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ABSTRACT

Proceeding on the basis of knowledpe that circadiar rhythms are a
predictable source of biological varisbility with characteristics that can
change in response to potentially harmful agents, studies were performed
on plants, insects and mammals in the presence and absence of ELF fields and
currents. Specifically, circadian rhythms were examined in leaf movements
of Albizzia julibrissin (silk tree), in susceptibility of Tribolium confusum
(flour beetle) to an insecticide, in body temperature and drug resistance of
Mug muysculus {mouse). In the latter animal body weight, food consumption,
the estrus cycle and aurvival were also investigated.

Field conditions ranged from 45 to 75 Hz, 0.4 to 2 gauss and 1 to 180 v/m.
Duration of field exposure varied from a few days to several months. Such
exposure was consistent with the demonstration of statistically
significant circadian rhythms. Characterictics of these rhythms, as compared to
other endpoints examined, are regarded as sensitive indices of any environmental

effects. Thase studies did not lead to the detection of any clearly harmful

effects.
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1) 1Introduction.

With one notable axcopﬁton (1) studies dealing with affects of
magnetic and electric flelds upon organisims (2-6) have not considered
biological rhythmicity. Circadian rhythms are a prominent characteristic
in all 1life forme investigated (7). Essentially all variables examined,
vhether clas:ified as physiolugical, biochemical or pharmacological,
exhibit about-24-hour periodicity. The existence of such predictadble
variability must be considered 1in the design of experiments. For ex-

smnle, the time at which a drug is administered to an animal may be as

,tnportant a consideration as its dose. PFurthermore, it may not be

sufficient to simply control the time at which an observation is made
vhen one is investigating an organisnm's response to a possibly harmful
agent. The agent mav alter the characteristics (e.g., the timing) of a

rhytha in that variable, as has been demonstrated in the case of mice

treated with a carcinostatic drug (8). Characteristics of these rhythms—their

overall average value, their amplitude and timing--mav in themselves be

sensitive indices of respounse. It {s against this background that we

studied effects of ELF fields and currents on a plant (Albizria jul ‘brissin),

en insect (Tribolium confusum) and a mammal (Mus musculus).

11) Investigations on a plant: Albizzia julibrissin.

The "silk-tree", Albizzia {ulibrissin, exhibits a dramatic circadian

thytha in leaf movement whether in a daily light:dark cycle or in continuous

light. Such movements cortinue even when the pinnules (leaflcets) of the

compound leaf are excised and maintained "in vitro" in an appropriate medium.

These properties make this plant an especially suitable subject for =& study

of possible effects of FLY fields on circadian rhythezs.
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Methnds and Resulta

Twelve experiments vere performed, on excised pinnnles "in vitio”

and on entire plants “in vivo'. For in vitro atudies of magnetic field

effects & Helnholz cofl svstems were used. TFach svsten consisted of 3

cofls, 40 cm diameter, ‘stacked' 20 c¢m apart in an aluminun frame. The

upper and lower coils contained 50 turns and the micdle coil 25 turas

of 214 mapnet wire. The micnetic field in the space occunied by the

pinnules had a variation of less than 5% at 1 pauss field strength. For
in vivo experinments, each coil svstem consisted of 2 coils approximately

40 cm avart, with a diameter of 110 em. Coiis had 25 turns of 714 magnet

wire and could be driven efther in parallel or in series. TIxvosure to

elactric fields and currents was bv means of metal plates., In experiment

10 (in vivo) these plates extended ¢nto the soil to become clectroder for

current. Resistivitv was ronitored arnd controlled to some exter® by ad-

justing the moisture content of the soil.

The experiments and their results are summarizcd below, iIn tabular
form (Tables 1 and 2) and in Figures 1-11:

Experiment 1: Forty silk treec pinnules were excised from two plants which

had been standard{zed for four days on & lighting regimen of 12 hours light,

from 06on to IROO. alternating with 12 hours darkness~-L (06-18), Fourteen

of these pinnules (Croup A} were placed in individual Petri dishes containing

Hoaplund solution and placed in a 60 Hz masnetic field of approximatelv

4 frauss.
Twentv-six pinnules (Group B) were placad in a similar in vitro ceondition without

the marnetic field, to serve as controls. In an LL condition pinnule sn~les

{(the anele between two opnosite pinnules) were measured about every i-1Y hours

for 36 hours. hese anples could ranpe from 0° when the pinnules were completely

closed to 180% when fully open. Data on piunule angle as a fanction of

time were fitted with a 24-~-hour cosine cuvve by the method of least squares (9),
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to vield parameter estimates for the circadian rhytha in pinnule movewent:
Mesor (rhythm-average angle), Amplitude (half the axtreme variation in angle)
and Acrophase (timing of greatest angle). FPFigure | presents the results
cbtained from groupe A and B in "cosinor" form. In this polar presentation
the ocutermost circular scale 13 in clock hours and the inner ccale is in
degrees in relation to midnight (360° = 24 hcurs). The direction, in relation
to these scales, of lines originating at the center of the circle (vectors)
indicate the acrophase of the rhytha., For example, the high point of rhythms
in both groups occurred about noun. The langth of each v:ctor rcprﬁsant- the
'rhythl'o amplitude (in this case as a percentsge of the wesor). The ellipse at
cvhe tip of each vector indicates its 957 confidence region., If this region
dces not include the pole (center of circle)—i.e., rero anplitude--we conclude
that a statistically-significant rhythm has been demonstrated. These parameter
estimates, aleng with those of the mesor (level) are alzo presented numerically
in a table at the bottom and in bar graphs at the right of the Figura. The
results suggest that group A (ficld-axpored) exhidbited an increared mesovr, lower
amplitude (as per cent of mesor) and a slight phase-shift of the circadian rhythn
in pinnule novement.'ns comnared to controls.

Experiment 2: This strly was designed to replicate ixperiment 1. Twenty

four pinnules were excised from two plants and their anzles measured in LL
sbout every l-1% hours for 80 hours--twelve pinnules each in the experiamental
and control groups. Cosinor analysis showed siwilar values for the mesor and
amplitude of each group but an advanced phase for the experimental pinnules,
in contrast with the delayed phase for the experimental group in the first

study (Table 2).
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Exp- (ment_J: Pinnules were excised from two plants which had been in
an LL condition for 7 davs. Twelve pinnules each were assirned to the exveri-
mental and control proups (A and B resnectively) and meacured about everv 1-1Y
hours in an LL condition for 1N7 hours in petri dishea similar to Fxneriment 1,
Cosinor results (Figure 2) show the expected phase-drift in an LL condition
for both groups in comparison with rcsults shown ‘n Fipure 1. An iacrease in
menor and a decrease in amplitude of the cfvcadiar rhvtim were detected for
those pinnules in the mainetic field of appraximately 1 gauss.

R Experiment 4: Twenty four pinnules from one plant standardized in L

(07-19) for 3 days were excised and placed individually in petri dishes, this
time on a filter paper block soaked with Hoaglund solution. Twelve pinnules
were placed in the magnet{c coil structure and twelve served as controles. For
49 hours both grouns werse mcasured in this pre-exposure condition to establish
contrcl pavameter estimates, Identical mesors, amplitudes and phasea were
found throughr cosfnor analysis of these control data. Subsequently, the
nugnetic ficid of 1 gauss was turned on and both groups measured for another
29 hours each hour and a half, Cosinor analysisx of the exposure span apgain
indicated a similarity of circadian rhythms for the control and experiwental
pinnuley (Table 2),

Experiment 5: (Combined magnctic and electric fields): Pinnules were

excised from two plants standardirzed {n L(07-19) for 10 and 24 days and placed

in a slightly altered fecdinp system. Filter blocks soaked with Hoaglund selu-
tion were used as support at each end of a stem containing four pinnule pairs,

Six of these '"groupsa" (24 pinnules) were used in the c«perimental condition

fGroup B) and five (20 pinnules) served as controls (Group A). Pre-exposure
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study was for 43 hours i{n 1.{07-19) with pinnule-annle measures eech i-ly

hours in the lipht and each 3 houra in the dark apan. Cosinor analvsis

shows similar parameter estimates for the circadian rhythms of both grouns
(Pigure 3). The exposure condition for the .aperiwental group consisted of

a 60 Hz magnetic field which began at 1.0 pauss dut was accidently altered

to .S gauss and an electric ficld of 100 V/m from two copper plates set in
sach petri dish parallel to the stem of the excised leaf, one on either side.
The control group alsn had the two copper plates in the dishes but with no
gurrent. Angles were measured for 72 hours in L(07-19). Cosinor néalysiu
(Figure 4) showed an increased mesor, a drastically reduced smplitude but

with no change in acrophase during exposure to these fields. It 1as also
important to note that the physical condition of the experimental pinnuies
seemed to detsriorate much more rapidly than the contrcls, showing chlorophvyll
loss, drooping and curling of the tips, bLut the accidentaul nature of this
finding i{s definitelv not ruled out.

Experiment 6: This experiment was desipned as a repeat of Experiment 5,

Pinrules were excised from the ssme two plants used in Experiment S, now
standardized for 15 Qnd 29 days tn L(07-19). The filter block feeding svstem
was again used to support the pinnule stem in vitro (see Figure 5). 24 pinnules
were used as oxperimentals and 20 as controls. Pre-exposure las“ed 44 hours

in L(07-19) with angles measured every 1-1ll it.urs during light and 3-hourly

in darkness. Cosinor analysis showed identical 1esults berween the two groups
during this control span. The exposure to magnetic and electric fields waa
identical to that {n Experiment 5 except that the 1 gauss magnetic field lasted
for 64 hours. Cosinor analysis again showed a greatly incrcased level and
decreased amnlitude (Table 2). Again the expesrimental pinnules deteriorated
mich faater than the controls, as shown by drocpiug, curling edges and loss

oif chlorophyll.
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5522513355_1:‘ This experiment was designed fo study the effect of
electric fields with different intenasties (0, 1, 10, 100, 180 V/m) upon the
e¢ircadian rhythn in pinnile movement. 60 pinrules were excised from two
plants, standardized for 8 davas in L{07-19). Fach of {ive "grouns” consisted
of 12 pinnules (3 stems with 4 pinnules each) supported by the filter-block
feeding system in a row botween two stainless steel plates, for a total of 5
rows (Filgure 6), Pre-exposure lasted for 54 hours with anrles measured about
every 1-1% hours during the light and about every 3 hours in the dark span.
Cosincr analysis establia.2d baseline circadfan parameters fou each of the
’tive groups, the timing being nearly identical and average mesors only slightly
spread apart (Table 2). Fxposure conditions consisted of an electric field of
0 (control), 1, 10, 109 or 180 volts/meter in the open space between the metal
plates, Angles were measured at 1-1% to 3 hour intervals for 37 hours. Cosinor
analyses (Figur2 7 and Table 2) shewed an advanced acrophase for the control
group (0 V/m), in comparison to pre-exposure results, while those groups with
electric flelds of different intensities remained closelv synchronized with
their pre-exposure estimates. All groups, including the control, showed an
increase in mesor and decrease in amplitude of the circadian rhythm, with the
experimental group in the 100 V/m field retaining an amplitude somewhat larger
than all other grours (Figure 7D).

Experiment 8: This experiment was designed to investigate the effect of

a mapgnetic field on the pinnule angle rhythm on a plant in vivo. A plant was
standardized for 3 davs in L(07-19), then placed inside the magnetic coil
apparatus for 116 hours of pre-~exposure measurements. 8 pinnules each from
leaves 1 and 2 were meagsured. Cosinor analysis showed nearly identical parameter

estimstes for the two leaves (Table ?). The exposure condition consisted of a
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magnetic field of 1 gauss surrounding the entire plant. Angles were measured
every 1 to 3 hours for 1lié hours in L(07-19). Cosinor analysis showed the
persistence of a circadian rhythm at a high level and amplitude with a
8li~htly delayed phase. 7The plant set-up was subsequently moved to another
room, uadergoing a 3-hour phase-shift. After 13 days, th2z magnetic field was
again turned on and the angles monitored for the next 19 days. A '"serial
gection analysis" of the entjre experiment is shown in Fipure 8.

The scale across the bottom of this figure is graduated in days of the
stuldy. Ordinate scales for each of the 5 rows of the figure are i&dicated on
'the right side. The top row presents raw data (pinnule angles) as a function
of time. The sacond (narrow) row pgives F-values useéd in judeing whei.or a
24-hour cosine curve is a good approximation to the data--P-values < ,05 are
considered favorable to the model. Parameter estimates from this fitting process,
carried out in the nature of a "moving-averagze” throusthout the entire ser’.es of
data, are plotted in rows 3 and 4. Mesor (level) estimates are plotted on the
bottom curve in row 3 while amplitude estimates are presented as the separation
between the bottom and top curves. Acropbase values are plotted in row 4. Deots
above and below thegse 3 curves are dispersion indjcators. Finally, in the
fifth (narrow) row, the number of data available for each of the serial esti-
mations is plotted. Vertical dashed lines indicate the time of events. Note-~
worthy is the absence of any marked change in parameters when the field was
imposed (at event lines 1 and 4).

Fxperiment 9: This experiment was designed to investipate the effect of
an . .ectrie current running directly through the stem of the excised leaf. Using
the game board as in Experiment 7, 15 filter block units were set up, each unit

containing ¢ pinnules (for a total of 60 pinnule pairs) from a plant standardized

|
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foer 10 days in L710-22). Two rowe containing 6 filter-block units were
connected by thin silver wires between the blocks and served as controls (no
correni.)., Three rows with 9 filter-block units were connected by thin silver
wires through vhich a current of 300 pA was passead. Pre-sxposure conditions
lasted 40 hours in L(10-22) witl measurements every 1 to 3 hours. Cosinor
analysis showed similar circadiin parameter estimates for both groups. With
the electric curreat on, the exposure condition lasted 46 hours. Cosinor
analysis showed a decreaszed mesor for circadian rhythms of the experimental
‘group, while both groups showed an acrophase later than that observed before

exposure (Table 2).

Experiment 10: This experiment was designed to study the combined effect

~f a magnetic field. an electric field and an electric current in the sofl on
pinnule rhythws of plants in vivo. Four plants srynchronized for one week in
L(07-19) were transplanted individually from pots to large boxes filled with
asll. Stainless steel plates on opposite sides of each box extended from

the inside bottom of the box up over the height of the plant. This system
was sur:.unded by wire coils vhich were used to create the magretic field.
There were two plants each in similar set-ups for the experimental and control
groups. Pre-exposure conditions lasted 172 hours in L(07-19) with measurements
every 1 to 3 hours. Cosinor results show similar parameter estimates for the
two groups prior to exposure. The experimental condition consisted of a
magnetic field of 1 gauss, electric field of 100 v/m and electric current of
300 pA for the two experimental plants and lasted 305 hours in L(07-19).
Circadian cosinor results were similar to pre-~exposure estimates for both
groups (Table 2).

Experiment 11: An in vitro and an in vivo study of pinnule responses to

a 60 “», 1 gauss field were performed concurrently. Sixteen pinnule-pairs were
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excised and placed in petri dishes., Pinnule angles were me-sured on these 16
paira in vit:o and on 4 peirs on 2 intact plants during a 24-hour span

to establish a pre-field ov.seline. Following this, 8 of the in vitro
pinnule-pairs and 1 of the intact plants were exposed to the magnetic field.
Measurement of pinnule angles continued for 3.5 days. Results from the in
vitro and in vivo measurements are plotted in Figures 9 and 10, respectively.
Field-exposed and control pinnules behaved identically in vitro, both before
and after the field was turned on. The 2 intact plants yielded slightly
different results in terms of the extent of circadian variations in pinnule

angle before as well as after onset of the magnetic field.

Experiment 12: This was an in vitro study of effects from combined
electric and magnetic fields at 60 Hz. Three sets of pinnule pairs were involved.
Measurement of pinnule angle was first #erformed on all) pinnule pafrs duving a
24-hour span to establish & baseline. One sev (of 16 pinnule pairs) was then
exposed to a 0.4 gauss magnetic field and a 100 V/m electric field. A second
set (8 pinnule pairs) was subjected to a 1 gauss magnetic field plus a 100 V/m
electric field. The third set (8 pinnule pairs) continued without any anplied
field, as a control. Pinnule angle measurcments w:re continued for 1l davs
sfter fields were turned on. Magnetic fields were inszdvertently interrupted
for about a day on the third day of field exposure. Results of pinnule angle
measurment during the firat 7 days of the study are _ resented in Figure 11. A
progressive differance among the 3 sets of pinnule-paivs is evident beginning
about the third day of exposure to fields. There is a gradual increase in the
24-hour average pinnule angle and a gradual decrease in the amplitude of the
rhythmic movement., indicating that pinnules are not moving as much from the
completely open position. This change is particularly marked in the case of

pinnules exposed to the 0.4 gauss field. Pinnules exposed to the 0.4 gauss
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field also had a shorter survival time, as determined by the tima at which

pinnules drop from their stems. These results indicate that a 0.4 gauss
field, combined with a 100 V/m electric field may be more harmful to the
pinnules than is the combination of z 1 gauss ficld and 100 V/m electric
fi=14d.

In summary of these plant studies we did not establish, in the czgs2 of tha
intact plant (in vivo experiments), any markad effect of a 60 Hz, 1 gauss
wagnetic field--Experiment P--nor of a combined 60 Hz magnetic field (1 gauss),
electric field (100 Y/m) and ground current {300 pA)-~Experiment 10-~on the 3

cirpadian rhythm in pinnu’s sovement.

The in vitro investigations, as a whole, were inconclusive. Among thosge in

vhich pinnules were exposed to a magnetic field only /Experiments 1-4), two studies |
(1 and 3) 1indicated a marked increase in the rhythm's mesor (average pinnule |
angle). In Experiment 3 the amplitude of the crhythm was also depressad considerably
during field-ecxposure. On the other ha:d, there was no statistically significaﬁt
difference in mesor between conirol and experimental pinnules in Experiments 2 and
4, nor was the amplitude decreased. A lack of agreement among experiments in which
pinnules were axposed to the same frequency and intensity of magnetic field {is noted. 7
Dif ferences observed between ;ontrol and experimental specimens frow one experiment
to the next may possibly result from rhythms with lower frequencies that could not
be investigated within the restraints of time available and hence, until proof is
offered to the contrary, can not be viewed as simply statistical or procedural arti-

facts. Results from Experiment 7, in which pinnules were exposed to electric fields

of different intensities (but with no imposed magnetic field), are also compromised

by changes in the control group. These changer are probably due to deterioration i

in the condition of pinnules during the 91 hours of in vitro study. i
Physical deterioration of the pirmules was very evident during exposure to ‘

cowbined magnetic and electric fields in Experiments 5 and 6. As a coreequence,
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the movement of the pinnuleé vas inhibited, resulting in an increas:d
rhythm mesor (pinnules tending to remain unfolded) and decreas<d amplitude
of the cireadian movement rhythm. The pasvage of current through copper
plates may be suspectad of causing the deterioration because exposure to a

similar electric field applied between stainless steel vlates (Fxperimeant 7)

did not result in such obvious physical deterioration.

In Experiment 9 there was no evidence of change in control pinnules,
other than a possible slight shift in the rhythm's acrophase, during the
p6 hours of study. The passage of a 300 pih, 60 Hz current througa the stem
joining the pinnules did, however, result in a reduced mesor (smaller average
pinnule-angle), while the amplitude and acrophase of the rhythm resembled
control values. TIn other words, the extent of rhythmic pinnule movement
d1id not change but the average anpgle about which this movement occurred
was smaller. The leaflets were, on the average, in a more folded condition
throughout a 24-~hour span than when the current was not applied. 1In the
absence of a confirming experiment, further consideration of this effect
seems inappropriate,

The differences observed between effects of a 0.4-gauss and a l-gauss
field (hoth in the presence of an electric field) on pinnules in vitro--

experiment 12--also deserve further study.

III) Studies on an insect: Tribolium confusum (flour beeatle).

The flour beetle exhibits a circadian rhythm in sensitivity to an
organophosphate insecticide, dichlorvos, which acts upon the nervous system.
Experiments were performed to determined whether or not the presence of an
ELF (magnetic’ field might accentuate the insecticide's toxicity, and whether
any such synergistic effect may depend on the circadian stage at which beetles

are exposed to the insecticide.
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1. Meihods.

Insects used in these stucies were obtained from a colony maintained
in the Department of Entomology, Fisheries and Wildlife, University of
Minnesota. They were reared in a room kept at 25 t 1°C and with lights on
from 06%0 to 1890 dat1y.

The insects in the experimental group were exposed to a 1 gauss magnetic
field for 7 days before treating with the insecticide., The field was applied
vith a system of 3 coils energized by a Hewlett-Packard 200 CD function generator

rand a Bogen CHB3S5A amplifier. On the day of insecticide t(reatment (vhen sll
insects tested were 21 days old) a 1% (wt/vol) stock solution of dichlorvos in
acetone was prepared. Appropriute dilutions for a dose-response test were
made from this stock solution. For both experimental and control (not field-
exposed) groups, separate subgroups of 400 insects were treated with insecticide
at one of 4 different timepoints (0330, 0930, 1530 gzna 2130) during a single 24-
hour span. Four ingsecticide concentrations were used and 4 replicatea of 25
adult insects were testrd at each concentration. Insects were removed from
the food medium 2 hours before tmsting and were exposad to the insecticide at
25 ¢ 1°C,

Insecticide solution (0.5 ml) was distributed uniformly over an onionskin
paper lining a glass petri dish (9.0 cm dismeter). The solvent was allowed
to evaporate completely for 6 minutes. Insects were introduced into the center
of the treated surface. After 6 minutes they were removed a2ad transferred teo
a s2cond dish containing food medium. PFollowing treaiment with the insecticide,
exposure to the magnetic field was continued under the original conditions. The
number of dead insects was counted one week after treatment. Failure of the beetles
to respond by movement to slight pressure exerted with a dissecting needle uas

the criterion used to determine death. Three such experiments (A, B and C)
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were performed on three different batches of beetles, The frequency of the
1 gauss field wae 60 Hz in studies A and B and 75 Hz in study ..
2. Results.

Table 3 presents the computed concentrations (in micrograms dichlorvos
insecticide per square cm surface) required for 501 mortality--LCgg, along with
the slope of the regression lines, for the 4 treatment times in each of the
3 experiments.

, Considering overall mean values, the LC5y was greatest (and tﬁus the
susceptibility of insects least) if the beetles were exposed to the insecticide
at 0930, wvhether or not a magnetic field was applied. This result is coneistent
with previous information on the circadian susceptibility rhythm. Although
the LCqq values tended to be slightly lower for field-exposed insects--suggesting
a greater sensitivity to the insecticide-~the differences were not sfignificant,
due to the rather large variation among the 3 experiments. Differences in
slope of the dose-response regression lines, between control and field-
exposed beetles, also were not significant,

We conclude thaf under these test conditions adult flour beetles showed

no effect of an FLF l-gauss field on susceptibility to dichlorvos.

IV) Studies on a mammal: Mus musculus (mouse).

Circadian rhythms are well-documented in representatives of this species
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(7, 10, 11). Prominent examples ave rhythms in body temperature and in susceptibilitv

to drugs.

A) The susceptibility of mice to a cardioactive drug, ouabain, in the

presence and absence of an ELF electric field.

These investipations were performed to test the hypothesis that effects
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of a field may be more evtdént if an animal is severely challenged by a toxic
drug. Because the susceptibility of mice to a variety of harmful anents exhibits
a circadian rhythm it is possible that any such synergistic effects of the field
and drug miy also vary with time. Accordingly, the respcnse of mice to (uabain,
a cardisactive drug, in the presence and sbsence of an electric field, was
determined at defined circadian stages.

Three experiments were performed, the first 2 involving exposure to a
45 Hz, 136 v/m field and the third using a 75 Hz, 25 v/m field.

, 1) Methods and results, experiments 1 and 2.

Male BALB/cCr mice, approximately 13 months of age, were subjacts in the first

study, and female BALB/c mice, approximately 5 months of ag:, were used in the
second. All mice ~re individually housed in a room maintained at 24 ¢ 2°C, with
iighting from 0600 to 1800 alternating with darkness from 1890 o 0690 for arcut
one week prior to the administration of ouabain. Food and water were freely
available. Animals in the experimental group were continuously subjected to a

45 Nz electric field during this week,

The electric field was generated by an HP Model 200 CD wide-range oscillator,
the voltage of which (26V$ was applied to two stainless steel plates (25 x 50 cm)
19 cm apart., The plastic cage with the singly housed animals was placed between
these plates. The whole setup was placed on stainless steel racks which were
grounded with the oscillator. The electric field in the cage was therefore quire
inhomogeneous. Since, however, the presence of the animal distorts the field,

ant since many invegtigators have indicated that a homogenesous fiecld might

have no or at least a lesser effect upon experimental animals than an inrhomogeneous

field this was regarded as an advantage, rather than a shortcoming, of the design.
In the first study the drug was administered to separate subgroups of

mice at two circadian stages (defined in terms of the lighting regimen, a
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known synchronizar of circt&inn rhythme): about 2 hours after lights-un (AM)
and 2 hours after lights--off (™). Three different dosages of cuabain were
usad at each time-point for "woth experimental and control groups. Following
injection, exposure to the elasctric field was cortinued for half of the
experimental mice. Figure 12 presents results from tha PM time-poiut of the
first study, as percent mortality at the different ousbain dosages for the
control and field-exposed animals, regardless of whether the field exposure
continued after ouabain injection. Although a chi-square tes® does not indicate
,statistical significance, the fact that the field-exposed mice had lower mortality
at all three dosages is interesting. There was no consistent diffevence
between control and field-exposed mice challenged with ouabain at the AM
time-poinz. This is understandable in view of earlier studies (12, 13)
showing that susceptibiliiy of mice to ouabain 1is highest during the morning
hours; any small influence of fields may therefore be completely obacured.

The second study focused on the PM time-point (about 4 hours after lights-off)
and enployed a single dosage of ouabain. This was administered to 50 mice, 30 of
which had been 2xposed to the 45 Hz field continuaily during the previous week.

The results are pre.;ntcd in the following tadle:

Teble A: Mortality of female BALB/c mice after injection with ouabain, 12 wg/kg,
i.p., with and without exposure to a 45 Hz electric field.

Treatment No. dead No. surviving Z desd x2
No field 9 11 [}
(controls)
023 (P > .05)
45 Hz electric 12 18 40
field

Although again the difference in mortality bdetween the countrol and experimental
groups was not statistically significant, the fisld-exposed mice had a slightly

lower susceptibility, in keeping with the first study.

it
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In summarv, we can sav with some confidence that the exposure of our mice to &
45 Hz electric field continuocusly for ahout one week prior to, as well as after,
ouabain injecrion did not increase their susceptibility to this druz. In fact, the
presence of such a field may have decreased susceptibility to a slight extent,

2) Methods and results, experiment 13

Female C57 BL/J6 mice were housed 5/cage at a room temperature of 26 2 30C,
vith liphts on daily from 0797 ¢o 1900 and with food and water freely available,
After 2 weeks of stanlardization under these conditions. about half of the aice
,vere subjected t> a continuous 75 Hz electric field at 25 volts/meter betueen
tac metal cage top and s metal plate just beneath the plascic cage.

After the experimental rrouv had been exposed to a 75 Hz, 25 v/m field for
three weeks, ouabain was administered i.p. to senarate subgroups of control and
field-exposed mice at 4-hr intervals during a single 24-hr span and mortalicy
was recorded.

Unfortunately, the dosage of ouabain (selected on the basis of & preliminary
dose-response luvestigaticn) oroved to ha too low s a change was made tc a higher
dosage for the last 3 time points of the 24-hr study.

Table 5 present; the reasuits of the entire 24-hr stvdy. There was no
ptatistticrally sieniticant difference in mortalicv between control and field-exnosed
m.ce at any ot the injection times, separately analyzed, nor in the vverall totals.
Applying the chi-sguare tast to data froom only the last 3 timepoints, for which
the same ouabain dosage was used, gave %2 a 1.03, P > .05, egain not supporting
a field effec>. On the other hand, {t should be noted that, in keeping with the
first 2 oxperiments (above), mortality was slightly lower in the ficld-exposed
nice, suggesting again the possibility of a small favorable field effect.

Disregarding the results from the first three time points because of improper

dosage, data from the last thrce timepoints for both control and field-exposed mice

PP
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are neasfatent wita the previously-demcnatrated circadian rhythm in respomse to
ocuabain, insofar as mortality was significantly lower during the esrly Jark span

(21"0) than during the mid-lighe (1379): x2 = 13,47, P<.0S,

IV. B. Changea in the body waight of young mice during a span »f several

wonths in the preseace or absence of a 78 Nz, 1 gauss magnetic field.

This study was conducted under the premise that, if magnetic fields with
scharacteristics similar to those in the vicinity of project-Sanzuine antennae are
injurious to health, we might exvect to see an effect on body weight, a “global"
indox of general well-being.

1. METIODS

Female Bagg albino (BALB/c) wice, 4 weeks old (wegnlings) were grouved 8
per plastic cage and assigned to one aof two studv-groups (I and II) housed in
tvo environmental chambers, with artificial 1ighting from 07'0 ey 1970 and
darkness from 197 to 0797, Food and wvater were continuously availabdle.

Although both chambers were controlled at 75°F gnd 50X relative humidity,
the two study groups were exchanged between chambers at regular intaervels to
engura that any effects of subtle chamber differences would be equalized.

Both chambers were equipped with 2 coils about 35 cm apart and connected in
series, each coil consisting of 19 turns of #14 magnet wvire on a rectangular form
90 x 115 cm. The coils in the chambar containing group II mice wre energized
with a Rewlett-Fackard 200 CD function generator feeding a 75 Hz sine wave into
Bogen CHB35A Amplifiers to produce a uniform l-gauss field in the chaaber. The
coils in the chamber containing group I, on the other hand, were not energized, as

a control for any induction-effects.
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Two senarate but simflar investirations were carried our. TIn the first (Study
A), {nvolvine 94 mice (4% in group T, 46 tn proun TI), eroup I was {nadverteatly
subjected to the maenetic fleld and prounr T1 was removed from the field, for 2
weeks herinnine when the animals were about 6 weeks old. No such mi.an occurred in
the second investiration (Studv B), invoiving 48 mice in each group. Studv B
becan 1.5 months atter the start of Studv A, The bodv wefcht of all mice was
determined monthlv, at the mid-light stare of the circadian rhvthm,

2. RESILIS

Table 6 summarizes data obtained during a 4,5-mon%h sapan in the case of
Studv A and a j-month span for Studv B, There was no consistent differences in ]
bhody weisht betweon contral animals and those exnosed to the marnetic ficld 1
continuallv fer several months.
IV. C. Circadian Temneratu.e Rhvthm and Other Variables in Mice Exposed

to Combined 754z Magnetic and Electric Fields.
Investirarion of nossihble field effects on mice described thus far (IV. A.

and B.) tested electric and magnetic fieldy separaelv, under a varietv of conditionec

ac summarized in the followine tablie:

Studv Field Freauencvy Intensityv Span of Field Fxposure Variabhle
. H= . ___ __Fxamined
1 &§ 2 TIlectric 45 136 v/m 1 week Susceptibility

to ousbain
3 " 75 25 v/m 1 weeks "

4 Maene tic 75 1 gauss 3-4'% months Rodv weipht
change

The remainder of this final report concerns the concurrent exposure of mice
to a magnetic ficld and to an electric field plus a simulated "eround current''--

all at 75 Hz. Two intensities of electric field--1 & 10 v/m--and three inten-
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sitfes of magnetic field-~0.5, 1& 2 gauss-~ware tested. We examined the
charscteristicy of the circadian tewperature rhythm (an index of general
health) bsfore and during prolonged sxvosure to different field combinations.

Body waight and food consumption were also monitored.

1) Mathods

One hundred and eight female BALB/c mice were randomly aliocated, with
stratification by aze and weight, to 12 groups of 9 mice each. At an spe of
rabout 9 weeks, 36 of these animals (3 from each group) had tempeiature trarscnsors
implanted {ntraperitoneally (14). One implanted wmouse and two unimplanted mice
from the same group were housed together in esach of 30 plastic cages with livinz
space about 15 x 15 x 12 em. San-i-cel bedding was present in all cages. Twenty-
four of these cages (2 from each group) had floor "grids" positioned just sbove
the bedding. The grid consisted of 25 stainless steel bars, 15 em long, apaced
about 0.6 cm apart on 2 plexiglass end-frames and connected with 2400-o'm resistors.
With this grid, voltage gradients could be applied to simulate conditions at the
Sanguine site. A rectanpular stesinless steel plate, about 15 x 12 cm, was attached
vertically to each of the tarminal bars of the grid so that mice also could be
exposed to electric fields in their living space. When the mice were about 15
weeks old, one group (3 cages) was placed on each of 3 shelves in each of 4
environmental chambers (American Instrument Co.). Each cage vas put on an aitemna
(vithin an RF-shield) for reception of inforaation on body temperature of the
transensor-bearing mouse, PFach of the 4 chaabers had 2 coils around its interior
to permit the application of magnetic fields. These coils, spaced about 35 em
apart and connected in series, each consisted cf 19 turns of #14 magnet wire on

a rectangular form about 90 x 115 em.
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The chambera were maintained at 24 2 10C, about 507 relative humiditv, and
wit’. lights on datly from 127 to 24™. Food (Furina Rat Chow) and water were
freelv available. Clean ca=cs, grids, bedding and waier botiles were provided
at wveekly intervals,

No fields vere sprlied during the animals' first week of residence in the
chambers, After th s control span fcr all 4 chambers one chamber continued withour
a magnetic ficld while mice in the second, third and fourth chambers were
exposed to 75 Hz mapnetic filelds of 0.5, ) and 2 pauss, respectively. Also
beginning with the second week, 75 Hz voltages wers apnlied to grids of cajes
on 2 of the shelves in each chamber, 1 v/m (RMS) to those on one shelf and 10 v/m
to those on another shelf. The fieslds and voltages were generated with a
Hewlett-Packard 200 CD function generator feeding a 75 Hz sine wave into Bogen
CHBISA amnlifiers,

Thus, from the second week onward there were 12 combinations of 75 Hz magnetic
and electric fields ranging from zero pauss, zero v/m to 2 gauss, 10 v/n--a
different combination for each of the 12 groups of mice. To equalire exposure of
different experimental proups to possible subtle environmental difference among
and within charbers, the groups with their respective field combinations were
rotated among chambers or shelves at weekly intervals. Body temperature dzta
were automarically recorded on magnetic tape at 10 minute intervals, and
body weiphts and food consumption were determined weekly.

2) Results

a) Body weight and Food Consumption

Table 7 summarires the gain in body weight of unimplanted mice during the 4
weeks after combined electric and magnetic fields were turned on.

An analysis of variance indicated no statistically-significant difference

among the 12 means in this table (F = 1.64; 11, 36 df: P > .05) and thus no
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effects cf these electric a:ud magnetic fields on body weight.

Although one implanted mouse died during the span of field-exposure, the mean
body weight gain of transensor-bearing mice (1.37 g) was actually greater than that
of all -animplanted mice (1.00 g)—t = 2,43 with 105 df; p £.02. The presence of
the transensor (wefghing about 4 g) was apparently well-tolerated so we consider
the telemetered temperature data as representative of the unencumbered mouse.

The results in Table 7 were of course obtained from mice maintained on grids,

with which the electric fields were applied (see Methods). However, the mean

'body weight gain of these animals (1.07 g) was not significantly different from

that of control unimplanted animals not living on grids (0.86 g)-~~t = 1,35, 70 J€;
p> .05. Thus, we conclude that the presence of grids had no adverse effect.

In keeping with the similarity of body weight gain among the 12 groups of mice
exposed to the various field combinations (Table 7), there was no statistically
significant difference in food consumption asmor; them (F = 1.87; 11, 12 d4f; p >.05).

b) Circadian temperature rhytim

Temperature data, cbtained from transensor-bearing mice by telemetry, were
first summarized for eack animal in the form of a "serial section", a plot of
temperature data and characteristics of the uircadian temperature vhythm day-by-
day. Figure 13 is such a serial section summarizing data obtained from a mouse
during the five weeks of the study. Units of the abscissal scale are in uays.
Units for the ordinate scales, one for each row of the figure, are presented on the
right-hand side of the figure. The top row shows hourly averages of temperature
values. In the second (marrow) row are plotted P-values indicating the adequacy

of a 24-hour cosine model used o assess characteristics of the circadian rhytim.

<
A P-value = .05 is considered satisfactory. In the third and fourth row are plotted

daily estimates of circadian rhythm parameters obtained frcm the least-squares

fitting of a 24-hour cosine curve (9). The bottom curve in the third row presents
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estimates of the rhytin's Mesor, in this case the average temperature throughout

a 24-hour cycle. The distance between a ;>int on this bottom curve and a point

directly above it on the upper curve indicates an estimate of the rhythm's
Amplitude; i.e., half the pesk-trough excursion.

Daily estimates of the rhythm's Acrophase (timing of the high point of the

fitted cosine in relation to an arbitrary point on the 4-hour clock) are shown

in the fourth row. The distance to dots above and below curves in rows 3 and

4 {ndicate the uncertainty of the respective eatimates. Dashed vertical lines

,(event lines) indicate weekly cage cleaning and other changes: The first event

line also indicates the time at which a 0.5 gauss magnetic.field was applied

to this particular mouse. This field was continved for the remainder of the

record. The second, third and fourth events also indicate changes in location

of the animal (see Methods).

This figure reveals stability of the circadian temperature rhythm in tﬁis
mouse during the 5 weeks summarized.
to the estrus cycle, since it is known that activity increases during estrus.

Figure 14 presents . similar summary in the case of an arima) exposed to a
1 v/m electric field and 0;5 gausgs magnetic field beginning after the first week.
Of special importance is the absence of significant change in results at the
time fields were turned on (first event line). The third and fourth wecks indicate
gradual but marked changes in the rhythm's Mesor, Amplitude and Acrophase
vhile results from the fifth week resemble those during weeks one and Zwo. Ve
have concluded that these variations are artifacts related to changes in the

animals' location in the envirommentul chambers- ‘moves that were made in the

interest of equalizing envir. .ments of different groups (see Methods). Thus,

this animal remained in a fixed location during weeks 1 and 2, was moved to a

O i 2

Fluctuations in the Mesor are prcbably related’
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different chamber at the at&rt of wek 3, then to a different shelf in the
same chamber at the start of week 4 and finally was rcturned to its initial
location starting with week 5. It is unlikealy that a mouse would survive an
actual body temperature elevation to about 112°F (indicated jn top row) over
the course of days. Furthermore, there was no zvidence of loss in body
weight or other indications of distress in this animal during weeks 3 and
4. As yet we are not able to explain the artifact completely although it
appears that the presence of an electric field gradually alters the_characteristics
.Pf the signal received from a transensor when the animal bearing it is moved among
antennae of somewhat different design.
The fact that, among the 21 animals examined with such "serial sections",

there was no discontinuity in the circadian rhythm at the time fields were turned
on and that, with telemetry from the same location, there was no apparent difference
in results between the first and fourth weeks of exposure to fields, leads us to
conclude that the various 75 Hz field combinations studied had no significant effecct
on the temperature rhythm,

| In support of this conclusion results from all mice with functioning transensors
during the first, seéond ind fourth weeks of this study are summarized in 2 series of
"cosinor" plots, Figures 15 to 20.*

In these presentations time on the 24-hour scale is presented on the outermost

two circies (in clock hours and in degrees, with 360° = 24 hours)., The lighting

regimen is indicated on the innermost circle; i.e., lights were on in :he chambers

from 1200 une11 2490 each day. Each line directed outward from the center (i.e.,

each vector) represents animals studied under the field-conditions indicated at

the top of the figure. The direction of this vector in relation to the circular

*Transensors functioned satisfactorily in 26 of the implanted mice during
the first week in the chambers (without field). The number of functioning

units fell to 23 by the second week and to 20 by week 5 (fourth week of
exposure to fields),
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scale indicates the acrovhase, and its length the amplitude, of the circadian
temperature rhythm, Circles or ellipses surrounding the tip of each vector
show the 95X confidence region for these estimates. Results, including the
rhythn-Mesor, are also presented numerically in a table at the bottom of the
figure and as bar graphs at the right.

In Pigures 15 to 17 results are presented for mice grouped according to their
exposure to electric fields (amnd "ground curreats")—0, 1 or 10 v/m—disregarding
the pfesence of magnetic fields. Figure 15 represents the first uehk_of the study
'(before fields were turned on), Figure 16 zhe first week in which mice were exposed
to fielas and Pigure 17 the fourth week of field-exposure. The fact that all
vectors are grouped, with overlap of 957 confidence regions, indicates that the
presence of these‘electtic fields had no statistically-significant effect on the
acrophase and amplitude of the temperature rnythm. Mesors (overall average.
temperatures) were also essentially identical with or without the fields.

In Figures 18 to 20 mice are grouped according to magnetic-field exposures
(0, 0.5, 1 or 2 gauss) regardless of electric fields, Figure 18 representing
the first week of the study (without fields), Figure 19 the first week with
exposure to fields and Figure 20 the fourth week of field-exposure. Althouzh
group C (all mice exposed to the l-gausa field) was poorly represented by a
cogine curve (as indicated by a large 95% confidence region overlapping the
center) we again conclude that there was no gtatistically-significant effect
of these magnetic fields on the circadian temperature vhythm.

Figures 21 to 23 present results obtained from animals before and during
exposure to three specific cembinatious of fields: 1 v/m plus 0.5 gauss (Figure
21 ), 10 v/m plus 0.5 gauss (Figure 22) and 10 v/m plus 2 gauss (Figure 23 ). In

Figures 2! and 22 there is clearly nro change in either amplitude or acrophase of
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the temperature rhythm as a result of exposure to the respective field combi-
natinns. The apparent low amplitude during the week prior to the application

of 10 v/m plus 2 gauss (vector A in Figure 23) is probably due to the poor fit
of a 24-hour cosine curve to the data--as indicated by the 95% confidence region
overlapping the center. However, vector B (reprusenting the week of field-
exposure) indicates that the temperature rhythm under this condition has prac-

tically the same acrophase and amplitude as those depic + in Figures 21 and 22

wvith or without field exposure.

’

¢) Estrug Cycle

Vaginal smears were obtained at the time of terminating field exposure. ae
proportion of mice in the stages of estrus or proestrus are presented in Table 8,
both in relation to electric field intensity (part a) and magnetic field strength
(par: b).

The results of 2 2 x n Xz-test for differences in proportion are indicated

in each case, No statistically significant effects of field exposure are revealed.

d) Survival

Following termination of field exposure all mice were removed from the
environmental chambers and housed under routine conditions in ~ur laboratory
(on San-i-cel bedding iIn plastic cages, with food and water freely available,
in a room controlled at 75°F and 507 relative humidity, and with room lighting
for 12 hours daily). Transensors were removed (from 36 mice) and all animals
were caged in the same grouping used during field exposure. The percentages
of mice surviving in different treatment categories were recently determined,

14 months after termination of field exposure. Results for unimplanted mice

are presented in Table 9.
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There was no statistically nignificnnt effect of exposure to these 75 Hz

magnetic or elecctric %ields during young adulthood on survival at the time of
this evaluation.
Considering other conditions of the study, we found that forcing the animals

to live on a grid, with or without voltage, during the span of field exposura did

not affect survival-—46 of 72 mice maintained on grids and 16 of 36 control animals
kept directly on bedding survived 14 months after ending field exposure: x2 = 0,42;
P > .05, On ihe c.her hand, the implantation, presence and renovallof the
;ransensor resulted in a statistically-significant reduction in survival 14 months
after field termination and transensor removal. Only 407 of the mice which had

transensors survived, while 811 of the unimplanted animals were still alive:

X - 17.67; P < .01. Although only a single death occurred at the time of the second
surgery, we believe that trauma associated with repeated surgery,and not the presence

of the transensor itself, is vltizately responsible for the increased nortaiity.

e Zacoimetr

The initial imp.antation procedure and the subsequeat added burden ¢f the transensor
' undoubtedly must have had some effect on the animals. Nevertheless, our data on
body weight gain (see above) and the fact that telemetered temperatu'es were in ?

the range expected on the basis of information obtained by other means (rectal }

probes) provide assurance that our results on the circadian temperature rhythm

1

R are representative of the healthy intact mouse. §
- |
]

g ' V) Conclusions. i
b ;
A

]

These invastigations into possible effects of FLF fields and currents on

the silk tree, flour beetle and mouse had in common a consideration of circadian

e

rhythms in the variables examined. Iy acknowledsing that these variables (e.g.,

the susceptibility of an organism to a harmful agent) are predictably rhythmic
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and that the characteristics of thcse rhythms may themsclves change in response
to ELF fields, we believe that the probability of detecting an effect was increased.
0f the many experiments conducted, some indicated a statistically significant

effect of such fields, These¢ findings were not ohserved consistently on repeated

study, Jome of .zse could, perhaps, be explained as the effect of rhythms with
lower frequency, before they are regarded as artifacts of the methods used. In 1
other cases, befure we attribute the observation to statistical varistion, it
vill have to be ascertained whether any effect may be transient. For exsmple,
in the investigation of possible effects of a 75 Hz, 1 gauss field on fhe body
wefﬁht of mice (part IV. B., Table 6) analysis of data at one point (when mice
in study A had been exposed to the field for 2.5 months and those in Study B 1

month) indicated a statistically-significant differeiice between control and

field-exvosed znimals. Such a difference was not found in subsequent weiphings of the
sape animals, .
A few positive findings from iz vitro studies of the silk tree--the effect

of a 60 Hz stem-current on the overall extent of leaflet folding (Parc I1I, ;
experiment 9); the observation that a 0.4 gauss 60 i1z field may be more harm- ?
ful than a 1 gauss 60 Hz field, in the presence of a 100 v/m electric field |
(Part II, experiment 12)--seem noteworthy and deserving of further studv. In
vivo investigations on this plant in the presence of a 1 gauss field (either
alone—experiment 8~—or in combination with a 100 v/m electric field and a
300 pA current-—experiment 10) were clearly ncgative, however,

It should be noted that even the lowest field streugths tested (1 v/m and 0.4
gausg) exceeded those observed near the Sanguine antennae energized with 300
amps (15)., It is conceivable that the endpoints examined are affected only at
field intensities below those tested.

In summary, the many experiments described in this report--on plants,
insects snd mammals-~have not ylelded convincing evidence for an adverse effect

of ELF magnetic and/or electric fields and currents.,
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Table 1: 'SUMMARY OF FXPERIMENTAL DESICNS FOR A. JULIBRISSIN *

Exp. Condition Days of No. of Pinnule Pairs Duration of data collection (hours) 60 Hz Pieid
Ro. of Pinnules standardization (no. of rlants) Pre-exposure During exposure v/im gauss
in LD 12:]12%# to fields

1 in vicro 4 40 (2) - 36 - 1

2 " 0 26 (2) - 80 - 1

3 " 7 (LL) 246 (2) - 107 - 1

[ " 3 24 (1) 49 29 - 1 :
s " 10, 24 4 (2) 43 72 100 1, 0.5 i
B " 15, 29 44 (2) 44 64 100 1

7 “ 8 60 (2) s 37 Mm. 1, 10 —

100, 180}

8 in vivo 3 16 (1) 116 . 116 - 1

9 in vitro 10 60 (1) 40 46 (300 pA) -

10 in vivo 7 32 (4) 172 305 (190 [

Na+ 300 n»&

#Experiments 11 and 12 not included in this table; sse text.
**Prior to pinnule excision in the.case of in vitro experinments
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Teble % SUSCEPTIBILITY OF FLOUR BEETLES TO DICHLORVOS AS A FUNCTION OF CIRCADIAN
S STAGE AND EXFOSURE TO 1-GAUSS ELP FIELD _
E Time of Dicnlorvos Tr.-tnont1 Stntiltica _Bxperiment (Ha) l
R A (60) |B (60) |C (75) ,Overail |
S L —
E § ) a. Control beetles (no field). :
] 03 LCsq 1.6 | 2001 |17.e" 18.8 .
Slope s.28 [ 7.51 | 7.69" 6.83 '3 |
0930 e, 25.¢ | 24.6 |[17.3 22.4
, Slope 4.76 8.86 | 6.65 6.76
t 153 ICq, 20.2" | 22.3 |1s.8 2c.4
t Slope 5.06 7.95 | 8.73 7.25
f 213° 1., 20,9 | 19.8 [17.3 19.3
| Slope 4.95 | 10.56 | 6.96 7.49
b. Beetles exposed to field.
033° e, 19.5% | 20.1* {17.1 18.9
Slope a.26" | 7.78* | a.28 6.77
0930 1Cso 21.5 | 25.2 |17.0 21.2
Slope 6.85 5.20 | 7.00 6.35
1530 7 17.5 22.4% |17.4 15.1
Slope 7.42 8.42" | 6.72 7.52
2130 LC,_ 20.0 20.1 |17.0 19.0
Slope 5.29 9.83 | 8.79 ' 7.97
*Non-significant regression.
1Dur.‘.ng sxposure to megnetic field, before and after insecticide treatment, room
lights were on from 06%0 to 1200 daily.
2LCSO = concentration of dichlorvos (micrngrame/cmz) required for 50% mortulity;

Slope = slope of dose-response regression line; Bach pair of velues based upon
4 sets of 25 bLeetles exposed at each of rour discrete concentrations of dichlorvos,

R
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Table 7: Changes in body weight of mice exposed to different combina-

tions of magnetic and eleciric fields.

Body Weight gain (g, mean t SE)* during 4 weeks of exposure to!

Magnetic 0 0.5 1.0 2.0
Pield (gauss):
Electric
rield (v/m)

0 1.55 ¢ .42 0.35 ¢ .50 1,33 ¢ .28 1.8) ¢ .37
1.0 1,23 2 .26 0.68 ¢ .31 1.05 ¢ .24 0.80 : .14
10 0.83 £ .22 0.50 : .25 1.35% .22 0.93: .3

*Each mean t SE represents the 4 unimplanted mice housed in cages with grids,under

dach field combiations.
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*Only mice maintained on grids during field exposure.

3o<
s ‘ :
| - , Table §:

PROPORTIONS OF MICE IN ESTRUS QR FRORSTRUS (E or PF) FOLLOWING

\ | EXPOSURE TO MAGNETIC FIBLDS (PART a) OR ELECTRIC FIELDS (PART b).
;
}
b
E i a) Magnetic Field (gauss)
! 0 0.5 1 2 x2 p i
g Proportion in - R — - -_— - i
E or PE 18/27 17/25 13/26 11/26 5.06 >.05 !
’ e —— |
i i
t .
i . o * i
i b) Electric Field (v/m) *
L 0 1 10 x> p
. ] Proportion in —
i E or PB 14/23 16/22 13/23 1.34 >.05
i H
1
3
Lo
b
b
B
g

— o Eia e ammes e s R e d
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\ Table 9: PERCENTAGE OF UNIMFLANTED MICE SURVIVING, 14 MONTHS

AFTER EXPOSURE TO MAGNETIC FISLDS (PART &) OR ELECTRIC FIELDS

(PART b),
i — -
| .
i '

a) Magnetic Field (gauss) ' §
i
; 0 0.5 1.0 2.0 x2 p : ‘
; Percentage surviving: 72 82 88 83 1.57 7,05 ’ !
! ‘
!
| b) Electric Field (v/m)”

2 ]

‘ o 1 10 X P 3
g Percentage surviving: 60 87 81 3.28 »,05

*Only mice maintained on grids during field exposure.




3'7< : !\
- —— ——— o oSl mamama. ' '. ‘;‘
. .e .
i FIGURE 1
il
iR | CHRONGBIOLOGY LABORATORIES - UNIVERSITY OF NINWESOTA
; 0N EXP R PINNERPOLIS MINNESOTA 55455 USA  PHONC mznonmsgo
| ;o ZA.JULT IN MAGNETIC FIELDS.R=EXPTLS.B=CNTRLS
w 380 =24 o
S SYNCHRONIZER "y
’ j ': SCHEDULE
: g e AH
| ? ¢
| | 3.4
l 4)-..’ 4 16.2 :
S %.7] LJF ‘
| #t s1.64 ! ’
.'{
] "“ . 03 ‘é
| “ed 3 1 :
'Fl f 9.0 §¢
y ! ’ I' u
: i
o o
‘% | 8.0
o ‘
| . 0.0 4 T
}. '
:% . w.o-q !
t 20.0. [
~ L] |
s S
0 :
N @ (.95CR) C € .95Ci ) C.( .98CI 1 o oo |
9 i3 o182 -168 -19%  $5.09 43.09 67.08 60.91 19.72 162.10 A0 2., |
0 26 160 -147 .17 6.9  S6.4% 95.02 42.74  -|.06 §1.43 00 68.5Y '
- - L §




FIGPE 2

CORONOBIOLOGY LACORATORIES - UNIVERSITY OF MINNESITA
FIINERPOL IS RINNEIOTA 98438 USA PrONE 1612)-979-2920

MAGNETIC FIELD EXP 3/RzCAPTL.B=CNTRL PINNULES( 107HRS)
360 224

SYNCHRON] ZER
SCHEDULE

Y
o
A
~ ‘
Mk |
i
B |
9 o
!
! ot
p !
: v i
l: .
X
|
& <
o g
| ;
i
]
!
L :
& R
| onﬁ:ma s 1
Lo v PRECEDING FIRST DATYR
& . LI ) { .98CA) C ¢ .95CL1 1! C. t .95C! ¢ vR
f12 -3 -4 M 198 750 18.4 08.80 70.28 120.73 000  8.2¢9
! 012 -9 29 -8 $1.87 WM 2.8 8.0 08.81 N5 00! 0.8
1




R < 2K |
Fi\ : ¢ Ly T e - et crduniatign | g . . e i S sttt 39 - u““""‘b“‘l~ s A o Gdes ~ t
e
0
o€
3 FIGUWRE 3
)
’ &:’l
|
N {
- , CHRONOBIOLOGY LABORATORIES - UNIVERSITY OF WINNESOTA
L) NINNEAPOL S MINNESOTA S84SS USA PHONE 16121-373-2920
by fYFSA/N.JUL 1 /BEFORE MAGELEC FIELDS/R=CTRLS.B=EXPTLS
{ 360 =24 |
{ 4 i
K SYNCHRONI ZER as ]
f i S {
F
i
f : '
‘..
-
S
P W
S X1 n
( | (4
;o ) \ ) |
S u ]
I ] J
b i .
b i 4 4
1 ¢ .
. !
T 1 B
. i *
;f ]
- A
[ 3. Bk .
E . ‘| L ?
) ncaomasc:go _
0 REFERENCE =000 WAS P4
, . PRECLDING F IRST DATUM "
‘ N @ (.95CRA! C 1t (95CH ) C. t .95C1 P VR »
! - w 6 .20) 19k 209  64.50 80.79 €6.20 99.42 93.30 105.54 004 80.59 :
E ‘ .' i ’ $. HCH l9! ‘” w-o‘ 70‘!7 OI-QI l“"s ”-03 I“-ﬂ 'w ‘:Ol‘ '=
;-
- ‘ N ’ !
i
?




T T e T v T R TR TEeR T TR TR A T e

. :
-~ a2

——— ———— . . .

g »

a

C e ek eaeim e e et i« . o oniie il ., PR '—L.»-l-‘——.—. ¢ P ]
FIGRE 4

CHRONCBIOLOGY LABORATORIES - UNIVERSITY OF MINNESO!A
RIAKEAPO: |3 RINNESOTA $6488 USA PHOWE (612)-373-2920
ExP SB/A.JULIZIN NAG.ELEC FIELDS/A=CNTRLS.BzEXPTLS
360 24 n

. SYNCHRONIZER ,
SCHEDULE | |§

o PO ~emf™ 9RD

e

B T SR ] Y
?- ’ Gt DIt et D DR D

-y
-
[

=

N @ 1.95CA! C t .95C1 1 C. £ .95C1 P
a 5 209 - -21) 72.36 61 31 62.82 05.9% MU MW.24 00t
6 197 168 2654 11.10 €9 133 (.07 110.69 15188 001







B S L T A am e




S T "“;i:“mi B "'T“"‘*"”lwww”v'mﬁ“mﬁ

i . . . .' - | R
[ :f::l‘?\;re» ‘7 .

BRI

LUIN vITRO1coNTROL BEroREra). OURINGI8)

RONITER
ntouc.’tt

(Y I S { TR VRO YITRGIWITHOUTLR IS WL TNEBY | w/m ELEC Figy
20 spa

30 ‘24

SYNLMRONI ZER
SCHEQUL

W ——"

e e = 1 e

H
i
k|
g

3

[J -'ﬂ%ﬂi& [ LA

PILCEDING Finat Quiy-
t.9%¢00) LIS L4 ) (4 98,1 ) ’ o N @ (.9%CA) C ¢ .98¢) ) C. 1 .95Ct r VR
LI BN RS SE a omitla' S g% SEdgURh B3 32%Y u¥ afdn @ £

- MR ULTIN VITRO IS TTHODTTATS W1 TH B} 10 v/n ELEC £t ExP 8.0t 1N VITROIWITHOUTIRISWITHIB) 100 v/ ELEC Fi T
Ei i 380 24 n 30 24 »

o ROK | ZER L +5 SYNCHRCN) 2ER ‘

P YE0ULE : SCHEDULE

!

k

é

b

, e o e o e e

L

i
i
1
!
:
i

31 :
"L :0 N ‘
CCOIws 7 iagT pATLs v
e
0. -
, - D) ot
1

——a—— ,.‘
etk AT A <




R g el el

M R a2«
T Y
.' - K
. » L .

z . ) ” :
by, et P
¢ : :
. L] A | N
* N ‘ )

1 ‘ * . -
; H
. . |
lu . - I\ . o S
F ]aurc 7 (-
EXP /A 0L, IN VITROIWITHOUTIAICWITHIB) 180V/N ELEC FIE
30 24 M
SYNCHRONIZER
SCHEDULE
"t
e wlh 0l ws e - on
MBI NN En %R wn ue w 4 - i3
e e = —— e ?
‘ |
- |
'.

- a—




i

-

{f‘*“—

.'\

e g

43<
FIGURE 8

e T
- — A

UNIVERSITY OF MINNESOTA
16121-373-2920

MINNEAPOLIS MINNESOTA 55455 USR

CHRONOB!0LOGY LABORRIORIES
IuteRyn,

PHASE REFERENCE 197204140000

INCREMENT  12.00

2%8.00

P o> =~

(]
. ]
L . 1] »
-\ :.".’,.‘o:. !.al .nﬁ\\\“\':.'s‘?"\
b, b * we ‘e
oy . ~* N (] (1] Py
. H ' " .
. ' [N ) J . ‘ae .
‘ e . [y ) [ L Y
| » a e o .I s 4 . al 2 3

%
.
sfag

Arnachuaryrdy
L‘-‘———

SOUANY’ e
o’ . *

[} . L] L] ..
.n—f-l—a—s-.—a—.-a-;—.—

- -

- - -

LR L R LA R R R R R

e racsceanecsscanurang

pracsconcngravcanscnpunsqge

212.93

"o, 9. 48 & boe
000?70 e ettt e

——

- 1 o———r

Sundu 00° 02
+$3383230 09%¢C

- e e e W e e W W a R W e wem

L amee s g S

-90.00
21.00
10.00

NwA

[
-
—
p
(72 ]
L
o
Q 2
L
b 4 —
~ .
e 1J
' o =
» o
] - e
- 4
b] £ O
[ = T - 4
] 4
[Y2]
i v X2
g v~
! O N
z ©
} T >
[} - >
‘ ]
> X
‘ £ <
........... € . - g S
f a o
i b=
DT P N~ © O
¢ w
1 o =
~
] T
(& 4 -
le = = w &
-5
§ ~
[T
) <
-
1 a a
“w m
L ) -l e
$iiu)Y One L IYRILE
ISunelady 783 V4uvs
L
.l.lo.(cll -




p——

e e

70] 6');0\ >

PIONVE PR ANOE (OECREEL)

3

-

-~
LR L3
cebat LA

.

A

s

ﬁ-”-J H Exo. il - >.oCr.0b.wv_z Vizr.rnw ﬁuz Vitce) ppf

z..a.w.lu.b Fedd
m.o?’.»wu xuu
Lurned om
— fJ\!:Z\.

e “,
S
“ u
|

¢
“.
|
I
“
|
m
f

gl X

d ed from
ﬂ"w_.‘ oo.h..«.:-v_a cop

. O

a—A Q_mﬁ._ qrovp
o——e (ontrokl qcevp

L.n...bﬁh..iﬂ?.wxr
* . CONTROL




TOHINOD - o
YOIt JustygIKy . W

-

drosk (Y0 g v

. " @A J30Q
@S

- .

‘/—\-.....,,._

A

o —

™

~e Porvany
nn‘z ¢9 ‘ewol 1)
W

r.2

el 474

e ki e

(9%p mD) SnNmg 2.3,!9.571 - {1'dX3 ¢

q
R -
Al wmtn - - - -l e = - S IGP

;-

PL-JEC-O/

REINE

P .

r

1

-

r

PQW lm

- <

. [ 2 X—
; < o
- rQ

:o

= L ™
1 J\
N
._,8\ W \”
F e -
M [ AN
LY
m.. ~ -
JT ”(
w .
o X

[é
ol

e




r
|

\
!

y 3t

R e , : N ot -4

iy

0 .
)
2 .o eieo.. ..
..N - -
1
1 B T Py . -
N} N :
1 T iy
ve ceiemsdacaian Len P
¢
.:.., - - —
Ce
wna ’ - nd
PP - 4
2
? .
lo ST -
I .
P Iyl ieen
e TmTnn

$ifuz ned hewd 1y yo g A

T ;w-.....r...wz.ocm..,wo.ﬁo.a ’ ”
(Tyady = =y v
(I ywed) STcwaNoD

-

. .
.

TAdoD s(qe|ieae (534

M —

B RYA

2y

- 0¢

&
il
- T
- 0%
[~ ohi

sl

{ ST < i . - T mmT It —r s T : T T T YT T
Lo 1 ,: o : ; : i ! ... ! Pt . o
. e e el e he H : -~ H S T ceie .m.- FEDUS A SN JOS - lailiu 1. 4 Lo
i : ' : - : . )
e e e e e i e e m e . - N ‘ . '
-1l 210 >3Aa4Q
A Y r'y




Ly N 9IAON . S! AON

4

Saevud 9 o g
dresb jadvy ssebp oo

w/h oa Jo

sanved g 39 x Py 2Re
drak 14diy ssnebp vy

v Snswdg yox SN oo
¥
|

| _ ]

e P e st _
L c n(.\.”‘sﬂt! \of /I'l} u
R 2wdinhy ...:.o . ﬁ\ll‘ i
1oty u..#ucmm& L0 Sk

ﬂoak; NL SIT0ONKNIZ ) ¢ $Si3% e HIZ218%W  Tidx3 ¢ T N.m

~9b

e e e Ak A A . S O et s s e

:\(ue J‘QQ\ b|nuu-d X




......

3'7<
I
vod -
|
L ‘:
—
1
e K
&
o
' .
}‘

?

I
R U .
1]

L ot

L]

J

]
s e

R

N

Vi electric Field have am

t

A AR
PRSP
[

S SRR Vs I USRI SO SO0 T |
.« - e Y PR P . 3. e i
be e 0. A,

DI

*a_

‘
Ouabarn Dosaﬁc , g/

Docs» a 4s; "5 .'|36

effee o succeptibility 4 muce T cbace

Fig.i1
~ |
d
J
A
S~

e
R R T *
TSN I VPLY e A

i

o .. L e o e




'
:
3
|
,_

FIGURE 13

Y

21-373-2920

UNIVERSITY OF MINNESOTA
t6

-

MINNERPOL 1S MINNESOTR 65455 USA

CHRONOBIOLOGY LRBORRTORIES

103.7%
9

vll.LV’iv‘ lllll -

STMT TINE
L
f

S J‘V‘ cw -
- o.ﬂntf

™
v
~
%

L]
' 4
1Y)
-
L]

24.00
Y
L)
L)

l‘l‘.‘.’lﬂ.&"&l--A - oo

INCRENENTY

e endanaa

R R R R R L T R T T aupapg

24.00
'
[}
!
o
L34 |
..'
Y
s

INTERVYAL

SUN0N 00° 92
28224920 095 |

N

e s G e A e aw.

- e e

A

e am o = o = -

-90.00
%.00
14.00

-

FTTTTrierTrT
4

M T TTTTTT

=

i
.5 GRID

p—
B oaad

e o e v am e o wd e e o e e e b e m e e - -

]

’

]

[}

(]

]

[}

P

U

-F

]

A

Trr1ri1rirrrey

H

“wi4/t O.M

i

¥0838 ONY
30R11 Y49

HYYION0UND) INTeA
(SAwOI3Nl 4 - d

S11dl) One
ISwe0uIw

R TY 2L
7831140008

O v/M ELECTRIC +.5 G MAGNCTIC FIELODS

{4, L

gaP Gv/




o - p—— T,

N N D
PR ol baah e L il o —————0 A, J
P

< &R g8
~ ' cunow 00° 92 i8 m .
= - Sawero oc | &% S |
» ]
| Y > m C o E
i ’o . s
: c & 4 : ' ~
- - h., H t -
1 0 . .
[F2) ) H ' ”
‘ [F¥] s, 1
d WO - ‘Mﬂ. : ! -
o~ £ c' ' -
M '09 - p o> wn- l’lll’All‘-N ................... )
.. HQ‘ - 00\. ] ﬁ‘
! [ ] m % w .S :
wm .oty -
' o~ %] “$e_. H a
" ) H - a .
~e ® .
> o™ ' ad ['Y)
— .‘
~a % " =
o3 .l m
e x - T2 H : et
PR -h l-l'di‘“--" l----' p [ ] oy m
~ — s w”t‘h * u M !
a K =% ' m
J- Zn g2 ' “
] P of UU " d "
~. i . ‘O' ¥ = b
: o | =S, ! _ o
v B L '
) ~, ~ ' - w
- .v;.rl.r ! — n
byud w LS . -
| u wo 8l cquv : —
N . S prmaa- W cncedacans . * »~ L%
« * \.Jh.f : - por
(4 -
0 -~ ] -
-5 3 e n ~ o
ThHn ¥ s . -~ -
: Xy o P& . = bt
Oz « - :
Dz § ® : = 3
....... " PRI [ | b lnw" & o
mw m o, ) w 1 - e
O = - . . - [V RN
42 © iy : ™
Om “.0& 1] P T 4
- o ‘ . -
ez & 2 : - - %
o > - N p— <
. NN « I H - 5
* [ < z ’.-” ' - ~ 3
. - ‘ N r . -— -
i W »mw.o : . . r -
' HEUSONOUH) WA wOs™ Sx¥ - S11ulY Om © wanhal
m (Sau013u1s “d 002 VéNw w08l 163 eSS

— —— - —— - AT " ..ll. .
- ..mﬁ.n.at. s R
<’ h
.
e e s U




o s~

e e At e

5-6/wttk C/R=0 V/N.B=)

[ N

BYNE!

P

-

L. I0r 4

s okt e

RONI7Z
SCHED'L

P e Y . . . AU

FIGWRE 15

CrROROPIOLOGY LNBORATORIE: - UNIVERSITY OF WMINNESO'R
MISNCAPOL 1 MINNESDTY $54%5 YSA "nONE 16129 37)-2329
V/M.C=10 VILTS/METER

3.9 24 N

R ec

= E::j_'i
lh_‘t
De o MO —oonl~CEXD e « O]

* BT CIW =T IYRNY

"

RCROPHASE =8
O REFERENCE: ocoo HRS
PRECEDING FIRST DATyM

.95CAa ) A t .95C1 ) n ot - 98¢ ) P FR
-40 -64 .8 1.5 95.08 $7.M {00.82 .000 30.99

3 -4 1.62 99.1% 96.65 101.7) .050 26.1)
-1 -82 1.07 00 2.12  99.01  96.92 101.10 023 20.07




S1<
FIGURE 16
CHRONOLIDLOCY LABORATORIES - UNIYERSIIY of NiNNe 18
RINNEAPOL IS MINNCSOTR 55458 USSR PRONE 16121-373-2920 i
L -6/WEER 1/A=0 V/M.B:1 V/M.C=10 VOLTS/METER
360 =24 M ]
SYNCHRON ER .
SCHEQULE

it bt

[ ALK T T RN et ok

e e e b

o nEELOPNAed s

PRECEDING FIRST DATUN i

N @  L.I5CR) A .95C1 Mot .95C) ) » re 1
EEEE I BB R :
7 -1 - . . . . . . “ . i

g [ g -8? 259 1.09 - 2.4 "" ”-" 114 ] R 4 -“s a-g ;




L
[ FIGURE 17
l N
O |
. \’ "RRINLUINLOCY LRBORADRIES CNIVERSITY OF miynsspre
[ ‘ RINNEAPDL IS MINNESOTA 55495 USR  PwCANE '§12:.37) 2920
: . E/uEEn 4/0:0 vy/M,B:1) V/M.C2)0 VOLVYA/METER
.' 30 224w i
. . |
y !
: :J
» | X4 " i
\
o 9.) 3 A
¢
‘ 7‘.5 . !
" ,.
R 49.6 1
‘, ‘2‘0’
]
. ’ -
A
?
. \ i
) o § i
") : !
! A i
b :
: ' p ;
o A |
90.0. g ;
“
. 60.0_ T ,
«. N !
! " )
! !
. 20.0 : {
| ; {
: % |
. 200 PCROPHASS = 9
: . O REFEREMNCE 0000 mas ;
s PRECEDING F  mSY Qatn
‘ N @ {.95CR) R t .95C}1 Mo .95C) ) r fP
@ 5 .51 .44 -l 1.53 1.2 1.50 98.49 97.54  98.44 000 6.9
a 6 48 -3 .8l 1 07 2.5 99.3) 95.42 10).2¢ .020 .66
C & 69 33 -1Ie 1.61 1.20 2.00 99.18 #6.0) 102.3) .002 0.59
N N




e S it ottt . S, - by adk -~ e s o B smmits ctrottm - Ao - o mm——_" &
FIGRe 17
“HRONGEI0L0CY L ABORA" oRItS - univERSiTY Q¢ Rinnt s0'R
. RINALRPOL 1S WINNESOTA 59498 usA  PuOng ‘8123-373-2920
v G/WEEK 4/A:0 v/M.B:) v/m, C=10 VOLIS/METER
V0 24w
*
1
ar !
SR
!
1
: X '
F S
f i
s ' 'y
L. .
f 4 3
BN
!
E "'J
F ¢
[ 4
SRR IR
! E 1
i ! 4
| ! ! h
: n
. ! i
S "
* " n {
"
& ACROPHASS :
C PR AEEE ghog s
S N @ (.95CR) a  t .95C] ) oL .95C) ) 3 po | OMTT
[ a & .3 .4 -61 1.8) 1.8% 1.0 99.49 97.54 2.4 .000 4.9
7 & 6 -89 -48 -0 | I 1] 07 2.58 9.3} 9%.62 103.2¢ 020 .68
. C & 6% -39 -1]6 1.8 1.20 2.01 9.1 95.0) 102.3) 002  a0.59
f i
- i
|
?
- . - -




FIGwRe 18

CHRONOBIOLOGY LABORR ORIES - uNIVERSI v OF MINNESC'N
MINNEALOL IS MINNESOTA S35455 USF  PHONC 18121-37)-2920

H-R.WEER 0rA:0 GRUSS.B:0.5 GCAUSS.C:1.0 CRUSS.D:2.0 GAUS

360 24 w
f SYNCHRONTZ2ER 240 LI
] : SCHEQULE - v,% "
L ‘ i ) s '00.) i
1 : v %.2 .
‘ "
; 0.1
‘: '
| x '
@ 3 !
i 1.49 1 . i
[ .
r 12 x
i ' \;S\ I 1ind F !
. RIT Y ™ ; N
Y T 4a {
! 1
E i
| ;
r
]
| 80.0_
| ;
3 60.C.. 1
]
; 0.0 N
. v 3
t ' 2-0 W 1
| : N ‘
F B L
3 ‘ | 1
f : ASROPHASE : @ |
o PR R ot o
‘: . N @  1.95CA) A1 .95CH 1 M (_ .98C] ) T N l
r A 6 51 -3 -3 1.7 1.27 1.66 98.61 97.42 9.8 00  45.86 i
; b6 4 X % 1.49  1.16 1.6 98.6) 98.)9 98.80 000  42.6% |
| R S -.14  1.16 100.%% 98.02 102.68 05 7. 1
| o8 e 65 1% % (Y 159 98.87 97.07 100.7) M1 2.3 i
i
]
[
’ .
b
-
[ .
.




———m . L . S, - wm a Mie iv 1 amer ae eme— - ba & . e e e ——— “w 4
FIGRE 10
L)
t
- . AONIBIOLOCY (MGORATORILS - UM, <ERNITY OF MINNESO'A
RINNCAEDL 1S MINNESOTE $8488 USR PrRONE 1812 )-373-2920
! " 6/MEER 1 /R0 GAUSS.B:0.5 GRUSS.C=1.0 GRUSS.D:=2.0 GRUS
. . 360 24 o
SRR Rt
i, TYNCHRUN] ZCR A 0o
R SCHEUULE - 5 "
} O

|
. o
; (1) (4
1 ] { ‘
I 4 E
‘ ]
1
R
o
Y
.- M
"
| . gn
] =
| ROTHASE:= S
| 0 REFERENCE 0000 mRS
f ) PRECEOING FIRSY DATUN
: : N (.95CAL (] { .98C1 1 n .98C1! ) e rR
4 § -S¢ -&5 6 1.7 1.25 1.09 99500 9%.62 10i1.9 0 4.9
t 3 § % -4 -8 1.59 1.3 1.4 9.6 W4 NN -000 4.9
¢ ¢ - 05 -.48 2.17 99.%4 9.49 102.80 -099 0.9
N 5 15 N 119 ] 93 1469 W.M 92.47 W2} 001 n.e




-

L S

P T Y

. )
M aoe o man . Db me - R - §——— ©as - a— * st A ananters b . e -

FiGURE M

CeROMOBIOLOGY LRBORRIONIES - UNIVIARSITY OF AiunE3OTR
NINNEAPOL IS MINNESOTA 85433 USA PrOwt 18121-37)-2920

n-6/¥tEnR 4/R=0 GRUSS.B:0.5 GRUSS.C:=1.0 GAUSS.D:=2.0 GRUS

360 24 N
e —f
- “g:ihl; 100.3_ 3
. "" R .2 .
: X 0.1 "
AR .0
Y .

.
.
.
.

+» MOC cnd™ 92D

90.0_ E
N
60.0. 1
R
{
v
L]
*
3
ACROPHNASE=D
RE RCE 0000 MRS
’ FRECEDING FINST DATYUK
N O t .9%CR) A 1 J95Ct1 1 L 98571 ) [ 4 PR
A 4 -8) -85 -328 2.02 S0 3.54 92.84 9466 101.02 016  §1.99
8 6 -%5 -4 -8 1.6 1.26 2.00 38.5 98.12 99.00 000  46.66
s 4 -6t 1.14 -2.68 4.97 100.)} 9% .05 105.82 -m aum
C 6 -62 -7 -® 1.5 1.22 1.9 9NV 9.5% NG 000 6.9




A I s7< N

B FIRRE 21

3 ot TEMP Rgvrwm IN MICE BEFQRE

; DURING FIELDS (1 V/MIAND [ .56AJSS)
-
N >

1

L JGHT -DARK

SCHEDUL Y EVENT®

‘ SINGLE COSINOR

, . SINOR

; T REV YO AHPL TTUDE ACROPNASE T8)

! FLLIPSES r lons.]| er lwesor st 3 T ey
r FEER NIPRET | ~0.001 318( 41.7| 98.6 0.07

n oWk 1.0uRINGY|-<0.001]. 30| 47-4] 98.7 .0.07

R Le ),

’ . * ® T onpreagf [
o e o {\" ameTun . it Alaz I 5;3 :n 'nvrn m
J MY . TNSERVATIIE 98T :\; :u:! ..1_1, agve E’
% 0% coaTeR LAl v ma] ¥y F";
. -x~:(\a5 ¥ 1 ;L:s el

' Reproduced from
best availabls copy.

44

ks



58~ "{77\"
‘ FIGIRE 77
k Cw st TENP RHYTHM IN MICE BEFORE
K ‘. DURING FIELDS 10 V/M)AND (.5GAUSS)
X o o
G 3
! ¥
X
v ~
<
; ;
¢
!
od
B g N 4] v
SINGLE COSINO
: i_ ___E'tf._zf_ ggL , ON8°§ .. rr |neson s RHPLHUOE GCR'OP:ZRSE ,(l)
o uern ooeRel (200 3] 9:8) B4 Sl 18 i:&: e - i) ;
!' Eﬁﬁf{c‘i‘""‘*
1




— e

FIGRE 73

Ly TEMP RHYTHM IN MICE
DUR ING FIELE! :1év/mznn08§£°§guss

PR
7 e\

VoW EGMEE S
R LR AW ]

QD
o

\\\ ,

Y
/
L 1GHT -DARK ’
TR ~ AN d
SCHEDULT. @Q‘o ' EVENTS
7 =

T

. 2%
N4
SINGLE COSINOR

AN
- 2’-@

SR -
, KEY 10 T NO. AnP S T8
'Vr.f}L[RSﬁg_"n _p_loBs.| em }HESOR SE 'Sél‘gPF RCKCPMRSE (2!,
. 1 : X _C t95%_CLY
A Wik Q(PREY 1 C.4i3, 3171 0.6] 99.7 0.17]. 0.31 1 TRSE R
(A Wk JIDURING) <0.CC1H| 3I0| 27.61 98.1 0.10) 1.48( 1.14. 1.82)] -64 { -a2 &
) i
' o smceagi ity o8 MvEgTeeS18T SRRAUTTUETG: S WY STRVAT o ‘
TR AT ) :}"vg;’?:glll"“ EcONiEn FOR ey Cosine tuaechs ‘

99, C. LONSEWYQ"Dst 95% TONFIDENCE LI®ITS DEAIVRD FROM CO9IwOR Loirse

by IO

THRSASHIS. 20 L RuIeRTCRIES - UNIVERS]Y ¥ RINN
Nl\ﬁlﬂ?:tls Pinkt S IR 55408 Uﬂ““ "”03 :.?;l? g;tg%

Reproduced from
best available copy.




