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LETTER 

A THEORY OF THE INTERACTION BETWEEN DC AND ELF 

ELECTROMAGNETIC FIELDS AND L I V I N G  ORGANISMS 

A recent report  by t h e  In t e rna t iona l  Radiation Protection Association of 

t h e  World Health Organization dealing with possible hea l th  e f f ec t s  of Extra 

Low Frequency (ELF) f i e l d s  s t a t e s ,  “ A t  p resent ,  it is impossible t o  fu rn i sh  

any theory to pred ic t  the e f f e c t s  of exposure t o  these f i e l d s  (I).’’ I t  is the 

opinion of t h i s  writer tha t  an adequate da ta  base e x i s t s  from which i t  is 

poss ib le  t o  construct a t e s t ab le  theory of ac t ion  of ELF f i e l d s  on l i v ing  

organisms tha t  has pred ic t ive  value.  The aim of t h i s  l e t t e r  is t o  descr ibe  

the  theory, its der iva t ion  from known da ta ,  and i t s  pred ic t ive  value. 

Class ica l  concepts of the poss ib le  in t e rac t ion  between electromagnetic 

(EM) f i e l d s  and l i v ing  organisms a re  of l i t t l e  value i n  the ELF region, s ince  

the wave lengths preclude any resonance phenomena and the energy delivered is 

f a r  less than kT of the l i v ing  system. I wish, therefore ,  t o  propose a novel 

concept, a l b e i t  one with b io logica l  antecedents:  a spec i f i c  sensing mechanism 

or mechanisms evolu t ionar i ly  developed t o  derive information of bio logica l  

value from the normal magnetic f i e l d  of t he  Earth. 

The normal electromagnetic spectrum of the Earth (p r io r  t o  the develop- 

ment of electromagnetic energy f o r  power and communication f a c i l i t i e s ) ,  was 

the  r e su l t  of electromagnetic rad ia t ion  from the sun in t e rac t ing  with the ion- 

osphere and the Earth’s i n t r i n s i c  magnetic f i e l d .  This resu l ted  in  an EM 

spectrum cons is t ing  mainly of th ree  parts: the DC magnetic f i e l d  and 

assoc ia ted  micropulsation frequencies ranging from l e s s  than 1 Hz t o  

approximately 100 Hz with major power density centered about 10 Hz ( 2 ) ;  a band 
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134 BECKER 

of f r e q u e n c i e s  c e n t e r e d  i n  t h e  10 kHz r e g i m  due t o  l i g h t n i n g  s t r i k e s ;  and t h e  

narrow zone of v i s i b l e  l i g h t  wi th  i t s  a s s o c i a t e d  non-v is ib le  u l t r a v i o l e t  and 

i n f r a r e d  s p e c t r a  d e r i v e d  f r a n  s u n l i g h t .  Of t h e s e  parameters ,  t h e  magnet ic  

f i e l d  wi th  i t s  a s s o c i a t e d  ELF spectrum and v i s i b l e  l i g h t  nay be cons idered  

q u a s i - s t a t i c ,  i n  t h e  s e n s e  t h a t  o t h e r  than  d i u r n a l  v a r i a t i o n s  i n  i n t e n s i t y  

they  are c o n s t a n t  i n  occurrence.  The l i g h t n i n g  produced EM spectrum as well 

as t h e  DC e l e c t r i c  f i e l d  a t  any p o i n t  on t h e  s u r f a c e  of t h e  E a r t h  are h i g h l y  

v a r i a b l e  i n  i n t e n s i t y  and occurrence  and of no va lue  as an environmental  

parameter  from which i n f o r m a t i o n  may be d e r i v e d .  As f a r  a s  can be de termined ,  

t h i s  normal EM spectrum was c o n s t a n t  throughout  t h e  per iod  of t h e  o r i g i n ,  

development and e v o l u t i o n  of l i f e .  It is s e l f  e v i d e n t  t h a t  dur ing  t h i s  p e r i o d  

of t i m e  the  v a s t  m a j o r i t y  of animal  l i f e  forms developed s p e c i f i c  sens ing  

mechanisms of g r e a t  s o p h i s t i c a t i o n  t o  d e t e c t  s u n l i g h t  r e f l e c t e d  of f  of 

p h y s i c a l  o b j e c t s  as a n  imaging system provid ing  i n f o r m a t i o n  on t h e  

environment .  It is worth n o t i n g  t h a t  mechanisms involved  i n  t h e  d e t e c t i o n ,  

imaging and process ing  of t h e  informat ion  conta ined  i n  t h i s  p o r t i o n  of t h e  EM 

spectrum are s t i l l  incomple te ly  unders tood .  It is now a l s o  w e l l  known t h a t  

many marine animals  have developed s p e c i f i c  sense  organs f o r  the  d e t e c t i o n  of 

e l e c t r i c a l  f i e l d s  ( 3 ) ,  which provide  i n f o r m a t i o n  on t h e  presence  of o t h e r  

an imals  i n  t h e i r  immediate environment and may, i n  some cases, provide 

d i r e c t i o n  s e n s i n g  p r o p e r t i e s  by d e t e c t i n g  t h e  f i e l d s  produced by t h e  movement 

of conduct ing sea  water  a c r o s s  magnet ic  f i e l d  l i n e s  ( 4 ) .  It is t h e r e f o r e  

cons idered  w e l l  w i t h i n  t h e  realm of p r o b a b i l i t y  f o r  l i v i n g  organisms t o  have 

developed s p e c i f i c  s e n s i n g  mechanisms, f o r  t h e  d e t e c t i o n  of t h e  o t h e r  

q u a s i - s t a t i c  component of t h e  normal EM spectrum, t h e  DC magnet ic  f i e l d  and 

i t s  a s s o c i a t e d  ELF components. 

The informat ion  d e r i v e d  from such  DC-ELF magnet ic  s e n s i n g  organs would 

c o n s i s t  of a d i r e c t i o n  sense  d e r i v e d  from t h e  DC magnet ic  f i e l d  v e c t o r s ,  and a 

t iming  s i g n a l ,  ( z e i t g e b e r )  d e r i v e d  f r a a  t h e  d i u r n a l  v a r i a t i o n  in both t h e  DC 

and ELF components. A t  p r e s e n t  s e v e r a l  such c a n d i d a t e  magnet ic  f i e l d  s e n s i n g  
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THEORY OF INTERACTION 135 

organs have been described i n  a wide va r i e ty  of l i v ing  systems including 

humans. 

The use of t he  Earth's magnetic f i e l d  as  a d i r ec t ion  ind ica tor  was f i r s t  

f i rmly  established by Keeton (5), and s ince  then similar a b i l i t i e s  have been 

described i n  other b i rds  ( 6 ) ,  mammals (71, and man (8). The b io logica l  sub- 

s t r a t e  tha t  provided fo r  the de tec t ion  and vector sensing of magnetic f i e l d s  

averaging 0.5 gauss was unknown u n t i l  the  discovery of biological magnetite by 

Blakemore in  1975 ( 9 ) .  While t h i s  i n i t i a l  descr ip t ion  was i n  ce r t a in  species 

of bac te r i a  (where the  magnetite provided an adaptive advantage t o  the  

bac te r i a  by sensing the d ip  angle of the f i e l d ) ,  descr ip t ions  of similar 

depos i t s  i n  homing pigeons ( l o ) ,  i n sec t s  ( I I ) ,  f i s h  ( 1 2 1 ,  and humans ( 1 3 ) ,  

have been recorded. Recently, Frankel (14) has conclusively shown tha t  the 

magnetic sensing a b i l i t y  of ce r t a in  bac ter ia  i s  due t o  t h e i r  magnetite 

containing "magnetosome," and tha t  the in t e rac t ion  with the Far th ' s  f i e l d  is 

v i a  the  l i n e a r l y  l inked magnetite c r y s t a l s  exer t ing  adequate torque to  o r i en t  

t he  bacterium along the f i e l d  l i nes .  This mechanism is inadequate t o  explain 

the  presumptive or ien t ing  ac t ion  of the magnetite c rys t a l s  i n  l a r g e r  

organisms. However, i n  most instances the magnetite depos i t s  i n  higher 

organisms a re  located in close assoc ia t ion  with elements of the cen t r a l  

nervous system. In the most complete study t o  date, Walker (15) described 

magnetite deposits in the innervated dermethmoid sinus of t he  Yellowfin Tuna, 

a s  s ing le  domain c rys t a l s ,  p a r t i a l l y  f r ee  t o  ro t a t e ,  capable of resolving 

d i r ec t ion  of the  magnetic f i e l d  t o  a few seconds of a r c ,  and with a 

s e n s i t i v i t y  t o  d i f fe redces  in the f i e l d  in t ens i ty  of as  small a s  1 nanotesla.  

While the  mechanism whereby t h i s  information is t ransfer red  t o  the neural  

elements in assoc ia t ion  with the  magnetite has yet to  be described (Walker 

suggests neural  mechano-receptors), i t  appears q u i t e  f eas ib l e  t o  pos tu la te  

t h a t  the  complex cons t i t u t e s  a sense organ f o r  the DC components of the 

Earth 's  magnetic f i e l d .  Should Walker's observation of the ro t a t iona l  freedom 

of the c rys t a l s  be confirmed, i t  appears s imi l a r ly  possible t o  pos tu la te  some 

s e n s i t i v i t y  t o  the  ELF components of the f i e l d  as w e l l .  
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136 BECKER 

Brown was t h e  f i r s t  t o  p o s t u l a t e  t h a t  t h e  E a r t h ' s  magnet ic  f i e l d  a c t e d  as 

a s e i t g e b e r  f o r  b i o l o g i c a l  c y c l e s .  Most of h i s  work was phenomonalogical in 

n a t u r e ,  d e s c r i b i n g  a l t e r a t i o n s  i n  t h e  c y c l e s  produced by exposure t o  abnormal- 

l y - o r i e n t e d ,  Ear th-s t rength ,  magnet ic  f i e l d s  (16), and,  l a c k i n g  a p p r o p r i a t e  

mechanisms or t a r g e t  organs ,  it was l a r g e l y  ignored.  Within t h e  past few 

y e a r s  t h e  p i n e a l  "gland" has  been confirmed as t h e  pr imary organ c o n t r o l l i n g  

c y c l i c  a c t i v i t y  v i a  its s e c r e t i o n  of a l a r g e  number of s p e c i f i c  hormone-like 

s u b s t a n c e s  (i.e. mela tonin ,  s e r o t o n i n )  t h a t  r e g u l a t e  t h e  a c t i v i t y  of t h e  cen- 

t r a l  nervous system and g lands  of i n t e r n a l  s e c r e t i o n  ( 1 7 ) .  It i s  of i n t e r e s t  

t o  n o t e  t h a t  t h e  p i n e a l ,  p r e s e n t l y  imbedded deep i n  t h e  b r a i n ,  was o r i g i n a l l y  

a " t h i r d  eye" der ived  from neurocctroderm and t h e r e f o r e  part of t h e  c e n t r a l  

nervous system. It was not  an image-forming s t r u c t u r e  but  one t h a t  f u n c t i o n e d  

t o  sense  the  i n t e n s i t y  of n a t u r a l  l i g h t  and a c c o r d i n g l y  a d j u s t e d  t h e  e x t e r n a l  

c o l o r a t i o n  of t h e  animal .  In a few p r e s e n t l y  e x i s t i n g  p r i m i t i v e  organisms 

( lamprey e e l ,  some l i z a r d s )  t h e  p i n e a l  t h i r d  eye persists and s e r v e s  t h e  same 

f u n c t i o n .  Within t h e  p a s t  few y e a r s  t h e  p i n e a l  has  been shown t o  be v e r y  

s e n s i t i v e  t o  magnet ic  f i e l d s ,  a l t e r i n g  s e c r e t o r y  l e v e l s  (18) or e l e c t r i c a l  

a c t i v i t y  of p i n e a l  cells  (19) when exposed t o  Ear th  s t r e n g t h ,  or less, f i e l d s  

w i t h  abnormal o r i e n t a t i o n .  While t h e  exact l i n k a g e  mechanism between the  

f i e l d  and t h e  p i n e a l  has  y e t  t o  be de termined ,  t h i s  organ has  been e s t a b l i s h e d  

as capable  of sens ing  and responding t o  t h e  d i u r n a l  f l u c t u a t i o n  i n  t h e  E a r t h ' s  

DC magnet ic  f i e l d .  The p o s s i b i l i t y  of a p i n e a l  s e n s i t i v i t y  t o  ELF magnet ic  

f i e l d s  has  not been d i r e c t l y  i n v e s t i g a t e d ,  however, Wever (20)  h a s  shown t h a t  

t h e  i n t r o d u c t i o n  of a 10 Hz s i g n a l  r e s t o r e d  s y n c h r o n i c i t y  t o  m u l t i p l e  a s p e c t s  

of the  human b iocycle  under n u l l  f i e l d  c o n d i t i o n s .  While t h i s  data does not 

d i r e c t l y  i m p l i c a t e  t h e  p i n e a l  as t h e  t a r g e t  organ i t  now appears  f e a s i b l e  t o  

p o s t u l a t e  t h i s  l inkage .  

Thus, it is e v i d e n t  t h a t  l i v i n g  organisms possess  a t  least  two s p e c i f i c  

"sense  organs" wi th  adequate  s e n s i t i v i t y  to t h e  E a r t h ' s  normal magnet ic  f i e l d  

components t o  d e r i v e  i n f o r m a t i o n  of bo th  a d i r e c t i o n a l  and t iming  n a t u r e  
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THEORY OF INTERACTION 137 

therefrom. In the case of the bac te r i a l  "magnetosome" the in t e rac t ion  with 

the  Ear th ' s  JX f i e l d  is expl icable  by c l a s s i c a l  mechanisws. In higher organ- 

i s m s ,  while the in t e rac t ion  with the magnetite c rys t a l s  is undoubtedly s i m i -  

lar ,  the d i r ec t iona l  information must be t ransfer red  t o  qeural  elements and 

thence to  the cent ra l  nervous system i t s e l f ,  as  demonstrated by magnetically 

produced behavioral responses ( 2 1 ) .  While t h i s  l inkage is present ly  not un- 

derstood, the evolutionary conservation of the "magnetosome" from bac ter ia  to  

man indica tes  t ha t  it is of some adaptive advantage. The mechanism by which 

the  c e l l s  of the pineal respond t o  the same low-strength magnetic f i e l d  is 

present ly  unident i f ied .  Candidates tha t  should be considered include the well  

documented calcium flux changes i n  other neural  c e l l s  demonstrated by Adey 

(22) ,  the more recent ion ic  gyro-frequency theor ies  of Liboff (23)  and Black- 

man ( 2 4 ) ,  the other resonance phenomena described by Jafary-As1 ( 2 5 )  and the 

p o s s i b i l i t y  of innate magnetic s e n s i t i v i t y  of b io logica l  macromolecules such 

a s  has been shown fo r  collagen (26) .  A t  t h i s  point i n  time the poss ib i l i t y  

t ha t  the  magnetosome and the pineal may have neural interconnections and may 

work i n  synchrony has not been evaluated. 

The information derived f r an  the  Earth 's  na tura l  magnetic f i e l d  by these  

mechanisms is of a very basic nature,  and is not d i r e c t l y  referred to  the 

conscious mind. However, the r e su l t an t  a l t e r a t i o n s  in function involve 

mul t ip le  organ systems. The pineal for example, regula tes  the a c t i v i t y  of the 

cerebra l  neurones, the p i t u i t a r y ,  thyroid and adrenal glands and the  

reproductive organs. The manifestations of b io logica l  cyc l ic  behavior a re  

mediated v i a  t i d a l  changes i n  a l l  of these parameters induced by s imi la r  

a l t e r a t i o n s  in the mtpu t  of pineal neurohumoral agents. Since the basic 

ze i tgeber  f o r  the t i d a l  rhythm of pineal function is the Earth 's  magnetic 

f i e l d ,  t h i s  then becomes a non-trivial  aspect of the biological environment. 

The introduction of abnormal f i e l d s ,  both DC and JEF $s postulated t o  r e s u l t  

i n  abnormal function of the magnetic organs and r e su l t an t  abnormal functioning 
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138 BECKER 

of t h e  secondary t a r g e t  organs and pa thologica l  p e r t u r b a t i o n s  i n  g e n e r a l  

phys io logica l  func t ion ing .  

This theory has  p r e d i c t i v e  va lue  and lends i t s e l f  t o  experimental  v e r i f i -  

c a t i o n .  In g e n e r a l ,  whatever f u n c t i o n a l  aspec t  is i n v e s t i g a t e d ,  t h e  s e n s i t i v -  

i t y  t o  magnetic f i e l d s  should be s e v e r a l  o rders  of magnitude g r e a t e r  than t h a t  

t o  e l e c t r i c  f i e l d s .  ELF magnet ic  f i e l d s  i n  the  frequency range j u s t  ou ts ide  

of t h e  normal, i .e .  from 30 t o  100 Hz, should be more e f f e c t i v e  i n  producing 

p e r t u r b a t i o n s  of the  system than h igher  f requencies .  However, envelope detec-  

t i o n  of ELF modulated high frequency f i e l d s  remains a p o s s i b i l i t y .  I f  t h e  

system's  s e n s i t i v i t y  is a s  p r e s e n t l y  d e s c r i b e d ,  then frequency becomes a more 

important  parameter i n  any experiment than f i e l d  s t r e n g t h .  Since t h e  E a r t h ' s  

normal magnetic f i e l d  parameters  a r e  pos tu la ted  t o  be n o n - t r i v i a l  by t h i s  

theory ,  then they must be considered a s  the  o p e r a t i o n a l  s u b s t r a t e  f o r  any 

experiment and i n  t h i s  l i g h t ,  s i m i l a r  experiments  may y i e l d  d i f f e r i n g  r e s u l t s  

when performed a t  d i f f e r e n t  l o c a t i o n s .  Obviously, exposure t o  abnormal f i e l d s  

should r e s u l t  i n  diminut ion of o r i e n t i n g  a b i l i t y  and d i s t u r b a n c e s  i n  c y c l i c  

processes .  These b a s i c  d i s t u r b a n c e s  w i l l  have over t  express ion  in pathology 

i n  many d i f f e r e n t  organ systems ranging from d i s t u r b a n c e s  i n  reproduct ive  

f u n c t i o n  t o  a l t e r a t i o n s  i n  t h e  opera t ion  of b r a i n  mechanisms. Since t h e  

c e n t r a l  nervous system is i n t i m a t e l y  involved in the  d e t e c t i o n  and r e s u l t a n t  

f u n c t i o n a l  express ion  of these  f i e l d  parameters ,  abnormal f i e l d  exposures  may 

r e s u l t  i n  the product ion of d i s t u r b a n c e s  ranging on the p s y c h i a t r i c .  Should 

t h e  d e t a i l s  of t h i s  theory  be v e r i f i e d  and extended the b i o e f f e c t s  of t h e  ubi-  

q u i t o u s  abnormal ELF f i e l d s  i n  our environment will be b e t t e r  understood and 

r e a l i s t i c  e s t i m a t e s  of t h e  biohazards of t h i s  technology can be made. 
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