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Rl\DIATION BIOLOGY 

I. Radiation, dua l istic nature 

Radiation may b e defined as that process by which energy i s 
transmitted or propagated . 

A. Electromagnetic Rad iation : Within our conceptual fr amework , 
electromagnetic radiation appear s to h ave a dual n~ture , i. e ., 
it travels as an electromagnetic wave and i s absorbe~ or emit­
t ed as discrete "bundles " of eneroy . Humvel l (] 83 1 ) described 
b y a series of equations the spati~l behavior of the e l ectro­
magnetic wave , which c onsists of an electric and magnetic field 
moving in phase at right angles to each other . 'l'he c oncept of 
"quanta " or "photons " of energy was formulated by Planck (18S 8 ) 
according to the equ at i o n E= (he) lA. ' ''here E i s the amount of_ 2 7 
energy (ergs ) per photon , h is Planck ' s c~nstant (6 . 62 x 10 
erg- sec) , c the velocity of light ( 3 x 10 em/sec) and~ the 
wavelength (em) of the r adiation . 

B . Partic l e "RadiCJt:i.on: Of the number of identified particles which 
may be eMitt ed from unstable (radioactive ) atoms , only alpha 
particles , beta partic l es , and neutrons will ba discussed in thi s 
outline . Alph a particl es a r e doubly cha r ged lwl i urn i o n s , beta 
p articles have a mass a nd charge equal in magn i tude to those of 
an ele~tron, a n a neutron is a n electrically neutral particle 
with a mass similar to that of a hydrogan ~tom . Louis de Brogl i e 
. (1 892) theorized that in addition to waves behaving as particles , 
particles may behave as waves . lie described this relationship 
by the equation ), =h / (mv ) v1here m i s the mass ("gm) of the parti­
cle , v the ve locity (em/sec ), h p l CJnck ' s constan t (e r g-sec ), and 
A i.:he wavelength (em ) of the particl e . Th i s has , in fact , since 

b een demonstrated with a beam of e l ectrons , tbe wavelength of 
which was determined to be approximately . 05 A. As paradoxica l 
as i t may seem to us at the present , this dua l 1wave-particle) 
nature of radiation seems to be a fundamenta l property of nature . 

II. Radiation , absorption 

A. Electromagnetic Ra~iation : Absorpt i on of electromagnetic radia­
tion i s dependent upon a number of factors ~hich i nclude (i) t he 
nature of the absor0ant material , (ii) the density of the absorbant , 
and ( iii) the wavelength of the radiation . The loga d . thHl of the 
intensity of a monochromatic beam (single wavelenqth ) will decrease 
in direct proportion to the distance traversed in a homog e nous 
me dium . Expressed mathematica lly , log I/I =-kX , \·lh e r e I i s t h e 
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intensity (i pho·tons) of the radiation at thickness X (em), I~ 

the intensity at 0 thickness, and k the "extinction coefficient" 
characteristic of the three aforementioned factors. The ex­
pression is commonly referred to as Lambert's law and applies 
throughout the electromagnetic spectrum (Fig.l) • 

. 
In tissue there is considerable "specificity for absorption" of 
wavelengths from the far infrared through near ultraviolet. As 
an example, action spectra (experimentally determined curves in 
which are plotted the percent absorption vs wavelength of radia­
tion for a particular substance} show that DNA and protein absorb 
radiation maximally at approximately 260 In~ and 280 mp, respec­
tively. From the far ultraviolet through gamma rays specificity 
for ~bsorption is lost and continous absorption occurs with con­
comitant ionization. The "extinction coefficient" k falls off 
with shorter wavelengths, i.e., for a given intensity there is 
less absorption and greater penetration for the shorter wavelengths. 
In radiographic diagnosis, hard X-rays penetrate tissue more 
deeply than soft X-rays (longer wavelength) producing more defini­
tive radiograms. In deep radiation therapy o£ tumors, gamma 
rays ·are on occassion preferentially used over X-rays because 
they are absorbed less and therefore penetrate .. more deeply. Ho\·T­
ever, that there is less absorption {# photons/unit volume of 
tissue} of gamma ·rays than X-rays does not imply that, for an 
equal intensitv of X-irradiation. aamma· ravs are les~ effP.ctive 
because they a~e absorbed less. ·T~e imporiant fa6tor to consider 
is the total energy absorbed per unit volume of tissue. A quantum 
or photon of ga.mma rays can be 1000 x greater than a quantum of 
X-rays such that to produce an equivalent amount of damage in 
tissue only 1/lOOOth of the gamma ray photons need be absorbed. 

B. Particle Radi~tion:2 Absorption of neutrons in tissue is similar 
to that of gamma rays and follow first order (exponential) decay. 
Approxi~ately 50% of the neutron intensity is absorbed in the first 
millimeter of tissue, but the radiation can penetrate as much as 
a meter in tissue. Because of their electrical charge, beta and 
alpha particles are absorbed differently. The curve {fract.ion of 
intensity absorhed vs depth of penetration) for beta particle 
absorption would have less curvature than that described by an 
exponential relationship and would also re.ach a maximum depth of 
penetration in tissue of about 7rrm. Absorption of alpha particles 
is essentially constant to a tissue depth of about .001 mm, then 
drops off almost instantly. For this reason alpha particles are 
not much of an external hazard, unless one were to have an open 
wound. Conversely, if an alpha emitter ~ere taken internally it 
would produce considerable damage to the' sensitive epithelial cells 
because of its extremely dense, although short, path of ioniza­
tion. 

2In this discussion, assume ali particles to have an initially 

equivalent inte_ns~ty(Io)of 
~ approximately 1 Mev 
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III. Radiation, ?hysical effects 

A . Thermal Effects : Thermal effects are usually associated ,,•ith 
the longer wavelength (lower energy) portions of the electro­
magnetic spectrum (see Fig .1). Absorption of this energy \·I ill 
result in an increase in the translational, rotational, and/or 
vibrational energy states of the molecules . Figure 2 (a, b , & c) 
indicates genera lly , by means of a diatomic mol ecule, the three 
thermal energy states . Translation is the movement of the entire 
molecule , rotation the circular movement of the atoms about the 
co~mon center of mass (c) , and vibration the oscillation of the 
atoms in a straigh t line through their r espective center of mass . 

- As an exampl e , the absolute temperature of a system is directly 
proportional t o the translational kine tic energy of the mo l ecules 
in the system. Quan t itat ively , this expr ession may be

2
g i ven by 

the equation, translationa l kinetic e n e rgy (KE )=l/2 mv =3/2 kT, 
where m is mass , v the average velocity of the molecules , k is a 
constant (Bolt zman ' s) , and T the absolute t em9erature . The re­
fore, any increase in the trans lational kinetic energy as a result 
of radiant energy absorption r esults in a consequent increas e 
in the absolute temperature. 

B. Chemical Effects : Chemical effects are usually produced \·Ji th 
phot ons having sufficient energy to c ause electronic excitatio n 
(electron "j ump " f r om l ower to higher orbital levels (Fig . 3a ), 
ionizati on (~lecLron ~!flitted ~~tircly frcm a~o~ (~igs . 3b & Jc; , 
and t r ansmutation (a l so , at time s , referred to as ioni zation and 
reflects a dis ruption of the nuc l eus , F i g . 3d). 

Ne utrons produce ch emica l effect s by r eacting with atomic nuclei , 
the products of which r eactions l eave dense pa ths of ionization . 
Beca use of their e l ectrica l charges , alpha a nd beta particles 
tend to produce ioni zation by· interacting \·lith the electrical. 
fiel ds of atomic orbital e lectrons " pulling " (He++ ) or "repelling " 
<jJ-") the e l ectrons from the ir orbits . · 

IV. Radiation , biologica l effects 
I 

Microwave and i nfrar ed r ad iation result in a n increase in tissue 
temperature . The water content (7 5- 85% ) of tissue acc ounts fey 
the ma jor therma l r esponse . \Vater molecules (dipolar molecules : 
molecules wh i ch have a separation of negative and positive charges} 
tend to r esonate in the electromagnetic fie ld thereby increasing 
their r e spective tberma l energy states. Microwave and infYared 
radiation are u sed exte nsively in diathermy . 

·. 
Radiation from the vi sib l e and ultravio l et reg i o n r esult in photo­
chemica l effects by molecula r (electronic) excitation. Vision 
ensue s as a consequence of the absorption of v isible rays by the 
rod pigmen t r hodopsin \·lhich i s convert-:=:d to "bleached" vitamin l\ , 
retine ne, and energy ( to ner\'e endings ) . Absorption of ultra­
violet radiation in the tissue results in the chemical conversion 
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THERMAL EFFECTS 

(a) Molecula.r Trans\a1ion (b) Mofecylar Rota.1ion 
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CHE~11CAL EFFECTS 

(a) E \ectro1,ic E}{citation 

(c) Compton Scattering 

F igure 3 . 

(b) Photo~ledtic Effect 
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(via excitation) of ergosterol to the anti-rickets vitamin D 
(calcifero l) , 

High ·e nergy ultrav i olet, X-rays, gamma rays , and particle radia­
tion r esult in ionization . In general, the effects of ionizing 
r adiation a re characte rized a s "direct " and "indirect". The 
functions of the cells are t e lt to b e integrated at the mole­
cular l eve l (consider espec i a lly DNA , RNA , a n d protein synthesis, 
a nd as such the action of r ad iation at this level is of vital 
importance. The "direct effect " of ionizing radiation is thought 
to r esult from the release o f energy within the mo l ecule itself . 
A simple generalization of this would be the induction of an 
i on cluster within the nucle ic a6ids · and/o r proteins, rele asing 
energy and thereby effecting their d e naturatior. and cons equent 
l oss o f function . An "indi r ect effect " of ionizing radiation 
r esults from the production o f free radicals and other h ighly 
r eactive agents (viz. OH ., H.,H 2o

7
, and H02 from water)fro rn cell 

c o nstitue nts which act on s e n s ltive sites within the cell . If 
one were to comp are the biolog ical effe ctiveness of the v a rious 
forms of ionizing rad i a tion d i s cussed in this outline , one would 
find th a t , on the ave r a g e , a l pha part i c l e s are about 15 time s 
more effe ctive , neutrons 10 times , and b e ta particles twice as 
effective as X- or g am.rna r adi a tio n. Although .there is n o s pecific­
ity f or a b s orption o f ioni zing r a diat i o n , c ertain tissue s in the 
body are more r a diosensitive t han other s . The following biolog ica l 
structures arc prc~anted in crde r or 0ecrectSiJI9 xadiosensitivity : 
boi!e !itar:cv\'l , l y wpi"t g land s , in tes tina J. ep1 thel i urn,. hair fall icles , 
liver, kidne y , ne r ve, brain , muscle , and "connect ive tissue . 
Treatment of a patient wi th radi a tion sickness would essentially 
invol ve whole b l ood tra nsfus i o11s , a ntibiotic administrat i on , and 
intravenous feeding. As a " r ul e -of - thumb " the la\·1 of Bergonie 
and Tribondeau d e scribes s e vera l important factors whi ch a ffect 
cellular radiose nsitiv ity . In e ffect , it stat es that ~ad ic­
sensitivity incre~ses wi th a n increased rate of cellular division 
and meta bo lis1n and with an increa s e in the c e l lular oxygen co n­
centration; radiosensitivity decreases with increased cellular 
maturity . 
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. 1. Casey , E. J. , · B~opnysics , Concer_:~t::; and ~le'chanisrns , Rhein­
h old Publishing Co., Londo n , J962 . Chapts . 4 , 5 , &9 . 
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Tissues , An Introduction to Ra~iotherapy , Grune and Stratton , 
Inc . , New York , 19 58 . 

4 . Errera, M. and Forssberg , A . (eds . ) Mechanisms in Radiobiology , 
Acade~ic Press, New York , 1 961 . 

Special Note : This mnterial has been extr acted almost i n "its entirety 
from a !llanuscript entitled "Conce?ts in Bi o p hysics " 
Reference to the author of this repor-t may b e I<:.LaY~ 
made if the c onte-nts of this report i s otherHise ~'~ fL 
quoted or copied . ~ 
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Will iam J. Moressi 
1149 W. Taylor Street 
Chicago , Ill i nois 60607 
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