
· .
2. 60HMS in early mor':ling urine after creatinine correction may not cor-

respond to the melatonin production and excretion during the night.
Wilson et al. applied the same method in their study on the effect of
the use of electrically heated blankets on melatonin and reported an ef
fect. Bartsch et al. reported the use of early morning urine measuring
60HMS. In this study, the correlation between total 60HMS excre
tion and early morning urine was about 0.7 (personal communication),
however, in a different laboratory test.

3. 60HMS might be associated with sleep quality rather than with awak
enings during the night.

4. Persons suffering from sleep disorders may have switched on the light.
Their melatonin production may thus have been suppressed by the
light of their lamp' rather than by the Transmitter's electromagnetic
field.

5. Other biophysical mechanisms may explain the relationship between
the electromagnetic field and awakening during the night. There are
probably many and especially many unknown mechanisms which could
relate sleep disorders to EMF. The study of Wieser et al. suggests a
reaction of epileptic patients to geostatic fields in the range of a few
picoTesla which they relate to the presence of magnetite in the brain.
To test this hypothesis, electronic probes have to be brought close to
the temporal cortex, and brain biopsies are required. These are ethi
cally unacceptable conditions in epidemiological studies.
Fortunately Boldt and Bruderer (1994), two ornithologists, conducted
a study on homing pigeons and their reaction to the electromagnetic
field of the Schwarzenburg Shortwave Transmitter. It is assumed that
pigeons orientate themselves by means of the geostatic field. This
mechanism is believed to be transduced by the magnetite located in
the brain. The pigeons' orientation was not influenced by the electro
magnetic field of the Shortwave Transmitter. The authors considered
the following options to explain the lack of an EMF-effect: .

(a) Pigeons' orientation by means of the geostatic field is not altered
by radiowaves.

(b) Unknown confounders hid the EMF influence.
J .

(c) The control pigeons were influenced by electromagnetic fields as
well.

(d) .The disturbed orientation by means of the geostatic field was
substituted by another orientation system.

6. The elect~omagneticfield is not strong enough to suppress melatonin
levels. Me!atonin levels may in principle explain sleep disorders partly,
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but the sleep disorders reported by the surrounding population may
have been caused by the Transmitter's mere presence. The association
between awakening and the experimental transmission scheme may
have been biased because the Transmitter's status could be checked by
listening to Radio International Switzerland during the experimental
period'. '

7. The frequency range of the Transmitter, in addition to its exposure
range, does not suppress melatonin excretion

In the pres'ent ~ituati'anconsidering the literature, the exposure mea
surements, and the study on dairy cows, we can state that

1. the IRPA limits were exceeded at'no measuring site and in the present
exposure and frequency range no biological effects had bien reported
previously.

2. no effect of EMF on early morning urine levels of 60HMS could be
established either in humans or in diary cows.

3. no melatonin-associated cancers had been reliably reported in the liter
ature, which demonstrate an increase of cancer prevalences associated
with electromagnetic fields in the range of shortwaves.

Conclusion

We conclude that the self-reported sleep disorders found increased in persons
more strongly exposed to the EMF of the Schwarzenburg Radio Transmitter
are not mediated by melatonin. This finding supports the hypothesis that
the sleep disorders might be induced by the Transmitter's mere presence. A
missing statistical association, however, should be treated with caution even
if it may appear consistent with the range of exposure, the same finding
in animals and the absence of an increased prevalence of life-threatening
chronic diseases such as cancer.

We conclude that self-reported sleep disorder is found increased in per
sons more strongly exposed to the electro-magnetic fields of the Schwarzen- '

, burg Radio Transmitter. In two experimental situations with reduced or
interrupted exposure, sleep disorder based on symptom diaries was signifi
cantly dimini~hed. It is likely that this reflects a biological effect of EMF
in the radio frequency range on sleep quality, although an alternative inter
pretation'involving a psychosomatic effect among persons actively seeking
information on the experimental changes of radio transmitter, cannot be ex-

, eluded completely. To the extent that a biophysical effect of the Transmitter
on sleep quality exists, we conclude that it is not mediated by melatonin.
'Further research is needed to better interpret our findings.
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Chapter 8 "

Influence of electromagnetic
,

field exposure on melatonin
concentrations in dairy- cows

Stark, K.D. C.; Krebs, Th.; Altpeter, E.; Manz, B.; Abelin, Th.; Gnot, C.

Abstract:

Objective: to examine salivary melatonin levels in cowS exposed/unexposed
to shortwave electromagnetic fields.
Design: case-control study. Five exposed and 5 unexposed cows were ob
served during 10 nights. During 3 of these 10 nights the Shortwave Trans
mitter Schwarzenburg was switched off (off-phase). Salivary samples were
tested by RIA, for melatonin.
Results: There were no obvious cross-sectional (chronic) and time sequence
(acute) effects upon switching off the Transmitter. An increase of peak
values during the off-phase, suggested graphically, could not be confirmed,
in formal statistical inference, which was, however, limited by,many missing
values.
Conclusion: The electromagnetic fields of the Shortwave Transmitter Schwar
zenburg could not be shown to induce changes of salivary melatonin levels
in cows.

Keywords: saliva, melatonin, radiowaves, ae (adverse effects), robust statis
tics

8.1 Introduction

Possible negative health effects of electromagnetic field (EMF) exposure on
animal health have been d~scussed in the literature (Mercer, 1985). One of
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the aspects is the pot~~tial of EMF to influence melatonin concentrations ,
in body fluids (Reiter,' 1992, 1993a, 1993bj Grota et al., 1994). Melatonin
is a hormone with compl~ physiological effects that are not yet completely
understood (Reiter, '1991). It seems to act as a mediator of photoperiodic
information to the eIldocrine system in all species. Melatonin is mainly

, produced in the pineal gland once the inhibitory effect of light is relieved
(Reiter, 1992). Very short periods of light immediately reduce melatonin
production (Vollrath et al., 1989). Receptors in the retina transmit signals
via a neuronal pathway to the pineal gland where melatonin is produced from
the precursor hormone serotonin and quickly released into the blood. After
wards, it reaches all other body fluids (R~iter, 1991)' and peripheral organs.
Due to its' nightly production and quick release, distinct diurnal cycles of

.,melatonin serum c'onc'entrations have been observed in many species includ
ing ~he cow (Berthelot et al., 1990; Paterson and Foldes, 1994), peak pro
duction always occurring during the dark period. Receptors for melatonin
have been described in the brain, the pituitary gland and various organs."
In livestock, the most important physiological effect is the gonadotrophic'
influence on reproductive periods in seasonally reproductive species (Asher
et al.,·1993; Williams and Helliwell, 1993). But additional effects on other
endocrine processes as well as gastrointestinal physiology have also been
described (Reiter, 1991). Furthermore, melatonin seems to have oncostatic
and immunoenhancing effects (Blask, 1990, cited by Reiter, 1992; Maestroni
et al., 1989). Due to the complex effects of melatonin, all factors influencing
its production might disturb body functions at various sites (Reiter, 1991).'
Applied as a supplement in livestock, melatonin has the potential to change '
and improve productivity (Paterson and Foldes, 1994; Haresign, 1992).

The objective of this study was to me'asure both the acute and the chronic
effect of EMF generated by a shortwave radio transmitter on melatonin
concentrations in the saliva of dairy cows and to discuss the possible conse-

\ '

quences for animal health. '

8.2 Methodology

8.2.1 ·Study Design

Melato~in levels In the saliva of EMF-exposed and unexposed dairy cows'
were measured during 10 days. The Shortwave Transmitter causing the"
exposure had a maximal power of 4 x 150 kW. During the period between, \
day 3 and day 5, the transmitter was turned off. This intervention WfJE,"

known neither to the farmers, nor to the veterinarians collecting the samples;:,.
or to the technicians analyzing therr. The exposure w<l.1 defined as th~Y
maximum EMF strength in'the closest vicinity to EMF source whereas riori~g

exposure was an EMF strength close to normal values measured throughou("
the country. Exposure was measured during the study period (see Chapter;

;
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8.2.2 Far~s ~nd Animals

Melatonin measurements were performed on two farms, one being EMF
exposed (A), the other one non-exposed (B). These farms were chosen from
a list provided by local veterinarians. Farm A was the farm closest to the
EMF source (500 m), while Farm B was 4 Ian from the source. Both farms

'. were comparable as to their housing, feeding, and management types as well '
as to their production intensity. The herd sizes of farms A and B were 19
and 14 cows respectively. All animals were grazing outside on every single
day of the study period. .

From each farm 5 animals were selected for the study. In orde.r to prevent
possible confounding, the animals were chosen according to their breed,
age', reproductive stage, and production level. They were all lactating Red
Holsteins, 3-4 years old and 118-242 days pregnant on the first day of the
study.

8.2.3 Sampling Protocol

In order to measure the nightly peak of melatonin production it was neces
sary to collect samples at regular intervals during the night with the help of
red light. Saliva samples were collected with saliva swaps (SALlVETTEN,
Fa. Sarstedt, Germany) 7 times every two hours starting £rom 7.30 p.m.
and stopping at 7.30 a.m. during 10 subsequent days from' September 5
until September 15, 1993. S~nrise on the first day was at 06.49 a.m. and
sunset at 7.59 p.m. (Swiss Institute of Meteorology Zurich). Saliva samples
had been immediately stored on dry ice until they were centrifuged at 3500
rpm for 5 minutes and then stored again at -20 C.

8.2.4 Sample analysis

A new commercial radio immuno assay (RIA) waS used (l25I-Melatonin,
Immuno Biological Laboratories, Hamburg, Germany) [M!illz et al. (1989)].

8.2.5 Statistical methods

, Logarithmic (lOgIO) values of the Melatonin concentrations of the exposed
and non-exposed cows were compared. Due to a high number of missing
values as well as due to outlying observations as a result of faulty laboratory
tests, it was decided to use the median polish technique (Mosteller and
Tukey, 1977; Hoaglin et al., 1983) for 'effect calculations. This procedure
provides for each group an estimate of the overall median, a row vector with
the median level of each animal and a column vector with the median time
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Results8.3
, ?~j;~'

The average nightly EMF-exposures measured on the exposed and the n,o~-,j'-P4'"
exposed farms were 1.59 mAim and 0.076 mAim, respectively. The latter'~'~~

value corresponds to an average value in non-exposed rural areas in Switz~r:-' '.:':~~
land. The maximum immission on the exposed farm reached 4.9 mAim. ,,:;~~;

The melatonin ,concentrations measured were between 1.00 pg/ml and ' ..?"
" '\'.~.~

750 pg/ml on the exposed and between 1.00 pg/ml and 316 pg/ml on the",
non-exposed farm. I .,'. ::f~:

"series of the group., T~~e median values are hardly influenced by outlying
'or missing laboratory 'values.

For the estimation of the chronic effect of the EMF exposure, the animals'
median values of the two groups were compared by means of the Wilcox
rank-sum test for two samples (Statistical Sciences (1993)).

,With respect" to the acute effect of the exposure, the analysis of the ' ,~j,?
data was difficult. There were missing values even after the median polish' . ','
procedure and moreover, the time series were unequally spaced. Therefore,>.:'('
it was decided to calculate the differences of the two group median time' ,,,'
series and to analyze the re"sulting series by means of the runs test (Draper
and Smith, 1981). The influence of the missing values on the runs test waS
investigated by simulations. The missing values were replaced at random by - ',~,:Z"'"

-lor 1 with probability 0.5. This resulted in a complete series of signs. The <;~21
.... '.,II:'i1

runs test was computed on this series and it was checked whether a differerit-'-~~~;..

conclusion would result from this hypothesis testing. ,-,':::::;~'ij;,
All statistical techniques used are characterized by a high robustness' i -,,{~ ,

with respect to missing ~alues and outliers. " ',Jtf '
:',;;.!'

, "

8.3.1 Acute effect ", -~l

Between the two groups 28 positive differences, 36 negative differences and),,,
, 32 runs were observed after omitting the 6 missing values. Therefore n6seri~1?"
correlation between the time series of the two groups could be detected [r~:"~;

test, p-value 0.5]. The simulations confirmed that even in the worst case JiO:
serial correlation would be detected. ' :',~<:~;

The below diagram depicts a shift as well as an elevation of the prc>!i-l~
of the peak values shortly after the Transmitter was turned off. Stati~t.!~lh:

, analysis of this finding did not reveal any significance (Figure 8.1). ";:/!!'j/,
" :. ~?::'::jI'

8.3.2 Chronic effect : ,,-~~:;~~~

The overall median of the exposed cows was 17.7 pg/ml' (sd ~ 1.25),;'~~Je-
it was 19.0 pg/ml (sd = 1.32) for the non-exposed ones (Figure 8.2)~ ~{f,h

difference between the groups was not statistically significant. ' .. '''i~\
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Figure 8.1: Melatonin concentrations measured in the saliva of EMF-exposed
(continuous line) lmd unexposed (dashed line) cows: acute effect of EMF
exposure. The lines at 100 pg/ml indicate the dark phases when melatonin
concentration was measured, black box is the period of no EMF exposure of
both groups.

8.4 Discussion and Conclusions
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The influence of EMF exposure on melatonin levels in cows has been studied
.for the first time. The results of this study did not provide any evidence of a
statistically significant acU;te or chronic effect of exposures with a maximum
of 4.9 mAim in the frequency range of shortwaves (3-30 MHz). Other stud
ies using higher exposures and other animal species described a reduction .
of the duration and a blunting of the rise of nocturnal melatonin concEmtra
tions (Kato et al., 1994; Yellon,1994; see also Chapter 6). As this was a
pilot study, the sample size was restricted to only 5 animals per farm and
consequently the power of the study was limited. The use of new sampling
and analysis techniques was another reason for a certain loss of data.

Statistical analysis of the laboratory results did not reveal any influence
of the radio transmitter on melatonin metabolism in dairy cows housed in
its vicinity. These findings are consistent with the results of the part of this



Figure 8.2: Melatonin concentrations measured in the saliva of EMF-exposed
and unexposed cows: chronic effect of EMF exposure.
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study dealing with humans.
Other studies concerned with the influence of EMF exposure on ani

mal health in general rather than specifically on melatonin concentrations,
also suggested similar conclusions. In pigs born and raised under the in- ,
fluence of 345 kV transmission lines no effect on reproductive performance·'.··H~

was observed (Mahmoud and Zimmermann, 1984, cited by Mercer, 1985) .. :..):if
Similarly, there was no effect on ovarian activity, oestrus siglls, pregnancy, ":)i~

or fetal viability in cows when exposed to 400 kV, 50 Hz transmission lines ;:;.<~'.

(Algers and Hultgren, 1986). Saliva sampling for melatonin testing in cows2Ar
seems tobe a promising technique because it is non-invasive and can be eas-';.}r
ily performed under dimmed light conditions. It can be also used for further :.;:il·~

., .. <....-tI'

investigatiqns of the still poorly understood neuroactive effect of melatonin·TJ?
.>;~

.:.0:~
" :J'.~'

:,t~r'
I,':: \.'~:~~k

; /,:};~'
. ?\'! •

. ~. ,..~\ .
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Our analysis could not confirm an EMF-effect on salivary melatonin levels
in diary cows. However it has to be stressed that the sample size of 5
animals per group i~' insufficient to exclude a limited EMF-effect. Yet, due
to the' technical limitations of this study further research is necessary to
conclusively rule out ad,:,er~e health effects on dairy cows.
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Blo9d pressure in the
vicinity to a Shortwave
Radio Transmitter
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Abstract:

Chapter 9
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Objective: The purpose of the present study was to established an associa~-':f,

tion between hypertension and EMF-exposure within the shortwave range:'::;';;
Design: Case-control study. In 3 exposure zones (high, medium, low) stuqiJ
participants were asked to fill in a questionnaire. Their answers regarding"~
blood pressure suggested an association between change of blood pressur~':;;\ '.
and EMF-exposure. This was verified as follows: . -, .' ~;,~~Y1.;

All 58 persons who reported to suffer from hypertension, and 58 rarl~\r
domly selected persons who did not suffer from hypertension according' ~g;."
their answer in Study I were contacted. Blood pressure was measured on,3
occasions and the results compared with the answers in Study 1. Th.e' diag~'~, .

.,' ....;
nostie of a hypertensive value was compar:ed with the routine measure~ent,~.

done by participants' physicians. ' -.:·.·t~·

Results: 95 (82 %) of the contacted persons agreed to the study co~d~ti?as
(45 with and 50 without self-reported hypertension). Self-reportedhyp"~r
tension turned out to be rather reliable with a specificity of 82%, a sellslt,iX\W
of 88% and a /'i, known as the 'interrater agreement' of 0.603. Reaso.n~:,Lor

the discrepancy between the answers of Study I and the results ofmeaSur~:ng'

were: missing knowledge about one's own blood pressure in 10% (5/50),8$1:1
an accidentally increased blood pressure at a check-up ~efore bloo(t~g!1a
tion or at a pharmacy under non-standardized conditions or, in 20 %{9/45 I

duringpregnancY"'-it~;'
Conclusion: Self-reported hypertension is quite reliable and can be ·~8.l?11

"::"!A'"
..~.;::~;.':... ..,., ....': ...
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9.2 Indirect indicators of blood pressure abnor
malities in the Schwarzenburg health inter
view study (Study I)

The purpose of the Shortwave Radio Transmitte~Schwarzenburg Study was
to examine whether there was evidence that the Transmitter's e.lectromag
netic field causes harm to the population living in its surroundings. One of
the majo~ problems in the field of public health is cardiovascular disease,
and in particular hypertension. Literature offers very little in Gonnection
with blood pressure and exposure to electromagnetic fields, Since electro
magnetic fields suppress melatonin by means of the noradrenergic axis (
References see Chapter 7), it could be assumed that hypertension might be
more frequent in the vicinity of the Transmitter.

9.1 Introduction

9.2.1 Methodology

For details on sampling see Chapter on 'The Schwarzenburg health interview
survey'. The study questionnaire included inquiries about sex, age, housing,
occupation, education, reaction to electric phenomena, as well as about ideas
concerning environmental protection, socioeconomic s.tatus and health.

Questions concerning health-related in particular to reason for actual
medical treatment, smoking habits and knowledge about blood pressure. A
part of the questionnaire seCtion concerning the reasons for medical treat
ment inquir~d about diagnosis. The entered diagnoses were coded according
to the ICD-9 code. Due to their small numbers, they were combined into
generic terms, e.g, arterial hypertension, cardiovascular disease without hy
pertension, disease of the skeletomuscular system. Diseases that could not
be classified in these terms were not further considered,

Furthermore, one question was worded as follows: " Do you consider
your blood pressure normal, too high, too low or do you not know your
blood pressure?"

,.

verified by me~uringblood pressure and contacting participants' physicians.
However" ri~ ass~dation' between EMF-exposure' and arterial hypertension

. could' be e~tablished.',., ' ,

Keywords: hypertension, specificity, sensitivity, interrater agreement, Kdppa

statistics, radiowaves.



Table 9.1: Distribution of self-reported blood pressure
r

. Total
258 ( 64%)
53 ( 13%)
58 ( 14%)
35 ( 9%)

404 (100%)

Zone C

180 (100%)

'133 ( 74%)
14 ( 8%)
22 ( 12%)
11 (- 6%)

Zone A Zone B
58 (55%) 67 (56%)
17 (1~%)22 (19%)
18 (17%) 18 (15%)
12 . (11%) 12 (10%)

'. I

-l05 (100%) . 119 (100%)

normal
too low
too high
no knowledge
Total

- :- ....

9.2.2 Results ::':f
Out of 684 contacted persons, 408 accepted the conditions of the health in- ···,c..t,r·
terview survey in 1992. The participation rates were 74% (109/408), 55% ' ",,,'-:r
(120/408) and 56.% (179/408) in Zones A, B and 0, respectively. The i~ter-, .
views of 105 persons in Zone A (65 women and 40 men, age range 14 to 91
years), 119 persons in Zone B (62 women and 57 men, age range 15 to 81
years) and 180 persons in Zone 0 (106 women and 74 men, age range 14 to
84 years) could be further analyzed. '

Table 9.1 summarizes the distribution of the self-reported blood pressure. . ':'''';'
The differences are statistically significant (X2,P = 0.013). Fourteen per ' \Ji: .

. .i;'/.~v.t:_

cent (15/105), 8% (10/119) and 8% (14/180) of the persons in Zone A, B o,t;;,
and 0 reported that their physician diagnosed 'arterial hypertension'. Tllls, ': .j~
established a difference between Zone A and combined Zones B and 0 which ,; ~o\F
is nearly statistically significant (OR = 1.91 95% O.I. : 0.91 < OR < ?99).-;f""
Seven per cent, 6% and 7% from Zones A,B and 0 reported to suffer from:;,:~.

'cardiovascular disease' which is not statistically significant. :':~-

9.2.3 Discussion and preliminary conclusion

120

, <.

::-;/r
The purpose of the health in~erview study was to find out whether ill health::~.
reported by the population living in the neighbourhood of the Transmit;';.
ter is more frequent and might thus be associated with its electrom~grieH~·~;.
fields. Since self-reported changes of blood p'ressure seemed to be relate4 'J'''

to the electromagnetic field, and since there was a trend toward; increaSed
prevalence of arte~ial hypertension in the vicinity of the Transmitter,we C?P.~.~
eluded that further inve~tigations were needed. Our in~erestconcent.~?-t~~
on the reliability of the self-reported blood pressure, an estimate ofn~~~r
of unknown cases of hypertension and finally on an estimate of the 0.41,:.5
ratio corrected for under- respectively overreporting. . . 'l,.;";:~~.'

"'l :.~~t":"


