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SUMMARY 

Automated analysis of 12 serum parameters was carried out after 

irradiation of rabbits for one hour daily over a ten day period with 

a microwave field of power density 15 milliwatts/cm2 at either 5.85 

GHz (pulsed or 2.45 GHz (continuous wave). There was no significant 

difference in any of the parameters between the irradiated animals 

and sham-irradiated controls. In particular, the decrease in albumin/ 

globulin ratio under similar irradiation conditions reported by an

other laboratory was not observed. It is concluded that there is 

no significant effect of microwave irradiation on the animal's 

physiologic processes under the conditions of the study. 
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pared by the Committee on the Guide for Laboratory Animal Resources 
NAS-NRC. . 
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INTRODUCTION 

There are, in the literature, a number of reports of serologic 

changes caused by electromagnetic radiation in the extra-low fre

quency to microwave range. Reportedly affected are the serum elec

trolytes (including Ca, Na, K, co2, Cl), levels of the small metabo

lite molecules (urea, glucose, cholesterol), serum proteins (in

cluding some enzymes), and hormone levels. These reports have re

cently been reviewed (1,2,3). The task of performing such a review 

appears rather ungratifying, since these reports are generally in-· 

complete descriptions. of small, poorly designed, poorly controlled · 

studies and generally tend to contradict one another. This leaves 

one with the feeling that the most direct approach would be to neg

lect these reports and start afresh. 

One recent study, however, that by Grigor'ian (4), appears to 

be a reasonably rigorous attempt to demonstrate such an effect. In 

this study, two• experimental groups of 10 rabbits each were irradi

ated by direct application of microwave radiation (frequency not 

specified) to the loin area for 10 minutes daily over a 10 day 

period using a power density of 6 milliwatts/cm2 for one group and 

40 milliwatts/cm2 for the other. Serum electrophoresis was then 

p_erformed on sera from these animals and a control group of 8 

rabbits. The serum albumin, as a fraction of the total protein, was 

found to be 50% for the control group but only about 40% for the 

two irradiated groups. Since the serum electrophoretic pattern was 

the only parameter determined, one cannot tell from the results 

whether the albumin was decreased, ~the globulin was increased, or 
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both. In the same study - actually the main point of the report -

parallel changes were noted in the albumin and globulin fractions 

of the gray matter of the brain. 

In the present study we have attempted to reproduce the effect 

reported by Grigor'ian, although with some modification of their

radiation conditions as discussed below. In addition to quantitating 

the serum proteins, some other serum components have been studied 

for possible effects or irradiation. 

METHODS 

All studies were performed using 2-3 kgm. New Zealand white 

rabbits, with 4 animals in each irradiated or sham-irradiated ("sham") 

group. The irradiated animals were exposed to the microwave source 

one hour a day for ten consecutive days. The sham animals were 

treated identically except that the microwave source was not turned 

on. On the day follow~ng the last exposure, blood samples were 

drawn from each animal. Following the study the animals were disposed 

of in a humane manner. 

Two separate irradiation sources were used: (1) An A/N SPS~S 

radar transmitter operating at 5.85 GHz with an average power output 

of 120 watts (pulse duration approximately 0.7 usec., pulse repeti

tion rate 680 Hz); (2) A TWT amplifier driven at 2.45 GHt and 

operated in the continuous wave mode with a power output of 150 watts. 

Each source radiated into an anechoic chamber through a waveguide 

transmission line and a standard gain horn antenna. For each period 

of irradiation, the animals were confined in a sitting position in 

plexiglas cages and were situated facing the antenna in a region 
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of the far-field where the average power density was 15 milliwatts/ 

cm2, as determined with a Ramcor Model 1200 power density meter. 

Power density measurements were in good agreement with expected 

values calculated from the source average power output, antenna 

gain, and the distance from the antenna to the position of irradi

ation. 

Serum specimens were analyzed on an SMA-12 apparatus at the 

Chemistry Lab, Bethesda Naval Hospital. The 12 parameters deter

mined were: total protein, albumin, calcium, phosphorus, total 

cholesterol, urea nitrogen, uric acid, creatinine, total bilirubin, 

alkaline phosphatase, lactic dehydrogenase, and glutamic-oxaloacetic 

transaminase. With the exception of the albumin determination, the 

various assays yielded results well within the limits of reliability. 

The albumin results were uniformly low, presumably due to a lower 

affinity of the dye in the assay for rabbit albumin than for human 

albumin (for which the assay was designed). Despite the fact that 

determinations were made on irradiated and sham sera simultaneously 

so that direct comparisons could be made, it was felt that the re

sults of the albumin determinations were too near the lower limit of 

reliability to be acceptable. Therefore, for the final experiment, 

albumin was determined by a bench method (5) in our own laboratory 

as well as on the SMA-12. In addition, for the final experiment 

serum electrophoresis was performed in our laboratory using a Gelman 

cellulose acetate electrophoresis apparatus with subsequent scanning 

of the strips _on a Gelman Digiscreen Model R densitometer. 
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The Biophysics Division's PDP-8/S computer (Digital Equipment 

Corporation) was employed in the statistical analysis of the results. 

A program in the FOCAL language was written to facilitate data re

duction and comparisons between the irradiated and sham groups using 

the student-t test. 

RESULTS 

Three separate experiments were performed in all, involving, 

respectively, a group irradiated at 5.85 GHz and a sham group, a 

group irradiated at 2.45 GHz and a sham group, and groups irradiated 

at 5.85 GHz and 2.45 GHz with a common sham group. The results of 

the SMA-12 analyses for the three experiments are summarized in 

Table I. For each parameter of the SMA-12, the mean and standard 

deviation for each group is shown. Also shown are the t-statistic 

and the probability (P) of the null hypothesis for the two-tailed 

student-t difference between means test for each irradiated group 

and its corresponding sham group. If Pis 0.05 (or less), we can 

say with 95% (or higher) confidence that the means of the irradiated 

and sham grQups are significantly different. 

Using the 95% confidence criterion, it can be seen that in 

Experiment I, for the 12 parameters determined by the SMA-12, there 

is only one significant difference between the irradiated and sham 

groups - the serum albumin. As noted earlier, this particular assay, 

when used on rabbit serum, is operating at its limit of reliability 

and this result is highly suspect. In Experiment II there are no 

significant differences. In Experiment III there appear to be 

significant differences between groups 5 and 7 in total bilirubin 
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and in lactic dehydrogenase. Both of these are questionable: the 

bilirubin, because of an inordinately low standard deviation in 

Group 7; and the lactic dehydrogenase, because of an abnormally high 

value for one animal in Group 5 (the animal demonstrated no other 

abnormalities) • 

The study was primarily directed toward possible changes in the 

serum proteins. Therefore in Table II the results from the SMA-12 

for total protein and albumin, the bench method values for albumin, 

and the albumin/globulin ratio calculated for both albumin data are 

presented for each animal in Experiment III, along with the group 

statistics and t-test results. There are no significant differences 

between the irradiated groups and the sham group in total protein, 

.albumin (by either; method) or albumin/globulin ratio. 

It should be noted that, with the exception of the albumin 

values obtained from the SMA-12, all parameters measured in this 

study were in reasonable accord with values for normal rabbit serum 

which can be found in the literature (6,7). 

The serum electrophoreses turned out technically rather poor 

in quality and were not analyzed quantitatively. There were no evi

dent qualitative differences between the serum electrophoretic 

patterns of irradiated and sham animals. 

In summary, there were no significant differences between irradi

ated and sham groups in the parameters measured by the SMA-12, and 

in particular, no significant differences in the serum proteins. 
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DISCUSSION 

It was impossible to set up the conditions of the prese~t study 

to exactly duplicate the experiments of Girgor'ian. The frequency 

of the microwave radiation used was not reported by Girgor'ian, nor 

was it even noted whether the radiation used was pulsed or continu

ous wave. This was not too serious a problem as we were constrained 

to using the radiation sources available in our laboratory anyway. 

In Grigor'ian's study, irradiation was applied directly to the loin 

area of the animals "by the contact method", and the power densities 

of 6 milliwatts/cm2 and 40 milliwatts/cm2 reported were presumably 

estimated since they could not be measured directly in such a system. 

With free space irradiation as used in the present study to permit 

. reasonably accurate power density measurements, the animals would 

not tolerate a power 9ensity of 40 milliwatts/cm2 and so a less 

stressful compromise level of 15 milliwatts/cm2 was used. It was thus 

possible to extend the daily irradiation from the 10 minute period 

that Grigor'ian used to 1 hour. The irradiation conditions in our 

experiments would appear to be close enough to those presumably used 

by Grigor'ian that an effect as large as that reported by him should 

have been induced, if, indeed, it does occur. 

As noted above, Grigor'ian did not report serum total protein 

or albumin valt1_es - only albumin and globulin percentages as deter-
,\'~· 

mined by electrophoresis. It was thus not possible to determine 

whether the decrease in the proportion of albumin reported to occur 

following irra.diation was due to a decrease in the albumin, increase 
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in the globulin, or both. Our approach, measuring the albumin and 

total protein directly, showed no significant change in the serum 

total protein, albumin, or albumin/globulin ratio following irra

diation. In the absence of corroboration of Grigor'ian's findings 

on the serum proteins, it would appear to be of dubious value to 

attempt to reproduce the rest of his studies - those on brain tissue. 

The 12 parameters measured by the SMA-12 assays reflect with 

some sensitivity the functional status of the hepatic and renal 

systems, and more generally they reflect the animal's physiologic 

status as a whole. The absence. of a significant effect of microwave 

irradiation on any of these parameters suggests that microwave irra

diation under the conditions of this study has little, if any, effect 

on the animal's physiologic processes. 
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LEGEND FOR TABLES 

PROT a Total Protein 
ALB .. Albumin 
Ca++ • Calcium 

. PHOS .., Phosphorus 
CHOL = Total Cholesterol 
UREA NITRO= Blood Urea Nitrogen 
URIC • Uric Acid 
CREAT • Creatinine 
BILI = Total Bilirubin 
ALK PH 
LDH 
SGOT 

= Alkaline Phosphatase 
= Lactic Dehydrogenase 
= Glutamic-oxaloacetic transaminase 
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TABLE I 

PROT ALB Ca++ PROS CHOL UREA URIC CREAT BILI ALK PH LDH SGOT 
NITRO 

~ .S!!!!... 5!... mg% 5!... .!!!.BL 5!... ~ 5!... m units/ml m units/ml m units/~l 

EXPERIMENT I 

GROUP 1 - SHAM 
• 

Mean 5.60 0.54 14.2 6.03 77.8 17.0 0.79 0.30 84 276 39.2 

Standard Development 0.42 0.07 0.6 0.66 30.1 2.7 0.69 - 0.04 23 169 18.2 

GROUP 2 - 5.85 GHz 
Mean 5.60 0.64 14.6 6.14 71. 7 15.7 0.55 0.27 117 297 45.7 

Standard Development 0.09 0.03 0.4 0.45 11.0 2.0 0.07 0.02 33 99.6 27.6 

t.-Test 1 & 2 
t-Statistic -0.023 -2.762 -1.310 -0.277 0.374 0.804 o •. 684 1.635 · -1.637 -0.211 -0.393 

Probability P 0.982 0.033 0.237 0.791 0.721 0.452 0.519 0.153 0.153 o.839 o. 707 

EXPERIMENT II 

GROUP 3 - SHAM 
Mean 6.07 0.74 14.5 3.99 63.2 19.1 0.22 1.69 0.19 . 66 339 35 •. 7 

Standard Development 0.29 0.03 0.3 0.66 9.9 1.3 0.12 o.80 0.01 22 68 11.3 

GROUP 4 - 2.45 GHz~cw) 
Mean 5.90 0.74 14.3 4.17 57.5 20.2 0.15 1.35 0.17 68 366 32.7 

.Standard Development 0.39 0~09 0.5 0.32 10.5 1.7 0.08 0.21 0.03 13 102 12.5 

t-Test 3 & 4 
t-s t.atis tic 0.692 -0.109 0.604 -0.467 0.796 -1.010 0.977 0.829 0.933 -0.135 -0.451 0.356 

Probability P o.515 0.916 0.568 0.657 0.456 0.351 0.366 0.438 0.387 0.896 0.668 o. 734 

EXPERIMENI III 

GROUP 5 - SHAM 
Mean 5.90 o. 74 13.8 5.57 68.5 14.3 0.55 1.00 0.23 117 236 25.5 

Standard Development 0.56 0.06 o.6 o.59 19.1 2.z 0.05 0.07 0.01 51 78 18.1 

GROUP 6 - 5.85 GHz~Pulsed) 
Mean 5.68 0.79 14.5 5.41 62.2 17.0 0.50 0.94 0.22 127 140 15.5 

·standard Development 0.44 0.09 0.2 0.40 17.3 3.2 0.12 0.12 · 0.04 29 30 8.2 

. t-Test 5 & 6 
t•Statistic o.635 -1~027 -2.124 0.442 0.485 -1.404 0.742 0.854 0.365 -0.324 2.317 1.008 

Probability P 0.548 0.344 0.078 0.674 0.645 0.209 0.486 0.426 0.728 0.757 0.060 0.352 

GROUP 7 - 2.45 GHz(cw2 
Mean 5.55 o. 77 14.3 5.91 64.2 .15.9 0.59 1.00 0.19 161 118 12.7 

· Standard Development 0.12 0.01 0.7 0.53 7.3 1.3 0.14 0.06 0.01 14 18 9.5 

t-Test 5 &-7 
t-Statistic 1.222 -0.860 -0.943 -0.876 0.416 -1.282 -0.468 0.055 4.582 -1.666 2.972 1.250 

Probability P 0.267 0.423 0.382 0.415 0.691 0.247 0.656 0.958 0.004 0.147 0.025 0.258 
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TABLE II 

EXPERIMENT III PB.OT ALB* 
eL ~ 

GROUP 5 - SHAM 
Animal I 113 5.80 0.79 

114 5.18 0.71 
115 6.15 0.68 
116 6.48 0.79 

Mean 5.90 0.74 
Standard Development 0.56 0.06 

GROUP 6 - 5.85 GHz 
Animal# 117 5.54 0.78 

118 6.32 0.92 
119 5.33 o. 74 
120 5.52 0.74 

Mean 5.68 0.79 
Standard Development 0.44 0.09 

t-Test 5 & 6 
t-Statistic 0.635 -1.026 
Probability P 0.548 0.344 

GROUP 7 - 2.45 GHz 
Animal I 121 5.73 0.79 

122 5.50 0.76 
123 5.53 0.76 
124 5.46 0.76 

Mean 5.55 0.77 
Standard Development 0.12 0.02 

t-Test 5 & 7 
t-Statistic 1.221 -0.859 
Probability P 0.267 0.423 

* Albumin determination from SMA-17 
**Albumin detrmination by bench 

A/G* ALB"* A/G** 
Ratio gm% Ratio 

0.158 4.09 2.392 
0.159 3.29 1.741 
0.124 3.07 0.997 
0.139 3.86 1.473 

0.145 3.58 1.651 
0.017 0.48 0.582 

0.164 3.75 2.095 
0.17 3.86 1.569 
0.161 3.41 1. 776 
0.155 3.41 1.616 

0.163 3.61 1.764 
0.006 0.23 0.238 

-1.957 -0.113 -0.360 
0.098 0.913 0.731 

0.160 3.86 2.064 
0.160 4.09 2.901 
0.159 3.41 1.609 
0.162 3.75 2.193 

0.160 3. 78 2.192 
0.001 0.28 0.535 

-1.815 -o. 721 -1.368 
0.119 0.497 0.220 


