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Abstract. This study examined the effects on pineal function of to install a 22-km TR-07 maglev system in Orlando, Florida,

magnetic field (MF) exposures (ac and dc components) similar in the same time frame. A National Maglev Initiative, led by
to those produced by the TransRapid TR-07 and other electro- the Federal Railroad Administration and supported by the

magnetic maglev systems (EMS). Rats (6/group.) were Army Corps of Engineers and the Department of Energy, was

entrained to a 14:10 light-dark cycle and then exposed to a con- established in 1990 by the federal government to explore the

tinuous, or to an Inverted, Intermittent (on = 45 s, off = 15 s, options a-,ailable for using this technology in the United
Induced current = 267 G/s) simulated multifrequency ac (0-2 States.

kHz) and dc magnetic field (MF) at 1 or 7 times the TR-07

maglev vehicle MF Intensity for 2 hr. Other groups of rats were In the last 25 years nonionizing electromagnetic field (emf)

exposed to only the ac or the dc-component of the maglev MF. exposure has come under scrutiny as another potentially

For comparison, one group was exposed to an inverted, Inter- harmful environmental agent. Both electric and magnetic
mlttent 60-Hz MF. At the end of the exposure, each group was fields in the extremely low frequency range (3-3000 Hz), as

sacrificed and compared to an unexposed group of rats for well as static magnetic fields have produced biological

changes in pineal melatonin and serotonln-N-acetyitransferase effects in cellular and animal investigations.

(NAT). MF exposures at an Intensity equivalent to that pro-
duced by the TR-07 vehicle (1X; 0.1-50 raG, 1.6 kHz-10 Hz; 250 Extensive animal studies have demonstrated the most

mG dc) h_d no effect on melatonin or NAT compared with significant and repeatable emf effects in the areas of emf per-

sham.exposed animals under any of the conditions examined, cepdon, behavior, and neuroendocrine effects [2]. Wilson et
However, 7X TR-07-1evei continuous 2-h MF exposures signifi- al. [3] demonstrated depression of greater than 50% in the

tautly depressed pineal NAT by 45% (p < 0.03) compared to pineal melatonin rhythm in rats by continuous exposure to a
controls. Pineal melatonin was also depressed 33-43% by a con- 100-kV/m 60-Hz electric field for three weeks. However, the

tinuous 7X TR-07 MF exposure and 28% by an Intermittent 60- rhythm returned after the field exposure ceased. In later

Hz 850-ing MF, but the results were not statistically signlfieant, studies with 60-Hz electric field exposures as low as 1.7

This study demonstrates that intermittent, combined ac and dc kV/m, Wilson showed the same depression in melatonin and

MFs similar to those produced by the TR-07 EMS maglev in serotonin-N-acetyltransferase (NAT), the regulatory

vehicle alterthenormalcircadianrhythmofplneaiindoleamine enzyme in the metabolic pathway from serotonin to

metabolism. The pineal regulatory enzyme NAT was more sen- melatonin in the pineal. A phase delay of approximately 2 h

sitive to MF exposure than melatonin and may be a more in the melatonin rhythm was also produced by the emf __,

Idesirable measure of the biological effects of MF exposure, exposure [4]. i

INTRODUCTION Vasquez et al. [5] continued to add to the neuroendocrine

effects observed as a result of emf exposure. Rats exposed to

Maglev promises to be an efficient mode of transportation 39-kV/m, 60-Hz electric fields showed phase shifts of up to 4
which could complement short airplane commuter flights in h in the circadian rhythms of the neurotransmitters

the range of 1000 km [1] and, traveling at speeds up to 500 norepinephrine, dopamine, and the serotonin metabolite 5- _:
km/h, these vehicles could provide excellent service between hydroxyindoleacetic acid (HIAA) in the hypothalamus, tri

cities and major airport hubs. The possibility of using striatum, and hippocampus.

magnetically levitated vehicles for high-speed ground trans-

portation has been examined since the early 1970s. Germany Not only have environmental-level magnetic fields pro-
and Japan have each spent in excess of one billion dollars to duced depression in circadian neurotransmitter rhythms, but

develop and test prototype maglev systems, the German rapidly changing magnetic fields of low, ambient intensity O_
TransRapid TR-07 maglev system using conventional magnet have shown similar neurotransmitter effects. Lerchl et al. [6, I_

levitation and propulsion and the Japanese using supercon- 7] showed that intermittent, l-hour, earth-strength, dc MFs

ducting magnets. The Japanese expect to demonstrate one of depress normal melatonin and NAT rhytlims in the rat pineal.

their designs by the mid-1990s, and final plans are underway This suggests that transient fields that produce induced
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currents may contribute to biological response to emf "lhc progra..-n developed is capable of producing a dc- and/or
exposure, multifrequency ac signal to the bipolar power supply (of up

to 10 individual frequency and intensity components) in the

Electromagnetic fields produced by maglev and other range of 0-2 G (dc) and 0-2 kHz (ac). The ramp rate of the
electrified rail systems have not been well characterized, with signal can be varied over a wide range (microseconds to
the exception of a recent Federal Railway Administration seconds) to vary dB/dt, producing an induced voltage in the
(FRA)-sponsored study of the German TransRapid TR-07 Helmholtz coil and subsequent eddy currents.
maglev vehicle [8, 9]. Currently, the FRA is measuring the
electric and magnetic fields produced by a number of Maglev magnetic field exposures were simulated from
electric-powered transportation systems, and detailed emf spectra collected inside the moving (168 km/h) passenger
exposure information will soon be available, compartment of the TR-07 prototype vehicle, as measured by

ERM in August 1990 [9]. Fig. 1 depicts the actual and slm-
From the information that is available about the electro- ulated complex ac spectrum of this prototype maglev vehicle.

magnetic fields produced by maglev and electric-powered The dc component of the TR-07 was 250 mG above ambient.
vehicles, the majority of magnetic fields are dc and in the (,) lOO lOO
ELF range. The intensitiesvary and dependupon the specific
transportation system characteristics. In superconducting
vehicles, dc fields could reach upwards of 150 G, with ac

,_E 10 10

field magnitudes in the range of 1.0 G in the passenger
compartment [10, 11]. In addition, it is likely that time- ,.

varying dc, power frequency (50-60 Hz), and transient ELF _ L,
magnetic field components will be encountered. _ 1 _ I

" ;ii'- i;

unnn_ u._

Which parts of this very complicated emf spectrum will g' nn.Nt,tatlklllrtll/_l
prove to be most important in assessing the presence or _ o.1 'n_,,n,'u,,.,. I --: . j

D O_ 1

absence of a potential health hazard is unclear at this time, _ i;! _. i'_'_;.i.._.i_z ! I 'I I',_d_I_]'_l_,_,Iid,, I_d',_i ___L
but these transportation systems do have emf field emissions _ t t t_u_tumt_e_ltnIUUnIBlltllt_
in the frequency and intensity ranges which have demon- O.Ol , , II li,lriI1!|ltllllnMIIO,Ol0 400 800 1200 1600 2000

strated to have biological effects in cell, animal, and human FREQUI'NCY(HZ)
studies. No significant effects have been identified in the few (b)
studies that have examined transportation system passengers .-. _-_ I (O

or workers for biological responses to emf exposure [10]. '_ lO2 . 102 FREOUENCYINTENSITY"_ • (Hz) (mO)

I "o lX 7X
The purpose of this study was to begin examining the _ 1o' -; lO' OCdO250.0 1750.0t.,J

complex-spectra, time-varying emf fields produced by _ ,, l o 50.0 35o.0

li/iii,. o.o
80 20,0 140.0

maglev transportation systems that use conventional EMS _ lO0 - 10° t4o _.o 21.o
(TR-07) or superconducting magnet technology. Maglev ,7 let 4.0 2a.o

u 270 2.0 14.0
MFs were simulated using the TransRapid TR-07 maglev r-- 450 2,0 14.0
spectra measured by Electric Research and Management, Inc. _ lo-' - i _o-'o 620 0.6 4,2

•'_ 1080 0,2 1.4
(ERM) [8, 9]. Using rats, MF exposures were used that are = _ 162o o.1 0.7

likely to be encountered by passengers and system workers, _ I°c-L o4 o' ...........lO2 1o_ 1°-2
as well as MF conditions that have produced repeatable rREOUENCY(Hz)
biological effects using power frequency or _otaticdc fields.

Fig 1. "IT<-07 Magnetic Field Spectrum. (a) Actual measurement recorded
MATERIALS AND METHODS

August 1990 by Electric Research and Management [91.at a velocity of 168

km/h. The dc component was 250 mG above the aJnbient field. Simulated
A pair of Helmholtz. coils (r = 0.5 m) were oriented with

"lR-rf/MF (b). The prominent frequencies (Hz) and their respective intensi-
the diameter perpendicular to the north-south ambient field.

ties, including a 250-mG dc component, were delivered simultaneously by
A bipolar power supply (Kepco, Flushing, NY, Model BOP

computer to the Ilelmhohz coil. The entire spectrum was increased 7-fold for
50-2M, 50 V, 0-2 A) was used to energize the Helmhol_

die 7X exlx)sures (c).
coil system. The simulated maglev magnetic field (MF) (dc
and multi frequency ac) spectrum was generated using a 286 Although the ac and dc MF intensities, and especially the
AT personal computer and LabWindows Data Acquisition transient profiles, are uniquely different, EMS maglev
and Analysis software (National Instruments, Austin Texas).
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vehicles are expected to produce similar magnetic field
profiles quite different from the dc, 60-Hz, and other RESULTS
magnetic field exposures that have previously been used in
biological exposure experiments. Simulated TR-07 Ml: Exposures (IX)

Male Spragt:e-Dawley (Cobb su_ain) rats (Rattus No significant changes in pineal melatonin levels occurred
norvegicus), 44-47 d tld, 100-120 g were entrained for two as a result of simulated TR-07 MF exposure under a number
weeks to a 14:10 light-dark (LD) cycle ('dark period [DI = of MF delivery protocols (Fig. 2). Continuous MF exposure
0500-1500), with dim red light present during the dark during dark (maximum melatonin) for 1, 2, or 4 h in two

portion of the cycle. Food and water was available ad
libitum. Conditions were constant at 22 'C and 50% RH. For

every exposure group, six similarly treated animals served as 1_o .- 1so
controls. T

1
Daily for 7 d, groups of six animals were placed into two 12s F -- ] 125

cages that were modified with plastic barriers to allow indi- z D
vidual containment and exposure of three rats per cage in the ,,<," _ ! 1

_ 1o0 - - 7 1o0
._J

centralareaoftheHelmholtzcoils._ exposuresoccmTed _- o
during dark for 2 h, ending at 6 or 9 h after dark onset, when o ,.. - -
pineal melatonin and NAT are at maximum levels. Another _ _ 7e 7eo
group of six animals were exposed for similar lengths of _<
time, ending 5 h after light onset (minimum melatonin and z z

o _ 5o 50
n_NAT). o
Ld I-..-
0_ <

_.J

The magnetic field exposures were physically presented in "' ;ts 2s
several different ways:

1. Exposure length: 1, 2, or 4 h o :, 3 4 5 e 7 o

MF EXPOSURE CONDITION
2. Continuous MF exposure or intermittent exposures

(repeating pattern of 45 s on, 15 s off) were quickly ta)-_-xPosuR(
CONDITIONS

ramped, producing a dc-component-induced current r--] (xP i
of 37 (1x TR-07) or 267 (TX) G/s. Rapid applica- 1. c-+ Ila2: C_l+ 2 h

tion of an intermittent, inverted earth-strength static [_ (xP ,_ 3: c_t+.,2 la4: Ct+

MF has been shown to significantly decrease pineal _ (XP III 5:6:IC;+ 21lala
melatonin and NAT [6, 7]. 7: _/- :, la

3. Exposure to horizontal MF components or parallel to the
inclination of the ambient magnetic fields (55*).

Fig 2. Pineal Melatonin Response to IX TR-t7 MF :Exposure. During the

4. Exposure in the same direction as or opposite to nighttime (dark) peak in pineal melatonin, rats were subjected to TR-t7

("inverted") ambient magnetic field, frequency and intensity MF exposure in three separate experiments. The
exposures in F.xperiment l were continuous, in the same direction as the

Immediately after an exposure, the exposed and control ambient MF, and varied in length (1, 2, or 4 h). Ml'-exposures in experiment

rats were alternately sacrificed, and the pineal was removed Ltwere a mpe,at of those in experiment I. Exposures in :Experiment III were

and frozen (-60 °C, dry ice, average time 30 s) until assay, inverted to the ambient field, intermiuent (45 s on/15 s off), and turned on

Melatonin was determined by l-adioimnlunoassay [7, 12], and rapidly to prc)duce induced (eddy) currents. "llae unexposed control group
mean between MF exposure experiments differed in the absolute amount ofserotonin-N-acetyltransferase activity (NAT; EC 2.3.1.5) was

determined by radioenzymatic assay [13]. Differences melatonin per pineal, so the exposed melatonin/pine',d response was calcu-
lated as percentage of control response within experiments (control = 100%).between control and exposed groups of animals were com-

pm'cd using tile Student t-test. Barsare standarderror.

experiments did not depress pineal melatonin below control
levels, lntennittent, inverted TR-07-1evel (IX) maglev MF



exposures (net MF = +150 raG, dB/dt = 37 G/s) for 2 h also conditions resulted in a significant change in pineal
had no effect on maximum (dark) melatonin levels, melatonin (Fig. 4), although a 2 h continuous 7X maglev

3000

TR-07 Maglev (7X) and AC- and DC-Conq_onent MF ur ,=p,,,,,.: i-"1 Controa0900 - I I O0

Exposures 12oo- 1400 _ Exposed

2500 -

Together, the results of three experiments (with ali animals
-- T

exposed to MFs when melatonin reached maximtun levels in -,--. I
,_ 2000 -. [

"!"

the pineal considered as one group, 4.5-8.5 hours after dark o, _. "_ ,"
onset), showed that only 2-h inverted, intermittent 7X TR-07 o. ..

dc exposures (net MF = -1.3 G, dB/dt= 267 G/s) produced a _ 1500 - _. _ -
significant 46% decrease in NAT (Fig. 3,"D7", p < .03, ). _o _ [_
The animals exposed to the IX, 7X, or 7X ac component < ":-.

inteiTnittent maglev fields did not differ in pineal NAT from =_ 1ooo _ _-

I rn 1 R

,o.oo_,,oo t " I1
_' 14000 1200-1400 _ Exposed 500 _

• le

c 12000 0 -

._, p<,o3 M7 M 1 D7 A7 60 MC ALLCON

10000

Fig 4. Nighttime Ml: Exposure and Melatonin Response. Animals (six per
o_ 8000

.._ group) were entrained for two weeks (14:10 tj); D = 0500-1500), and then

_" 6000 exposed to MFs. Exposures were either at 0900-1100 or 1200-1400, and

were combined (n = 12). Following exposure, the animals (and controls)

,,_ 4000 were sacrificed, and the pineals were removed, frozen (-60 "C), and assayed
z , for the amount of pineal melatonin per animal. Bars are standard error.

2000

exposure ("MC") depressed pineal melatonin 37%. The

0 directionality (whether a MF horizontal to or parallel to the
M7 M1 D7 A• 60 MC coNALLambient field was used to expose groups of animals) also did

MFEXPOSURE not produce changes in pineal melatonin.

-Invert0d. Intermlttent. 45 = on. 15_• off

M7-' 7X TR-07 _nten,,|ty DISCUSSION

Ml: IX rR-07 Intensity This study demonstrates that MI:: exposure at intensitiesO7: 7X dc MAGLEV component

produced by the German TransRapid maglev EMS vehicle
A7: 7X oc MAGLEV component does not produce changes (depression) in pineal melatonin
60: GO-Hz(n,t, -450 mC) and NAT levels, which have been used as a sensitive, repro-

-Mc: 7x Inten31ty,Continuous ducible, indicators of biological response to emf exposure
-A|,,t. C_N: Mean of oll controls

[14-19]. liowever, when the dc component of the TR-07 MF
was increased 7-1old (1-2 G), and delivered intermittently to

Fig 3. Nighttime MI: Exposure and NAT I._esponse. Animals (six per group) produce induced eddy currents, pineal NAT was significantly
were entrained for two weeks (14:i0 I.I-'); D = 0500-1500) and then exposed redtlCed (50-60%) compared to control, unexposed animals (19
to MFs. F.xposures were eifller at 09(X)-1100 or 1200-1400, and were com-

< 0.03). MFs at this strength have been measured or are ex-
bined (n = 12). Following exlx3sure, the animals (and controls) were

pected for EMS and EDS maglev vehicles.
sacrificed and the pineals were removed, frozen (-60 "C), and assayed for

amount of pineal NAT per animal, liars are standard error.
In addition, a number of MX: exposure conditions did

rcxluce melatoni_ and NAT changes as much as 50%, but die
unexposed controls .sacrificed at the same time, but 60-Hz

declines were not statistically significant. Continuous 7Xand continuous maglev exposed NAT levels were decreased
TR-07 maglev exposures decreased NAT 40-47% (Fig. 3).28% and 42%, respectively, although dlese decreases were
Melatonin w_LSalso decreased 37% by continuous 7X maglev

not statistically significant. During this same period of
exposures (Fig. 4). These MF exposures consisted of TR-07

maxintum nlelatonin in the pineal, none of die MF exposure
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ac MF components which would produce induced (eddy) REFERENCES
currents similar to the intermittent dc MF exposures found to

significantly reduce pineal indoleamine metabolism in this Ill I.. Jcxhnson, D. M. Ro_e, J. R. llull, II. T. Coffey, J. G. Daley, and I(. F.

study and by Lerchl et al. [6,7]. Giese, "Maglev vehicles and superconductor technology: integra-

tion of high-speed ground l.ransi)ortation into the air travel

Although the percentage decrease was large (in the range system," Argonne National Laboratory Report ANLICNSV.67,

of 50%), small group sizes (n = 6), individual animal Argonne,IL, 1989.
differences in entrainment, and individual sensitivity to MF [21 I. Nair, M. G. Morgan, and W. K. lqorig, "Biological effects of power
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