 



1ME EfFECTS OF RADIATION ON HUMAN HEALTH AND SAFETY 

A FINAL PERSPECP"F 

In assessing the biological hazards of nuclear energy, the hazards of 
alternative energy sources must also be borne in mind. Proponents of 
nuclear energy calculate that the average individual risk of premature 
death from an all-nuclear energy industry is considerably less than if 
we relied totally on coal-fired power, or if we all smoke'' a packet of 
cigarettes a day, or if we all moved from the country to thr cities to 
live. Opponents contest these estimates, and emphasise that the ever-
present risks of technological accident or anti-social behaviour are 
ineradicable. 

In conclusion: 
1. The biological hazards of accident-free nuclear power generation 

are apparently relatively slight; 
2. He have, as yet, incomplete knowledge of the longer-term 

biological effects of ionizing radiation (particularly at 
lower doses); 

3. Nuclear energy creates an unprecedented possibility of unintended 
or malicious disaster, effecting whole communities; 

4. Nuclear energy entails unprecedented potential risks for future 
generations, via the possible erosion of the human gone pool, 
and, 

5. It is argued that the adverse genetic and carcinogenic effects 
of man-made chemicals or the social or medical misuse of drugs 
my soon present statistically larger problems to health than 
the safe use of nuclear energy. Nevertheless, each of the 
issues should be dealt with on its own merits. 
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