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A non-thermal influence o f m illim eter wave rad ia tion  
(swept in frequency from  64.1 G H z to 69.1 GH z, sw eep
tim e 6 s, and with stabilized frequencies o f 67.200 ±  
0.001 GHz and 68.200 ±  0.001 GHz, pow er density 
^  6 m W /cm 2) on the puffing o f giant chrom osom es o f the 
midge Acricotopus lucidus (D iptera, C hironom idae) was 
found. The effect is m anifested as a reduction  in size o f a 
specific puff that expresses genes for a secretory protein. 
The non-thermal nature o f the effect was proved by 
experiments in which the sham -exposed sam ple was 
warmed up by 2.5 °C  which is m ore than  the eight-fold 
microwave induced tem perature  increase o f ^ 0 .3 ° C .  
Concerning the very low photon energy o f m m -w aves 
com pared to the therm al energy kT, it seems likely th a t the 
coherence of the radiation  is essential for the observed 
effect.

The non-thermal influence o f m illim eter wave 
radiation on biological systems is a topic o f con
siderable im portance not only for the understanding 
of the mechanisms o f interaction between electro
magnetic radiation and living systems [1- 2] but 
also for the establishm ent o f m icrowave safety 
standards. Several biological effects o f low -intensity 
millim eter wave rad ia tion  have been reported  
[3 -7 ], among them genetic effects in Drosophila 
melanogaster [4, 6]. We have now found an influence 
of millimeter waves on the activity o f a certain  gene 
locus (Balbianiring BR2) in giant chrom osom es 
from salivary glands o f the m idge Acricotopus 
lucidus (Diptera, C hironom idae) [8],

For the experiment larvae in the ir fourth larval 
instar o f Acricotopus lucidus were dissected. T heir 
paired salivary glands were placed in a sam ple con
tainer which consisted o f a fused silica p late w ith an 
indented circle o f radius 40 m m  and depth
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0.2 ±  0.02 mm. In its centre two further circular 
incisions o f diam eter 2 mm and depth 0.3 ±  0.02 mm 
were prepared. One salivary gland was put in each 
o f these last indentations. C annon’s m edium  [9] was 
added and then the sam ple container was covered 
by an oxygen-permeable membrane. The glands are 
sac-like and have a d iam eter o f about 0 .2 5 -3 0  mm. 
Thus the layer of aqueous m edium  between the 
m em brane and the glands was at least 0.2 mm thick. 
The sample container was positioned on a fused 
silica tem perature controlled dish (9.0 ±  0.1 °C ). An 
identical dish was m ounted in the control cham ber. 
The tem perature of the sam ple was m easured with 
a m icro-m iniature therm al probe (diam eter 0.2 mm, 
therm al rise-time: 3 ms). The m icrowave induced 
tem perature increase was found to be less than 
0.3 °C  at 20 mW  forward power.

The frequency was swept between 6.41 x 1010Hz 
and 6 .9 1 x l0 10Hz (Sweep time: 6 s). F or the ex
perim ents with single stabilized frequencies of 
6.72 ±  0.0001 x 1010 Hz and 6.82 ±  0.0001 x 1010 Hz 
a source-locking counter was em ployed. The for
ward power was m easured as 20 +  2 m W  and the 
power reflected by the sam ple container as 
2 ±  0.5 mW. Thus a power o f 18 ±  2 m W  entered 
the sam ple container. After passing through the 
200 (jm thick m edium  layer the power was reduced 
to 4.5 ±  0.5 mW  (calculated using the absorption  
coefficient a =  70 cm -1 o f w ater [10] at 7 x 10IOHz 
for the m edium ). This resulted in a pow er density 
of less than 6 m W /cm 2 (horn area 1.6 cm 2).

Each salivary gland is com posed o f two clearly 
differentiated cell-types. These cell-types correspond 
to morphologically distinct lobes which are charac
terized by a specific pattern o f p redom inant puffs 
(Balbianirings) [11-15] and are designated m ain 
lobe and anterior lobe. Each m ain lobe consists o f 
about 5 0 -6 0  cells whereas the sm aller an terio r lobe 
has 1 2 -2 0  cells. The nuclei of all cells contain three 
polytene chromosomes. In the cells o f the m ain  lobe 
two cell-type specific Balbianirings (BR1 and BR2) 
are developed in chrom osom es I and II, respec
tively. Since in preceeding experim ents no obvious 
reactions at other Balbianiring sites had been 
observed, only the BR2 was m icroscopically ex
amined.

Im m ediately after irradiation  (2 h) each gland 
was fixed with ethanol-acetic acid (3 :1) and stained 
for squash preparations. Then the num ber t o f 
strongly reduced Balbianirings BR2 in m exam ined
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ratio r =  — was calculated for the sam ple in the 
m

irradiation (/•irr) and the control cham ber (rcontr).
All experiments were carried out blind, i.e., the 

examining biologist did not know which sample was 
irradiated and which had served as control. 
Furtherm ore w ithout inform ing the biologist sham- 
exposure experim ents were carried out (Fig. 2 and 
Table I). W hile for both sham -exposed series (I, II) 
no significant effect is observed, a highly significant 
effect is found when the m m -wave radiation is 
present (III). N otice that the mm -waves stabilized 
in frequency (III b and IIIc) seem to be m ore 
effective than swept frequencies (Ilia).

c h ro m o so m e s  o f  o n e  g la n d  w as d e te rm in e d  an d  th e

Fig. 2. The dots represent the difference A r  =  r*n -  rcon,r for 
a gland pair in one o f three experim ental conditions: sham  
exposure (I); sham exposure with add itional heating o f 
2.5 °C (II) and irrad iation  experim ents (III). The shaded 
columns indicate the m ean value of all Ar  in one type o f 
experiment, the em pty colum ns the standard  deviation o f 
the m ean value. Ilia: frequency swept betw een 64.1 GH z -  
69 .1 GHz, power density ^  6 m W /cm 2. Ill b: stabilized 
frequency 67.200 ±  0.001 GHz, power density ^  6 m W / 
cm-. IIIc: stabilized frequency 68.200 ±  0.001 GHz, power 
density *= 6 m W /cm 2.

<---------------------------------------------------------------------------
Fig. 1. a) Balbianiring BR2 (control), fully decondensed, 
b) BR2 locus after (2 h) irrad iation  with m illim eter waves. 
The BR2 has regressed. The chrom atine Fibrils are totally 
condensed and the surrounding puff-m aterial (ribonucleo- 
protein) has disappeared. Scale bars: 10 |im.
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Table I. n: num ber o f gland pairs (num ber o f  chrom osom es in brackets) A r: m ean value o f  Ar 
for the different types o f experim ents, s: standard  dev ia tion  o f the m ean value, k: num ber o f 
“successes” with Ar > 0. /: num ber o f “ failures” w ith Ar  <  0; in cases o f  A r — 0 we counted 
k = 1= 0.5. P \: probability  in percent for k or m ore successes in n trials assum ing a binom ial 
distribution with p =  1/2. P2: p robab ility  in percent th a t the experim ental series (II, III a - I I I  c) 
belong to the same distribution  as sham  exposed series (I) according to the  U -Test o f M ann- 
Whitney [16].

Type n Ar s k / P\ Pi

I sham-exposed 43
(2363)

0.0085 0.012 23.5 19.5 27.1 /

II sham-exposed 
with additional 
heating of 2.5 °C

20
(1181)

0.0060 0.011 10.5 9.5 41.2 27.4

III a 64.1 GHz-6 9 .1  GHz 
Power: £  6 m W /cm 2

35
(2000)

0.0523 0.020 22.5 12.5 4.5 4.2

Illb 67.200 ±0 .001 GHz 
Power: S 6 m W /cm 2

13
(707)

0.0606 0.017 11.5 1.5 0.2 0.5

IIIc 68.200 ±0.001 GHz^ 
Power: ^  6 m W /c n r

17
(931)

0.0525 0.012 14.5 2.5 0.1 0.4

Since in the experim ent o f type II the sham - 
exposed sample was w arm ed up by m ore than  the 
eight-fold microwave induced tem perature increase, 
the failure to find a significant effect proves tha t the 
influence of the irradiation  cannot be o f therm al 
origin. It should be noted that a localized over
heating of the sample above the tem perature o f the 
surrounding m edium  is not possible because o f the 
facts that the sample itself contains abou t 90% w ater 
and that the mm-wave absorption o f the protein 
material is about hundred-fold sm aller than  th a t o f 
water [17, 18]. So the therm al properties o f the 
sample can be considered as tha t o f  w ater w hile its 
mm-wave absorption cannot exceed tha t o f the su r
rounding medium.

The energy of a m m -wave photon h v (for 
v = 7 x l 0 10Hz: 2 .9 x lO _4 eV) corresponds to less 
than 1/200 of the therm al energy k T  at 300 K. 
Therefore, a single photon process cannot explain 
the influence of the irradiation. So it seems th a t the 
coherence of the applied rad ia tion  is essential for 
the observed effect.

O ur results could possibly be understood by H. 
Fröhlich’s [1 -2 ]  conjecture o f coherent electric 
vibrations in biological systems.

O ur result m ight be o f im portance in the discus
sion of safety standards with regard to possible 
hazards from  m illim eter wave radiation. It is shown 
that m illim eter waves o f a power density less than
6 m W /cm 2 exert a non-therm al influence on the 
chromosomes o f our eucaryotic system. This level is 
below the safety standard o f 10 m W /cm 2 in m ost 
European countries and the USA.
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