
INIS-mf—14615 

Radiation 
in everyday life 

Bjorn Wahlstrom 
Head of Radiation Protection 

IMATRAN VOIMA OY 
Loviisa NPS 

FIN-07900 Loviisa 
FINLAND 

It's pity not everybody has got a radiation meter, because, everybody who 
owns one, already knows that there is radiation everywhere. Turn on the 
meter wherever you go, and it starts counting radiation pulses. At some 
places it counts faster and at other slower. But there is no place where 
there is no radiation. 

If you put a radiation meter close to an old watch, an expensive camera, 
a smoke detector or special crockery, or if you take it with you in a plane 
that takes off, the count rate increases. This means that the radiation is 
stronger close to these items and at higher altitudes. You can hear this 
with your ears and see it with you own eyes from the display. So, it must 
be true. 

The world we live in is radioactive. Radioactive substances and radiation 
existed on Earth before the first man was born. Radiation reaches us from 
the cosmos and is also emitted from radioactive substances in the ground, 
in construction material, in the food we eat and the air we breathe. All 
people are radioactive, too. For instance, all of us have got radioactive 
Radium and Polonium in our skeleton, radioactive Carbon and Potassium 
in our muscles and radioactive noble gases and Tritium in our lungs. The 
radiation emitted by your body can be measured by a very sensitive 
radiation meter called a Whole Body Counter. 

This has nothing to do with anything that humankind has ever done right 
or wrong. This is simply how nature is and how it has always been. 
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Additionally to radiation from these natural sources we are nowadays 
exposed to radiation from man-made radioactive substances, from X -
rays in medicine, from our TV-set, from radioactive fall-out and from 
certain consumers' goods containing some radioactive substance. 

In many professions the personnel is exposed to increased levels of 
natural or man-made radiation. Examples of this are work in mines, in 
many hospitals, in nuclear power plants, in some research institutes, in 
several branches of metal industry and in aviation. 

So, all of us have as well natural as man-made radioactive substances in 
our bodies and all of us are exposed to radiation from natural and man-
made external radiation sources every hour of our life. Some people are 
exposed to values tens or hundreds of times higher than others. 

NORMAL EXPOSURE TO NATURAL RADIATION 

Everything is built of atoms. The nucleus of an atom may be stable or 
unstable. Most nuclei are stable. They are in good harmony and will 
stay so for ever. Stable nuclei never emit radiation. 

Unstable nuclei, on the other hand, have got excess energy, that they at 
some moment must get rid of. This is done by emitting an energy pulse 
and maybe a particle. A stream of those pulses and particles is called 
radiation. When the excess energy is released the atom turns from its un
stable state to its stable state and will .cause no harm any more. 

The radiation around us, which origins from natural radioactive 
substances, is called background radiation. Everyone is continuously 
exposed to natural background radiation. The radiation dose caused by 
background radiation is about one millisievert (mSv) per year. Millisievert 
(abbr. mSv) is the unit for exposure to radiation. 

The natural background radiation varies from place to place. The annual 
radiation dose may be 1 mSv in a certain place but 1.6 mSv in a place a 
hundred meters away and 0.9 mSv "around the corner." In some regions 
the natural annual radiation dose may reach 10 mSv or even 20 mSv, 
which equals the exposure of an X-ray examination. The background 
radiation also depends on weather and seasons, air pressure and wind 
direction. 
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The radiation dose we receive for natural reasons also depends on what 
kind of house we live in and what consumers' goods we use. The 
construction material of our house contains radioactive substances, bricks 
more than wood, concrete more than bricks. There is radioactive Radium 
in watches and other instruments with fluorescent numbers. There is 
radioactive Amcricium in smoke detectors, radioactive Thorium in special 
optics, radioactive Uranium in special crockery etc. Also our TV-set 
emits some radiation when it is used. 

INCREASED EXPOSURE TO NATURAL RADIATION 

In many situations people are exposed to increased levels of natural 
radiation. For instance, fairly high doses are caused in many countries by 
a natural radioactive gas named radon. It oozes out from the ground 
everywhere. It causes no problem outdoors, because it is diluted to 
harmless concentrations, there. 

However, in cold regions like in the Scandinavian countries houses are 
built very tight, the ventilation is minimized and the windows are kept 
closed to prohibit the heated air from escaping. In such cases the radon 
gas will concentrate in the house and cause the inhabitants an annual 
radiation dose of several mSv. In extreme cases the annual radiation dose 
caused by radon gas in houses may reach up to 500 mSv or more. 

As the radon gas leaks out of the soil everywhere and reaches high 
concentration if it cannot escape, the radon exposure is a special problem 
in coal mines. Before this problem was.recognized, the miners could 
receive radiation doses up to several hundred thousands mSv a year. That 
extremely high exposure to radon radiation caused the miners an increased 
lung cancer incidence. Nowadays this risk has been lowered to an 
acceptable level by means of better ventilation. 

Aircraft staffs annually receive radiation doses exceeding those normally 
received in nuclear industry. The cosmic radiation, which causes an 
annual radiation dose of 0.3 mSv at sea level, is much stronger at an 
altitude of 10 000 meters. Aircraft crews spending some 1000 to 2000 
hours a year at that altitude, receive an extra dose of 3 to 4 mSv annually. 
That is more than the average dose to workers in the nuclear industry. Of 
course, the air travellers will receive a small extra radiation dose, too. 
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Burning of fossil fuels, i.e., coal, oil and gas, is another interesting 
example of increased exposure lo natural radiation. All fossil fuels, 
especially coal, content natural radioactive substances. As long as these 
stay deep in the earth, they don't cause exposure to anybody. But, when 
mining coal or drilling oil, the radioactive substances are brought up to 
the surface of the ground. 

Later, when the coal or the oil is burned the radioactive substances are 
spread into the environment with the exhaust gas, thus causing some 
additional exposure to people living in the vicinity. This contribution is 
not high. However, it may be interesting to know, that the release of 
radioactive substances from coal fired power plants may be of the same 
size as that, from well operating nuclear power plants. 

In fact, there is a difference between the radioactive releases from well 
performing nuclear power plants and from coal fired plants. Most 
radioactive substances released from nuclear power plants are short-lived. 
They where "artificially produced" in the reactor, and they will decay 
within some months or years. This means, they don't continuously 
accumulate in the environment, in a perspective of decades of years. On 
the contrary, the radioactive substances released from coal fired plants are 
long-lived. They have existed for billions of years deep in the ground. 
And they will exist for billions of years more on the surface of the 
ground. So, they will accumulate in the environment. 

NORMAL EXPOSURE TO MAN-MADE RADIATION 

In 1895 mankind for the first time added radiation to the natural amount. 
That year the X-ray tube was invented and taken into use. The X-ray 
tube emits the same kind of radiation as.radioactive material does, even 
if the apparatus itself is not radioactive. The radiation disappears when the 
power is switched off. The use of X-rays in medicine has saved an 
enormous number of lives and lots of suffering. 

The first man-made radioactive substances were produced in 1934. That 
year a method was discovered for turning stable atoms into an un-stable 
state. This means that non-radioactive material could be made 
radioactive] Since that man-made radioactive substances have been 
widely used in medicine, research and industry. 

In 1938 another astonishing discovery was made. It was observed that the 
nucleus of the Uranium atom could be made to split into two parts 
forming two new smaller nuclei. These were often radioactive. At the very 
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moment when the Uranium nucleus split a radiation pulse was emitted and 
some heat was released. 

The new skill of humanity, to split the Uranium atom, has later been used 
in the service of good as well as bad: 

-If the useful Uranium was enriched to a concentration of 90 to 100 % 
it could be used for the fabrication of atom bombs. Since the sixties, some 
1000 nuclear detonations have caused radioactive fall-out all over the 
world. This fall-out contributes with some small amount to the 
background radiation, to which we are exposed every day. 

-If the concentration of useful Uranium is only about 3 % it cannot be 
used in a bomb, but a controlled heat producing reaction can be 
maintained. This reaction is the power source of nuclear power plants. 
Today 17 % of the global demand for electricity is generated by nuclear 
power, which does not affect the atmosphere or the environment in the 
way fossil power does. 

In a nuclear power plant radioactive substances are produced as by
products. Most of these never get into contact with the living nature. They 
stay in the waste and are treated and stored in a safe way. 

The releases of radioactive substances during operation are kept so small 
that they really are of no significance. Mostly their influence on the dose 
in the environment is smaller than the fluctuations caused by changes in 
weather and seasons. 

To make professional work with radioactive material and radiation safe 
.international recommendations for maximum exposure have been given. 
The International Commission on Radiological Protection (ICRP) has 
recommended, that the radiation dose received at work should not exceed 
20 mSv a year, as an average, and not 50 mSv in'any single year. 
The dose limit for public, to exposure caused by man-made radiation, is 
1 mSv/year, exposure from medical use of radiation not included. 

HIGH EXPOSURE TO MAN-MADE RADIATION 

Radiation used in medicine saves lives, but it is also true that radiation 
can kill. However, to be acutely fatal the dose must be very high and it 
must be received in a short time. The bombing of Hiroshima and 
Nagasaki in 1945 is the best known example of this. 



6 

A few people have also been killed by radiation in accidents. Radiation 
accidents have occurred with X-rays, with radiation apparatus for 
slerili/.ing surgery equipment and in research facilities. Such accidents are 
very rare indeed. 

Still more rare, even unique, is the only one reactor accident at a 
commercial power plant, where people were killed by radiation - the one 
in Tshernobyl 1986. In that accident 31 firefighters were acutely killed by 
radiation. Their doses were between 4 000 and 16 000 mSv. 

The Tshernobyl reaclor concept is unique for Russia, and Russia has 
announced, that they will not build reactors of thet type any more. In that 
reactor concept the nuclear fuel is enclosed in a huge Graphite block of 
1900 tons weight. When the Graphite block caught fire, no force could 
put it out. It kept burning for ten days. This destroyed the nuclear fuel 
and caused radioactive fall-out all over the world. 

There has been only one more accident at a commercial nuclear power 
plant resulting in a vast damage to the nuclear fuel. That was the 
Harrisburg accident in USA in 1979. However, that plant was a so called 
pressurized water reactor, which is the most frequent reactor type in the 
World. In that reactor type there is no Graphite. Instead, the fuel is kept 
under water inside a steel tank during operation. As there was no 
Graphite to catch fire that accident caused no damage to the nature nor to 
any people. Not even did any single worker receive a radiation dose 
exceeding the annual dose limit. 

WHAT IS THE EVERYDAY RADIATION HAZARD? 

Instant exposure to a radiation dose of several thousand mSv can be fatal, 
and an instant dose around thousand mSv can cause temporary symptoms 
of so-called radiation illness. Doses causing acute health hazard can be 
received only in nuclear war and in accidents. Radiation accidents are 
very rare, and in no case was an outsider acutely killed. 

High radiation doses, far beyond modern dose limits, may increase the 
risk of getting cancer. Slightly increased cancer incidence have been 
observed in a few heavily exposed populations, the most important ones 
heing the Japanese bombing victims and the coal miners mentioned 
before. From these observations risk factors for adverse health effects 
were calculated. For all normal exposure to natural radiation and for 
occupational exposure within the established dose limits the calculated 
risk factor is very close to zero. 
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In fact, no health effects at all have ever been observed in any population 
exposed under controlled conditions. So, despite the theoretical risk 
estimates it has never been shown that normal exposure to background 
radiation including the contribution from fall-out, or normal occupational 
exposure actually represents a health hazard. 

Man consists of atoms, some of which by nature are radioactive. 
Additionally we have incorporated some man-made radioactive 
substances from radioactive fall-out, too. The amount of man-made 
radioactivity in our body is insignificant compared to the amount of 
natural radioactivity. And the man-made radioactivity in our environment 
is insignificant compared to the radioactivity of virgin nature. 

The normal background radiation, which surrounds us all the time 
,belongs to the nature, and the natural radioactivity inside our body is a 
part of ourselves. Radiation is a natural part of life. That is how it has 
always been. 

And - the contribution of man-made radioactive substances has not 
really, as a whole, changed the situation very much. 



Dose limits and doses 

Fatal dose 6 000 mSv 

"50:50" risk for death 4 000 mSv 

Temporary radiation illness 1 000 - 2 000 mSv 

Dose limit for workers 
- as average 20 mSv/year 

- in single years - 50 mSv 

Typical dose for workers 3 mSv/year 

Dose to aircraft staff 3 - 4 mSv/year 
Dose limit for public 

- as average 1 mSv/year 
- single events 5 mSv 

Dose from radon in homes 
- interval 0,5 - 500 mSv/year 
- normal dose 1 - 4 mSv/year 

Background radiation outdoors 
- normal dose 1 - 2 mSv/year 
- in some regions 10 - 20 mSv/year 

X-ray examination 2 - 2 0 mSv 

Radioactive releases from NPSs 
- authorized limit 0,1 mSv/ year 
- normal releases 0,002 mSv/year 

Global average, all reasons 5 mSv/year 
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