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Depressxon of phadocytosxs a non-thermal effect of
microwave radiation as a.potential hazard to health

C. P. MAYERS and J. A, HABESHAW ’ . - Lo
Department of Pathology, University of Edinburgh, Scotland '

(Received 5 September 1972; accepted 26 March 1973) B -

The. widespread use of microwave equipment presents potential hazards to
health from inadvertent exposure. The hazards due to the heating effect of
microwaves are well recognized. Recent evidence suggests that microwave
radiation produces other biological effects that are not in any way due to heating.
Experiments were performed to investigate the non-thermal effects of micro-
waves.on the process of phagocytosis.  Monolayer cultures'of mouse macrophages -
on cover-slips were perfused with suspensions of human red blood cells: while
béing exposed to microwave radiation of 2450 MHz frequency, at a power level
of 30 m\W /em?, under strict temperature control. Comparison of the phagocytic
indices of the irradiated cultures with unirradiated control cultures demonstrated -
a marked depression of phagoq tic activity. Further investigation' showed
that macrophage phagocytic activity was restored to normal if the radiation was
discontinued. The potentxal hazards to health of this phenomenon are bneﬂy
discussed.

1. Introduction

- Microwave equipment is used extensively in radar, communications, medlcal
diathermy, microwave ovens, g]ue -setting in laminated wood fabrications,
plastic suttmg, rubber curing, grain drying, concrete ‘splitting' (Puschner 1966),
and cven in the cradication of malarial mosquitoes (New Scientist, .1972).
Increasing numbers of ptoplc are bung exposed to potential health hazards due
to the biological effects of microwaves (Michaclson 1971, Powell and Rose 1970,

" Swanson, Rose and Powell 1970). '

'The most obvious biological cffect of microwaves is heating. * The quantity
and distribution of heat production depends on such factors as the wave-length, -
duration and powcer of the applied ¢nergy, and on the absorption coefficient and
internal reflection at interfaces in the exposed material (Schwan and Piersol
1954, Schwan 1971). ‘The human health hazards include cataract formation

" and testicular damage.  Many countries now have * safety * limits for microwave
exposure (%\\'anéon et al. 1970). 'These are based largely on the heating effects
of microwaves in animal experiments. T he inost commonly. accepted upper
level of safety is 10 mW /em?, :

In recent years, wxduncc has accumulated that microwave energy may
produce other and entirely different biological effects, which are not in any way
due to heating. For instance, whole mice exposed to microwaves of 10 cm

, wave-length produced an initial rise in phagocytic activity, as measured by the
' carbon clearance technique, which was followed by a fall (I’lunen, Sentenac-
Roumanov, Jolly and Drovet 1966). - Similar phasic changes in the phagocytlc
and bactericidal activity of the blood have been demeonstrated in whole mice
exposed to other frequencies of microwaves (Smurova 1967).
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}‘ i Nuclear abnormalities have been produced in the lymphocytes of whole
~animals exposed to microwaves (Baranski 1971) and lymphoblastoid transforma-
’ tion _has been demonstrated in lymphocytes irradiated in vitro (Stodolinik-

Paranska 1‘)67) AMicrowave radiation has also been shown to induce chromo- .

 somal aberrations in the cells of garli¢ root- -tips (Heller and Tcxcxra-Pmto 1959),

‘and has been shown to affect the motility of unicellular organisms and mammalian’

zells (Furedi and Valentine 1962, Furedi and Ohad 1964, Hubner 1960, Texeira-
Pinto, Nejelski, Cutler and leller 1960) and to induce abnormal development
of chick ¢embryos (Van Ummecrsen 1963) and of insect pupae (Carpenter and
Livstone 1971). In Sovict Russia there has been comsiderable experimental
interest in. the non-heating cffects of microwaves (Subbota 1972), although as
Dodge (1969) has pointed out, some of the Russian reports lack detaxls of
microwave cnergy absorbed or of experimental controls.

The experiments here described were desxgned to mvcstrgate the blologlcal'

ceffects of microwaves at a cellular level, and in particular to investigate:

{a) whether or not a non-hcating effect of microwaves could be demonstrated,
and

(b) if so, what effect, if any, microwave radiation might have on intercellular
reactions. _ _

The process of phagocytosis was sclected for study as an example of an

intercellular reaction.  The experiments involved the exposure of red blood

cells to the phagocytic activity of macrophages, with and without microwave -

radiation. An advantage of this system is the reliability with which phagocytosis
can be quantitated (1abeshaw 1970). The experimental set-up consisted of
cultures of macrophages perfused with suspensions of erythrecytes in a micro-
wave chamber, with stringent controls to maintain a constant 37°C temperature.

2. Materials and methods

"I'he general arrangement of the apparatus is shown in figure 1, It consisted
of a microwave chamber in which a culture of macrophages on a glass cover-

slip in a small test-tube was maintained at constant temperature and perfused

with a continuous flow of crythrocyus suspended in culture medium,

- 2.1, Microwace rrcun(mrc chamber and Wm’mlor

The copper microwave chamber was 26 cm long and 74 x 32 mm in cress-
section (figure 2). 'The chamber carried three paired tubes to allow for the
circulation of a dummy load of running water (W) (figure 1). A tight-fitting
door allowed access to the chamber, which contained 2 carved polystyrene-foam

block (G), in which the test-tubes containing the macrophage. monolayers (E)
were placed.  The block. located the cultures in the same pesition in each.

_c\pcnmmt at approximately }A from the microwave mput terminal (H).
‘The microwave generator was a Microtron 200 microwave diathermy unit
made by Electro-Nedical. Supplies (Grunham) I.td, London. The operating
frequency was 2450 + 25 MHz. ‘The microwave source in this instrument was
a Mullard magmtron, type ]1’2—-02.
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of the water-bath and the temperature of the return flow from the water-jacket

were trequently checked by in-dwelling mercury thermometers. It was found
* that with the ambient room temperatures experienced, there was very little

variation in thé water-bath or water-jacket temperatures; and at no time did the
* temperature drop below 36:5°C or rise above 37-5°C, -

242, Outfluw température

The temperature of the outflow from the culture chamber was continuously
monitored by thermocouple.  The outflow Passed out of the microwave echamber
along a short (6 cm) hca\'ily-laggcd. tube into a small chamber of 1 ml volume
into which the needle-probe of a thermocouple (T) was inserted. The tem-
perature of the outflow was continuously monitored throughout each experiment,
by a thermocouple connected to a Pye * Scalamp * galvanometer, During most
experimental runs, the outflow temperature remained constant,
runs, the mean outflow temperature was calculated as the mean of
temperature readings taken through the experimental run, X

_At the end of each experimental run, the culture tube was removed quickly
from the microwave chamber, and its temperature was taken using the same
thermocouple probe.  This procedure scrved to check that the outflow tem-
peratures did in fact closely reflect the temperatures obtained in the culture tube,

During a few
thermocouple

2.4.3. Calibration of thermotouple

A'scries of readings was made of water temperatures from 0° to 100°C using
mercury thermometers and the thermocouple connected to 3 galvanometer,
A lincar relationship between the mercury thermomcter arid the thcrmocouple
rcadings was cstablished,  The accuracy and reproducibility of the thermocouple

and mercury thermometer were investigated by taking repeated readings of -

melting ice and of boiling distilled water. "The most important part of the
temperature scale was the 30° to 45°C range and thermocouple readings of the
melting points of 0 Cresol (m.p. 30:9°C), p Cresol (m.p. 34:7°C) and phenol
(carbolic acid, m.p. 41-0°C) were used to determine the accuracy and repro-
ducibility of the readings in this range. The drift of the thermocouple readings
was investigated by taking repeated readings of melting ice and boiling water
over a period of two hours with no correction of the zero sctting.

2.4.4, Culibrutions of powcer level, heat generation and coaling rate

The rate of heating in the microwave chamber of unperfused 1 ml volumes
of water was investigated under a range of input levels to determine the heat
energy absorbed by the specimens, and also the subsequent cooling rate of the
unperfused specimens.  From these obscrvations, nomograms were constructed
to relate the heating rate to the power input, and the rate of cooling to the
difference of temperature betiveen the specimen and the surrounding air.

2.5. Experimental method

The thermocouple galvanometer was switched on for 40 min, and the
water-bath was turned on to reach 37°C before cach experiment commenced.
‘The macrophage cultures in test-tubes were placed in the polystyrene block in
the microwave chamber. A bung carrying the inflow and outflow tubes of the.
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- perfusing system was inserted into the cnd of thc culture tube, and perfusion
was performed for 30 min.  During this time the microwave generator was '

cither switched on at 25 W output level, or was off for a control run, FEach
30 min test run in which a culture was irradiated was followed by a control run
in which the generator was turned off. During cach 30 min run, the tempera-
tures of the water-bath, the water-jacket return flow, and culture tube outflow
were continuously monitored, and the perfusion flow-rate chccud and ndjusn.d
if necessary.

At the end of cach run, the temperature of the ﬂuxd in the culturc. tube was
measured directly by thermocouple.  The macrophag«. monolayer on a cover-

slip was remov ed from the culture tube, rinsed in physiological <almc, fixedina .

mixture of cqual. parts of methanol and acetone and staincd by the Glcmsa
‘The phagocytic index was calculated as: :

Number of macrophages containing one or more ingested red cells
' Total number of macrophages counted

P LT
'\.'7:'?&,‘*2””
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x 100,

Figure 3. Mouse macmpfxagcs after exposure to. suspensions of human red blood cells
(x 800, Giemsa). 'T'he cells arrowed show ingestion of red blood cells.

Figure 3 shows the microscopic appearance of mouse macrophages after exposure
to human red blood cells. Some of the macrophages show ingwtion of red
cells. ‘The percentage of macrophages showing Lrythroph.xgocytosxs gives the
phagoacytic index.

. 2.6. Controls

The following six groups of control experiments were performed:

Group 1: 'Twenty control experiments in which mondlayer cultures of
mnacrophages were incubated at 37°C for 30 min with a suspension of red cells,
No perfusion was performed on these cultures.  The phagocytic indices from
these controls provided the basic data with which the data from the L\punmt.mal
serics were compared. :
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Group 2: 'Fwenty-six control cexperiments in which macrophage cultures_

were perfused with red cell suspensions for 3¢ min, and in which ncither the
red cclls nor the macrophages were irradiated. The phagocytic indices of
these culturcs were compared with those of the non-perfused controls {Group 1)
" to determine whether or. not the physical movement produced by perfusion
affected the phagocytic index. S :

Group 3: Five macrophage cultures were perfused with tissue culture medium
devoid of red cells and exposed to microwaves for 30 min. These cultures were
cxamined for morphological changes and compared with unirradiated cultures
‘to determine whether or not any morphological changé was produced in
macrophages by irradiation. '

Group 4: Five macrophage cultures were perfused with tissue-culture -
medium devoid of red cells and exposed to microwaves for 30-minute periods.
"These cultures were subsequently exposed to perfusion by red cell suspensions
for 30 min in the abscnce of microwaves. The phagocytic indices from these
cultures. were compared with those of the unirradiated perfused cultures to
determine whether or not macrophage phagocytic activity was restored to normal
after cessation of microwave exposure. '

Group 5: Five suspensions of red cells were cach allowed to flow for one
hour through a continuously-irradiated chamber containing no macrophages.
‘These suspensions were subsequently perfused for 30 min, through unirradiated
macrophage cultures. The phagocytic indices of these cultures were compared
with those of the non-irradiated perfused cultures of Group 2 to investigate
whether previously irradiated red cells were phagocytosed as readily as
unirradiated red cells. :

Group 6: Twenty-four macrophage cultures were incubated with suspensions
of red cells for two hours at different temperatures to determine the effect of
temperature on phagocytic activity in this cxperimental system.

'2.7. Precautions .

(a) Two monolayer cultures of macrophages from each batch were tested
before use by incubation for 24-hours with red cells coated with a standard
preparation of rabbit haemolysin. Healthy cultures showed a phagocytic index
of over 9G per cent and were morphologically normal. A few cultures which
showed less .phagocytic activity, or showed any morphological abnormalities
were discarded. The cultures that had to be discarded were derived from
animals which subscquently showed evidence of infection.

(h) Alltheglassware and other apparatus used for the preparation of the macro-
phage cultures and red cell suspensions ‘was bacteriologically sterile.  The
tubing uscd for cach of the 30-min, or 60-min cxperiments was not bacterio-
logically sterile, but was repeatedly washed through with sterile normal saline
solution between experiments. The subsequent microscopic examination of
the cultures showed no evidence of bacteriological or other infection.

(¢) No specific precautions were taken to climinate mechanical injury to the

red cells. A slight increase of phagocytic activity was noted towards the end of
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cach batch, probably
through the perfusing syste
cultures were equally affected, no attempt was made¢ to prevent it.

3. Results
3.1. Accuracy of temperature readings

'The temperature of the three melting-points, asre
and mercury thermometer, are show
‘deviations. The table indicates that
accurate to +0-4°C, and that 95 per cent of the mer
are accurate to within +06°C.
melting points was calculated
and thermocouple drift was a

1so found to be negligible, after the
“up period of 40 min). ' C

due to mechanical injury to the eells during their passage
m, but as irradiated cultures and unirradiated control

orded by the thermocouple
n in table 1, together with the standard
95 per cent of thermocouple readings are-
cury thermometer readings
(The cffect of barometric pressure on the
and found to be negligible at 450 ft above sea-level

imtial warm

) ‘ o Cresol P Crcsoj Phenol

Theoretical melting point °C 309 347 A0 | e
Thermocouple, mean of 10 readin'gs I T

in °C with standard deviation’ 30:62+0-34 34:85+0:36 40-6 + 0-415
Mercury thermometer, mean of 10

readings in °C, with standard . C :

deviation '30-56 + 048 3412061 40-26 £ 0-5 | [

"Table 1. The temperatures recorded by thermocouple and mercury thermoi'ncter at the -

melting points of o Cresol, p Cresol and Phenol (Carbolic acid).

3.2. Heating rate, cooling rate and absorbed power levels

The rate of heat loss of a 1 ml unperfused specimen at
temperature 21°C) was 3:6°C per mi
strated that with a microwave power
to achicve and maintain the unperfused specimen at 37°C.
absarbed as heat by the specimen was 3+6 cal/min=15-0 J/min.
tally indicates that only 0-5 per cent o
specimen.

37°C (with room
n. The heating rate experiments demon
input reading of 50 W, it was just possible !
‘The energy:
This inciden-
f the input energy was absorbed by the s

3.3. The effect of microwave irradiation on the morphology of macrophages

~‘T'he’macrophage monolayers exposed to microwaves for 30 min showed no}
morphological changes on comparison by light microscopy with unirradiated

cul;ures‘. :

3.4. The effects of microwazes upon erythrophagocytosis

Microwave irradiation produced a significant depression of macrophage
The phagocytic indices are shown::
in table 2, together with the significance of the results as compared with the

activity as indicated by the phagocytic index.

unperfused unirradiated controls (Group 1).




The mecan value of the phagocytic indices of the 26 perfused irradiated
cultures was 63 ( +2-5) per cent and for the perfused cultures not exposed to.
microwaves 20-2 (+ 5-8) per cent.” The. irradiated cultures differ significantly

from the controls (P <0-025), but the unirradiated perfused cultures do not .

(P <0-3).
\.i - “Type of cultu.;'e ' En'thr;)ph;gocytic inde‘)i Siéniﬁcm.ce P
{ Control (Group 1) - © 31-5+ 34 per cemt | -
x Pefuscd, unirradiated (Group 2) } 20258 per ccr;t o P<0-30
f Perfused irradiated ! 6-3+2-5 per cent . 'P‘<l0-02$ :
!‘ Irradiated, subsequently exposed to T : .
red cell perfusion (Group 4) 232210 per cent P<0-50

Table 2. The effects of microwave radiation on erythrpphagocytosfs.

3.5. The effect of previous irradiation of maciophages on phagocytosis

Macrophage cultures exposed to microwaves, and subsequently interacted

with red cells gave a mean phagecytic index of 23-2 (£1-04) per cent, a result

~ that did net differ significantly from the control valaes (P <0-5).

3.6. The effect of microwave radiation upon red cells:

Red cell suspensions exposed to microwave radiation while being perfused
through a blank chamber showed no greater susceptibility to phagocytosis than

fresh red cells. ‘The phagocytic index with fresh red cells was 23-3 (+2-4) per

cent and with irradiated red cells 25-5 ( +3-3) per cent.  There is no’significant
difference between these results.  Macrophages readily ingest injured human
red cells, and the increased phagocytic activity can be used to detect injury to
red cells (Stuart 1967). In this case, as there is no significant increase in
phagocytosis, we can assume that no significant degree of injury is present in
the red cells as a result of microwave radiation exposure. '

3.7. Temperatures recorded during the experiments

At the end of each experiment, the temperature within the culture chamber

was measured. It was always found to be within 0-8°C of the outflow tempera-
ture. The constantly monitored outflow temperatures thus indicate that the

" chamber temperatures recorded did not conceal a hidden rise of chamber

temperature.  The chamber temperatures achieved are shown in table 3.

- The temperatures recorded were lower than 37°C, even when the cultures
were being irradiated. The principal heat loss occurred in the short length of
perfusion tubing between the water-jacket and the culture chamber, and this
could not be overcome. . It is noteworthy that the temperature of the perfused
control cultures were always less than those of the perfused irradiated cultures,
but that their phagocytic indices were higher.
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Chamber temperature | . Phagocytic index

Type of culture

|
{ Control (Group 1) o i 37:0£0-5°C b 315434 per cent
Pcrfusea‘unirradiatcd (Group 2) - \ 31'8 +0-8°C - . ) 20-2 + 5-8 per cent
\ ' 4
\ Irradiated, perfused i 1‘ 343107°C 1 6-342'5 per cent

e

Table 3. 'Microwave chamber tcmpéramrcs and phagocytic indices.

' 3.8. The cffcct of temperature on phuguryiic activity
"The phagocytic indices obtained at different incubation temperatures

(Control Group 6) are shown in the graph (figure 4). Phagocytic activity

increases with temperature up to 38-5°C, after which it falls away rapidly. oo
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4. Discussion .

T'he health hazards
appreciated. ‘The non-the
ill-cfiects, are less well cstablished.  We believe t
that a non-thermal ¢ffect does occur in_hiological material. o

In these experiments, the interaction between macrophages and red blood
cells occurred in a small test-tube exposed to microwaves. "The phagocytic
index of the irradiated cultures was 63 & 25 per cent, compared with the index
of 20:2 + 5-8 per cent for the control unirradiated cultures. T"his difference was
statistically significant (P <0-025). There can be no doubt that microwave :

radiation depressed phagocytosis. ‘I'he question then arises whether this was &

owaves are readily

due to the heating effects of micr
rmal cffccts of microwaves, and their possible E:
hat our cxperiments show
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thermal or a non-thermal effect, and it is for this rcasen that we have
d in some detail the temiperature control and menitoring methods used-
_§ results obtained. : Lo : '
. principal monitoring device was the thermocouple probe placed in the
. tube from the microwave chamber, the rcadings from which were
hously observed during each experiment. It has been shown that these
- temperature readings were an accurate reflection of the actual tempera-
ithin the microwave chamber, and it has also been shown that 95 per cent’
thermocouple readings Were accurate to within 0-4°C.
e temperatures recorded for the irradiated cultures were 34-3°+0-7°C,
or the unirradiated control cultures 31-9°4£0-8°C. It is apparent that
wave irradiation has produced an ‘average ot 2:5°C temperature increase
» iiradiated culturés. If we allow for inaccuracy of the thermocouple
C), and discrepancy between the outflow temperature and that actually
ining within the chamber at the end of each experiment (maximum 0-8°C)
he variation in the temperature of the cultures {0-7°C), then the maximum
perature that could have existed within the culture chamber at any time
hg the cxperiment was 36:2°C. We have shown that the rate of phago-
Jis in our test system increases with temperature up to 38-3°C (figure 4)
other workers (Harmon, Zarafonetis and Clark 1946) have previously shown
lar changes in phagocytic activity with tempcrature, using a test system of
hea pig Jeucocytes versus Staphylococci. We conclude that the depression
vhagocytosis shown by the irradiated cultures cannot be accounted for on a
mal basis. Indeed the 2:5°C bigher temperature of the irradiated cultures
11d have been expected to enhance phagocytosis rather than depress it, if in -
, the microwaves had no effect on phagocytosis other than heating. =
Another possibility which might be considered is that microscopic foci of
t production may have occurred within the cells, or on the cell surfaces, as
stulated by Tomburg (1961). 1f such microscopic foci of heating do occur,
cir effects appear to be very limited, as: : : )

“(a) Microwave radiation produced no permancnt impairment of macrophage
function or morphological appearance, and no injury to the red cells.

(b) Any appreciable quantity of heat produced at a theoretical localized site
would have been rapidly dispersed through the medium by conduction,

but in our experiments, the medium showed only a2 2:5°C temperature
increase. .

() As the heating effects of microwaves depend on the prcscﬁce’ of dipblar v

molccules, and as water molecules are the most numerous of the dipolar

molecules, and as they are ubiquitous and -almost uniform in their distri-

bution throughout the cells and the media, it is difficult to conceive of
“any significant degree of microscop'cally localized heat production.

As mass-heating has been excluded and as any significant degree of micro-
we conclude that the effects demonstrated

| scopic heating appears improbable,

| are non-thermal, but we are not in a position to describe the precise manner of

~ their production.
1t may, however, be o
in these experiments indicate a potential

f interest to speculate to what extent the results obtained

‘health hazard. A fransient exposure
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to microwaves would probably have little effect other than heating and any
non-thermal cffect would b¢ confined to the superficial tissues as the effective

depth of penctration by microwaves of this wavelength is no more than a few’

centimetres (Michaclson 1971, Schwan and DPiersol 1954). However, longer

periods of exposure might be expected to affect the mechanism of cell-mediated

immunity in superficial tissues, with consequent increased susceptibility to
infections, and suppression of the immunological surveillance mechanisms
which might allow sberrant cell forms to develop.

It is possible that other cellular interactions might similarly be affected, and
that for instance, the phagocytic activity of ncutrophil leucocytes, might be
depressed. In the case of Jong term exposure, this might be expected to produce
a condition similar to agranulocytosis of the superficial tissucs, and infections
such as boils might be anticipated.  We have shown that a non-thermal ceffect
can be demonstrated at the cellular level. .We have noted the energy absorbed,
but we have not been able to describe the intensity of the field to which the
specimens were exposed. It is suggested that the quantification of the field
intensity should be urgently investigated in view of the potential health hazard
due to the non-heating eflects of microwaves. It is probable that the duration
of exposure will have to be taken into account as well as the ficld intensity.

8. Conclusions ) ’ o . -~

1. Microwave radiation at a frequency of 2430 + 25 mllz and an absorbed
—  power level of 50 mW 'em? depresses phagocytosis.

2. ‘This effect is non-thermal.

3. The depression of phagocytic activity is transicnt, and ccases when the
irradiation is stopped. '

4. At this power level and frequency, microwave radiation does not produce
red cell injury, nor does it produce any detectable morphalogical change
in macrophages.. :

5. The precise nature of this non-thermal effect of microwave is not known.

6. The present safety limits of microwave exposure which relate to absorbed
power levels may need to be qualified as to perniitted duration of cxposure,
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L'usage répandu.de matéricl & micro-ondes présente des risques pour la santé & cause
de la possibilité d’exposition accidentelle,  Les dungers que présente Veffet. thermique des
nicro-ondes sont bien connus.  Toutefois, des observations récentes. donnent 3 penser que
Lirradiation par micro-ondes produit des effets bialogigues gui ne sont nullement causés
-t Peflet thermigue. On a effectué des expériences pour étudier les effets non-thermiques

des micro-ondes sur Je processus de la phagoeytose.  Des cultures de macrophazes de
souris, ¢n couche simple sur lamelles couvre-objets, ont été perfusées d'érythrocytes de
sang humain en suspension tout en étant exposées a une irradiation par micro-ondes a
2430 MHz de fréquence et & une puissance de 30 mW/em?, sous strict controle de tem-
pérature.
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La comparaison entre les indices phagocytaires des cultures irradiées et les cultures de
controle non-irradides a montré une nette baisse d’activité phagocytaire. Des expériences
complémentaires ont montré que Factivité phagocytaire des macrophages redevenait
normale aprés discontinuation de Virradiation. Les dangers que ce phénoméne peut
présenter pour la santé sont briévement examinés. '

Bei der weitverbreiteten Anwendung von Mikrowcllenausriistungen bestcht “die - : IS
“Maiglichkeit . von Gesundheitsschaden aufgrund unvorhergeschener Bestrahlung. “Die
Schaden, die vom Hitzeeffekt der Mikrowellen herrithren, sind weithin erkannt. Jingste
Ergebnisse lassen darauf schliessen daB Mikrowellenbestrahlung  andere Wirkungen
hervorruft, die keineswegs auf Hitze zurtickzufihren sind.  Es wurden Versuche durchge-
fuhrt, um die nicht-thermischen Wirkungen von Mikrowellen auf den ProzeB der Phagozy-
tose zu untersuchen. Eimschichtige Kulturen von Mausmakrophagen auf Deckglasern . B R A A eI Nt
wurden mit Aufschwemmungen von menschlichen Eryvthrozyten durchtrankt, wihrend sie .~ [inimmiEEE .
ciner Mikrowellenbestrahlung mit einer Frequenze von 2430 MHz und bei einer Stromstirke
von 50 m\V /cm? unter strikter Temperaturkontrolle ausgesetzt wurden.  Ein Vergleich der
Phagozytenindizes der bestrahlten Kulturen mit nicht bestrahlen Kontrollkulturen zeigte
eine bemerkenswerte Abnahme des phagozytiren Aktivitdt. Weitere Untersuchungen
crgaben, daB bei Unterbrechung der Bestrahlung die normale phagozytire “Akrivitat
_ wiederhergestellt wurde.  Die putenticllen Gesundheitsschaden diescr Erscheinung werden
kurz behandelt. i
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