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Cl1a1zges Produced in Urinary Sodium, 

Potassium, and Calcium Excretion in Mice 
Exposed to Homogeneous /j:lectromagnetic Stress 

GARRY D. HANNEMAN, D.V.M. 

Female albino mice of the Webster-Fairfield strain were ex­
posed to a homogeneous magnetic field of 14,000 Oe. for twen­
ty-four hours. Twenty-four hour urine samples were obtained 
from each mouse before, during, and after exposure. All samples 
were analyzed for sodium, potassium, and calcium ion concen­
tration by the standard flame spectrophotometric technique. 
Control mice were handled identically except they were placed 
in a dummy magnet and not exposed. 

Results showed the average sodi~m ion concentration of the 
urine from exposed mice increased from 2.34 mg/cc before ex­
posure to 4.29 mg/cc following exposure. The average potassium 
ion concentration increased from 9.H mg/cc to. 14·,59 mg/cc. 
The concentration of calcium ions increased from 0.083 mg/cc to 
0.138 mg/cc. Only sodium and potassium showed a significant 
Increase in concentration following exposure. Results on the 
control mice showed little change for all three ions. 

MAN IS CONFRONTED with the probk·r1 of sur­
viving adverse environments as he enters longl..!r 

exposure to space. In order to ir.sure survival he must 
be protected or shielded from the forces which he ex­
periences during space travel. One of these forces is 
cosmic radiation. Recent studies have suggested that 
the application of high electromagnetic fields may be 
feasible in the future for shielding man against such 
radiation. Man has always lived in a weak magnetic 
field without knowingiy experiencing any harmful ef­
fects. However, ,Ye should not overtook the possibility 
that such effects may be produced when this applica­
tion is realized. 

,vhile studying the effects of electromagnetic stress, 
we are confront<--cl with the question as to which bo<ly 
system would r.1, ,t likely be susceptible. One which 
plays an essentd role in waintaining normal body 
functioning is the urinary system, particu!arly the kid­
neys, which metabolize and conserve essential inorganic 
ions needed by the body for maintaining the acid-base 
balance an<l the c,.msistency of the internal environment 
of the body. This system may be subject to alteration 
by high ma~netic fields, possibly throvgh changes in 
electrical p.1te-nhal on the tubular membranes of che 
kidneys or by the forces exerted on certain ions during 
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the formation of urine. 
To demonstrate the effect of a magnetic field on the 

movement of sodium ions across a cell membrane, 
Gualtierotti and Capraro ( 1964) 1 placed a frog skin in a 
solution containing the isotope 24 of NaCl on one side 
and isotonic saline on the other. The magnetic field was 
produced by placing a permanent magnet on each side 
of the skin. The amount of radioactive sodium crossing 
the membrane was measured during exposure. Using 
this technique it was demonstrated that a field of 500 
to 600 Oe. decreased the inward flux of sodium ions 
across the skin. Another technique, consisting of a volt­
age clamp and magnets, was used to determine the 
time course of this phenomenon. The first decrease of 
inward flux occurred rapidly, in about one second. An 
increase of the magnetic field strength resulted in 
forther similar quantal changes in ion fluxes. The 
authors indicate the change appears to be proportional 
to the magnetic field strength and the phenomenon 
being altered by an induced change of polarization 
across the membra;ie. The possibility, therefore, exists 
that a magnetic field may somewhat inhibit the sodium 
pump. Some key molecule~ involved in the sodium 
transport may be, or become, magnetic dipoles and 
therefore be affected by the field iorces. There is evi­
dence fror.1 the results of this study that a n,agnetic field 
modifies the fundamental mechanism of sodium trans­
port through the membrane. 

The possibility of this phenomenon taking place across 
a cell membrane suggests tho:it the renal tubules of the 
kidney may likewise be affected. The renal tubules are 
the site where reabsorption of ions from the glomerular 
filtrate takes place, with the end produci: being urine. 

The purpose of this paper is to report the results of a 
study conducted on the concentration levels of sodium, 
potassium, and calcium ions found in the urire excreted 
from white mice exposed to a high homogeneous mag­
netic field. 

MATERIALS AND METHODS 

The magnet was a water-cooled Harvey-Wells L128 
12-inch electromagnet with a Model HS1365 power 
supply, as shown in Figure 1. The pole faces are six 
inches in diameter, spaced 1.75 inches apart, with a 
four-inch homogeneous field in the center. T!1e poles 
are positioned vertically, producing a horizontal field. 
The field strength in this study was 14,000 (k The 
magnetic field gradient was measured and found to he 
less than one Oe. over the central four-inch di:_;meter at 
5,000 Oe. From this the gradient at 14,000 Oe. was esti-

Aerospace Medicine • Ma-rel,, E!:'7 275 

'' '. 
! 

.. / 



....----------------------------- -·····-•--··---·--·----~------. ----------:;....;;;;.; 
,. 

• 
CIIAi\'CES l'HODUCED IN VAHIOUS l•:XCIU•:TJ.ONS OF ;o.11CE EXPOSED TO STHESS-IIAN:\'E~IAN 

l 

' 

mated as about 50 Oc. over the four-inc:h diamct<'r. The 
paramagnetic field strl'n~;th ,ms therefore about .07 X 
HY Oc"/cm at l..t,000 Oe. 

The animals used for this study were female albino 
Swiss mice of the Webster-Fairfield strain. They were 
approximately twenty-two weeks of age. The mice 
;t_H'raged 2-t3 grams in wl'ight and showed 110 symp­
toms of ill health prior to or dming the study. Thirteen 
mice were uscll, six experimental and seven controls. 
The mice were housed individ11:1lly in plexiglas cages 
described by Hanneman, et al ( Hl6-l)" and shown in 
Figure 2. At the beginning of each experiment the 
expc-rimental and control mice were placed in magnet 
.;incl dummy setups, respectively. Food ( Purina Labora­
_tory Chow) and water were continuously available for 
both the experimental and control mice throughout the 
studv. The mice were not removed from the metabolic 
cage·s dming ti1e study period. The urine collection 
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Fig. 1. View of the magnet and power supply with the 
metabolic cage in place during exposure. 
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Fig. 2. Clo,e-up view of the mPtabolic cage used in collect­
ing urine from mice during exposure. 
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f11nncls and c-<'ntrif11gc tubes were removed and re­
plac(•d with clean ones at the end of each 24-hour pc­
riocl. The experimental and control mice were handled 
and housed identically except the controls were placed 
between two stainless steel plates, simulating the poles 
of the magnet, and were not exposed to the magnetic 
field. 

The metabolism cage as positioned hctwee;1 the poles 
of the magnet during exposure is shown in Figure l. 
The urine collection tube was partially inserted into a 
dewar of dry ice. This kept the urine at a low temper­
ature and prevented evaporation or decomposition dur­
ing the period of collection . 

Each experinient consisted of five consecutive ·24-
honr periods: The ·experimental mice were exposed 
during the third 24-hour period of the experiment. A 
total of five 24-hour samples were collected frnm each 
mouse. The urine samples were analyzed for sodium, 
potassium, and calcium ion concentration hy the 'flame 
spectrophotC>meter technique. The results are expressed 
as milligrams per cc of urine. The average milligram;; 
of the ions eliminated per cc of urine was determined 
for each day of the study. The· day prior to exposure 
was designated as the "pre-exposure period"; the daf 
following exposure was called th~ "post-exposure pe­
riod." The difference between the values for the pre­
and post-exposure periods constitutes the significant 
data. 

RESULTS AND DISCUSSION 

An analysis of the results from mice exposed to the 
magnetic field is given in Table I. The sodium ion con­
centration of the urine from exposed mice increased 
from 2.34 mg/cc to 4.29 mg/cc following exposure. The 
significance of this increase, as shown by the t-value, 
2.457, expresses a probability level (per· cent) of > 95 . 
The potassium ion concentration increased in the ex­
posed mice from 9.14 mg/cc to 14.59 mg/cc. The sig­
nificance of this increase, based on a t-value of 2.671, is 
expressed at a level of > 95. The concentration of the 
calcium ions in the urine was found to be considerably 
lower than that of sodium or potassium. Calcium in­
creased from 0.083 mg/cc to 0.138 mg/cc, which was 
found to be statistically non-significant, based on a 
t-value of 1.715, giving a level of < 90. Results on the 

T,\BLE I. ANALYSIS OF 10:\"S I:\" AVERAGE l\lILLIGRA:\IS PER CC 
OF URINE FROM EXPOSED MICE 

Na+ 

Period Period Period 
Pre- Post- Pre- Post- Pre- Post-

Exposure Exposure Exposure Exposure Exposure Exposure 

2.34 

Standard Deviation . 72 

S1andarcl Error .25 

4.29 

I.81 

.74 
Diff crcnce 

S1:11nbrd Errof o( 
Difference 

D1._•grccs 0£ Freedom 

t-Value 

Probability Level 
(per cent) 

1.95 

.79 

10 

2.457 

>95 

9.14 

2.88 

1.18 

14.59 

4.15 

1.69 

5.45 

2.06 

10 

2.671 

>95 

0.083 0. 138 

0.031 0.071 

0.01:l 0.029 

0.055 

0.032 

10 

I. 715 

<90 

I 

I 
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TARI.E II. ANALYSIS OF IOXS li'i A\'ERAGF. ~IILLIGRA:'\IS l'ER CC 
OF l'RL\'E FROM CO:"iTROL MICE 

Ca++ 

Period p,,riod Period 
Pre- Post,. Pre- }'lost- Pre- Post-

Exposure Exposure Exposure E~posurc Exposure Exposure 

3.01 
St.1ndard Deviation 1.i2 
Stan,lard Error .65 
Difkrence 

Standard Error ol 
0.68 

Dilfcn-nrc 1.05 
D,..,.ree, of Freedom 12 

3.69 

2.17 

.82 

t-Valnc 0.646 
Probability Lc\'cl <50 
(p,,r rent) 

9.01 

3.26 

1.23 

0.98 

9.99 

2.64 

1.00 

1.58 
I~ 
0.646 

<50 

0.082 

0.088 

0.036 

0.017 

0.039 

II 
0.4'.l6 

· <511 

0.099 

0.050 

0.019 

control mice, as presented in Table II, show very little 
change in the sodium, potassium, or calcium ion levels 
during the periods conesponding to those for the ex­
posed mice. These changes are non-significant. 
. Both groups of mice were given two days in which 
to adjust to the environment of the metabolism cage 
before the experiment was initiated. This element of 
time appears to be adequate for establishing fairly 
nonnal levels of urinary ion concentration with mice. 
As noted in Tables I and II, the levels of ion concen- · 
tration were of similar magnitude for both groups of 
mice during the pre-exposure period. 

l11e higher levels of potassium in ratio to sodium 
are attributed to the food which by analysis was found 
to contain a higher concentration of potassium than 
sodium. 

Although the increase in the level of urinary calcium 
did not show a particular significance statistically, the 
increase may still be important. If the increased level 
of calcium continued to be eliminated over a period of 
time, an imbalance in the body might occur. 

There has been relatively little research conducted 
regarding the effects of high magnetic fields on body 
fluids in vivo. The exact role which the magnetic field 
may play is not known. However, several possibilities 
may be considered. The presence of a high magnetic 
field appears to impose some kind of stress either on 
the entire internal environment of the body, or on cer­
tain organs. The conservation of ions needed by the 
body to maintain the acid-base balan-::e and osmotic 
equilibrium occurs primarily in the kidneys. When the 
internal environment is altered the reabsorption mech­
anism for these ions may change. The magnetic field 
may effect mechanism of reabsorption by ( 1) causing 
the ions in the glomerular filtrate to spin in orbit as 
they pass along the renal tubules, thus preventing ade-

qu,1te contact with the tubule wall in the area in which 
reahsorption occurs; ( 2) creating a change in the gradi­
ent pf electrical potential or chemical concentration 
across the tuhular cell walls, altering the active rcah­
sorpLc>n of sodium, the passive reabsorption of potas­
sium, or the secretion of potassium; ( 3) altering the 
mechanism involved in the control of aldosterone secre­
tion. 

The adrenal honnones affect only a fraction of the 
filtered sodium during the reabsorption process. How­
ever, a minor reduction in sodium reabsorption can 
become significant if maintained over a period of sev: 
era! days. If an imb~lance of sodium occurs, the potas: 
sium ion concentration may also be altered. 

If the above possibilities did occur, they might act 
independently, or in combination, in producing a re­
sponse such as noted in this study. 

SUMMARY 
The results of this study show a significwt increase 

in the concentration levels of sodium and potassium 
ions excreted in the urine from white mice· following 
exposure to a homogeneous magnetic field of 14,000 
Oe. These results indicate the need for further research 
on the effects of electromagnetic stress on basic physi 0 

ological processes in animals. Additional studies are 
currently being conducted to substantiate these find­
ings. 
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