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1.0 SUMMARY

1.0.1 The use of EHV and UHV lines in power transmi ss ion systems has
grown dramat ically in recent years ; there is every reason to expect thi s
growth will continue in the foreseeable future. This m akes increasingly
urgent the characterization of any biological effects of prolonged
exposure to 60 Hz electric fields.

1.0.2 The range of f ield strengths to be tested , species to be studied ,
and biological quantities to be measured is so great that no clear pat-
tern of ex per imental resul ts has yet emerged . For each combinat ion of
factors to be tested there is , however , a dual simulation probl em that
must be solved. The electrical field to be tested must be successfully
generated and manipulated under laboratory conditions , meeting standards
for uni formity, distortion and stability . The biological system being
studied must be successfully maintained under laboratory conditions;
the physiological and behavioral characteristics to be measured must
be identified and means to accurately and systematically measure these
characteristics must be devised and implemented . In each case, the
simulation is selected to allow the evaluation of the adaptive signifi-
cance of the animal ’s response , if any can be measured , to the 60 Hz
electric field.

1.0.3 The research pursued under the present contrac t was intended to
simula te 60 Hz fields in the vicinity of power lines , w ith field gradients
ranging from ambient levels in the laboratory (approximately 0.1 V/rn) to
1000 V/rn, wi th intermiediate values of 50 V/rn and 500 V/rn.

1.0.4 The test procedure that was utilized was intended to provide a
first-order simulation of the continuous exposure of free-living rats
to 60 Hz elec tric f ields in this range. A w ide range of measurements
were made. To indicate effects of 60 Hz fields on behavior , general
activity was continuously recorded and integrated over 15 mm intervals.
Activity behavior was measured wi th the intention of evaluating possibl e
changes in circadian and infradian characteristics. To determine effects
of the 60 Hz field on growth and development , water consumption was re-
corded on a dai ly bas i s , while food consumption and body weight were
recorded on a weekly basis. To determine experimental influences on
metabolic activity on a circadian basis , ur ine samples were taken by
means of a fraction collector that allowed separate samples to be ob-
tained from up to 60% of the members of a test cohort, 4 samples/d ,
while the remainder could be sampled twice daily. To determine the
long term histopathological effects of the 60 Hz fields on three tissues
representing vital organ systems, animals from the ambient , 500 V/rn and —

1000 V/rn conditions were sacrificed at the conclusion of the experiment:
blood was taken by cardiac puncture under ether anesthesia and compre-
hensivel y examined ; adrenal and thyroid glands were removed and weighed .
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1.0.5 This wide variety of measurements was intended to provide a com-
prehensive picture of the effects of 60 Hz fields. Availability of
this broad baseline allowed not only examination of individual data
sets , as well as their interrelationships where these were deemed
important.

1.0.6 A secondary but still important project goal was the development
and refinement of the experimental techniques required by the simulations
undertaken.

1.0.7 The results of the experiment reported here in general showed
no field-dependent effects; particularly in the measurements of growth
and metabolic parameters. Most of the measurements of activity behavior
also showed no field-dependent effects, but there were two possible
exceptions. First, there appears to have been an increase in sensitivity
to external sources of stimulation under the 1000 V/rn condition . This
increased sensitivity was not found to be significant , but it was also
not an explicit goal of the present research to test for such an effect.
Explicit testing would be required to evaluate this putative field—
dependent effect. The second possible effect was reduction in the size
and duration of the late night activity bout under the 1000 V/rn condi-
tion . The amount of data analysis required to make detailed statistical
tests of this putative effect was beyond the scope of the present project.
Furthermore, a number of the features of the activity data acquisition
procedures used in this experiment would reduce the power of any such
expanded analysis , which would best be performed on a new set of data
that eliminated these features.

1.0.8 The results of this experiment make no clear case for or against
the existence of field-dependent effects at 60 Hz over the range of field
grad ients at which determinations were made. The course for future,
procedurally refined, and accurately targeted research has been more
clearly charted.

1.1 INTRODUCTION AND EXPERIMENTAL RATIONALE

1.1.1 The past 20 years have seen a vast increase in experimentation
intended to determine the effects of environmental electromagnetic fields
on l iving tissue, particularly in the central nervous system. Several
extensive reviews of the literature have been published (Sheppard and
Eisenbud , 1977; Phil lip s and Kaune, 1977; National Academy of Sc iences ,
1977). The following paragraphs are intended to briefly review those
exper iments that most directly rela te to the biological s imulation
procedure selected here.

1.1.2 Some of the most dramatic and clear-cut experimental evidence
supporting biological sensitivity to environmental electromagnetic
fields comes from study of naturally occurring behavior sequences that
possess high adaptive significance for the species involved. For

3.
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example, sharks and rays have been shown (Kalmijn , 1971 , 1972) to be
sensitive to steady state and fluctuating electric gradients in the
surrounding ocean at levels of 10—8 V/cm. These gradients apparently
play a role both in navigation and in prey detection . Similarly,
Keeton (1972) showed that the earth ’s magnetic field could serve as
an orientation guide in homing pigeons; the magnetic field was, however ,
not the primary navigationa l cue. Its infl uence could be measured only
when the primary cue, the sun ’s position in the sky, was blocked by
heavy cloud cover. More recently, Southern (1969, 1971 , 1975) showed
that fields produced at the Sanguine/Seafarer test facility in Wisconsin
were capable of disrupting orientation during the migratory flight of
a number of species of water fowl .

1.1.3 Laboratory experiments have tested the effects of electric fields
on conditioned behavior , behavior sequences developed in the laboratory
that have no special significance and which are constructed by the

• experimenter to meet the requirements of a particular test procedure.
In general , the results from these tests have proben less dramatic
and convincing than those that -employed highly adaptive behavior.
Thi s is no doubt due in large measure to difficulti es in selec tion and
development of sufficiently sensitive test procedures.

1.1.4 Among those experiments that have shown positive resul ts are
those reported by Kdnig and Ankermüller (1960) and Hamer (1968) who
reported reduced reaction times in humans during exposure to fields
between 5 and 15 Hz in frequency and with gradients on the order of
10 V/rn.

1.1.5 A long series of experiments performed in this Laboratory (Gavalas,
Wal ter, Hamer and Adey, 1970; Gavalas-Medici and Day-Magdaleno, 1976~offered substantial evidence that performance of monkeys on a subjective
time estimation task (called a Differential Reinforcement for Low Rates
of responding with a Limi ted Hold , DRL-lh) was modified by exposure to
fiel ds between 7 Hz and 75 Hz in frequency and between 1 V/m and 100 V/rn
field gradient. Specifically, the task requi red the monkeys to res pond
once every 5.0 sec to cnce every 7.5 sec to obtain a small quantity of
apple juice . Since the effect of the fields was to cause the monkeys
to underestimate the interval by from 0.3 sec to 0.5 sec (up to a 10%
error) , the fields tended to move the monkeys toward missing their
rewards.

1.1.6 These experiments suggested that the magn i tude of the electric
fiel d effect was maximized with particular field frequen~y-field gradientcombinat ions , ind icating that the field tissue interaction was jointly
determined by both var iab1e~.

1.1.7 A number of experiments from this Laboratory have provided evidence
concerning the point of interaction between electromagnetic fields and
nervous tissue as well as the biophysical basis of the interaction .

4. 
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These experiments have been based on the concept of a “greater membrane”
(Schmitt and Samson, 1969), which views the classic lipid bilayer as
bearing on its outer surface a glycoprotein layer , loosely arranged ,
highly hydrated and carrying numerous fixed negative tharges. The
polyanionic character of this outer layer is seen as lending i tself
to a chemical and electrical transducer function based on its affinity
for cations, particularly calcium and hydrogen .

1.1.8 Testing of the possibl e role of this cel l surface material in
transductive coupling of weak EM f ields has focused on measurement of
the e f flux  of 45Ca2~ from the isolated cerebral tissue of the chicken .
It has been found that the calcium binding effect occurs across narrow
domains of frequency and amplitude (Bawin , Kaczmarek and Adey, 1975;
Bawin and Adey, 1976 ; Bawin , Sheppard and Adey , 1978; Bawin , Adey and
Sabbo t , 1978). These effects , which are qualitatively similar to those
behavioral effects seen with monkeys , have recently been replicated in
another laboratory (Blackman , et al., 1977).

1.1.9 Each aspect of the test procedure employed in the present experi-
ment was selected in recognition of the findings of the experiments just
reviewed. While none of these experiments expressly demonstrated the
biological potency of 60 Hz fields , it was considered important to
develop procedures that would be most likely to show any effect of a
60 Hz electric field by virtue of that procedure ’s previously shown
effect wi th some other weak environmental EM field.

1.1.10 General activity and its circadian pattern woul d be expected to
provide a good index of behaviora l effects of fields since the circadian
periodicity of activity is a robust phenomenon of high adaptive signifi-
cance that is easily observed in all species under l aboratory conditions.

1.1 .11 Measurement of growth and related metabol ite parameters would be
expected to provide a useful index of field effects on the health of the
subjects.

1.1.12 Measurement of urine electrolyte levels throughout the day would
be expected to show circadian fluctuations in metabolic processes related
to circadian fluctuations in general activity .

2.0 MATERIALS AND METHODS

2.1.1 The test facility was housed in the Animal Care Section of the
UCLA Environmental Neurobiology Laboratory, a division of the UCLA Brain 

—Research Institute . One room of the section was devoted to housing the
test facility ; access to the test facility was restricted and a log was
kept of all persons entering the test area. The day—night cycle was
regulated . The l2h day began at 0700.

5.
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2.1.2 The test facility comprised two units , illustrated in Figure 1.
Each unit housed 5 rats in separate compartments 25cm x 25cm x 16cm; the
compartments were arranged in a horizontal row wi th opaque plexiglass
divid ing individual compartments. Construction was entirely of plexi-
glass and other non-metall ic materials with similar dielectric character-
istics. Each compartment was provided with its own feeding and watering
facility that allowed measurement of food and water consumption for each
animal . Wastes were collected in a system that segregated fecal and
other material from urine; the relatively uncontaminated urine from any
of the rats could be transferred to an automated fraction collector
(described below). A close-up on the test compartments appears in
Figure 2.

2.1.3 Ventilation was provided by the building air conditioning system;
no special controls for relative humidity , a ir ion or air pollution level s
were imposed. Air flow through the individual compartments was facilitated
by a number of holes machined in the compartment cover and the construction
of the 1cm nylon mesh floor.

2.1.4 The two units were pl aced end to end, separated by a distance of
about 1.5m; the field generation apparatus and data acquisition equipment
were located in this space. The nearest objects along the back of the
units were about 2m distant while the nearest objects along the front
were about 4m distant. The nearest objects along the ends were about
2m away.

2.2. 1 Each of the 2 animal housing units was located on a trestle constructed
ofj iywood which also supported the parallel-plate capacitor system which
projected the vertically oriented electric field. The capacitor plates
comprised 2 aluminum pl ates lm x 2m protected by a .32cm plexiglass sheet.
The plates were separated by a gap of 0.52m. Since the interior of the
animal compartments had a clearance of 16cm, the animals could span no
more than 31% of the inter-plate distance; this fel l near the range
requi red for adequate f ield uniformity, as discussed by Shih , et al. (1978).

2.2. 2 The 60 Hz f ields were generated by means of a power transforme r
• connected to the f~el d plates through RG-8 coaxial cable. The field plates

were tied to ground through 300K ~ resistors .

2.3.1 Each compartment in both of the animal housing units was equipped
with a motion detection system. Two collimated beams of visible light
were passed across the compartment 3.8cm above its floor level. The beams
crossed the compartment 5.6cm from each end and separated by a distance of
13.8cm. Light was provided by a fibre optic Illuminator equipped with a
50 Watt EKE—type quartz-halogen bulb. Lig ht was transmitted to the
collimating lens assemblies by a group of plastic fibre optic ~uides.
Light was returned from the focusing lens assemblies , opposite the
coll imating lens assemblies , to the motion detection electronics packages
through another set of plastic light guides.

- i  
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2.3. 2 The motion detection el ectronics packages were triggered whenever
both light beams in a compartment were simultaneously interrupted.
Motion counts were separately recorded for each compartment. Integral
wi th the electronics packages were 4-digit impulse counters that recorded
the total activity counts for each compartment. These counters were -;
capable of counting rates of 20/ sec ; they recorded total activity during
each 24h period.

2.4 .1 The motion detection electronics packages also provided electrical
outputs that were fed to a multi—channel event recor~.er that was used
throughout the experiment. During the course of the experiment, a digiti1l
data-logging printer was added in parallel to the event recorder. The
data logger recorded event counts and printed a cumulat ive count for each
compartment every 15 m m .  Table 1 shows the method of recording activity
in each phase on the experiment.

• 2.4.2 Patterns of circadian activity could be obtained from either of the
two recording systems : the event recorder was capable of resolution into
arbitrarily brief epochs while the data logger epochs as brief as 15 m m .
In practice, the event-recorder records proved so difficult to interpret
(due to close packing of the data ) that the data log numerical records
have been rel ied upon entirely in the analysis of circadian patterns of
activity .

2.5.1 The construction of each compartment in each animal housing unit
allowed the urine produced by individual animals to flow into plastic tubes.
Tubes from up to 3 animals per exposure unit could be connected to a frac-
tion collector programed for 6-hourly sampl e coll ections. Urine from the
remaining rats was collected at the rate of 2 sampl es/day. This urine
collection apparatus was located irmiediately below the trestle that sup-
ported the unit serviced . The timing and control electronics packages
for the fraction col lectors were located in an adjacent room. As far as
poss ible, the fraction col lectors were built of non-metallic components.
Figure 3 shows one of the two fraction collectors employed in the experiment.
Table 1 shows the method of urine collection in each phase of the experiment.

2.5.2 Urine was frozen and maintained at (0°C) when it was removed from
the fraction collectors during the daily maintenance period between 0900
and 1000 Monday-Friday; urine collected between Friday morning and Monday
morning was not frozen until Monday morning . The volume of urine produced
by each subject each day was recorded. Selected urine samples were sub-
sequently subjected to atomic absorption analysis to determine levels of
Na, K and Ca.

2.6.1 At the conclusion of the ambient (control), 500 V/rn and 1000 V/rn
conditions all subjects were sacrificed. Under ether anesthesia, blood
samples were obtained by heart puncture and subjected to complete hema-
tological analysis. Adrenal and thyroid tissues were surgically removed,
weighed and examined for histologica l abnormalities. These procedures
were performed in an autopsy room adjacent to the test facility .

L _  
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2.7.0 Anima l Care

2.7.1 An imal care and maintenance procedures on the data acqui s iti on and
urine analysis systems took place twice daily on a 5d/wk schedule. These
operations began at 0900 and 1500; the morning maintenance period lasted
for about lh and the afternoon period for about O.5h. During the morning
period , the apparatus was cl eaned , inside and out , and received any re-
quired maintenance. -

2.7.2 Water consumed during the preceding 24h was measured and the non-
metallic waterers refilled . Measured amounts of food were placed in the
feeders as required on a daily basis at this time. Food was placed in
each compartment ’s feeder so as to be easily removed by the rats and at
the same time minimally perturb the field. The contents of all feeders
were removed once weekl y, on Thursday , and food consumption for the week
by each rat determined . The weight of each rat was measured at the same
time weekly food consum ption was determined.

2.7.3 During the morning period urine sampl es were removed from the
fraction collec tor and new samp le tubes put in place . Urine vol ume and
pH leve l s were measured at thi s time, just prior to the freezing of the
urine samples. The volume of urine from the fraction co ll ector was
measured for each fraction , but pH was determined only for the 0600-0900
fraction . Both measurements were made on the single sample from those
animals not on the fraction collector.

2.7.4 During the morning maintenance period , 24-h activity counts for
each subject were recorded and the 4-digit cumula ting counters reset.
Tapes from the event recorder and data logging system were removed as
required.

2.7.5 During the afternoon maintenance period , the fol l ow ing measurements
were made and maintenance procedures carried out. Water intake since
morning was determined . Urine was collected both from the fraction
collec tor and the pooled urine collec tors ; ur ine vo lume was measured
and the urine frozen. Food was adjusted in the feeders to insure free
access , but no food was added . Each of the animal housing units was
again cleaned on the outs ide , but the interior of the compartments was
not touched.

2.7.6 During maintenance periods , the field generating apparatus was
shut off. The field was calibrated using a Tektronix high vol tage probe
(model #P6013) coupled to a Tektronix model 545 oscilloscope that was
regularly calibrated (traceable to relevant national standards).
Calibrations were performed prior to the beginning of each experimental
condition and at random intervals during the 30d field exposure.

2.8.0 Experimental Design

2.8.1 The experimental procedure was carried out on 6 cohorts of 10 rats
each. For the first 5 cohorts, al l members received identical field-

8.

-~~~- -

‘

— - —5  1 
-~~~~~~~~~- — -~~-, --~~~~~~~- - • - • ~~~~~—-~~ -~ -~~~ 44.~~.• ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

- 
- -



_ _ _  ---.5 .5-—--

- :T~~~~~~ - _~~~~ 
-- -—

exposure treatments. For the final cohort , 5 rats rece ived f ield ex posure
at 1000 V/rn and 5 received expo~.ur’~ at amb ient le ve l s (control cond iti on).

2.8.2 Ta ble 1 shows in the f i r s t  column the order of presentation of the
field conditions , the date of the beginning and end of the condition and
the number of subjects employed . The remaining columns swiimarize the
data collec tion procedures , previously described , employed under eac h
experimental condition . Note that, in this pilot experiment , not all
data collection procedures were employed under all experimental condi-
tions.

2.8.3 The same tes ting procedure was fol lowed under al l exper imenta l
conditions. The test subjects were received from the supplier at 20d
of age. They were housed in conventional metallic cages in the test
facility for 14d; during this period , they received ad libitum food
(Purina rat chow, used throughout the experiment) and water. During
this period , rats were housed 5 per cage.

2.8.4 Following this period of adaptation to the test facility environment ,
the 10 test animals were placed singly into the 10 compartments of the test
facility . The subjects were always placed in the test facility for the
first time at the beginning of the morning maintenance and data collection
period on Monday morning ; in this manner all significant procedural land-

• marks occurred in a constant relation to the maintenance and data col l ection
schedule already described. This schedule was imposed at the time the test
subjects were placed in the test facility for the first time .

2.8.5 The subjects were allowed to adapt to the test fac i l i ty  and the
experimental regimen for a 7d period . The field , if scheduled , was
activated at the end of the morning maintenance period of the first
field day. The field then continued for a 30d interval , interrupted
only for the maintenance and data col l ection periods.

2.8.6 At the end of the 30d field exposure (or control ) period , the sub-
jects remained in the test facility for a 7d post-exposure study period ,
after which the subjects were removed from the test facility and sacri-
f iced accor di ng to the protoco l prev iously descr ibed. Thi s procedure
was performed beginning at 0900.

2.9.0 Statistical methods

2.9.1 This experiment yielded a number of measures made at regular inter-
vals throughout the 44d course of each of the 6 field presentations.
Among these are mean daily activity , weight, food consume d , water consumed ,
ur ine produced, urine electrolyte levels and pH. Even though some of the
measures may not be entirely independent of each other, the most appropriate
method of packag ing and rela ting all these data, and for determining any
field-dependent effects, woul d be through the performance of a multi-
variate analysis of variance (Winer, 1972).
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2.9.2 In addition to the measures just mentioned , a number related to
blood and tissue characteristics were made just once. For this reason,
these measuremen ts woul d requi re a separate ana lys i s nf var iance.

2.9.3 Finally, activity measurements were made 96 times per day. These
data could be analyzed for changes in day-by-day circadian periodicity .

• 2.9.4 In each case, however , the pilot experiment characteristics of the
present experiment caution against the full-dress analyses that have been
mentioned . Specifically, the small number of subjects run , the unequal
numbers of subjects run under each ex per imental conditi on as wel l as the
failure to fully replicate all conditions caution against the performance
of analyses of variance . With regard to the circadian activity data ,
the problem was compounded by the large amount of data that was col lected ,
none in mach ine readable format.

2.9.5 The tactic adopted , therefore, was to begin (conservatively) by
performing a number of graphical and numerical analyses that might reveal
powerful field-dependent effects. The uncovering of any such effects
could then l ead to either further statistical analyses or the acquisition
of additional data , or both . As a further step in this process, a number
of comparabl e days throughout the ex per iment, from each field condition ,
were selected for intensive analysis. These days and analyses performed
are summarized in Table 2. Only those field conditions under which data
from 10 subjects were available from the automated data l ogging system
were selected for intens ive analys is.

3.0 RESULTS

3.1.1 The analysis will first consider the activity data . Table 3 shows
that average activity/24h period decreased -from week to week throughout the
experimental treatment under all field cond iti ons. Ta bl e 3 also shows
standard deviations of the mean that reflect inter-day variability within
each week. Over the ex per imenta l treatment these standard dev iations
decrease , though not monotonically; this indicates that the day-to-day
ac tiv ity in each wee k became more and more s imil ar dur ing the course of
the experiment.

3.1.2 Figure 4 begins the intensive analysis of the activity data . It
extends over 3 pages, corresponding to ambient , 500 V/rn and 1000 V/rn
field conditions. We will first consider the data portrayed in the left-
hand panel on each page , later turning to the right-hand panels. 

- —

3.1.3 The left-hand panels of Figure 4 show the average activity in all
subjects during each of the days selected for intensive analysis. The
error bars show the standard deviations , reflecting intra-subject

~~~~ variabilit y . It is clear that under each field condition the average
amount of daily activity decreased during the course of the experimental
treatment. It i s also clear that the standard dev iations decrease dur ing
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the course of the experimental treatment, showing that the subjects became
more similar in the amount of measurabl e general activity that they pro-
duced.

3.1.4 The upper portion of Figure 5 shows the relation of the means and
standard deviations just seen in Figure 4 by pl -tting the coefficient
of variation for each of the data points graphec~ in Figure 4. Figure 5
shows that while the location of activity moved toward lower values and van-

— ab ility was reduced , the relation between the two was highly nonlinear.
After the first week of field (or sham field) exposure, the di fference
between the subjects had reached a minimum; the increase in the coeffic ient
of variability fol lowing this point reflects the continued decline in the
mean and the stability of the measure of inter-subject variability .

3.2.1 The variation in the mean and the complex relation seen between the
mean and the measure of inter-subject variability argued that the analysis
of circadian activity be made in terms of the relative amount of activity
occurring during each hour of the 0900-0859 day . An analysis of relative
amounts of ac ti v ity woul d preserve the essen tial aspec ts of c i rcad ian
pattern while masking out the obscuring variations in absolute amount of
activity . This choice necessarily restricts the analysis of patterns of
circadian activity to ordinal (greater than , less than , or equal) relations
and statistics.

3.2.2 Figure 6 shows the relative circadian activity (activity in epoch!
average activity per epoch for the day) from the 1000 V/rn condition shown
in Figure 4; eac h of the 9 panels in Figure 6 corres ponds to one of the
data points graphed in Figure 4. (Complete relative circadian activity
from the analyzed sessions can be found in tabular form -in Appendix A.
The description provided here refers to all circadian activity reported
in Appendix A. )

3.2.3 Throughout the experiment , circadian activity is quite pronounced ;
act iv ity falls to a minimum during the day and rises to a major peak dur ing
the hours after midnight. Note, however , that c i rcad ian var iation may have
been damped in part due to the use of visible light by the activity measure-
ment system. With one exception to be noted in connection wi th Figure 8,
there do not appear to be measurable shi fts in the c i rcad ian pattern of
activity either over the course of the experimental treatment or as a
function of field condition . A striking feature of these data is the
relative increase in amount of activity seen in the amount of activity
observed dur ing the 0900-1000 maintenance and data gathering period
over the course of the experimental treatment.

3.2.4 Figure 4, to which we must now temporarily return, shows that this - —

increase was absolu te as well as rela ti ve , and quite contrary to the
pattern of activity during the session as a whole. The right-hand panels
of Figure 4 show ac tiv ity dur ing the epoc h of concern; in eac h case
activity increases over the course of the experimenta l treatment. The
error bars show the standard errors, reflecting inter-subject variability .

10.
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3.2.5 Turning again to Figure 5, we may examine the relation between
average amount of activity and inter-subject variability , now during the
0900-1000 epoch. In each case, a regular decline in the coefficient of
variation is seen, ind icating that the mean is growing faster than the
index of variability . This shows that the increase in the mean is not
due simply to the increased frequency of a few extreme values, rather it
is due to an actual shift in location and a relatively smaller sh ift in
variability .

3.2.6 Figure 7 shows the relative amount of activity , as prev ious ly
defined, as a function of session -for the control , 500 V/rn and 1000 V/rn
conditions. This figure shows that in the case of each condition ,
the increase over the course of the exper imental treatment i s by a
factor of about 3. Note that of the 5 field sessions analyzed , the
1000 V/rn condition is largest in 4 cases. This relation is not signifi-
cant, however (binomial test p = .188) against H0: 1000 V/rn condition
relative scores are equal to or less than the other 2 conditions).

3.2.7 Figure 8 (which extends over 3 pages) shows the size and duration
of the early morning activity bouts. Each bout is represented by a bar
which is divided into filled and unfilled portions. The earliest experi-
mental day is seen at the top and the latest at the bottom. Panel A of
Figure 8 is for the control condition , Panel B for the 500 V/rn condition ,
and Panel C for the 1000 V/rn. The total area of each bar is proportional
to the area between the relative activity curve and the mean . The broken
line segments of the rela tive ac ti v i ty curves seen in Figure 6 indicate
the areas used in the calculation of the activity bars seen in the 3rd
page of Figure 8. The activity bars are divided into filled and unfilled
portions to indicate the modal interval of early morning activity . Finally,
the beginning of each activity bar is positioned to indicate the time at
wh ich the relative activity curve crossed the mean (or turned upward) after
0000 hours while the end of the bars is positioned to indicate the time at
which the relative activity curve fell below the mean with the approach of
day.

3.2.8 Figure 8 shows no apparent relation between field condition and
time, amount or duration of late night activity with the exception of the
first field session analyzed under the 1000 V/rn condition . Here, activity
both in amount and duration is very substantially reduced when compared
to the 2 pre-field conditions that were analyxed. This is also the case
for the 2nd field session analyzed under the 1000 V/rn condition , and per-
sists to some degree throughout the remainder of the experimental treatment.
The control and 500 V/m conditions do not appear to show a comparable effect.

3.3.1 Attention is now turned to growth and metabol ism measurements.
Figure 9 shows the average weight of the subjects during each week of the
experimental treatment for the experimental conditions where data from
10 subjects were available. Table 4 shows the weekly average weight for
all experimental conditior.. as well as standard deviations. In this and
succeeding tables, the standard deviations reflect inter-day variability .
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This figure and table show a consistent increase in weight over the course
of the experimental treatment. These data suggest no field-dependent effect.

3.3.2 Tables 5 and 6 present data related to those just considered. Table 5
presents the change average weight from week to week over the course of the
experimental treatment; i.e., the 1st derivative of the functions plotted
in Figure 6. As would be expected on the basis of the foregoing, the data
presented in Table 5 show no field-dependent effect. Table 6 shows the
average weight of food consumed on a weekly basis thoughout the experimental
treatment. The data presented in Table 6 show no field-dependent effects.

3.3.3 Figure 10 shows the average urine volume per anima l per day as a
function of weeks over the course of the experimental treatment. The
conditions where data from 10 subjects are available and/or the automated
data logger operated has been plotted . Table 7 shows the urine vol ume for
all experimental conditions. Table 8 shows a related measure, average

• daily water consumption . Taken together, these data do not suggest any
field—dependent effect. The control conditions suggest a somewhat lower
level of produc tion, but this lower level appeared in the data from the
outset. The relatively small change in urine output during the 50 V/rn
condition , the first condition run , was due principally to the need to
perfect urine collection techniques early in the experiment.

3.3.4 Figure 11 shows the amount of electrolytes in the collected urine
in uE/vol urine excreted/mean body weight , as determined by atomic absorp-
tion spectroscopy over the course of the exper imental treatment for all
conditions. These highly regular data suggest no field-dependent effects,
either on the electrolytes themselves or on steroid level s in the urine.

3.3.5 Table 9 shows the pH of the urine samples contributing to Figure 11.
These pH data do not suggest any field-dependent effects.

3.1 .1 The final two Tables 10 and 11 deal with the mor bid anatomy resul ts
obtained from the control , 500 V/rn and 1000 V/rn animals. The gross charac-
teristics of the glan dular tissue showed no apparent field-related effects;
neither did the detailed clinical picture of the bl ood that was taken at
the completion of the experimental treatment.

4.0 DISCUSSION

4.1.1 The overall pattern of results in this experiment showed no sub—
stantial field-dependent processes, though 2 potential field-related
effects were noted, both behav ioral measures: the relatively larger amount
of activity during the 0900-1000 period during the 1000 V/rn condition ,
when compared wi th the other field conditions , and the reduced amount
and duration of late night activity under the 1000 V/m condition when
compared with the other conditi ons.

4.1.2 There was a strong field-independent effect: the reduction in
absolute activity over the course of the experiment. It is of substantial

12.
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interest because the first of the putative field-related effects, the in-
crease of activity between 0900 and 1000, was found in sp ite of the overall
reduction in number of responses/hour. The reduction in number of responses/
hour i s most li kely due to an unfor tunate comb ination of tes t compartment
size and motion detection logic design . As the experimental treatment
proceeded, the rats approac hed maturi ty, which of course meant they became
larger. As th is occurred , there was a reduction in the probab ility that
the rats ’ movements would not interrupt both lig ht beams , triggering a
counter. The an ima l ’ s weight , which should be highly related to length
and girth during development given ad libitum access to food, was measured.
The correla tion coeff ic ient between activ ity counts/h and weight was quite
high, r = -.84, thus accounting for about 71% of the var iab ility in the
activity data.

-
~ 4.1.3 This correlation was dependent on 3 factors: the size of the

housing co~partrnent, the size of the rat and the design of the activity
detection circuits . Any procedural modification that would eliminate the
dependency (such as using mature rats or redesigning the circuit) would
break down the correlation seen here.

4.1.4 While the activity-weight relation is itself not too important from
the point of view of this experiment , it is important because it stands in
strong contrast to the increases in 0900—1000 activity : the two measures
of different aspects of activity , go in opposite directions , suggesting
the operation of different processes. This interpretation is further
buttressed by the very different time courses of the coeffic ients of
variability associated with the two measures of activity . The plot
of relative activity in the 0900-1000 epoch for control , 500 V/rn and 1000
V/rn conditions suggests a field-dependent relationship though statistical
significance was not achieved .

4.1.5 A possible explanation for the putative field—dependent increase may
be made in terms of an increased sens it ivity to external stimuli on the
part of the 1000 V/rn rats as compared to the other rats whose data were
plotted for comparison . Other possible sources of the increase , such as
adaptation to handling by the technical staff, do not seem credi bl e s ince
such sources of variation are either produced by the procedure or are field-
-independent , or both .

4.1.6 Statistical evidence supporting a field-dependent effect here might
be obtained by subjecting more of the data that were collected to the
anal ysis employed on the data presented here. Any important increase in
the amount of data analyzed in this way would , however , involve a very
substantial commitment of resources and time. It would be our reconinenda-
tion that, rather than follow thi s course , exper iments be des igned and
conducted that would specifically test the hypothesis of increased irrita-
bility in laboratory rats exposed to 1000 V/m fields compared with other
rats exposed to fields of smaller gradient.

4.2.1 The other putative field-dependent effect invol ved the apparent
reduction of the late night activity bout In the 1000 V/rn rats as opposed

13.
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to the control and 500 V/rn rats. Considerable additional data will be
needed for analys i s before it would be appropriate to perform sta tist ical
analyses , if one wished to test for a difference on a particular field
day. Testing for a difference over several days would be possible from

- the present experimental data set. The “on ”-effec t for the 1000 V /rn
condition suggested by the present data would be of considerable interest
if its existence was borne out by further analysis and data collection .
Data should be collected at a number of field gradients to determine
the range characteristics of this putative effect.

4.2.2 The mechanism by which a 1000 Vim electric field might change the
size and duration of the late night activity bout is unclear. The data
from the present exper iment do not appear to bear upon this quest ion.
More extensive and detailed data collection would reveal the mechanism
of such an interaction .

4.3.1 The remainder of the other experimental results failed to manifest
any obvious field effects. In general , these data showed that adequate
experimental control had been established and that the subjects had ade-
quately adapted to the test facility and procedures.

4.3.2 The results of the present exper iment seem to fall into the same
category as most related exper iments performed in other l aborator ies :
small or no field-dependent effects have been seen. Two factors relating
to the failure to detect field-dependent effects (in addition to their
genuine absence) apply, singly or together, to most field research ,
includ ing the present exper iment. First i s the cho ice of exper imental
procedure: the exper imental procedures that are chosen , even when sub-
stantial care is employed , as here, may miss field effects entirely or
poorly map onto what are in fact robust field-dependent phenomena , in
which case low magnitude effects would be seen. Second , if the field-
dependent effects are small , much data will be required before field-
dependent variability can be distinguished from other sources of experi-
mental variability .

4.3.3 Another feature of the physiological a:id behavioral measures
employed here may have been of significance in the nil or smal l field- 

-

dependent effects measured here: the inherent stability of the processes
measured. If one thinks of the experimental problem in this class of
research to be the desi gn and construction of a sensitive 60 Hz radiation
detecto r, us ing biolog ical components , attention is focused on the need
for measuring processes that are stably balanced in the absence of the 

- 
-

field, but eas ily dr iven from that balance by the f ield but by no other
cause , in accordance with wel l established engineering practise.

4.3.4 Good basic biological engineering , on the other hand , has di cta ted
that many of the parameters measured in the present ex per iment be extremely
stable under a wide range of environmental influences. Consequently, it
-is reasonable to assume that at least some of the measures employed here
may have involved processes not easily perturbed under most circumstances .
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4.3.5 The present experiment makes clear the need for the implementation
of procedures that are most likely to measure any f i e ld  effects tha t may
exist. The resul ts of the present experiment do not afford any specific
conclusions concerning significant biological hazard associated wi th 60
Hz fields ; they do strongly suggest an appropriate course for continued

— 

investigation.
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. APPENDIX A

PART I
— RELATIVE ACTIVITY BY HOUR AT CONTROL CONDITION

AND MEAN ACTIVITY COUNTS PER HOURa

TIME PR 1 PR2 F l  F 2  F 3  F 4  F 5  P0 1 P02

0900 0.64 ‘1.05 1.26 1.39 2.16 2.64 2.25 2.81 3.28
1000 0.61 1.73 1.39 1.06 1.01 0.89 0.24 1.49 0.72
1100 0.30 0.45 0.91 0.81 0.26 0.99 0.66 0.76 0.44
1200 0.21 0.79 0.66 0.78 0,42 0.64 1.38 0.53 0.34
1300 0.49 0.98 1.00 1.12 0.79 0.72 0.79 0.42 1.02
1400 0.19 0.85 0.89 0.80 0.74 0.71 0.33 1.37 1.12
1500 0.93 0.89 0.85 0.83 1.26 1.18 0.65 0.77 1.29
1600 0.70 0.23 0.49 0.38 0.35 0.38 0.79 0.45 0.79
1700 0.38 0.94 0.63 1.01 0.49 0.33 0.84 0.45 0.39
1800 1.00 1.18 1.37 1.26 0.62 0.82 0.68 0.82 0.53
1900 1 .30  0 .26  0 .96  0.63 1 . 1 3  0 .74 1 .05  0.63 0.75

2000 1 . 1 0  0 .35  0.63 1.06 0 .74  0.93 1.08 0.68 1.19
2100 1.33 1.24 0.66 0.97 1.07 1.10 1.04 0.82 1.08

2200 1.19 1.22 0.91 1.26 1.20 0.82 0.78 1.34 1.33
2300 1.23 0.71 1.27 1.20 1.71 0.96 1.19 1.14 1.16
2400 1.32 0.84 1.20 1.12 1.28 ‘1.28 1.07 1.06 ‘1.23

0100 1.13 0.97 0.63 0.71 1.08 1.50 1.19 1.33 0.72
0200 0.93 1.24 1.17 1.56 1.01 1.15 0.63 1.26 1.16
0300 1.59 1.66 0.98 1.33 1.59 0.99 1.85 1.17 1.25 .5

0400 1.40 1.66 1.33 1.14 1.25 1.13 1.03 0.95 1.17
0500 2.06 1.23 1.21 0.90 1.17 1.49 1.54 0.91 1.03
0600 2.01 1.17 0.98 0.96 1.11 1.16 1.31 0.74 0.98
0700 0.60 1.12 0.78 1.12 0.69 0.89 0.58 0.97 0.39
0800 0.75 1.20 0.59 0.56 0.80 0.54 1.05 1.11 0.62

97 .16  85 .88 84 .55 75.29 58.16 51 .06 4 5 . 8  4 2 . 8  38.88 r

a 
~ = 10
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APPENDIX A
PART I I  

.5

RELATIVE ACTIVITY BY HOUR AT 500 V/ rn AND
MEAN ACTIVITY COUNTS PER HOURa

TIME P R 1  P R 2  F l  F 2  F 3  F 4  F 5  P 0 1  p0 2b

0900 0.92 1.83 1.59 2.07 1.99 2.27 2.97 3.39 3.08
1000 0.69 1.37 ‘1.22 1.33 0.93 1.05 1.21 1.07 1.71
11 00 0.45 0.64 0.89 0.69 0.67 0.77 0.57 0.68 0.50
1200 0.55 0.56 1.05 0.52 1.05 0.62 0.47 0.57 0.35

‘1 300 0.56 0.62 ‘1 .00 0.86 0.83 0.75 0.33 0.32 0.40
1400 0.45 0.75 0.83 0.73 0.40 0.91 0.82 0.77 0.91
1500 0.45 1.18 1.24 0.69 1.16 1.44 1.86 1.26 1.05
1600 0.64 0.51 0.54 0.71 0.62 0.66 0.80 0.51 0.41
1700 0.88 0.57 0.57 0.72 0.93 0.52 0.50 0.37 0.41
1800 0.73 0.46 0.75 0.96 0.81 0.61 0.57 0.78 0.52
1900 1.14 0.43 0.75 0.95 0.87 0.80 0.80 0.93 1.01
2000 1.24 0.48 0.73 0.94 0.97 0.77 1.00 1.04 1.17
2100 1.10 1.23 0.72 1.12 0.87 1.00 1.13 0.86 0.80
2200 1.20 0.91 0.89 1.06 0.82 1.17 0.76 0.94 1.00
2300 1.12 0.97 0.88 1.32 1.45 0.76 1.09 1.28 0.93
2400 1.14 1.01 1.10 1.20 1.44 1.00 0.93 1.43 0.88
0100 1.68 1.22 1.19 0.90 0.94 1.59 1.24 1.23 1.22
0200 1.58 1.67 1.19 1.00 0.79 1.09 1.00 0.94 1.16
0300 1.22 1.57 1.24 0.93 1.16 1.25 1.20 .17 0.90
0400 1.34 1.45 0.94 1.06 1.03 1.19 1.42 1.32 0.88
0500 1.35 1.24 1.30 1.31 1.02 1.32 1.56 0.73 1.04
0600 1.71 1.17 1.23 1.00 1.66 1.13 1.34 0.83 1.32
0700 1.00 0.80 1.01 0.98 0.82 0.54 0.64 0.53 1.67
0800 0.86 1.46 ‘1.14 0.90 0.76 0.76 0.90 1.01 0.62

75.93 76 .33 76.13 63.41 61.08 52.29 44.08 46.67 41.57

aunless otherwise indicated, n = 9
b~~~ 8
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APPENDIX A

PART I I I

.5 

- 

RELATIVE ACTIVITY BY HOUR AT 1000 V/rn AND MEAN
ACTIVITY COUNTS PER HOURa

TIME P R 1 b P R 2  F l  F 2  F 3  F 4  F 5  P01  P02

0900 0.55 1.28 1.07 2.18 2.39 2.76 3.41 3.53 2.76
1000 0.60 1.56 1.80 0.58 0.22 0.72 0.76 1.22 0.65
ll(iO 0.88 1.27 1.09 0.40 0.89 0.95 0.47 0.57 0.24
1200 0.33 0.86 0.84 0.94 0.49 0.52 0.38 0.37 0.14
1300 0.41 1.22 1.07 0.61 0.97 1.29 0.71 0.60 0.51
1400 0.45 0.64 1.22 0.58 0.62 0.47 0.89 1.08 0.61
1500 0.39 0.91 1.35 0.67 1.18 0.81 0.86 1.10 0.84
1600 0.37 0.65 1.05 0.58 0.60 0.53 0.50 0.28 0.85
1700 0.38 0.48 0.59 0.79 0.41 0.38 0.78 0.57 0.57
1800 1.20 0.66 0.78 0.72 0.61 0.84 0.93 0.93 1.09
1900 0.46 0.51 0.75 1.00 1.12 0.89 0.62 0.89 0.55
2000 1.15 0.42 0.70 0.66 1.27 0.61 0.93 0.71 1.04
2100 1.79 1.32 0.61 1.29 0.80 0.92 1.06 0.72 1.04

2200 1.36 0.77 0.94 1.40 0.86 0.82 1.27 0.65 1.06
2300 1.22 1.32 0.95 0.98 1.19 1.44 1.01 0.89 1.18
2400 0.96 1.12 0.95 1.57 1.05 1.07 0.77 1.37 1.13
0100 1.57 1.40 0.93 1.61 1 .42 0.78 0.86 0.98 1.63
0200 2.04 1.15 1.32 1.25 1.09 1.31 1.63 0.77 1.53
0300 1.52 1.58 0.82 1.04 0.61 1.13 1.38 2.06 1 .45
0400 1.36 1.67 1.19 1.79 1.18 1.22 1.11 1.11 0.84
0500 1-93 1.72 1.62 1.54 1.36 1.51 1.66 1.09 1.20
0600 0.81 0.96 0.97 0.80 0.79 0.89 1.20 0.91 0.57
0700 0.95 1.21 1.23 0.61 0.76 1.01 0.42 0.63 1.16
0800 1.31 0.67 1.11 0.39 0.49 1.12 0.37 0.94 1.35

81.56 74.32 68.36 59.31 55.55 42.49 33.87 34.52 33.09

aunless otherwise indicated, n = 6
b~ =
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FIGURE CAPTIONS

Figure 1. This figure shows both test units in use in the Anima l

Care Facility. A rat is visibl e in the nearest of the test

compartments . Below each compartment the plumbing for the urine

collection system and fraction collector for the unit in the

foreground can be seen on the floor. The fibre optic guides of

the motion detection system can be seen connecting to the

electronics packages . The light sources are hidden by the test —

units . Visible between the units are the data logger and event

recorder.

Figure 2. A closeup view of the individual compartments is shown.

Note the complete non-metallic construction of the apparatus,

including the optical components. Al so note the size of the

rats, when fully extended, in relation to the s ize of the

compartments .

Figure 3. A detailed view of a fraction collector.

Figure 4. Mean number of activity counts per hour and mean number

of activity counts during the 0900-1000 epoch are plotted as a

function of sessions (days) subjected to intensive analysis.

The error bars show standard errors , reflecting intersubject

variability . The 3 parts show 0 V/rn, 500 V/rn and 1000 V/rn

conditions. Table 2 shows the sessions analyzed and their

mnemonics. In this and the remaining figures, the following key

applies: A control ; Ucontrol partial replication;0

50 V/ rn; L~~ 500 V/ rn; •500 V/ rn replication ; 01000 V/rn;

1000 V/rn partial replication.
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Figure 5. The coefficients of variation for daily activity and for

activity in the 0900-1000 epoch are plotted as a function of sessions

subjected to intensive analysis.

Figure 6. Covering 3 pages , this figure shows the relative hourly

activity throughout the day under the 1000 V/ rn test. Each panel

shows the circadian pattern during one of the days subjected to

intensive analys is; the day, number of subjects contributing and

mean activity counts/hour for the day are indicated for each panel .

The broken lines indicate the late-night activity bouts graphed in

Figure 8.

Figure 7. The relative activity in the 0900-1000 epoch during the

control , 500 and 1000 V/rn condi tions are plotted against sessions

subjected to intensive analysis.

Figure 8. The size, duration and time of the late-night activity .5

bouts are shown for each of the sessions subjected to intensive

analysis. The figure covers three pages, the first showing the

control condition , the second the 500 V/rn condition and the third

the 1000 V/rn condition. Each bar begins at the time the bout

started and ends at the time of the conclusion of the bout. The

area of each bar is proportional to the area between the relative

activity curve and the mean. The bars are divided to indicate the

mode of the bout.

Figure 9. The average weight of the test subjects from those

conditions where data from 10 subjects were ava ilable is plotted

for each week of the experiment.
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Figure 10. Urine output of the test subjects from those conditions

• where data from 10 subj ects were available is plotted for each week

of the experiment.

Figure 11. The calcium , sodium and potassium level s in collected

urine, expressed in Equival ents per volume of urine excreted per
- day, normalized for body weight is shown for sessions subjected to

intensive analysis. Data from all experimental conditions are shown.
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