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Cof!lparative Stu<!ies on 1285 and 2800 Mc/sec 

J 
Pulsed Microwaves 

SoL M. M1cHAELSON, D.V.M., R. A. E. THOMSON, M.T., and JoE W. HowLAND, PH.D., M.D. 

Response of dogs exposed to 2800 Mc/sec and 1285 Mc/sec 
microwaves reveals a direct correlation between field intensity 
and body weight loss which is similar at both frequencies, at 
comparable field intensities. The degree and onset of leukocyte 
and erythrocyte increases and/ or decreases, is dependent on 
microwave frequency, field intensity and duration of exposure, 
Reticulocytosis during daily 20 mW /cm2, 1285 Mc/sec exposures 
indicate an hematopoietic effect. Signs of distress are less- evi
dent at 1285 Mc/sec than at 2800 Mc/sec when critical rectal 
temperature level ( 106 ° F or greater) are reached, and suggest 
that potential microwave hazards may be obscure at the lower 
frequency. 

DURING THE 1950's there was a concerted effort 
in this country to elucidate the biological effects of 

microwave exposure and develop some concept of 
maximum permissible exposure. In the last few years, 
however, we seem to· have developed a complacency 
about the potential hazards of microwave exposure and 
are ignoring the fact that there is an ever expanding 
use of powerful microwave transmitters for military, 
industrial, radio-navigation, tracking and communica
tion purposes. The area of interest includes electro
magnetic radiation in the frequency range of 100 to 
100,000 Mc/sec or wavelengths of 3 M to 3 mm. 

In order to establish maximum permissible tolerance 
levels for personnel involved in radar operation and 
microwave technology and development it would be 
ideal to develop concepts and criteria which would 
cover the entire range of microwave radiations. This is 
not feasible at present, because of numerous factors. 
Among these one must consider that microwave radia
tion is influenced by the frequency, power level, pulse 
relationship and wave form characteristics of the gener
ating equipment. The biologic effects are related to the 
distribution and absorption of the energy which is de
pendent on the anatomical configuration of the irradi-
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ated subject. The response of the subject is the result
ant of the integration of all these factors and the 
physiologic status of the individual in relation to the 
environment. 

Microwave energy can be emitted as a continuous 
wave (CW) or pulsed. The former is associated with 
radio or television transmission while pulsed energies 
are associated with radar, industrial and medical equip
ment. From the point of view of hazards, pulsed energy 
may be considered of greater signjficance because of 
the higher power density and energy distribution. 

At present, sufficient factual data are not available 
to establish a safe exposure level for various micro
wave generators in relation to the factors which in
fluence the response at each frequency. 

To provide a basis for hazards evaluation for a spec
trum of pulsed microwave energies, studies have been 
performed by exposing dogs to 1285 and 2800 Mc/sec 
pulsed microwaves. Hematological changes from ex
posure to these two frequencies have been reported. 11 

The present report is based on additional comparative 
data for the two frequencies. 

MATERIALS AND METHODS 

Methods of irradiation have been previously reported 
in detail. 6 ,

10
,
11 In brief, adult mongrel dogs of either 

sex 1-5 years of age were exposed to microwaves at 
various flux densities. The microwave sources used 
were a 2800 Mc/sec (AN/FPS-6) and a 1285 Mc/sec 
(AN/FPS-8) pulsed radar unit, so that irradiation was 
at wavelengths of 10.7 cm and 23.4 cm. 

RESULTS 

Percent body weight loss during exposure as an indi
cation of response to the thermal burden imposed by 
microwaves is illustrated in Figure l. It is of interest 
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Fig. 1. Effect of microwaves on body weight. 
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Fig. 2. Effect of 1285 Mc/sec microwaves on rectal temperature. 

to note that the response of the dog is very consistent. 
There is a direct correlation between power density 
(mW/cm2

) and weight loss which is similar at 1285 or 
2800 Mc/sec exposure at comparable field intensities. 

Rectal temperature response to daily exposures at 
1285 Mc/sec for six hours/day, 5 days/week for four 
weeks is indicated in Figure 2. At 100 mW /cm2 there 
is a marked increase in rectal temperature during each 
exposure for the first week. During the subsequent 
three weeks, temperature increases are moderate. A 
progressive lowering of the pre-exposure temperature is 
evident as the number of exposures is increased.· This 
response suggests physiologic adaptation. Exposure to 
50 mW/ cm2 results in slight temperature increases. 
Again, progressive lowering of the pre-exposure 
temperatures are noted. Twenty mW/cm2 exposure 
results in slight temperature decrease, but in compari
son to sham exposed dogs evidence of a thermal regu
latory response is again indicated since non-irradiated 
dogs subjected to a similar environment show definite 
decrease in body temperature. 

Leukocyte response to daily 1285 Mc/sec exposure, 
is illustrated in Figures 3 and 4. At 100 mW/cm2 there 
is a marked increase in neutrophils after each six hour 
exposure during the first week (Figure 3). Physiologic 
adaptation is seen during the second week in that 
neutrophil increase is minimal. Neutrophil changes 
after 50 and 20 mW /cm2 are variable. During the 
second week of exposure at 50 mW /cm2 pre-exposure 
neutrophil values were slightly greater than the initial 
neutrophil count of the first week. 

Lymphocyte decrease is noted after exposure to 
100 mW/cm2 and 50 mW/cm2 (Figure 4). After 20 
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mW /cm2 there is a tendency towards lymphocytosis. 
The significance of this increase in lymphocytes is more 
evident when compared with the response of sham ex
posed dogs in which a lymphocytopenic trend is noted. 
This increase in lymphocyte level is apparent up to four 
months after exposure. 

After exposure to 100 mW /cm2, 1285 Mc/sec for six 
hours there is an increase in hematocrit after each ex
posure during the first week which is not as marked 
during the subsequent exposures (Figure 5). Although 
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Fig. 3. Neutrophil response-1285 Mc/sec exposure. 
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Fig. 5. Hematocrit changes-1285 Mc/sec exposure. 

the hematocrit increases during exposure after the first 
week, the pre-exposure hematocrits tend to be lower 
than during the first week. At 50 mW /cm2, hematocrit 
is decreased after each exposure throughout a four 
week test period. A more marked decrease is seen after 
20 mW /cm2 exposure. This decrease is slightly greater 
than that seen among sham exposed dogs handled in a 
similar manner. One month after exposure there was 
an increase in hematocrit which was still evident at six 
months. 

Reticulocyte changes after 1285 Mc/sec exposures 
are shown in Figure 6. Reticulocytosis occurs during 
the four weeks irradiation period in 20 mW/ cm 2, 50 
mW/cm2 and 100 mW/cm2 exposed animals. Between 
one and six months after exposure there is a decrease in 
reticulocyte count in the 20 mW /cm2 exposed group. 

Daily food and water consumption studies reveal 
similar eating patterns for sham and microwave treat
ed animals. Slightly greater variation in water con
sumption was noted in animals during the microwave 
exposure period. It was most noticeable following 
100 mW /cm2 exposure and less apparent after 50 
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Fig. 6. Reticulocyte changes-1285 Mc/sec exposure. 

mW/ cm2
• While exposed to 1285 Mc/ sec, 100 mW/ 

cm2, dogs are more relaxed than when exposed to 2800 
Mc/sec. When rectal temperature rise to a critical 
level (106°F or greater) occurs it is not as obvious at 
1285 Mc/sec as at the higher frequency; agitation of 
the animal is rarely seen. Weakness of the hind 
quarter is not as marked; in fact it is scarcely discern
ible until the animal is removed from the exposure 

TABLE I. DOG RESPONSE DURING MICROWAVE EXPOSURE TO 
CRITICAL RECTAL TEMPERATURE 

2800 Mc/sec. 1285 Mc/sec. 

Extreme agitation Comfortable or slight agitation 

Excessive salivation Normal to slightly increased salivation. 

Mouth opened as wide as possible, in- Moderate increase in panting 
creased and labored panting 

Frequent rasping sounds while panting 

Progressive impairment of locomotion 

Acute distress and exhaustion 

Impairment of locomotion difficult to 
discern because of genera.I inactivity 
during exposure. Even when attempts 
to stand fail because of weakness in 
hind legs, general appearance of the 
animal is normal. 

TABLE IL HEMATOLOGIC RESPONSE FOLLOWING 1285 MCYCLES/SEC. EXPOSURE 
100 MW/CM2 FOR 6 HOURS 

(X 103 CELLS/MM') 

No. of Total (%) 
Dogs Determination Leukocytes Neutrophils Lymphocytes Eosinophils Hematocrit Reticulocytes 

II Pre-Exposure 10.64 ± 1.16* 7.39 ± 0.83 2.66 ± 0.15 0.79 ± 0.15 51.0 ± 1.5 0.77 ± 0.19 
10 I Month p 9.13 ± 0.96 ,5.57 ± 0.50 3.31 ± 0.34 0.79 ± 0.14 50.5 ± 1.0 0.44 ± 0.11 
9 2 Months p 10.33 ± 0.52 5.61 ± 0.33 3.27 ± 0.30 0.85 ± 0.1:> 49.7 ± 1.0 0.34 ± 0.10 

3 Months p 9.53 ± 0.47 5.02 ± 0.30 3.07 ± 0.32 0.94 ± 0.28 53.2 ± 1.4 0.30 ± 0.13 
4 Months p 10.08 ± 0.63 5.29 ± 0.44 3.47 ±.0.36 0.67 ± 0.13 51.4 ± 1.6 0.41 ± 0.26 
5 Months p 10.78 ± 0.89 6.01 ± 0.61 3.27 ± 0.24 0.94 ± 0.18 53.9 ± 1.9 0.61 ± 0.24 
6 Months p 10.68 ± 0.78 ·6.19 ± 0.49 3.07 ± 0.34 1.00 ± 0.17 53.1 ± 1.1 0.61 ± 0.12 
7 Months p 10.87 ± 0.79 5.92 ± 0.37 3.62 ± 0.32 0.88 ± 0.22 50.9 ± 1.6 0.21 ± 0.06 
8 Months p 10.95 ± 0.69 5.88 ± 0.41 3.75 ± 0.32 o.~3 ± 0.20 51.9 ± 0.9 0.32 ± 0.12 
9 Mon-ths p 10.64 ± 0.99 5.70 ± 0.50 3.41 ± 0.42 1.17 ± 0.31 52.9 ± 1.8 0.24 ± 0.01 

10 Months p 8.91 ± 0.33 4.91 ± 0.27 3.26 ± 0.25 0.48 ± 0.10 52.8 ± 1.9 0.21 ± 0.05-
II Months p 10.88 ± 0.91 6.39 ± 0.85 3.36 ± 0.39 0.86 ± 0.22 53.3 ± 1.4 0.16 ± 0.04 
12 Months p 11.16 ± 0.60 6.87 ± 0.50 3.07 ± 0.29 0.72 ± 0.13 54.2 ± 1.4 0.33 ± 0.09 

* Mean ± Standard Error of the Mean 
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TABLE III. HEMATOLOGIC RESPONSE IN DOGS FOLLOWING DAILY 1285 MCYCLES/SEC. 
EXPOSURE 20 MW /CM2 

(X 103 CELLS/MM') 

Neu trophils Lymphocytes Eosinophils 

Determination 
Total Leukocytes 
s ,M S M S , M S M r 

Pre-Exposure 
I Day P 

9.28 ± 0.55* 9.47 ± 0.69 5.39 ± 0.40 6.01 ± 0.57 
12TB ± ·o.w10.8s ± 0.18 .. :i12 ± o.31' 7.oo ± 0.27 

3.07 ± 0.66 
3.50 ± 0.87 
3.03 ± 0.54 
2.84 ± 0.56 
2.84 ± 0.50 
2.95 ± 0.66 
2.59 ± 0.43 
2.84 ± 0.42 

2.39 ± 0.30 
2.73 ± 0.11 
2.80 ± 0.28 
2.77 ± 0.07 
2.88 ± 0.39 
2.58 ± 0.30 
2.87 ± 0.49 
2.87 ± 0.39 
2.47 ± 0.35 

0.45 ± 0.14 
0.64 ± 0.15 
0.55 ± 0.12 
0.52 ± 0.15 
0.50 ± 0.15 
0.58 ± 0.14 
0.67 ± 0.12 
0.46 ± 0.14 

0.65 ± 0.18 
0.55 ± 0.17 
0.98 ± 0.32 
0.87 ± 0.36 
1.07 ± 0.21 
0.78 ± 0.11 
0.52 ± 0.16 
0.58 ± 0.26 
0.59 ± 0.19 

7 Days p 
14 Days p 
I Month p 
2 Months p 
3 Months p 
4 Months p 
5 Months p 

- 9.66 ± 1.10 10.77 ± 0.86 5.74 ± 0.74 6.41 ± 0.59 
9.36 ± 0.97 9.65 ± 0.68 5.76 ± 0.60 5.71 ± 0.37 
9.57 ± 0.36 9.77 ± 0.58 5.89 ± 0.46 5.27 ± 0.27 
9.36 ± 1.00 9.14 ± 0.83 5.38 ± 0.84 5.26 ± 0.85 
9.68 ± 0.91 8.85 ± 0.60 6.05 ± 0.78 5.05 ± 0.55 
9.89 ± 1.20 10.38 ± 1.37 6.32 ± 0.78 6.53 ± 1.12 

9.46 ± 0.44 5.98 ± 0.50 

S-Sham Exposed 
M-Microwave Exposed 
*-Mean ± Standard Error of the Mean 

TABLE IV. HEMATOCRIT AND RETICULOCYTE RESPONSE IN 
DOGS FOLLOWING DAILY 1285 MCYCLES/SEC. EXPOSURE 

20 MW/OM' 

Hematocrit % Reticulocytes % 
Determination S M S M 

Pre-Exposure 54.3 ± 1.93* 49.7 ± 0.80 1.22 ± 0.28 0.84 ± 0.28 
1 Day p 43.8 ± 3.45 45.1 ± 2.23 0.70 ± 0.22 0.94 ± 0.26 

7 Days p 52.1 ± 2.38 47.7 ± 2.07 0.84 ± 0.27 1.34 ± 0.23 
14 Days p 52.7 ± 1.55 SO.I ± 1.68 0.68 ± 0.19 0.80 ± 0.17 
I Month p 53.7 ± 1.89 52.7 ± 0.77 0.68 ± 0.36 0.28 ± 0.09 
2 Months p 48.5 ± 4.52 53.6 ± 0.89 0.25 ± 0.12 0.14 ± O.D7 
3 Months p 51.9 ± 2.31 52.0 ± 1.33 0.84 ± 0.26 0.22 ± 0.11 
4 Months p 54.4 ± 2.56 50.3 ± 2.45 0.74 ± 0.37 0.36 ± 0.15 

5 Months p 50.7 ± 1.43 0.28 ± 0.18 

S - Sham Exposed 
M - Microwave Exposea 
* - Mean ± Standard Error of the Mean 

compartment. Attempts to make the animal walk re
veals findings ranging from impaired gait to collapse 
of the hind legs. Panting during exposure at the lower 
frequency is not as marked or labored as that which 
occurs with the higher frequency. Comparison of the 
response when rectal temperature is increased (106 F 
or greater) is indicated in Table I. 

Results of hematologic examinations for several 
months after exposure are tabulated in Tables II-IV. 
After single exposures at 100 mW /cm2, 1285 Mc/sec 
microwaves, there is a persistent lymphocytosis up to 
one year after exposure; reticulocyte level is generally 
diminished during this period (Table II). Among dogs 
exposed daily to 20 mW /cm2 there may be a trend 
towards lymphocytosis, less apparent than that noted 
following 100 mW/cm2 exposure (Table III). Such a 
trend was not noticeable in the sham exposed animals. 
At day 7 and 14, and 1, 3, and 4 months post-exposure, 
lymphocytes in four of the five microwave treated dogs 
exceeded their initial pre-exposure level, and in the 
fifth dog it was unchanged at 14 days, 3 and 4 months 
post-exposure. Seven days after exposure, reticulocy
tosis was evident in all the microwave treated dogs ~ 
while in the sham exposed dogs reticulocyte values did 
not exceed their pre-exposure level (Table IV). 

Hematologic changes seen after 2800 Mc/sec and 
1285 Mc/sec exposure indicate differences and simi
larities in response to these two frequencies. This is 
indicated in Table V. 
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DISCUSSION 

The comparative response to two frequencies of 
microwaves reveals the biologic sensitivity to different 
physical factors. The thermal response to microwaves 
is a manifestation of power density rather than fre
quency. This is quite understandable when one con
siders the contribution of the circulatory system in 
thermal regulation. ln this respect the thermal burden 
is a function of energy input based on flux density 
rather than frequency. This is further indicated by 
the comparable rectal temperature rise incurred by 
1285 and 2800 Mc/sec exposure. 

The greater fluctuation in leukocyte level and sus
tained lymphocytosis after 1285 Mc/sec is indicative 
of a more profound physiologic response to this fre
quency rather than 2800 Mc/sec. The effect of micro
waves on hemopoiesis has been described in man and 

TABLE V. COMPARATIVE EFFECTS- 100 MW/CM'- 6 HOURS 

Response 2800 Mc/sec 1200 Mc/sec Difference 

Rectal 
Temperature + 1.8 F + 2.2 F NS* 

% Body Weight 
Loss/Hr. 1.02 0.93 NS 

Total Leukocytes Increased 2% during 33% increase lasting 24 
exposure, 23% at 24 hours. Return to nor
hours. ,Progressively de- mal in 16 days. 

Neutrophils 

Lymphocytes 

Eosinophils 

Hematocrit 

creased below pre-expo• St 
sure levels for two 
months. 

30% increase up to 24 Increased 64% during 
hours after exposure, exposure, 37·o/o 24 hours 
then decreased below later, then depressed up S 
pre-exposure level for to 12 months. 
two months. 

Decreased 60% during Decreased 50% during 
exposure. Returned to exposure. Increased 
normal at 24 hours, 24% at 24 hours and S 
then depressed again remained increased up 
through 60 days. to 12 months. 

Decreased 69% during 62% decrease during 
exposure, 25% above exposure. Increased 
initial level at 24 hours. 35% at 24 hours. Re- NS 
Remained increased for turn to pre-exposure 
60 days. level at one month. 

Variable changes. Variable changes. NS 

*-Not Significant 
t-Significant 
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experimental animals. 2
•
3

•
4

•
5

•
6

•
7

•
8

•
11

•
12

•
18 The time of onset 

and degree of hematopoietic change are dependent on 
the intensity and duration of exposure.7•11 

The reticulocytosis, indicative of effect on the hema
topoietic system noted in the present investigation has 
also been reported in humans. 8•

18 In one of these 
reports,8 "the reticulocyte counts were within the nor
mally accepted range but were significantly higher in 
the exposed subjects than in the controls." A recent 
report on albino rats subjected to 10 cm microwave 
irradiation revealed decrease in erythrocyte count and 
hemoglobin, and increase in reticulocytes resulted from 
exposure at 40 mW /cm2 and 100 mW /cm2 .7 

At 50 mW/cm 2 1285 Mc/sec the more perceptible 
differences in homeothermic, hematopoietic and other 
responses than that noted at 20 mW /cm 2, but which 
are less than the responses following 100 mW/ cm 2, 
indicate physiologic stability is slightly exceeded at 50 
mW /cm2

• It appears that subtle changes occ,ur at 20 
mW /cm2

• Because of insufficient long term chronic 
exposure data, whether or not exposures at 20 mW /cm2 

or less may cause injurious physiolo_gic changes, is an 
area for further investigation. 

Microwaves exhibit the general properties of waves. 
They can be reflected, refracted, scattered or absorbed 
depending on the material interposed in the path of the 
radiation. Material can also be. transparent to the 
microwave energy. Absorption coefficients of body tis
sues depend on the water content, i.e., fat, bone, and 
yellow marrow will absorb relatively less than muscle 
tissue. 1

•
9

•
13

•
14

•
15

•16 •
17 For frequencies in the microwave 

range, it has been found that the energy absorption 
and depth of penetration is markedly different for the 
following groups of tissues (a) muscle and kidney, (b) 
brain, skin and red marrow, (c) bone and yellow mar
row, (d) fat, skin, muscle, internal organs have high 
water content, high dielectric permittivity and low re
sistivity. 9 Fat, bone, bone marrow have low water con
tent, low dielectric permittivity and high resistivity. In 
addition to the differences in absorption of planes or 
slabs of tissue, other factors such as the physical 
characteristics, the angle of incidence of the energy 
and the anatomical configuration of the subject are im
portant considerations. The physiologic state of the 
individual and his environment also influence the bio
logic response to microwaves. Specific non-thermal 
effects of microwaves are no doubt due to resonant 
absorption, if such non-thermal effects are accepted. 

From theoretical considerations and experiments on 
phantoms 1 it has been shown that the proportion of 
microwave energy absorbed is approximately 40 per
cent for frequencies below 1000 Mc/sec. In the fre
quency range between 1000 and 3000 Mc/sec varying 
degrees of penetration and energy absorption occur. 
Radiation in this range is capable of penetrating the 
skin and heating the fat layer. The amount of radiation 
absorbed is dependent _on the thickness of the skin and 
fat, which varies with each individual. Frequencies 
above 3Q00 Mc/sec approach_ infrared frequencies 
where surface heating provides a warning mechanism. 
Since the skin contains most of the body's nerve end
ings or sensory elements, overheating of this layer is 

TABLE VL BIOLOGICAL CHARACTERISTICS OF MICROWAVES 

Relative absorption 
cross section % * Tolerance 

Fre- Wave- Energy Fat Skin Levels 
quency length eV Thickness Thickness {incident power) · 
Mc/s cm {app.) 1-3 cm 0.2-0.4 cm Body density 

400 75 10·7 43-73 

50-100 0.01 Watt/cm• 
900 33 10-• 51-89 

20-100 
3,000 10 10-• 18-50 

0.02 Watt/cm• 
50 

10,000 3 10-• 41-50 

* Adapted from Anne, A. Univ. of Pa. ONR-TR No. 36 {l) 

immediately perceptible. These relationships are 
shown in Table VI. 

It has been inferred that problems associated with 
microwave hazards require only minimal attention. 
Caution should be observed and specific controls 
adopted as dictated by the type of radar set used. 
The possibility of the introduction in the near future of 
more powerful radar units introduces additional con
cern. The lack of conclusive information on the exist
ence or non-existence of non-thermai effects might be 
accounted for by the absence of appropriate de
tection · techniques. Consideration must be given not 
only to the physical characteristics of the energy but 
also the interaction of the physiologic and anatomic 
makeup of the individual and external factors such as 
temperature, humidity and air currents. 

The present "safe" level of 10 mW/ cm2 for whole 
body exposure has been in force for approximately 10 
years. This is an average power density for all fre
quencies. It should be noted, however, that this does 
not take into consideration peak power densities that 
may be associated with a given average power. It is 
apparent that high field strengths can be associated 
with low average power. 

In considering the differences in response between 
exposure to microwaves, 2800 Mc/sec and 1285 Mc/sec 
at 100 mW/cm2, daily exposure to 20 and 50 mW/cm2, 
1285 Mc/sec and the relative differences in absorption 
of these two frequencies, it is suggested that any at
tempt to increase tolerance levels for microwave ex
posure above the presently established 10 mW/cm2 

should be approached with extreme caution especially 
at' frequencies of 1280 Mc/sec or lower. Another fac
tor that should be considered in establishing tolerance 
levels is that since perception of 1285 Mc/sec seems 
less apparent than 2800 Mc/sec microwaves at com
parable flux densities, any microwave associated hazard 
may be of greater concern at the lower frequency. 
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