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Radiation Hazards

The laboratory safety manual of Cornell University states radiation hazard as,

Like any form of energy, ionizing radiation can be harmful if a person is exposed to
an excessive amount. Exposure to ionizing radiation causes chemical damage to body
tissues and can be harmful.
Just as with exposure to any toxic chemical, the human body can tolerate exposure
to ionizing radiation up to a point without producing any immediate injury. However,
just as with toxic chemicals, high levels of exposure can cause serious injuries including
skin burns, hair loss, internal bleeding, anaemia and immune system suppression. In
addition, exposure to high levels of ionizing radiation has been proven to cause an
increased lifetime risk of cancer.

Sources of Radiation Exposure

Sources of radiation exposure can be categorized as,

• Natural • Anthropogenic (man made)

Natural Sources of Radiation Exposure

a. High energy ionizing cosmic rays from outer space.

b. Radioactive elements like uranium, radium, thorium, strontium, iodine, carbon, etc. found
in rocks, soil and water.

c. Radon-222 has the highest natural flow amongst any radionuclide in the atmosphere. It is
found in mineral springs and soil and can accumulate to significant levels in air and can also
infiltrate wells.

There is a certain amount of radioactive radiations almost everywhere on the earth and these are
only rarely harmful as the radiation level is generally quite low. It is observed that natural ra-
dioactive emissions from soils have increased during the last 200 years because of human activities,
e.g., mining activities, cement production, road building and other construction activities, etc.
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Anthropogenic Sources of Radiation Exposure

a. Diagnostic medical applications: The nuclear radiations are used for diagnostic and
therapeutic purposes. The X-rays are used in radiology and CT scan for medical purposes,
and gamma rays for treatment of cancer. There is a fair chance of exposure to radiations
during these applications.

b. Nuclear tests: Testing of nuclear weapons underground or under oceans is major source
of radiation exposure leading to nuclear pollution, especially when the nuclear weapons are
tested in the atmosphere. During these explosion tests, a number of radionuclides are released
into the atmosphere known as radioactive fallout or radioactive dust. This radioactive dust
rises in the atmosphere up to about 7 kms and is dispersed over long distances by winds
from the testing site. These radionuclides settle down by the rain and pollute the soil and
water, and then may enter the food chain and finally get deposited in human body resulting
in serious health hazards.

c. Nuclear explosions: The nuclear explosions are very hazardous to living beings and crit-
ical sources of nuclear radiations, e.g., effects of atomic bomb explosions in Hiroshima and
Nagasaki in Japan during second world war are still rampant.

d. Nuclear wastes: Nuclear reactors used for producing electricity require large amount of
water to act as coolant medium. Once used, this coolant water containing small amount of
radioactive substances (nuclear waste) is released into river or sea, thus polluting the water
bodies.

e. Nuclear material processing: Reprocessing of spent nuclear fuels produces pollution in
the environment.

f. Nuclear power plants: Radiations may leak from nuclear power plants/nuclear reactors.
It is often feared that even with the best design and techniques, and proper handling, some
radiations are routinely released into the air and water.
There have been three accidents in nuclear power plants across the world,

• Three Mile Island power plant disaster on 28 March, 1979 near Harrisburg, Pennsylva-
nia, United States.

• Chernobyl nuclear power plant disaster on 26 April, 1986 near Pripyat, Ukraine (erst-
while USSR).

• Fukushima Daiichi nuclear Power Plant disaster on 11 March, 2011 near Ōkuma,
Fukushima Prefecture, Japan.

Radiation Dose

When ionizing radiation penetrates the human body or an object, it deposits energy. The energy
absorbed from exposure to radiation is called a dose. Radiation dose quantities are described as,

a. Absorbed dose: It means the energy absorbed by human tissue and is the concentration
of energy deposited in tissue as a result of an exposure to ionizing radiation. It is used to
assess the potential for biochemical changes in specific tissues.
The unit of measurement for absorbed dose is the milligray (mGy).
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b. Equivalent dose or Biological dose: When radiation is absorbed in living matter, a
biological effect may be observed. However, equal absorbed doses will not necessarily produce
equal biological effects. The effect depends on the type of radiation as different types of
radiation have different damaging properties. For example, 1 mGy of alpha radiation is
more harmful to a given tissue than 1 mGy of beta radiation.
To obtain the equivalent dose, the absorbed dose is multiplied by a specified radiation quality
factor to reflect the relative biological effects of the different types of radiation. The value
of this factor is taken to be 1 for electrons, gamma rays and X-rays, 20 for alpha particles,
and from 5 to 20 for neutrons depending on energy.
The equivalent dose is expressed in a measure called the millisievert (mSv). This means that
1 mSv of alpha radiation will have the same biological effect as 1 mSv of beta radiation i.e.
the equivalent dose is expressed as a single unit that accounts for the degree of harm that
different types of radiation would cause to the same tissue.

c. Effective dose: Different tissues and organs have different radiation sensitivities. For
example, bone marrow is much more radiosensitive than muscle or nerve tissue.
To obtain an indication of how exposure can affect overall health, the equivalent dose is
multiplied by a tissue weighting factor related to the risk for a particular tissue or organ.
The result is the effective dose absorbed by the body. The typical values are 0.12 for high
risk organs like stomach, colon, lung, red bone marrow, 0.04 for moderate risk organs like
urinary bladder, oesophagus, breast, liver, thyroid and 0.01 for low risk organs like bone
surface, skin.
It depends on the absorbed dose to all organs of the body, the relative harm level of the
radiation, and the sensitivities of each organ to radiation.
The unit used for effective dose is also the millisievert.

Units of Radiation

• Roentgen: It is the unit of radiation. It is the amount that will produce, under normal
conditions of pressure, temperature, and humidity, in 1 kg of air, an amount of positive or
negative ionization equal to 2.58 × 10-4 coulomb. It is named for the German physicist
Wilhelm Conrad Röntgen (the first nobel prize winner in physics).

• Rad: It is the unit of absorbed dose of ionizing radiation, defined by the International
Commission on Radiological Units and Measurements as equal to the amount of radiation
that releases an energy of 100 ergs per gram of matter.
One rad is approximately equal to the absorbed dose delivered when soft tissue is exposed
to one roentgen of medium-voltage radiation. Rad is derived from the term radiation
absorbed dose. It is used only in USA.

• Gray: It is the unit of absorbed dose of ionizing radiation, defined by the International
Commission on Radiation Units and Measurements. One gray (Gy) is approximately equal
to the absorbed dose delivered when the energy per unit mass imparted to matter by ionizing
radiation is one joule per kilogram.
As a unit of measure, the gray is coherent with the units of measure in the International
System of Units (SI). The gray replaced the rad, which was not coherent with the SI system.
One gray equals 100 rads. The unit is named for the British physician Louis Harold Gray.
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• Röntgen equivalent physical: It is a legacy unit of absorbed dose first introduced by
Herbert Parker in 1945 to replace an improper application of the roentgen unit to biological
tissue. It is represented as rep.
It is the absorbed energetic dose before the biological efficiency of the radiation is factored
in. It was defined to be the amount of energy deposited by 1 roentgen.

• Röntgen equivalent man: It is the unit of equivalent radiation dose applied to humans.
It is represented by rem.
It is defined as the dosage in rads that will cause the same amount of biological injury as
one rad of radiation. A rem is equal to 0.01 sievert. It is used only in USA.

• Sievert: It is the SI unit of equivalent dose. The sievert takes into account the relative
biological effectiveness (RBE) of ionizing radiation. The sievert represents the equivalent
biological effect of the deposit of a joule of radiation energy in a kilogram of human tissue. 1
sievert (Sv) is equal to 100 rem. The unit is named for the Swedish physicist Rolf Maximilian
Sievert.
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