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FOREWORD
(Nontec hnical summa ry)
Electro magnet ic pulse (EMP) radiatio n may be describ ed as a travelin g wave
consist ing of transve rse electric and magnet ic oscillat ing fields.
oscillat ions is directly related to the power density of the field.

The amplitu de of the
There could be an

er
effectiv e energy exchang e from the electro magnet ic field to the'med ium whenev
les i,1
these forces are sufficie nt to alter the kinetic or potenti al energy of the molecu
the medium .
only of 4 x 10

Howeve r, a 3-cm microw ave with a frequen cy of 10 GHz has an energy
-5

6
.
eV compar ed with 10 eV for gamma s (e.g.,

effectiv e energy exchang e is not anticipa ted.

60

Co); therefo re, an

Further more, a contrib uting effect of

heat is not predict ed becaus e of the low average power of the EMP.
Electro magnet ic pulse simulat ors have been used increas ingly in recent years
n
by industr y and militar y establis hments , and exposu re of personn el to EMP radiatio
show
has corresp onding ly increas ed. There have been a few reports attempt ing to
nic
that illnesse s suffere d by some operato rs are associa ted with the testing of electro
equipm ent in EMP faciliti es.

Howeve r, results publish ed in the literatu re do not

d safety
establis h that there is an acute biologi cal hazard. On the other hand, propose
, would
standar ds make the assump tion that a biologi cal hazard exists and, if adopted
restric t healthy worker s to 50 kV/ma t one pulse per minute. The general public
"

'

one
would be restric ted to exposu res of 200 - 300 V/m peak at a rate of no more thari
pulse per minute.
To test the rationa le of these safety standar ds, experim ents were designe d based
cal
on the hypothe sis that damage from exposu re to EMP should be tested on biologi
iii

systems which could respond to rapid changes in electric and magnetic fields.

These

could be systems with continuously high cellular turnover as seen in the embryo and
in the adult bone marrow. The present experiment utilized the AFRRI EMP simulator
that provided five pulses per second for 5. 1 x 10 7 pulses and a peak electric field
strength of 447 kV /m with a 5 nsec rise time and 5-600 nsec 1/e fall time.

This rep-

resents a condition in excess of that normally encountered by humans who operate
EMP facilities.

Exposures of rodents under these conditions indicated no apparent

acute injuries based on blood chemistry, blood counts, bone marrow cellular determination, chromosoma l aberration, embryology, histology, leukemia, and mammary
tumor determinatio ns. Differences between EMP exposed and nonexposed animals
were occasionally observed in some blood counts.
It appears that one could safely predict that humans exposed under similar con-

ditions would show no acute injurious biological effects. It is suggested that existing
proposed safety standards might be reevaluated, particularly in regard to acute
effects. However, since the present experiment has been conducted for only 20 weeks
after the onset of EMP exposure, no assessment could be made for the appearance of
late somatic effects (e.g., tumors and cancers) possibly induced by early damage at
the molecular level. Su.ch injuries usually would be manifested toward the latter part
I,

of the life-span in rodents (2nd year).

'

iv

ABSTRACT
Rodent s were exposed to electro magnet ic pulse (EMP) radiatio n to test the hyin
pothesi s that rapid changes in electric and magnet ic fields would induce injuries
provide d
biologi cal system s with high cell turnove r rates. The AFRRI EMP simulat or
5 nsec
five pulses per second with a peak electric field intensit y of 447 kV /m with a
rise time and 5-600 nsec 1/e fall time.

7
Exposu res, totaling 5.1 x 10 pulses, were

continu ous except for approxi mately 1 hour daily for biologi cal samplin g and animal
care during 20 weeks.

Biologi cal assays were periodi cally conduc ted in exposed and

nonexp osed animal s at approp riate interva ls.
It was observ ed that the reticulo cyte count in exposed rats was nearly always

greater than in nonexp osed.

Howeve r, there were no concom itant differen ces in

incorperiphe ral erythro cyte counts between the two groups, nor did radioac tive iron
or
poratio n indicate increas ed cellula r product ion in the irradia ted group. Levels
Platerelative counts of circula ting leukocy tes did not differ between the two groups.
osed.
let counts in exposed rats occasio nally were decreas ed below those in the nonexp
analBone marrow cellula rity was not differen t between the two groups. Prelim inary
rats.
ysis of chromo somes showed no detecta ble increas es of defects in EMP exposed
Routine chemic al analysi s of blood demons trated similar values in the two groups.
Observ ations of fetuses from pregnan t rats showed no abnorm alities. Other assays
re.
(histolo gy, leukem ia, and mamma ry tumor) showed no acute effects from exposu
The present experim ent utilizin g the above-d escribe d physica l parame ters rep-·
resente d a conditio n exceedi ng by several orders of magnitu de that normal ly encoun
tered by humans who operate EMP faciliti es.
V

Exposu res of rodents under these

conditions indicated no apparent acute injuries. A tentative prediction can be made
that humans exposed to EMP in industrial situations would show no acute biological
injuries.

,.

I

>
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I. INTRODUCTION
lator s by indu stry and miliThe utiliz ation of elect roma gneti c pulse (EMP) simu
durin g routi ne oper ation have
tary estab lishm ents and the expo sure of perso nnel
2 5
haza rd to man has been a matt er of
grea tly incre ased in recen t year s. , A poten tial
Oow ever , there are not enou gh
conc ern, and safet y stand ards have been prop osed
,

I

biolo gical data to supp ort these stand ards.
y wave s with a nearl y inBasi cally , EMP cons ists of a pulse of radio -freq uenc
s and a subse quen t decli ne in the
stant aneo us rise in the elect ric and magn etic field
ling wave cons istin g of trans vers e
field s. EMP radia tion may be repre sente d as a trave
itude of the oscil latio ns is direc tly
elect ric and magn etic oscil latin g field s; the ampl
relat ed to the powe r dens ity of the field .

Ther e could be an effec tive energ y exch ange

ever these force s are suffi cient to
from the elect roma gneti c field to the medi um when
in the medi um. A contr ibuti ng
alter the kinet ic or poten tial energ y of the mole cules
age powe r of the EMP . It may
effec t of heat is not pred icted beca use of the low aver
could prese nt a haza rd to man.
there fore be ques tione d whet her expo sure to EMP
or simu lated labo rator y exTher e is a lack of data deali ng with field expo sures
perim ents to supp ort a defin itive answ er.

Expo sure of the enzy me alcoh ol dehy drog e-

y elect ric field resu lted in no bionase and deox yribo nucle ic acid to a radio -freq uenc

R
I

logic al or chem ical chan ges.

12 On the othe r hand , radio -freq uenc y expo sures have

7 8
moso me aber ratio ns in plan t and
caus ed gene tic dama ge in the fruit fly , and chro
4 9
rred at appr oxim ately 100 MHz with
mam mali an cells . , Thes e repo rted effec ts occu
prod uce heati ng. The field stren gth
high peak powe rs whic h were not grea t enou gh to
.
and frequ ency rang e are simi lar to that of an EMP
1

Exposures of a few rats, dogs and monkeys to EMP have shown no apparent acute
biological effects. 5 ' 6 A small reversible effect on learned behavior was seen in rats
exposed to pulses of 600 kV /m peak fields-. 6
The reported biological changes do not answer the question of what possible physical interaction with biological systems could have occurred. Many biological processes depend on electrical interaction and orientation. The rapid rise and fall of the
electric and magnetic fields during EMP could disrupt some of those processes. If
this results in biological damage at the molecular level, manifestations of acute injury
would depend on the frequency of induced molecular and ultrastructural changes,
whereas late effects (e.g., tumors) could be initiated by a few events. The hypothesis
that exposure to EMP results in biological damage should be tested on biological systems which might respond to rapid changes in electric and magnetic fields.

These

could be systems with continuously high cellular turnover rates as seen in the embryo
and in the adult bone marrow.
In the present experiment, rodents were exposed to the AFRRI EMP simulator

utilizing a frequency of pulses and peak electric field strengths several magnitudes
higher (worst type) than existing operating conditions involving exposures of humans.
Biological tests involved parameters from systems of high cellular turnover and from
tumor inducers. It appears that exposure to 5. 1 x 10 7 electromagnetic pulses during
20 weeks does not result in an acute biological hazard.
II. METHODS
EMP exposure.

The AFRRI EMP generator employed in this study provided

five pulses per second with a peak electric field intensity of 447 kV /m with a 5 nsec
2

·•

rise time and 5-600 nsec 1/e fall time. The pulse generator fed a parallel-plate transof 200 nonmetallic
mission line structure. Provisions were made for the placement
I
cages between the transmission plates.
Biological parameters were periodically assayed in exposed and nonexposed
animals at appropriate intervals during the nearly continuous EMP irradiation. Exposures were interrupted daily for-only about 1 hour for biological sampling and animal
care.

Food and water were supplied ad libitum.
Biological tests.
A.

Bone marrow. This study was designed to include 700 male Sprague-

Dawley rats. Of this number, 300 were utilized for the determination of bone marrow
cellularity and of possible chromosome aberrations every 2 weeks after exposure to
EMP. An equal number of animals served as the nonirradiated group. To determine
the proliferative capacity of rat bone marrow, the concentration of mitotic cells was
determined 6 hours after the injection intraperitoneally of colchicine (1 mg/kg). lo, 11
Bone marrow differential counts and estimates of cellularity of one femur were
obtained semimonthly from each animal from groups of six irradiated and six nonirradiated male rats.
Bone marrow cells in mitoses were analyzed for possible chromosomal
aberrations semimonthly after the onset of EMP irradiation. Mitotic cells were
arrested in metaphase using colchicine in vitro. 8 , 9
B. Blood. Blood samples (0. 2 ml) were obtained via the jugular vein from
two groups of 10 continuously irradiated male Sprague-Dawley rats and from their
controls so that one group of 10 animals was utilized per week. The concentrations
3

per mm 3 of erythrocytes, leukocytes, neutrophils, lymphocytes, reticulocytes and
platelets were determined from these blood samples. In addition, hematocrit values
were obtained. A group of 30 male Sprague-Dawley irradiated rats and an equal number of nonirradiated controls were used for the measurement of 59 Fe incorporation
into newly formed erythrocytes. The radioiron (1 µci of 59 Fe in 0. 01 µg of total iron)
was injected via the tail vein into five groups of six rats each at 6 hours, 1 day, 7, 14,
and 21 days after the onset of the EMP irradiation. Blood sampling and testing for
radioactivity was identical to that described before and was conducted 7 days after
59

Fe injection. 1 In addition to the procedures described above, blood obtained from

five irradiated and five control rats sacrificed for bone marrow was utilized for stan<lard blood chemistry assays, as follows: protein, albumin, calcium, phosphorus,
cholesterol, urea nitrogen, uric acid, creatinine, bilirubin and alkaline phosphatase.
C.

Histology.

Histological studies as well as postmortem examinations

were performed on the animals sacrificed for bone marrow assays.
D. Embryology. Five pregnant rats were placed in the EMP irradiation
facility and exposed to 7 x 10 6 pulses during 17 days of gestation. Five other pregnant
animals were utilized as nonirradiated controls. At the end of the exposure time, the
fetuses were removed and fixed in Bou in' s solution. They were examined grossly for
abnormalities and were saved for histological studies.
E. Mammary tumors.

Twenty female rats were continuously exposed and

observed for possible development of mammary tumors and were compared with an
equal number of nonexposed animals.

4

F. Leukemia.

To determine whether EMP exposure would induce early

onset of leukemia, 50 irradiated male leukemia-prone mice (AKR/ J) and an equal
number of nonirradiated animals were observed.
Statistics.

The t-test was used to determine the significance of differences

between groups.
III. RESULTS
As may be seen in Figure 1, the number of reticulocytes of the EMP exposed

rats is nearly always significantly greater than that of the nonirradiated animals.
However, Figure 2 indicates no differences in the concentration of circulating
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erythrocytes between the two groups. Furthermore, radioactive iron incorporation
was similar in both the nonirradiated and the irradiated groups subjected from
0.1 to 7. 7 x 10 6 pulses (Table I). With the exception of five isolated instances, it
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Figure 2. Red cells in peripheral blood from rats during
20 weeks of EMP exposure. Each point shows
a mean value with the associated standard error.

.Time group

Pulses
6
(x 10 )

59

Fe uptake*
(percent)

6 hours

0
0.1

82.7 ± 2.1
86.4±4.0

1 day

0
0.4

81. 7 ± 4. 6
77.9 ± 6.3

7 days

0
2.8

80.1 ± 5. 3
79.7 ± 2.3

14 days

0
5.0

72.4 ± 2.9
64.8 ± 3.6

21 days

0
7.7

85. 3 ± 5. 2
82.9 ± 3.3

* Mean± standard error (number

c=

Table I. 59 Fe Incorporation into Erythrocytic
Precursors of Rats Exposed to EMP
Radiation

6)

6

does not appear that the number of circulating leukocytes differs significantly between
the two groups (Figure 3). A significant elevation in circulating neutrophils was measured in animals exposed to 10 7 pulses (4 weeks). However, beyond these numbers of
pulses and to 5.1 x 10 7 pulses, no further difference was noted (Figure 4).

Again,

except for several isolated sampling periods, the number of circulating lymphocytes
does not differ between the two animal _groups (Figure 5). There appear to be two
periods, from 2.7 to 3.2 x 10 7 pulses and from 4.2 to 5.1 x 10 7 pulses, when platelets
from irradiated animals were significantly decreased (Figure 6).
Bone marrow cellularity, determined up to 1. 4 x 10 7 pulses, showed no differences between the two animal groups.
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Preliminary analysis of chromosomes showed no detectable increases in defects
in EMP exposed rats. Routine chemical analysis of blood constituents indicated no
difference between the two groups (Table II). Preliminary obs.ervations of fetuses from
five pregnant rats in each group showed no abnormalities (Table III).

Nonirradiated*

I~radiated*
(5 x 10 7 pulses)

Protein (g/100 ml)

6. 2 ± 0,15

6.2 ± 0.12

Albumin (g/100 ml)

2. 8 ± 0.11

2. 6 ± 0.11

Calcium (mg/100 ml)

9.3 ± 0.25

9. 3 ± 0.23

Phosphorus (mg/100 ml)

5. 0 ± 0.15

5. 2 ± 0.10

Cholesterol (mg/100 ml)

105 ± 10. 0

Serum assay

Urea nitrogen (mg/100 ml)

21 ± 1.0

93

± 7.2

22 ± 1.0

Uric acid (mg/100 ml)

1.0

± 0.31

1. 3 ± 0.27

Creatinine (mg/100 ml)

0.5

± 0.02

o. 6 ±

Bilirubin (mg/100 ml)

0. 3 ± 0.02

0.3 ± 0.03

Alkaline phosphatase
(units/100 ml)

177 ± 30

178 ± 39

* Mean ± standard error (number = 5)

9

0.05

Table II. Blood Chemistry

As may be seen in Table IV representing a summary of the biological parameters tested, all other assays (histology, leukemia and mammary tumors) show no
7
demonstrable effects from exposure to 5.1 x 10 pulses during 20 weeks of irradiation.

Table III. Embryology
Group

Normal fetuses*

Resorptions*

Nonirradiated

13.0±1.3

0

Irradiated
(7 x 106 pulses, 17 days)

13.4±0.6

0. 6

*Mean± standard error (number

cc

±

0

± 0. 4

5)

Table IV. Summary after 5.1 x 10 7 Pulses during
20 Weeks of Chronic EMP Irradiation
Experiment

Biological effect

Blood chemistry

none

Blood count

variable

Bone marrow

none

Chromosomal aberration

none

Embryology

none

59

Fe uptake

none

Histology

none

Leukemia

none

Mammary tumor

none

IV. DISCUSSION
Evaluation of the experimental results in the present experiment dealing with
7
rodents exposed to 5.1 x 10 pulses of electromagnetic radiation clearly indicates that
they did not experience acute biological injuries. Occasionally, significant differences

10

between the irradiated and nonirradiated groups for hematological parameters were
observed which never approached physiological abnormality. It is of interest to note
that in a preliminary experiment conducted at the Lovelace Foundation, utilizing dogs,
some hematological differences were observed. 5
There appears to be no definite physiological explanation for the observed hematological changes which might propose the possibility that they represent extremes of
normal biological fluctuations. For example, increases in the number of reticulocytes
normally indicate either a temporary sudden release of cells from bone marrow compartments or a true increase in red cell production. The latter usually persists over
a long period of time and eventually shows a corresponding increase in the circulating
number of erythrocytes.

The data in the present experiment show elevation of reticu-

locytes in the irradiated animals for several weeks without concurrent increases in
peripheral erythrocytes.

Furthermore, no increases in

59

Fe incorporation of eryth-

rocytic precursors in the EMP exposed rats were measured, clearly indicating no
increased cellular production.
The early increase in peripheral neutrophils of irradiated animals might indicate possible minor infections or exposure to a new general stressful condition.
However, no distinct adverse effects could be noticed and indeed these changes could
also have no pathophysiological basis.

The occasional apparent lymphocytic in-

creases may be similarly explained.
As had been emphasized earlier, the present experiment utilizing five pulses per
7
second for 5.1 x 10 pulses and a peak electric field strength of 447 kV /m represents

11

a condition in excess of that normally encountered by humans who operate EMP facilities.5 Exposures of rodents under these conditions indicated no apparent acute injuries
based on the biological assays employed. It appears then that one could safely predict
that humans exposed under similar conditions would show no acute biological effects.
It is suggested that existing safety standards might be reevaluated, particularly in

regard to acute effects. 3 However, since the present experiment has been conducted
for only 20 weeks after the onset of EMP radiation exposure, no assessment could be
made for the appearance of late somatic effects (e.g., tumors and cancers) possibly
induced early by damage at the molecular level. Such injuries usually would be manifested toward the latter part of the life-span in rodents (2nd year) .
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