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Loss of body nldum clurin~t spac~fllght i! a potential prob
lem in lon~t voyqes. This 10!1!1 don not appear to be Cllused by a 
defidency In dJet or nerdse. The Idea Is advi!IKed that th~ 
altered eledromatpWtk environment nperien«d Ia space may 
be at least partially ~sponslble. We show lbat the eledrk field 
Induced IMide astronauts because of their motion la the geomag
netk fleld Is greater than that which has produced a wide variety 
of biolotiiClll effects In earth-bound nperlments. 

0 STEOPOROSIS-Ioss of the calcium-containing 
mineral of bone-occurs typically in paralyzed or 

unused limbs, or with advancing age. Disuse osteoporosis 
i'i generally localized in the immobilized limb, but senile 
osteoporosis, a systemic bone disease affecting the entire 
skeleton, probably arises from a hormonal imbal
ance (9). Metabolic studies of the astronauts have indi
cated that spacenight causes a net loss of body cal
cium ( 14), and it seems reasonable to assume that it 
comes primarily from cancellous bone. Such a calcium 
loss presents a potentially serious clinical problem be-
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cause it is irreversible; it results in bones having dimin
ished mechanical strength and a corresponding increased 
tendency towards pathological fracture. 

Because of weightlessness--and its attendant reduced 
demands on the musculoskeletal system-disuse osteo
porosis has served as the chief model for space osteo
porosis (SO). Vigorous exercise programs, however
particularly in Skylabs 3 and 4--have not ameliorated 
SO ( 12). It is worthwhile, consequently, to consider 
factors other than weightlessness as possible causes. 

During spaceflight, in addition to the absence of 
gravity, an altered electromagnetic environment i" also 
encountered. On earth, one is exposed to the earth's 
electrostatic and magnetostatic fields. But during earth
orbital flight, the motion of the spacecraft through the 
geomagnetic field results in exposure to an extremely 
low-frequency (ELF) magnetic field. The hypothesis ad
vanced for consideration is that the change in the elec
tromagnetic environment of the astronaut has a causitive 
role in SO. 

The earth's electrostatic field varies over many orders 
of magnitude, and it is effectively shielded by must mod
ern methods of construction. We tentatively dismiss, 
therefore, the possibility that removal of the astronaut 
from this field is a causitive factor in SO. The situation 
with regard to the magnetic field is quite different. _ 

Consider a manned spacecraft with orbital radius r, 
angular velocity w, and linear velocity v-all with respect 
to a reference frame fixed in the earth (Fig. 1). At an 
arbitrary pqjnt within _!he astro.!!_aut's body, the elect~c 
field E is E '"" v X B, where B is the earth's magnetic 
field: Utilizjng for B the expression obtained from the 
centered dipole approximation (5), we obtain 
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Fig. I . Parameters describing motion of spacecraft in the 
aeomagnetic field . 

where m is the earth's dipole moment and p.., is the per
meability of free space. The maximum electric field, Ema~ . 
occurs at 8 - 0-a circular orbit passing over tbe mag
netic poles. Jn this case, 

For Skylab, the orbital period was about 5,400 s, and 
the orbital radius about 6.8 X 1()11 m. Since p..,m ;.. 1017 

Wb•m ( 11 ), we obtain Emax - 0.4 V / m. In earth-bound 
experiments dealing with the biological effects of ELF 
fields, an electric field of such intensity may be produced 
within the test organism by either inductive or capacitive 
coupling. Depending on the frequency, for example, an 
ELF magnetic field of 1 gauss induces internal electric 
fields of the order of 0.4 V / m. And, depending on the 
tissue conductivity, an ELF electric field of 10,000 Vlm 
produces a similar electric field inside the test organism. 
There are many reports of biological effects due to ap
plied ELF fields of or below I Gs and I 0,000 V, m ( 7). 
ELF magnetic fields, for example, have altered be
havior (2) and serum triglycerides (I) in humans, and 
affected the growth rate of monkeys ( 3) and the orienta
tiona) ability of birds ( 6). ELF electric fields have al
tered circadian rhythms ( I 3) and reaction time ( 4) in 
humans, and have depressed the rates of growth (I 0) 
and fracture-healing (8) in rats. 

Periodic motion of an astronaut through the geo
magnetic field may result in biological alterations due to 
an induced electric field. While earth-bound experiments 
clearly support the hypothesis that such motion induces 
internal fields that are biologically active, they do not in
dicate that SO-or any other specific biological effect
will occur. This imprecision-which results from the in
fancy of the ELF bioeffects area-is no bar to explora
tion of the hypothesis because the latter may be directly 
tested by experiment. 

Testing the possibility of a link between motion 
through the geomagnetic field and SO could begin with 
thorough physiological monitering of the effect on earth
bound test animals of an ELF magnetic field which best 
simulates the induced electric fidd caused by spaceflight. 
A more conclusive test would involve the study of the ef
fect of r;uch a field on test animals simultaneour;ly under
going weightlessness--a set of constraints which could be 
satisfied by test animals in synchronous orhit. 

RFFERFNCFS 
I. Beischer, D . E., J. D. Grisctt, and R. E. Mitchell. 1973. 

Exposure of man to magnetic fields alternating at ex
tremely low frequency. NAMRL-1180. Saval Aerospace 
Medical Rtlltarch Laboratory . Pen<;acola, Fl. NTIS No. 
Ad 770140. 

2. Gibson, R. S., and W. F. Moroney. 1974. The effect of ex
tremely low frequency magnetic fields on human per
formance : A preliminary study. Naval Aerospace Medtcal 
Research Laboratory. Pensacola. Fl. NTIS No. AD 
AOOS898 . 

3. Gri~~ett, J. D .. J . L. Kupper. M. J. Kessler, R. J. Brown, 
G . D. Prettyman, L. J. Cook, and T. A. Griner. 1977. 
Exposure of primates for one vear to electric and 
magnetic field~ associated with ELF communications sys
tem!! NAMRL-1240. Naval Aerospace Medical Research 
Laboratory. Pensacola. Fl. 

4. Hamer, J. R. 1968. Effects of low level, low frequency elec
tric fields on human reaction lime. Commun. Behal'. 
Bioi., Part A . 2 :217-222. 

S. Jackson, J . D . 1962. Cla\sical Electrodynamics. John Wiley 
&: Sons. Inc .. New York., p. 143. 

6. Larkin, R. P .. and P. J. Sutherland. 1977. Migrating bird\ 
respond to Project Seafarer's electromagnetic field. Sci
ence 195 :777-779. 

7. Marino, A. A .. and R. 0. Becker. 1977. Biological effects of 
e"tremely low frequency electric and magnetic fields: A 
review. Pll)•siol. Chtm. Phys. 9:131-147. 

8. Marino. A. A., J. M. Cullen. and R. 0. Becker. 1978. Power 
frequency electric fields and biolo11cal stress : A cause 
and effect relationship. ln . Proceedings of the 18th 
Annual Hanford Life Sciences Symposium: BioloJical 
Effect\ of E"tremely-Low-Frequency Electromaanetic 
Fields. Battelle Memorial Institute · Pacific Northwest Lab
ora tones. Rtchland, Wa. 

9. McLean, F. C. and M. R. Urist. Bone. Third Edition . The 
University of Chicago Press, Chicago, II. 

10. Noval, J. J., A. Sohler, R. B. Reisberg. H. Coyne, K. D. 
Straub, and H. McKinney. 1976. Extremely low frequency 
electric field induced changes in rate of arowth and brain 
and liver enzymes of rats. Compilation of Navy Sponsored 
ELF Biomedical and Ecological Research Reports, Vol. 
Ill. Naval Medical Research and Development Com· 
mand, Bethesda, Md. NTIS No. AD A0359S9. 

II. Sugiura. M., and J. P. Heppner. 1972. Electric and magnetic 
fields in the earth's environment. In: American Institute of 
Physics Handbook. D. E. Gray (Ed). Third Edition. Me· 
Graw-Hill Book Co., New York, pp. S-265. 

12. Thornton, W. E., and J. Ord. 1977. Physiological mass 
measurements in Sky lab. In: Biomedical Result5 From 
Skylab. R. J. Johnston and L. F. Dietlein (Ed~). NASA 
SP-377. National Aeronautic<~ and Space Admi.nistration, 
Washington, DC, p. 175. 

13. Wever, R. 1974. ELF effects on human circadian rhythms. 
In : ELF and VLF Electrom3J11etic Field Effects. M. A. 
Persinaer (Ed) . Plenum Press, New York, p. 101. 

14. Whedon, G . D., L. Lutwak, P. C. Rambaut. M. W. Wittle, 
M. C. Smoth. J. Reid, C. Leach, C. R. Stadler, and D . D. 
Stanford. 1977. Mineral and nitrogen metabolic studi~ 
experiment M071. In : Biomedical Results Prom stylab. 
R. J. Johnston and L. F. Dietlein (Eds) . NASA-377, p. 
164. 

410 AviatiOII, Space. and Environmtnt41 Mtdlcine • April. 1979 


	44-1
	44-2

