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‘Abstract: u‘" R o S .

Concern is ar151ng as to the potential tiological effects of
Electromagnetlc Pulse Radiation., Much of this concern is due to a L

R lack of suffic1ent data rather than to- any effects actually belng .
observed Avallable data are rev1ewed angd. ong01ng research reported ) o
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INTRODUCTION: = <

T Electfomégnétic pulse radiatioh; more commonly referred to as EMP;

is the name used tb‘denqte electromagnetic radiation which is charac-

-terized by verylhigh_power‘extremely short duration pulses produced

from electrical discharges.! EM pulses occur naturally during lightning -

- discharges. . In a thunderstorm, field strengths of 20 KV/meter can
exist under storm clouds with pulses occurring from lightning strokes,
producing fields up to 3 megavolts/meter.! EMP radiation can include

a wide spectrum of frequencies (characteristic of nuclear H/P simulators) .
or be confined to certain discrete frequencies. This, of course, depends

- on the design and type of pulser system being considered. In general,
-EM pulses have extremely fast rise to peak times, on the order of a few
‘nanoseconds, producing peak field strengths up to the megawatt per meter

range, exponential decay times on the order of 500 nanoseconds, and slow
repetition rates of about 1 pps.. The average power output, however, is
rather small. The question then 1s; Is there cause for concern for

‘biological systems when the average power is so small (well below any

established standards) but the peak power (for which no standard exists)
is' so high? - There is presently insufficient data to answer this ques-
tion." - o ’ : - . . .

The large amount of work done on continuous wave (CW) systems and

 jpﬁlsed'wavef(PW)jsystems has still not resolved the problems and con-

troversies concerning the hazards of that type radiation. The intro-
duction, of EMP. generators serves to further cloud the overall problem.
Concern over the possible effects to biological systems of EMP genera-
tors crose due to considerations of the magnitude of peak field strengths

‘associated with these types of generators, up to millions of volts/meter.

Initial bioclogical experiments with pulsers were prompted bLy the obser-
vation of a bird whichiinadvertantly flew into a pulser array Just as a
pulse-was triggered. The bird immediately dropped to the ground and

. "flopped about in a rather disorganized way for a minute or so." After.

a short time‘the'bird recovered and flew away. It was ‘decided that the
phenomenon deserved closer inspection.2 ' ' - _

-GeneralfCh&raéteriStics‘of Pulsers:

(SLIDE 1)

Nucieaf EMP simulators consist basically of a high voltage generator,

"e.ga-a Van de Graaf.or Marx generator, which charges a capacitor bank.

The capacitors are discharged into a load consisting of a wire antenna

“array -creating a high potential difference between it and a ground plate.

Break down of the air dielectric results, with an-intense pulsed electro-

- magnetic field created..

Represenﬁative'of this type of generator are the Air Force Siege
Array, the Navy EMPRESS facility and the AFRRI pulser. (SLIDE 2) Typical
electromagnetic pulse properties are peak field strengths up to hundreds
of KV/M, rise times

in nanoseconds, exponential decgys-with durations up
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repetition rates. The frequency  spectrum is very broad, running from

'D.C. to around 80 Miz. .

. i 'GeneratorsVQf this type are generally quite large; (SLIDE 3) The
FMPRESS, for example, has & pulser weighing 3000 lbs. and an antenna

© . 380 meters long. Even the AFFRI "laboratory size" EMP facility is

rather large, occupying a 10' x 10' x 40' shielded room. It is powered
by two 150 KV power supplies discharged through a spark gap switch into
al.2mx 10 m parallel plate transmission line. '

. High peak poﬁef.pﬁise génerétors can also be built which can be

"tuned" to produce a discreet narrow
mitters or Hertzian generators offer

vand of frequencies. Spark trans--
a means of producing extreme RF

power levels oVer‘a wide frequency range. Devices of this type consti-

tuted the basis for spark telegraphy

“during the infant days of radio.

For many years, this technology lay dormant because the vacuum tube pre-
-sented a much better source of RF energy. Because of inherent limita-
tions on cross field devices, spark +ransmitters are now being developed

" to ‘produce extreme power levels for & variety of special tasks. (SLIDE L)

B@Sically,'théSe transmiitérs are simply éapacitors which discharge

thrbugh an in
o

*.
s .

T L

. »-To increase the‘maghitude of th
the voltage to which the -capacitor 1

" ties of pulses from these generators

NEMP simulators with two significant
- ¢y band characteristic of the pulser
decay rather than the broad frequenc
exponential decay 'of the NEMP pulse.

uctor to produce a decaying sinusoid whose frequency is

1 3

”: f_= TTVIC .

e RF oscillations one. simply increases

s initially charged. Typical proper-
are much the same as those of the-
exceptions; a narrow discreet frequen-
design and an oscillating sinusoidal

y spectrum and essentially monophasic
'The spark transmitters differ in

circuit design from the NEMP simulators pasically in that the_capacitor
" discharges through an inductor to produce the oscillating RF field. The

physical characteristics of the two

types of generators differ consider-

ably,” however: ~ (CLIDE 5} %he spark transmitters, in general, are more
compact and versatile for laboratory bench type work. They are fairly .
simple devices and fairly cheaply and easily constructed in a minimum of
space. In this regard they lend themselves more readily to biological

research.

.'For biological experimentation, the animal cages can be made as

v‘partjof\the'capagitor or the circuit can be used to drive a parallel plate
encloses the animals. : ‘ .

transmission line which
e i A

© Biological Effectsi ' i '
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' Initial animal studie$~oflEMP_éffects were done by Hirsch and his
colleagues .who trained‘a group of white laboratory mice to run a maze
using hunger as motivation. ~After reaching a certain performance level
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“the mice were placed under a pulser antenna array, in their maze, which

was equipped with a solenoid operated starting gate. After the 600 KV/M
pulse was triggered the mice were allowed to run the maze and were ob-
served for any effects on their performance. It was found that there

was & significant increase in the time it took the mice to run-the maze
and in some cases the animals returned to the starting box and refused

. to move. However, within an hour after the pulse the animals approached

their preexposure performance rates and after several days were all
seemingly unaffected in their performance. The authors concluded that
the pulses had a temporary effect on the maze running but that the effect

-seemed reversible. In 1971 Hirsch and Bruner" expanded the above experi-
ments to include primates and dogs in addition to mice. They exposed a

naive monkey and an overly conditioned rhesus to the pulser at 300-600
KV/meter field densities. No behavioral effects were observed in either
case. In addition, four untrained beagles were submitted to an extensive
blood serum analysis (SMA-12 automatic analyzer) before and after exposure
to the EMP field. Two of the animals were exposed in grounded cages while
ﬁhe‘twovremaining animals were insulated from the ground plane. -Again no
significant -changes were observed in the animals during -or after the
pulses. Howaver the authors point out-that the small-number of test sub-

. Jects and exposures prevent an adequate evaluation of EMP effects. They

conclude that single or a few exposures to fields as high as 600 KV/meter

‘can be endured without harmful effects.

o ”Martin? has reported on observed and pestulated effects of the pulse
fields of the RPG, Seige 1.2 and ‘Seige II generators. He divided the
known effects:of electromagnetic fields into two general catagories:
heating of tissues and electrical shock. The heat effect has been well
studied as has the conductance of currents through the body to produce _
shocks. He also considered RF burns, sensory effects such as the feeling
of a "gentle breeze blowing-on the skin" due to the effects of high field
strengths, and-electrical anesthesia produced by time varied magnetic or-

-electrical fields. He then discussed the generators in question and the

possibilities of their causing any of the above effects. The three gen-.
erators discussed ranged in peak field strength from 17 KV/M (RPG) to
600 KV/M (Seige II) with all three producing a frequency spectrum of
0-80 MHzZ. The voltages and currents which would be induced in a perscr

_ directly beneath the: array are comparable to those produced by walking
on a carpet or sliding across an auto seat, according to the author.

- However, only a fraction of the Siege array induction current flow

- through the torso while the discharge current in the case of walking on a

carpet or sliding on-a car -seat completely flows through the torso. He

 points-out that the wearing of shoes should provide enough resistance to

induced current flow to negate perceiving such current. However, he goes

 on-to recommend that in no case should personnel be allowed to be under

the array when it is triggered since there is a hazard of becoming the
discharge path for the entire generated energy. In terms of the dangers
of heating occurring under the arrays, it was shown that the average

‘power densities for all three of the arrays were well below the 10 mw/cm?

ANSI standard or the 1 mecm2 HEW microwave oven standard. The fear of

inducing electrical anesthesia in personnel exposed to the EMP radiation
. < i ] . 1‘, "' - . K “ .
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produced by these arrays was stated to be ungrounded by the evidehce‘v_
current to the report. Martin therefore concluded that there appeared
to be no serious biological effects associated with these particular
arrays. ‘

- _Two Russian workers® reported on the biochemical effects occurring
in rats exposed to a low frequency pulsed field. The field strength in-
volved in this study were 72 KA/M and 24 KA/M under exposure conditions
of 15 daily exposures for 3 hours and 1.5-6 months of 1.5 hours daily
exposures respectively. The frequency was very low, 7 KHz, and the
pulse had a duration of 130 milliseconds with an interpulse length of o
10 seconds. . These pulses, of course, differ considerably from either Co
the NEMP or tuned pulses.. They investigated a variety of biochemical o ’
- parameters and concluded that the pulsed fields, at both intensities,
caused disturbances in carbohydrate-energy and nitrogen metabolism in
- ‘the brain, liver, heart and skeletal muscles. They found a decrease in
” _ © ATP and creatine phosphate to cause the observed shift in carbohydrate-
" ‘energy metabolism. This was attributed to an intensification of glycol-
ysis. The pulsed field also apparently interfered with the transforma-
tion of nitrogen-compounds in the various organs - due to different
-mechanisms. These effects occur3in a definite order in the organs:
liver, skeletdl muscles, heart and brain. The effects were reversible
- and gradually came back to normal levels in the organs according to the
~same order. Although the above effects were observed in a situation
© differing considerably from that' of ‘most ¥MP geuerators, the experiments
-should be considered at least as related to those with EMP fields since
single discreet pulses (rather than pulse trains) of rather high peak
power are used. There is certainly less comparability to the CW or PW
~units. o ' o ‘ :
' 'The most recent animal studies have been conducted by Baum,’ et.’
‘al. at.the Armed Forces Radiobiology Research Institute. These studies
were undertaken to investigate the chronic effects on animals exposed to
a pulsed field._-A recent report on the groups' progress detalls' the re-
sults to date. The animals are exposed to pulses having a peak field.
* strength up to 500 KV/meter and an associated peak power density of
- 66.3 KW/M%. ‘ The pulses have a repetition rate of 5/second with & 5 nano- ‘
gecond rise time and 550 nanosecond exponential decay time. To date the =~ o
‘animals have been exposed to 100 million pulses. A variety of ‘clinical
hematologies and chemistries have been done. Analyses of chromosome
aberrations, induction of leukemia in leukemia-prone mice and hematopoe- ,
.- tic function constitute the major biological parameters investigated. :
. No:.changes over a ‘control population were observed in the majority of
these parameters.. A slight elevation of reticulocytes and decrease in ‘
platelet count was observed but these were within acceptable levels. The
studies are still in progress with the observation for later effects or
malignancy being conducted on the aging rodents. The authors feel that
the negative results so far appear to meke such occurrances unlikely. oy

e Ve we o

. ~Thé'USAF hes conducted & study in which eight different pacemakers
were implgnted.in’dOgs vhich were exposed to 5, 25 and 50 KV/M pulses -~
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' no changes in performance of the devices were observed. ' Human exposure
.records have been compiled by the Air Force8 over g period of years.

(SLIDE 6) These may be. summarized as follows: (1) 19 July 1968 - 15
November 1968 - 7 individuals, multiple exposures from 5-88 KV/M, (2)

April 1969 - Nov 1969-- 10 individuals, 65 exposures from 5-80 KV/M,

(3) Aug 1969 - 14 individuals, exposures to 30 pulse/sec repetitive
pulses at 380 KV/M for periods of minutes to 3 hours. No acute effects
were observed at the time of exposure or subsequently. Medical surveys
of personnel working with EMP completed in 1971 by the Air Force proved
inconclusive due to-lack of a control population., In general no changes
directly attributable to EMP exposures have been revealed by the Air
Force studies. Bell laboratories has indicated that human exposures in
their laboratories were as follows

Peak Field (KV/M) C s Estimated # of Egposures'
2 o e 10°

o 25 : o .. 0t

-._5_10. o L o ;‘: i.., o 10t

” "io’—eq‘ o L A, g 10°

*"20'_'5:0 : L - . 102 ;
50—100 ‘j e ) T |

No effects were. observed in any of the personnel which were attrlbutable
to the fields.

JE

“Dr. F. G lesch of Lovelace Foundatlon has. summarized his: experi-

~ ence with EMP as "no evidence of any sort that EMP has a biclogical
g'effect" No phys1ologlcal changes have been detected in animals or hu-

mans exposed to-large numbers of pulses up to 3 MV/M. His study of 150

‘exposed personnel has also been negative.

TBlological Effects Research at NWL

The Blomedlcal Research Laboratory at NWL has a very broad program
of research on biological effects of nonionizing radiation. In addition

. to studies of effects of CW and PW radiation, a portion of the effort is

devoted to a study of effects of high peak power electromagnetic pulses.
Through & liaison with the Naval Ordnance Laboratory, we have access to
the Navy's EMPRESS system. In addition, we are in the process of acquir-

'1ng a‘pulser capability in our laboratory. (SLIDE 7) This solid di-

electric spark-switched LC oscillator is a fairly simple and compact de—

"vice. It is charged by a high-voltage power supply and discharged -
*_through the spark gap switch. Animal cages of a low dielectric material -

are placed between the plates which serve as capacitor as well as acting

_ in place of the parallel plate trensmission line. Field strengths of

'.
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100 KV/M at a frequency of about 50 MHz are produced. It's pulse rep— Lo
etitlon rate may be varied up’ to: several pulses per second. B
4 ‘ .
Our investlgatlons w1ll 1nclude hematology and blood chemistry
R studies, electrocardlography and electroencephalography as well as in- .
T . vestigations into more basic mechanisms of action such as enzyme kinetics
s : - and membrane function. ' We will also be carrying out behavioral investi-
gations in an attempt to resolve some of the conflicting reports in this,
"‘area. Addltlonally, we will be monitoring the medical surveillance pro-
_.gram for personnel exposed to the EMPRESS facility and our own pulser = )
system. } , , , . ' e
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Conclu31ons-

, It is generally agreed that there are presently no appl cable safety KR
standards for high energy electromagnetlc pulses. The ANSI C95 committee = R
has considered. the problem and concluded that the 10 mw/cm? standard for
mlcrowave exposures is not appllcable to hlgh peak power, low average ,
power pulses of this nature; nor is it applicable to the lower ‘frequen-
cies generally characterlstlc of EMP. They further concluded that therc

- was’ no evidence- avallable on which to base a good, reasonable, workable
i standard . A number of proposals for standards have been made, ranging

- - from ‘using the 10 mw/cm microwave standard and averaging the power, to
setting peak power standards. Suggestions for allowable peak powers have
ranged from. five- to a hundred KV/M, all of vhich were based on experience
vithout any firm ‘experimental background. Suggestlons for limitations on .. }
pulse repetltlon rates have also been made. "It has been suggested, for e
example, that the general public be limited to exposures no greater than ‘

- one pulse ‘per mlnute based-on the theoretical poss1b111ty of interference
w1th cardlac electrlcal actlv: y. :

-y
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, . The fact of the matter is that there is no good standard presently , "af
available and no evidence avallable on which to base one. It would be -
) v totally unreasonable to set a standard based on sheer guess, using noth- :
e o "~ -ing but experience &s.a determining factor. Interim standards are gen= .. R
'1,} - erally not: satisfactory because of the great resistance to changing any 2
ST ~ standard. after it-is established. It seems quite likely. however. that

' ‘ ~eventually, as suff1c1ent data accumulates, standards will be set for;
-electromagnetlc pulse radiation. - The standards may well consist of
average power, limits, peak. power - llmlts, ‘pulse repetition rate llmlts,
all three or some combination. As with electronic equipment development
in the past-it is. most probable .that development of EMP generators will
proceed at 'a rapid rate and that the number, power outputs, and diversi-
ties of types ‘of generators will contlnue to increase. Certainly we must , 3
have some 'sort of standards to protect both the general public and the .
occupatlonally exposed personnel We must also, however, avoid unduly -
constralnlng this type of development by settlng standards which are
unduly restrlctlve. R '
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The Pulse Frequency is given by:

1

20 yIC

—
" e
4
-
. .
»
:
o L
¢
. #
) :
N N T %

boe v i e dmittny 1o




HEIRN

"yDIPOLE CONNECTED TO CRO

- WATER

H |
~

e s T
. LaneE A& . s
i L )

PLASTIC"

" MAIN - END

g_GAP N PLATE

. { e i“‘\‘\\\\\\ N .
E~ . s N

i/\ . ) ’__—‘ . . - £ ".' /
\. = < Sewm

DIPOLE ARM'

NN N N4
O SN SIS LN OSSN\
. e

I "T
) SRR NN

TSI | DIPOLE. ARM

i

% f T
7
LiL .

CHARGING..
GAP T

PLASTIC
SLEEVE

S i}

" __CHARGING

T | GAP

o CAPAC(TOR

| 02 p.s/cm -
"‘;PULSE 'RECEIVED ON TEST

- DEFLECTION PLATES

% T ENERGY STORAGE

.- P .
% . . M

S 02 p.S/Cm ‘ L

| ,-,'.VPULSF RECEIVED BY RECEIVER

~ USING TEST DIPOLE AND -
100 dB ATTENUATOR

R it S ., - - - . o ‘ N '
LRt Sl SRS B 2 DRI




| USAF . |
COFIELD NO. OF INDIVIDUALS R

5 - 88 KU/M I I
5 - a0 KV/M BT,
380 v/N - ©y

BELL LABS
FIELD 4KV/M} |

1 -3
2-5
10 -20-
o @m-s
50 -100

-;?fgﬁup TO MEGAVOLTS . asm

v’fQ- NO EFFECTS OBSERVED IN ANY PERSONNEL t%*ff'-~w'ﬂ7¥~*

NO. OF EXPOSURES.

"MULTIPLE
LS -

3 PPS UP TO 3 HR.

“NO. OF EXPOSURES |

R

SRETEE 11 A
RS i

-
B 11 L

NO OF EXPOSURES R
MULTIPLE {SEVERAL YRS}_»ig*f""“




{
i

SPARK GAP. Cu PLATING'

o N\ L / o

7777777727 77Y 2 — 7 7777777777
o @)

FIBERGLASS =
CEPOXY SHEETS . || T o o

DR \&fl////////‘//é///; 7777777777774

o . &+—F - 0




*
&«

" References

Hirsch, R. G. and Bruner, A., Proceedlngs of the Technical Coordi-
nation Conference on EMP Biological Effects, The Lovelace Foundation
for Medlcal Educatlon and Research Albuquerque, N. M., July 1970

Alesch F. G., McGlboney, D. R. and Harnish, T. D.; "The Psycholog-
-ical Consequences of Exposure to High Density Pulsed Electromagnetic

Energy", Int J. Blometeor. 12(3) 263-270 (1968) :

‘ t

Rose M. F., "ngh Power Pulse Transmitters" ; Proceedings of the
Symp051um on Blomedlcal Aspects of Nonionizing Radiation, Naval
Weapons Laboratory, Dahlgren ‘Va., 10 July 1973 (In Preparatlon)

Hirsch, F G and Bruner A "Absence of Electromagnetic Pulse
Effects on Monkeys and Dogs", I Occ. Med. 14(5):380-386 (1971)

Martin, J. Ay "Blologlcal Effects ‘of Fields of the Siege Array";

Stanford Research’ Instltute Technlcal Memorandum 6 30 June 1970

Koludob, R. A. and Yevtushenko G. I.; "Biochemical Aspects of the
Biological Effects of a Low Frequency Pulsed Electromagnetic Field";
Gigiena Truda i Profe551cnal'nyye Zabolevanlya No. 6, pp. 13-17

f\19"2) (JPR° 56583)

‘Baum, S. J., Skldmore W. D. and Ekstrom, M. E.; "BlOlOgiC&l Effects
" on’ Rodents Exposed to Pulsed Electromagnetlc Radiation"; Proceedings

of the Symposium on Biomedical Aspects of Nonionizing Radiation,.

_ Naval Weapons Laboratory, Dahlgren, Va., 10 July 1973 {In prepara—
tion) , . .

i

’ :1;1—44-"Prov151onal Safety Criteria for Use in Electromagnetlc Pulse
'3(EMP)" ANSI C-95 Sectional’ Commlttee ‘on Radio Frequency Hazards

3

,HJrsch F G.; Personal Correqpondenoe. 16 Feb 1973

i




