Naturally occurring mutations are referred to as spontaneous mutations and
are thought to arise through chance errors in chromosomal division or DNA
replication. Environmental agents that cause mutations are known as
mutagens.
These include natural or artificial ionizing radiation and chemical or physical
mutagens.

In humans, chemical mutagenesis may be more important than radiation in
producing genetic damage. Experiments have shown that certain chemicals,
such as mustard gas, formaldehyde, benzene, some basic dyes and food
additives, are mutagenic in animals. Exposure to environmental chemicals
may result in the formation of DNA adducts, chromosome breaks or
aneuploidy. Consequently all new pharmaceutical products are subject to a
battery of mutagenicity tests which include both in vitro and in vivo studies in
animals.

Measures of radiation
The amount of radiation received by irradiated tissues is often referred to as
the 'dose', which is measured in terms of the radiation absorbed dose or rad.
The rad is a measure of the amount of any ionizing radiation that is actually
absorbed by the tissues, 1 rad being equivalent to 100 ergs of energy
absorbed per gram of tissue. The biological effects of ionizing radiation
depend on the volume of tissue exposed. In humans, irradiation of the whole
body with a dose of 300-500 rads is usually fatal, but as much as 10 000 rads
can be given to a small volume of tissue in the treatment of malignant tumors
without serious effects.
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Humans can be exposed to a mixture of radiation, and the rem (roentgen
equivalent for man) is a convenient unit as it is a measure of any radiation in
terms of X-rays. A rem of radiation is that absorbed dose that produces in a

Ionizing radiation
Ionizing radiation includes electromagnetic waves of very short wavelength
(X-rays and γ rays), and high-energy particles (α particles, β particles and
neutrons). X-rays, γ rays and neutrons have great penetrating power, but α
particles can penetrate soft tissues to a depth of only a fraction of a millimeter
and β particles only up to a few millimeters.

