
and subdivided into identical Aliqu()ts in T25 T-flasks. Flasks were
placed in the Shllln and exposure Crawford cells inside a C02 incubator.
After the 24-hour exposure. cells were examined for DNA content 0>' flow
cytometry in the cell cycle analysis plOgritm. The. pel'c.entage. of cells in
01. Sand G2+M phase in the exposed vs. sham exposed tissue cultures was
compared. Statistically significant increases in eell proliferation were
observed at both exposure levcl1\. The increase nlso appeared to be dose
dependent. Recordings of temperature probes showed minimal hesting at
SAR 1.6 W/kg. and loC at SAf< 4.767 W/kg. The loC increase may be
responsible for part of the observed increase in cell proliferation at
the higher SAR. However, a conventional heating temperature increase of
IoC did not stimulate cell proliferation to the same extent.

1. E.M.Czerska, E.Elson, C.C.Davis, M.l....Swicord. nnd P.Czerski:
Effects of Continuous and Pulsed 2450w MHz Radiation on Spontancous
Lymphob1astoid Transfonnation of Human Lymphocytes in Vitro.
Bioelectromagnclics, 13, No 4, 1992, pp.247~259.
2. Stephen F. Cleary. Guanghui Cao. Lo. Li-Ming Litl: Effccts of
Isothermal @.45 GHz microw!lve radiation 011 the mammalian cell cycle:
~ompurjson with the effects of isothermal 27 MHz radlofrequency radiation
exposure. Bioelcctrochemisrry and Bioener~etics 39 (1966) ] 67-173.

NONTHERMAL EFFECrS OF MICROWAVE RADIATION ON MA MMALlAN
CELLS:
EXPERIMENTAL AND THEORETICAL RESULTS.

Stephen F. Clci1r)'. Ph.D.
Dioclcctromasnetic Laboratory
Department of Physiology and Biophysics
Medical College of Virginia
Virginia Comrnonwenlth University
Richmond, Virginia 23298

ABSTRACT

The precise degree of cxpc.rimentl\l control afforded by in vitro
exposure systems hus permitted investigation of direct cell physiological
responses to microwave radiation under nonthem1al exposure conditions. A
variety of cellular I1Jtenttions have been attributed to nonthermsl
microwave interactions. Such cffcl;t~ indud~: 1) alten:.d cution
lranSpOrL and binding; 2) ion channel kinetic changes; 3) biochemical
alterations; 4) effects on the mitotic c~'clei and 5) modulation of cell
proliferation and transformation. Whereas ~uch effcct~ are generally
consistent with microwave-induced alteration of signal trnnsductive
pathways fit the membrane surface detailed mechanistic has been elusive.
Rel;;cnt theoretical :-;tutlics indic....'c sp<.\tially nommifonn micIUwave cncrg)'
absorption on cell membrane surfaces due to field c.oupling with cell
membrane bound water molecules. Predictions based on this interacrion
model will be described together with supportinl; experimental data
derived from studies of microwllve. and radiofrequency radiation effects on
eytikinel receptor binding.
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Air Force Microwave-Cancer
Study Shrouded in Mystery

Fifteen years ago, Dr. James Toler of the Georgia Institute ofTechnology
sent the U.S. Air Force (USAF) a proposal for a study on the effects oflong­
tenn. low-level microwaves. The animal exposures began in 1989 and were
completed the following year. But today, more than six years later, the results
have yet to be released officially.

In June 1995, Toler was expected to present his findings at a special work­
shop organized by the USAF, which was held in Boston the day before the start
of the Bioelectromagnetics Society's (BEMS) annual meeting. But he declined
to do so.

"I went to the meeting expecting to see some conclusive data and I am still
waiting," Dr. Asher Sheppard, a consultant based in Redlands, CA, said in a
recent interview.

In his Boston talk. Toler said that at one point in 1990 he had observed more
mice with tumors among the exposed group than among the controls-42 ver­
sus 35-but that by the end of the experiment there were no differences in the
numbers of tumors or survival rates between the two groups. He would not be
more specific, promising instead to present the data during the BEMS meeting.
Later that day, Toler went home to Atlanta and the results remained a mystery.

In an interview a month after the BEMS meeting. Toler still would not talk
about the tumor counts, but he remained firm about the study's findings: "We
saw no effects and the biostatistician saw no effects."

James Merritt, Toler's project officer at the USAF's Annstrong Laboratory

(continued on p.13)

Physicists and Biologists Butt Heads
at First NIEHS EMF Risk Workshop

Once again, it was the biologists versus the physicists. TIlls time they met
at a symposium on cellular studies convened by the National Institute of Envi­
ronmental Health Sciences (NIEHS) to help the agency assess health risks from
exposures to electromagnetic fields (EMFs).

At the opening session on March 24 in Durham. NC. Dr. James Weaver, a
physicist at the Massachusetts Institute of Technology (MIT) in Cambridge,
MA, presented a model showing that the thresholds for EMF interactions have
lo be above 1G. "I have a hard time understanding the experimental data for
levels below that," he told Microwave News.

But the biologists were not buying it. "There appears to be wide accep­
tance of the existence of in vitro biological effects down to 10-20 mG," coun­
tered Dr. Martin Blank of Columbia University's medical school in New York
City. who spoke for many of those at the meeting.

(continued on p. 7)



Adey Finds No Effect, Detrimental or Protective, Among Rats
Exposed to Analog Wireless Phone Radiation

Reprinted below is the abstract ofa paper; "Brain Tumor Incidence in Rats Chronically Exposed to Frequency-Modulated (FM)
Cellular Phone Fields," which will be presented by Dr. RossAdey on June 9 at the 2nd World Congress for Electricity and Magnetism
in Biology and Medicine in Bologna, Italy (see p.l8).

Atley, who is with the VA Hospital in Loma Linda, CA. reported last summer that a similar experiment designed to mimic the sig­
nals from a TDMA digital mobile phone appeared to show a protective effect. That is. the animals exposed to pulsed radiation had
fewer tumors than did controls (see MWN. M/J96 and J/A96).

Adeys more recent experiment used FM signals patterned after the radiation from an analog cellular phone. Both the FM and
TDMA animal studies were sponsored by Motorola Corp.

One observer; who was aware of Adeys new results, commented that, "It's the low-frequency modulation that makes all the
difference." referring to the 50 Hz modulation associated with the TDMA signals.

Frequency-modulated mobile phone systems have been the domi­
nant technology for many years. Their continuing use worldwide ap­
pears certain in many applications. with typICal RF carrier frequencies
in the range from 0.1-1.5 GHz. Body tissues. specifically in the head
and hand of the user, absorb up to 40% of the radiated signal. Portable
FM phones, with average output powers of 0.6 W in the 800 MHz fre­
quency band, induce tield strengths in the most exposed tissues equiva­
lent to 1 WlKg±6db, depending on the devlce's position and design.
Although occupational exposures of certain nucrowave workers to ra­
dar and other pulsed fields havel;>een reponed to carry an increased
risk of brain tumors (e.g., Thomas et aI .• 1987). no comparable data
have been reported for FM mobile phone users.

OBJECTNE: Previous universal use of FM technology in mobile
communication systems, as well as its conunuing availability, suggest
[the] need for assessment of possible human brain tumor risks in a
suitable animal model; and to compare findings WIth our previous study
in rats exposed to North American Digital Cellular (NADC) signals
(Adey et al., Proceedings ofthe Bioeleclromagnetics Society. 18th An­
nual Meeting, 1996). We have sought eVIdence for perturbation by FM
phone fields of spontaneous brain tumor incidence. and in rats exposed
to single doses of the short-lived carcinogen ENU in utero, and there­
after exposed intermittently to FM phone fields for 24 months (mean
life span 26 months). Low ENU dosage was selected to give maximum
sensitivity to possible tumor modulation by FM phone fields over the
lifetime of the animal(s].

METHODS: We tested a frequency-modulated 836.55 MHz sig­
nal, with ±12.5 kHz maximum deviatiOn. Modulation was by a re­
corded pattern of "balanced speech" that generated all major speech
components in a 2-minute epoch that recycled continuously. Pregnant
Fischer 344 rats were randomly assIgned to 6 groups. They received
either a single tail-vein injection of the carcinogen ethylnitrosourea
(ENU. 4 mg/Kg) or inert buffer solutIon on gestational day 18. Far-

field exposures (hom radiator, 836 MHz, circularly polarized) began
on day 19 and continued after parturition until weaning at age 23 days.
Offspring (n=540) of the 6 maternal groups then became treatment
cohorts: Sham/Control (SO,n=90, 45M,45F; ENUlControl (EC), n=90,
45M, 45F: Sham/Sham (SS), n=9O, 45M, 45F: ShamlField (SF), n=9O,
45M. 45F; ENU/Sham (ES), n=90, 45M, 45F; ENUlField (EF), n=9O,
38M. 52F. Exposures simulating near-fields at a phone user's head be­
gan at 35 days, and continued for the next 23 months. Exposures were
for 2 hours daily, antenna power 2.5 W, field-on 7.5 minutes, field-off
7.5 minutes. Far-field averaged SARs (modeled): pregnantdam (uterus)
1.0WIKg; fetus (brain) 0.9 WlKg; isolated pup (brain) 0.1 WfKg; young
rat (brain) 0.4 WIKg. Averaged near-field brain thermographic SARs:
average males 2.3 WIKg; average females 1.8 WlKg. Survivors of the
original 540 rats (n=372, 69%) were sacrificed at 730·733 days.

RESULTS: There were no effects on brain tumor incidenceattribut­
able to the FM fields in either the control or the ENU groups. There was
theexpected higherincidenceofbrain tumors inthe ENU-exposedgroups
(EC, 15; ES, 17; EF, 15), in comparison with the low incidence of
spontaneous brain tumors in the sham and control groups (SC, 2; 5S, 1;
SF, 3), p <0 .001. Comparing survival rates.lifetimesofENU-exposed
animals were significantly shorter than [those of] controls (p <0.00(5),
but these differences were not influenced by FM field exposures.

DISCUSSION: The findings here are consistent with our previous
study in rats exposed to NADC signals. The apparent "protective" ef­
fect in the NADC study, which did not gain statistical support, was not
detected with FM fields. These effects have been modeled in the nor­
mal homeostatic balance between mechanisms regulating damage and
repair in cell growth. They may indicate sensitivities to the 50/second
pulsed characteristics of TDMA fields. Other packet frequencies in
current use or proposed for cell phone use (GSM=217, iDEN=22, Iri­
dium=ll) may therefore merit specific study.

Air Force MIcrowave-Cancer Study Shrouded in Mystery (continued from p.l)

at Brooks Air Force Base in San Antonio. told Microwave News
during the Boston BEMS meeting that Toler had never finished
writing a final repon and explained that Toler's abrupt depanure
was due to a lack of funds.

In fact. Toler had sent the USAF his final repon a full year
before the BEMS meeting.

For close to a year after the 1995 meeting, the USAF refused
to release the repon to Microwave News despite repeated requests
under the Freedom of Information Act. When the USAF finally
conceded, the repon was stamped "Do NOT CITE OR Quam."

MICROWAVE NEWS Marr:h/April 1997

Those within the military have also been denied access to
the results. "I was trying to get the anicle from [Toler) for over
two years before I gave up," said Dr. Edward Elson. At the time,
Elson was worlcingon radiofrequency and microwave (RFIMW)
bioeffects at the Walter Reed Army Institute for Research in
Washington. He is now studying GulfWar illnesses for theArmy.

Even members of the Armstrong Lab have been denied ac­
cess to the Toler data-as Dr. Richard Albanese of the Occupa­
tional and Environmental Health Directorate found out when he
asked to see the repon.
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Air Force Microwave Cancer Study Shrouded in Mystery

The Guy Study
In I984, Dr. Bill Guy released results from his long-term,

low-level exposure study which showed that rats exposed
to pulsed microwave radiation had a statistically significant
increase in malignant tumors. The five-year, $5 million proj­
ect, which was sponsored by the USAF, was the first long­
term RF/MW study ever done in the U.S. (see MWN, JIA
84 and Mar85).

Guy exposed 100 male rats to 0.48 mWIcm", 2,450 MHz
pulsed mjcrowaves (10 microsecond pulses, 800 pulses per
second) 21 hours per day for up to 25 months. The specific
absorption rate, or SAR, was 0.4 WlKg or less. A second
set of 100 unexposed rats were used as controls. All the rats
were housed in a pathogen-free environment.

Guy found a total of 18 malignancies among the exposed
group and 5 among the controls. In particular, there were 9
endocrine tumors in the exposed group and 2 in the control
group.

Although the study did not tum up an excess of benign
tumors, there were 6 pheochromocytomas-benign adre­
nal tumors-all in the exposed rats.

Results from the study were first presented at the 1984
BEMS meeting in Atlanta. They were published eight years
later in a special issue of Bioelectromagnetics, commemo­
rating Guy's retirement from the University ofWashington,
Seattle (see MWN, J/F93).

"It's unfortunate that the data have not been released sooner,
especially since it is a chronic exposure study. We should have
had it along whileago," said Dr. Stephen Cleary ofVirginia Com­
monwealth University in Richmond.

Toler's $600.000 study is widely seen as a small-scale fol­
low-up to Dr. Bill Guy's $5 million, long-term exposure study­
also sponsored by the USAF and thought by many to show an
elevated risk of cancer (see box above). As Dr. Samuel Milham,
now a consultant based in Olympia, WA, commented more than
ten years ago: "The findings are so suggestive of potential mi­
crowave effects that the portions of Dr. Guy's study dealing with
immune status and neoplasia should. at a minimum, be repli­
cated" (see MWN, NID86).

Guy himself agrees. "I thought it should be repeated from
the beginning," he told Microwave News in mid-March.

Dr. C.K. Chou, Guy's collaboratoron the long-term exposure
study, also favors more research. "The biological significance
of these effects needs to be explored," he said at the 1995 USAF
workshop. After leaving Guy's lab. Chou joined the City of Hope
National Medical Center in Duarte, CA.

Guy's results continue to be cited as showing a positive ef­
fect. InaMarch 13 letter toWireless Technology Research (WTR),
Dr. Elizabeth Jacobson of the U.S. Food and Drug Administra­
tion (FDA) recommended that WTR perform a "careful replica­
tion of the Chou and Guy study which suggests that chronic ex­
posure of rats to microwaves is associated with an increase in
tumors" (see p.ll).

The USAF. however, maintains that Guy's results do not point
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to adverse health effects. "His findings were that there were no
effects of radiation-I mean, that's well known," Merritt said in
an interview.

Toler's studydiffered from Guy's in several key respects. First.
although Toler had initially set out to expose rats as Guy had
done, the USAF amended the study design in 1987, stipulating
instead the use of breast cancer-prone mice.

Also, Toler exposed 200 mice to radiation at 435 MHz rather
than 100 rats at 2.45 GHz as Guy had done (see box below).
According to Merritt, the lower frequency was designed to mimic
the signal of a USAF early-warning radar system, PAVE PAWS.

Blood chemistry indices were monitored by Guy and were
part ofToler's original study design. But they were later rejected
by the USAF. When asked why, Toler responded. "As I recall,
we could have done a whole lot more analyses. The primary in­
terest was in mammary tumors."

In the report he wrote for the USAF, Toler did not give the fi­
nal, overall tumor counts, but stated, "There was no evidence to
suggest differences in tumor rates between sham-exposed and
exposed animals." He stated that the final survival rates were the
same for both groups.

Toler looked at a variety of tissues for cancer but did not ex­
amine the mice for leukemia. An appendix to the report with
results of tissue analyses conducted by Pathology Associates Inc.
(PAl) in Frederick, MD, appears to show that 178 of the ex­
posed mice had cancer, as compared to 158 of the sham-exposed.
There were also more total malignancies among theexposed mice
(297) than among the sham-exposed mice (261). Some animals
had more than one tumor. (These totals were added up by Mi­
crowave News from the data in the report by PAl.)

Livercancer was the mostprevalent type of malignant tumor.
with 104 cases among the exposed mice and 98 among the con­
trols. Toler did find a statistically significant increase (p=0.033)
in hemangioma, a cancer of the blood vessels. But he dismissed
the result as not significant because of "the absence of evidence
ofa difference between exposed and sham-exposed animals with

The Toler StUdy
Beginning in March 1989, Dr. James Toler exposed 200

female. mammary tumor-prone mice to 1 mW/cm2, 435
MHz pulsed microwaves. The pulses had a width of 1 mi­
crosecond and a repetition rate of 1 kHz. The specific ab­
sorption rate, or SAR. was 0.32 WlKg.

A second group of 200 mice served as controls. And an
additional 25 mice were included among both the exposed
mice and the controls to serve as "sentinels"-to be sacri­
ficed in the course of the study to monitor the health of the
entire colony.

The mice were exposed starting when they were approxi­
mately five weeks old for an average of 20 hours a day,
seven days a week for 21 months. Once a week the animals
were palpated for tumors and weighed.

In December 1990, themice thatwere still alive were killed.
Samples of 22 different tissues from all the animals were
analyzed by Pathology Associates Inc. in Frederick, MD.
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respect to combined hemangioma or hemangiosarcoma."
As expected. cases of mammary gland adenocarcinomas were

high, but the exposed mice had only three more tumors than did
the controls, 85 compared to 82. The median tumor onset time
for these adenocarcinomas was nine days earlier for the exposed
mice, though this finding was not statistically significant at the
0.05 level, according to Toler's report.

A year after the experiment began in March 1989, Toler in­
dicated a consistent trend of a higher tumor incidence among
exposed animals. By the end of May 1990. he had observed 42
exposed mice with tumors and 34 controls with tumors, a slightly
different figure from what he reported in Boston in 1995.

In a July 20, 1990, memo to Merritt, Toler suggested extend­
ing the experiment by three months into December to avoid accu­
sations of not exposing the mice for an adequate length of time.
Merritt agreed with the proposal, scribbling in response at the
bottom of the memo: "This has been a very well run study so far.
It will become a landmark study in time."

At theend ofthat July,Toler reponed finding 76 exposed mice
with tumors and 67 sham-exposed mice with tumors. The fol­
lowing month, Toler reported to the USAF that the total number
of animals with tumors, including possible tumors, was 109 for
the exposed group and 87 for the sham-exposed group.

That September, when the experiment had originally been
scheduled to end, Toler stopped reporting tumor counts to the
USAF. He explained that he had "difficulty in assuring that ob­
served abnormalities [were) actually tumors when the examina­
tions [were} based solely on palpation."

Nonetheless, the health status updates for each animal con­
tinued to note, on the basis of palpation, those that appeared to
have tumors. Based on these figures, the total of exposed ani­
mals with tumors at the end of September rose to 115, with 88

tumors among the controls.
The USAF recently submittedToler's paper to Radiation Re­

search. In an effort to explain the delay in publication, Toler said
that the USAF had sent his paper to other journals before, but
was told that the paper would have to be shortened. "At any rate,
it was a sizable effort to trim it down to get it published," he said.

Merritt said that he would not comment on the results until
they are published and was reluctant to say whether such re­
search was worthy offurther investigation. "You never close the
door on studies. You'll always get complaints-you didn't do
this, you didn't do that," he said in a recent interview. "I don't
know whether this should be continued."
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Yesrs 15 Ago

•Two-way radios attached to workers' suits interfere with gas moni­
tors. causing an eight and a half hour alert at the Three Mile Island
nuclear plant in Middletown. PA.
•The Navy announces a $49.8 million plan to upgrade its ELF sub­
marine communications system. with most of the money to be spent
in Michigan and Wisconsin, and says it will monitor the ecolOgical
effects of the plan in Michigan but not In Wisconsin.
•Two legal secretaries in Rhode Island reach an undisclosed settle­
ment with Amana Refrigeration Co., makers ofthe Radarange rrucro­
wave oven. after only one day of testlmony in the U.S. Distnct Court
in Providence. The two claimed to have developed cataracts after
being exposed to radiation from a faulty oven In their lunchroom.
• Occupational Safety and Health Administration officials decide to
stop citing companies for Violating the RFIMW exposure standard.
saymg that the limits are meant only as an "advisory" guideline.

Yesrs 10 Ago

• Acommittee assembled by the World Health Organization and the
International Radiation Protection Association recommends mag-

MICROWAVE NEWS March/April /997

netic field safety limits based on short-tenn health effects, not can­
cer risks.
'1\vo British researchers publish a paper in Clinical Ecology show­
ing that weak EMFs can cause allergic reactions such as migraines
and convulsions.
• Ajoint EPA-FCC study finds RF "hot spots." as much as ten times
above theANSI exposure limits, in public areas near some FM broad­
cast towers.

Years 5 Ago

• AFinnish study concludes that women exposed to ELF magnetic
fields ofmore than 3 mG (nns) from video display tenninals (VDTs)
are more likely to have miscarriages. but does not find a link be­
tween the number of hours spent using VDTs and miscarriages.
•The U.K. •sCoordinating Committee for Cancer Research launches
a £6 million study of the possible causes of childhood leukemia.
including the role of EMFs.
•Traffic radar units are blamed in seven testicularcancercases among
police officers in Grand Rapids. MI. three times more than would be
expected, according to a study by the University of Washington.
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Adey Finds No Effect, Detrimental or Protective, Among Rats
Exposed to Analog Wireless Phone Radiation

Reprinted below is the abstract ofa paper; "Brain Tumor Incidence in Rats Chronically Exposed to Frequency-Modulated (FM)
Cellular Phone Fields," which will be presented by Dr. RossAtleyon June 9 at the 2nd World Congress for Electricity and Magnetism
in Biology and Medicine in Bologna, Italy (see p.18).

Atley, who is with the VA Hospital in Loma Linda, CA, reported last summer that a similarexperimentdesigned to mimic the sig­
nals from a TDMA digital mobile phone appeared to show a protective effect. That is, the animals exposed to pulsed radiation had
fewer tumors than did controls (see MWN. M/J96 and J/A96).

. Atleysmore recent experiment used FM signals pattemed after the radiation from an analog cellular phone. Both the FM and
TDMA animal studies were sponsored by Motorola Corp.

One observer; who was aware of Atleys new results, commented that, "/t's the low-frequency modulation that makes all the
difference," referring to the 50 Hz modulation associated with the TDMA signals.

Frequency-modulated mobile phone systems have been the domi­
nant technology for many years. Their continuing use worldwide ap­
pears certain in many applications. with typical RF carrier frequencies
in the range from 0.1-1.5 GHz. Body tissues. specifically in the head
and hand of the user. absorb up to 40% of the radiated signal. Portable
FM phones. with average output powers of 0.6 W in the 800 MHz fre­
quency band. induce field strengths in the most exposed tissues equiva­
lent to I WlKg±6db, depending on the device's position and design.
Although occupational exposures of certain microwave workers to ra­
dar and other pulsed fields have .f;leen reported to carry an increased
risk of brain tumors (e.g., Thomas et aI.• 1987), no comparable data
have been reported for FM mobile phone users.

OBJECTIVE: Previous universal use ofFM technology in mobile
communication systems, as well as its continuing availability. suggest
[the] need for assessment of possible human brain tumor risks in a
suitable animal model; and to compare findings with our previous study
in rats exposed to North American Digital Cellular (NADe) signals
(Adey et aI., Proceedings ofrhe BioelecrTV11UJgnetics Society, 18th An­
nual Meeting. 1996). We have sought evidence for perturbation by FM
phone fields of spontaneous brain tumor incidence, and in rats exposed
to single doses of the short-lived carcinogen ENU in utero, and there­
after exposed intermittently to FM phone fields for 24 months (mean
life span 26 months). Low ENU dosage was selected to give maximum
sensitivity to possible tumor modulation by FM phone fields over the
lifetime of the animal[s].

METHODS: We tested a frequency-modulated 836.55 MHz sig­
nal. with ±12.5 kHz maximum deviation. Modulation was by a re­
corded pattern of "balanced speech" that generated all major speech
components in a 2-minute epoch that recycled continuously. Pregnant
Fischer 344 rats were randomly assigned to 6 groups. They received
either a single tail-vein injection of the carcinogen ethylnitrosourea
(ENU,4 mglKg) or inert buffer solution on gestational day 18. Far-

field exposures (hom radiator, 836 MHz. circularly polarized) began
on day 19 and continued after parturition until weaning at age 23 days.
Offspring (n=54O) of the 6 maternal groups then became treatment
cohorts: ShamIControl (SC),n=9O. 45M,45F; ENUlControl (EC), n=90,
45M.45F; Sham/Sham (SS). n=9O. 45M. 45F; ShamlField (SF), 0=90.
45M. 45F; ENU/Sham (ES), n=90, 45M, 45F: ENUlField (EF). n=9O.
38M, 52F. Exposures simulating near-fields at a phone user's head be­
gan at 35 days. and continued for the next 23 months. Exposures were
for 2 hours daily. antenna power 2.5 W, field-on 7.5 minutes. field-off
7.5 minutes. Far-fieldaveraged SARs (modeled); pregnantdam (uterus)
1.0WlKg; fetus (brain) 0.9 WIKg; isolated pup (brain) 0.1 WIKg; young
rat (brain) 0.4 WlKg. Averaged near-field brain thermographic SARs:
average males 2.3 WlKg; average females 1.8 WIKg. Survivors of the
original S40 rats (n=372. 69%) were sacrificed at 730-733 days.

RESULTS: There were noeffects on brain tumorincidcoceattribut­
able to theFM fields in either the control or the ENU groups. There was
theexpectedhigherincidenceofbrain tumors intheENU-exposedgroups
(EC. 15; ES. 17; EF. 15), in comparison with the low incidence of
spontaneous brain tumors in the sham and control groups (SC. 2; SS. 1;
SF, 3). p <0 .001. Comparing survival rates, lifetimes ofENU-exposed
animals were significantly shorter than [those of] controls (p<0,0005),
but these differences were not influenced by FM field exposures.

DISCUSSION: The findings here are consistent with our previous
study in rats exposed to NADC signals. The apparent ''protective'' ef­
fect in the NADC study. which did not gain statistical support. was not
detected with FM fields. These effects have been modeled in the nor­
mal homeostatic balance between mechanisms regulating damage and
repair in cell growth. They may indicate sensitivities to the SO/second
pulsed characteristics of IDMA fields. Other packet frequencies in
current use or proposed for cell phone use (GSM=217. iDEN=22. Iri­
dium=11) may therefore merit specific study.

Air Force Microwave-Cancer Study Shrouded In Mystery (continued from p. I)

at Brooks Air Force Base in San Antonio. told Microwave News
during the Boston BEMS meeting that Toler had never finished
writing a final report and explained that Toler's abrupt departure
was due to a lack of funds.

In fact, Toler had sent the USAF his final report a full year
before the BEMS meeting.

For close to a year after the 1995 meeting, the USAF refused
to release the report to Microwave News despite repeated requests
under the Freedom of Infonnation Act. When the USAF finally
conceded, the report was stamped" Do NOT CITE OR Quam."

MICROWAVE NEWS March/April /997

Those within the military have also been denied access to
the results. "I was trying to get the article from [Toler] for over
two years before 1gave up." said Dr. Edward Elson. At the time.
Elson was workingon radiofrequency and microwave (RFIMW)
bioefIects at the Walter Reed Army Institute for Research in
Washington. He is now studying GulfWar illnesses for the Army.

Even members of the Armstrong Lab have been denied ac­
cess to the Toler data-as Dr. Richard Albanese of the Occupa­
tional and Environmental Health Directorate found out when he
asked to see the report.

13
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Ch.321 WASIIINGTON LAWS, 1996 WASIIIN(;TON LA WS. 1')% Ch.323

Section I of FnlUO"~d I louse Bill No. 2613 contains 8 provision Ihal would allow
school districts to deny an appliclltion for admission from a nonresident sludenl if the
studen!"s disciplinary record indicates a history of behllvlor that hR.s been disruptive to
the ~ducat\onal process

I undentM1d thAI !'everal school districts are seeking this lluthority !>ecause they have
been unable, In the past. to deny admission to nonresident students with long histories of
seriom disciplinary rmblem.s While I appreciate the frustration of these' districts in such
cases, I .n~med Ihat this "madly-worded provision would authorile school districts
across the state to deny ad01i"ion tn nonresident students with any kind of disciplinar)'
record. Such authnrity is clearly inappropriate and inconsistent with the rcsponsi!>ility
of our rublic school syslem 10 prov ide educational services for all our children A lIlore
larJcted approach is necessary to address the concerns rllised by these schol,1 dislricts

For these rea.sons. I have veloed seclion I of Engrossed Ilouse Oill No 2613

With 1hc eJltccption of section I. fngros!'ed Iiouse Bill No. 2613 is approved."

CIIAPTER 322
I"Oll<e 0i1l27161

WASTE (lISCIIARGf PfRM1IsrXEMPlION FROM SIAl I' fNVIR()NMFN rAI

POt ICY All PROVISION rOR EXISTING DISCIIARGES

AN Acr R.clllling I" rnirw of r~n~wlll of waste discharge permits; and addin!! II ncw ,ccli"n
10 WIIJI1cf 432 Ie RCW.

Re it enacted by the Legislature of the State of Washington:

NEW SECTION. SK. I. 1\ new section is lidded to chapter tfJ21C RCW
to read as follows:

The issuance. reissullnce, or modification of a waste discharge permit t1wt
contains conditions no less stringent than federal effluent limitations and sta~

rules is not subject to the requirements of RCW 43.21C.030(2)(c). This
exemption 8JlPlies to existing discharges only and does not apply to new source
discharges.

Passed the Bouse February 6, 1996.
Passed the Senate March 7, 11)96.
Approved by the Governor March 30. 1996.
Filed in Office of Secretary of State March 30, 1996.

CIIAPTF:R 323
1F0!!,.,,,ed SII"stitllle IIouse Ilill 282RJ

PFRSONAI WIRI'II'SS SI'RVICI' f Aell.1I IES

AN ACT Relating to p~l~onal \\ irclrss ~erviee facililies; adding a new scclion 10 chllplrr
4121(' ReW; llddln& a new section In chaptcr 111I -'6 ReW; adding a new scclion 10 c1mplrr II) 21 A
RCW; addine a new !'e('IK>n tn c1J:1l'tcl 7fl 1)2 !lCW; adding new scctioM to chllplcr ~1 7fl It( 'W: lind
ereali", • new seclion

Oe it enacted by lhe Legislature of the State of Washington:

NEW SECTION. Sec. I. l1le legislature finds that concerns hllVC heen
raised over possible health e!Teets from exposure to some wireless telecolllllluni- .

[

cations facilities, and that exposures from these facilities should pe kepI as IO\J
as reasonably achievable while still allowing the operation of t~ese nelworks.

=-- -
I I7IR I

I he legisl<ltllre further finds thm Ihe depm11l1ent of he<llth should serve as the
state :lgcncy th<lt follows the issues and compiles inf<H1nation pertaining to
potential heahh effects from wireless telecollllllunications facilities.

NEW SECTION. Sec. 2. 1\ new seclion is :Jdded 10 chapler tfl.21C RCW
to read as follows:

(I) Decisions pertaining to applications to site personal wireless service
lilcilities arc not suhject to the requirements of RCW ,1321 c.mO(2)(c). if those
facilities meet the following requirements:

(a)( i) '1 he fllcility to he sited is a Illicrocell lind is to be attached to an
ex isting structure that is not a residence or school and does not contain a
residence or a school; or (ii) the facility includes personal wireless service
'IIltennlls. other than a microcell. and is to be att:Jched to an ex isting structure
(that may he an existing tower) that is not a residence or school and does not
cont:Jin a residence or a schonl. and the existing structure to which it is to be
"ttached is loc"ted in a commetcial. industri:Jl. manufacturing. forest. or
agricultlllrll lOne; or (iii) the siting ploject involves constructing II personal
wireless service tower less than sixty fCel in height tlwl is located in a COl1ll1ler·
cial. industrial. manufacturing. forest. or agrieultur<ll 70ne; <lnd

(h) ·1 he project is not in a designated environl1lentally sensitive area; and
(e) 1he project docs not consist of a series--r\( :Jclions: (i) Some of which

arc not c<lte~orically exempt; or (ii) thaI together m"y have a plOb:Jhle signilical11
:Jdverse environmental impacl.

(2) The depllrtment of ecology shall adt1pt rules to creale a categorical
exemption Illr Illicrocells and other personal wireless service facilities that meet
the conditions set forth in suhsection (1) of this section.

(.1) For the purposes of this section:
(a) "Personal wireless services" means comlllercial mohile SCI vices,

unlicensed wireless services. and cOlllmon wrrier wireless exchange :Jccess
services. :JS delined by federal laws and regulations.

(h) "Personal wireless service facilities" means facilities for the provision of
personal wireless services.

(c) "M icrocell" Illeans <l wireless Clllllnllll1icat ion laci Iity consist ing of an
antenna tlmt is either: (i) Four feet in height and with an arell of not more than
five hundred eighty sqlmre inches; or (ii) if a tubular antenna. no more th<ln four
Illches in diameter and no more than six fCct in length.

NEW SECIION. Sec. 3. 1\ new section is added to chapter l\lUIi J{('W
to read as !i.)lIows:

(I) If a personal wireless service provider <lpplies to site several microcells
in a single geographical area:

(a) If one or more of the microeells are not exempt from the requirements
of RCW 4J.21C.OJO(2)(c), local ~()vernlllental entities are encouraged: (i) To
allow the applicant. lit the applicant's discretion. to file a single set of doculllents
required hy chapter 43.21C RCW that will aprly to all the microcells to he sited;

I t7tl) I
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Does the Skrunda Radio Location Station diminish the
radial growth of pine trees?
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Abstract

The Skrunda Radio Location Station (RLS), which has operated continuously for more than 20 years, has created
a unique area for the study of pulse radio-frequency electromagnetic field effects. Trees were chosen to assess these
effects. Since 1990, permanent plots have been established in pine forest stands around the Skrunda RLS and in
control areas. The dynamics of tree growth changes were analysed using retrospective tree ring data. There is a
statistically significant (P < 0.01) negative correlation between the relative additional increment in tree growth and
the intensity of the electric field. The radial growth of pine trees has diminished in all plots that received
electromagnetic radiation. This decrease in growth began after 1970, which coincided with the start of operation of
the Skrunda RLS, and was subsequently observed throughout the period of study. The effects of many other
environmental and anthropogenic factors were evaluated, but no significant effects on tree growth were observed.

Keywords: Radio-frequency electromagnetic rac!:ation; Radars; Tree rings; Dendroecology
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1. Introduction

The question of whether weak radio-frequency
(RF) electromagnetic fields pose risks continues
to divide researchers into opposing, even antago­
nistic, camps. If any effects of RF radiation on
living organisms exist, then they are hard to prove.
Thus, the most suitable organisms for investiga­
tion must be chosen, and original methods are
required.

• Corresponding author

In the present paper, trees were chosen to
assess the effects of Skrunda Radio Location
Station (RlS) electromagnetic radiation. Essen­
tial physiological processes, such as assimilation,
cell division and growth, mineral nutrition and
others, occur in every tree and are affected by the
environment in a hundred square meter sur­
roundiqg area. Therefore, trees are particularly
sensitive and react to environmental changes.
Tree growth is fixed in increments (tree rings) and
thus the measured increments indicate positive or
negative environmental conditions. A suitable tree
ring chronological method has been developed in

0048-9697 /96/$15.00 ~ 1996 Elsevier Science BV. All rights reserved.
SSDI0048-9697(95)04920·V
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21. Skrunda Radio Location Station
The impulse type Skrunda RLS for space con­

trol, located in the Venta River Valley, has oper­
ated continuously since 1971. It is composed of
two sectors, each with receiving-transmitting ap­
paratus that ensure the RLS function in four
independent sectors. The transmission parame­
ters of the Skrunda RLS are: (1) pulse power of

­Mazdkiai

2. Subjects and methodsLatvia that allows the determination of the effect
of various environmental factors [1]. Multidisci­
plinary research, based on tree ring analysis, has
been conducted in forest ecosystems around
Skrunda since 1990. Tree ring dynamics are de­
scribed in the present paper for a 30-year period
(1959-1988), and changes are discussed in rela­
tion to electromagnetic radiation as well as geo­
morphologic, hydrological, silviculturaI. edaphic,
chemical and radioactive factors.
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Fig. 1. Sampling plots (e) in Western Latvia (A) and the Skrunda region (S). The location of the Skrunda radar system (*) and its
emission zone are shown.
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each of four transmitters - 1.25 MW; (2) pulse
duration - 0.8 ms; (3) duty cycle - 50; (4)
frequency range - 154-162 MHz; (5) polarisa­
tion of transmitting signal - horizontal. The
radar operating parameters and the method of
radiation intensity measurement are given in this
issue [2].

each plot contained a minimum of 20 overstorey
pine stems per plot Pines were sampled with a
Pressler borer and their diameters and heights
were measured. A wealth of other variables were
measured, including metal concentrations, ionis­
ing radiation, etc., but since these data are only
briefly mentioned in this paper, the methods used
(all standard methods) are not described here.

2.2 Sampling locations
In the Skrunda area, 29 permanent sampling

locations were established (Fig. 1) at various dis­
tances from the source. Plots were set up in
dominant Scots pine (PilWS sylU!Stris L) stands
with spruce as an understorey. Tree age was
50-90 years. Plot size was at least 400 m2 and

23. Absolute mlues of the tree ring widths
The radial annual growth increments w(~t,l); i

= individual, t = year, 1 = plot, were measured
at a precision of ±0.01 mID. For each tree, the
geometric mean width we = (i,Ate,l) of the con­
trol time period ~(e = (t ..·t2, where tt the year at
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,-. 3. ResuJts

(71

(6)

(5)

where N is the number of sample trees in plot 1

where n r = t4 - t 3 + 1 is the number of years in
the retrospective period;

The cumulative relative additional annual in­
crement values are used to calculate the respec­
tive plot mean 15rC~,t"l! ~te) values as follows:

2.6. Atmospheric deposition in the Skrunda area
The concentrations of the elements in forest

soils and moss in the Skrunda area have been
studied from 1991 to 1993. At sampling locations,
soil samples by horizon and moss (Hylocomium
splendens and/or Pleurozium schreberil were col
lected for determination of elements to give some

2.5. Cumulati~ relati~ additional annual increment
The cumulative relative additional annual in­

crement reflects the changes in increment width
in a retrospective time period ~tr = t 3 ••• t4 , where
t3 is the beginning, and t 4 the end of the period
of the retrospection. The cumulative relative ad­
ditional annual increment value Dr(i,~tr,ll ~tc)

is calculated for every individual i:

was tested parametrically. Thus, it was de­
termined if the additional increment for plot I
and year t significantly differs from the mean and
if the difference is positive or negative.

Based on Eq. 4 and the normal distribution of
d(i,t,ll~tc)values, the null hypothesis

JcUte ,!) =t t d(i,t,/\ ~tc) = 0 (4)
1-11=',

during the control period ~te are given by:

(2)

(1)

where N is the number of sampled trees.
The overall means de( .It, ,fl for each plot I

The value dO eliminates increment width vari­
ability between individuals that is due to genetic
and relatively constant environmental factors (e.g.
edaphic, hydrological, etc.). The logarithmic
transformation is used since cambial growth is an
exponential process. During the control period,
dO values have a normal distribution \ P < 0.05).
Each individual dO value identifies the deviation
of each increment from the mean or normal value
for the tree. If dO = 0, then the increment is
equal to the mean. If dO > 0, then the incre­
ment width is larger than mean. If dO < 0, then
the increment width is less than the mean.

The individual relative additional annual incre­
ment values were used to calculate the mean
relative additional annual increment, for each
year t of every plot I:

2.4. Relatiat additional annual increment lXllues
The mean control increment width we =

(i,~t,,/) was used to.calculate the relative additio­
nal annual increment value d(i,t,ll~tc ) for every
tree i and year t during the period of the investi­
gation:

where n c = t: - t 1 + 1 is the number of annual
increments in the control period.

the beginning of the control period, and t 2' the
year at the end of the control period, is given by:

(,

W,<i ,~t(,l) = n, n wei,t,n
t~tl

ii·

4·

••

,
I

~

JJ..... --------.J
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= 0 (4)

given by:

___-i.::.....,- -t

I
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~ -2.00

,"'> -2.25

YEAR

Fig. 3. The mean relative additional increment dl) for a
control plot located 10 km behind the Skrunda RLS. The solid
bars depict significant (P < 0.05) deviations from normal
growth.

YEAR

Fig. 2. The mean relative additional increment dO of pine
trees durmg J960~1987 for a control plot located 66 km from
the Skrunda RLS.
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3.2 Mean cumulative re1tJtive additiontd annual
increment and the electromagnetic radiation

The mean cumulative relative additional an­
nual increment Dr(~tr,ll~te) during the retro­
spective period of electromagnetic radiation ~tr

e.5"
_ e.25
~ ".00
~ -0.25 __

~ =:: ~~ 111I1111:!: -1.00
, -1.25

<3" -1. 5e
~-1.75j

,.;- -2.e" j
-2.25 j

l~~-r~"rrl,-r,rT,,__,rTl~-.~~~' I I I I I ~~l~j i'! i i ~~~

YEAR

Fig. 4. The mean relative additional increment dO of pine
trees for a plot located 12 km north of the Mazeikiai oil
refinery. The solid bars depict significant (P < 0.05) devia­
tions from normal growth.

oil refinery (Fig. 4); which coincides with the start
of emissions of pollutants from the. plant. All
plots that receive electromagnetic radiation from
the Skrunda RLS have significant (P < 0.05)
negative d(t,ll~te) values, compared to 0, which
begin only after 1970 and are observed through­
out the period of study (Fig. 5); The Skrunda
radar began operation in 1971.

idea of the potential sources of deposition that
could affect the forests around the Skrunda radar.
Initially, the two most obvious candidates as ma­
jor polluters were the metal smelting industry at
Uepaja and the oil refinery in Mazeikiai, lithua­
nia. Total Co, Zn, Fe, Pb, Ca and Cd concentra­
tions in moss were measured with AAS, but V by
colorimetry. Soils were analysed for Co. Pb, Sn,
Cr, Zn, Ni, Co, Mn, B, Ti, La, Y, P, V, Sr, Ga, Zr,
and Ba concentrations with emission spectropho­
tometry and for Pb, Zn, Co. Ni, Cd, and Cr (l M
HO extract) with AAS. Analyses were checked
with moss cabbration standards used for the Eu­
ropean Atmospheric Deposition Mapping Project
[18].

3.1. Mean re1tJtive additionalannual increment
dynamics

The mean relative additional annual incre­
ments d(t,lIAte) values were calculated for every
year t from 1960 to 1987 for each plot l. The
control period was set at Ate = 1959-1970. Trees
in plots located outside of the zone that receives
electromagnetic radiation from the Skrunda RLS
had no significantly different annual increments
compared to the mean, i.e. d(t,ll~te) = 0 (Fig. 2),
excepting isolated outliers with irregular depar­
tures from the norm (Fig. 3). Significantly dimin­
ished mean additional annual increments oc­
curred after 1980 in plots close to the Mazeikiai

3. Results
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Fig. 5. The mean relative additional increment d() of pine
trees for a plot in front of the Skrunda RLS at 4 km distance.
The solid bars depict significant deVIations from normal
growth.

= 1971-1988 was calculated relative to the con­
trol period before radiation. :lL = 1959-1970.
The mean 15r(.~t,,11 j,te) value ~f all plots in the
radiation zone is - 0.41 ::. 0.07 compared to
- 0.13 ± 0.04 in plots not receiving radiation,
significant at P = 0.001. The values of Dr(.itr,l\
~te) are negatively correlated with the measured
intensity of electrical field in decibels (r = - 0.55,
P = 0.009). In the irradiated zone, D (:it ,I! .it )

! r e

is linearly correlated (r = +0.52. P = 0.016)
with distance from the RlS. The distance correla­
tion is expected since the electrical field intensity
measurements are related to distance (r =

- 0.93), In the non-irradiated zone there is no
significant correlation between D,( j,tr,lij,tc ) and
distance from RLS.

3.3. Mean cumulatil£ relatil£ additional annual
increment and pollutants

It is well known that pollutants depress tree
radial growth [3-7]. In the Skrunda area, the only
major sources of pollution are the metal smelting
industry at Liepaja (ca. 50 km from RLS) and the
oil refinery in Mazeikiai (ca. 40 km from RLS).
Heavy metal concentrations in moss and soil were
well related to these pollution sources and could
be used to identify the zones of deposition. The
vanadium concentrations close to the Mazeikiai
oil refinery reached 9.5 mg/kg in moss, three
times higher than normal levels [8J. Elevated
vanadium levels were found up to about 10-15

kIn from the Lithuania border radially from the
Mazeikiai oil refinery, but levels around Skrunda
were background (Fig. 6). This metal has high
concentrations in oil and hence is a good indica­
tor of oil combustion. Close to Liepaja, the Zn
concentrations in moss were above 150 mg/kg,
but only background levels of 40-50 mg/kg were
found in a large area around Skrunda. No evi­
dence was found of any elevated deposition levels
of metals in the Skrunda area. In the irradiated
zone, there were no significant correlations
between Dr(~tr,ll Ate> and metal levels.

Despite the suggested lack of effect of the
Mazeikiai oil refinery on the trees around
Skrunda, cumulative growth Dr(~tr,ll Ate) during
the time of operation of the factory Atr =

1981-1988 was assessed relative to the control
period Ate = 1971-1980 before operation. For
this retrospective period in the RLS radiation
zone, again Dr(.~tr,ll .ite ) was linearly correlated
with distance from the RLS (r = +0.51, P =

0.02). However, along a transect from Skrunda to
Mazeikiai, there was a negative linear correlation
(r = -0.78, P = 0.02) with distance from the
RLS, i.e. less radial growth near Mazeikiai. The
effect seen is not evident for a retrospective pe­
riod that was set to begin with the operation of
the Mazeikiai refinery and end with the start of
the Skrunda RLS operation (~tr = 1971-1980),
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using a control period .lte = 1959-1970. In the
radiation zone plots, the same pattern of de­
creased cumulative relative additional annual in­
crement in the years 1971-1980, before the oper­
ation of the Mazeikiai refinery, was seen in
1981-1988, during operation of the Mazeikiai re­
finery.

3.4. Mean cumulati~ relati~ additional annual
increment and other enW'onmental factors

Besides the mentioned factors (electromagnetic
radiation, distance to RLS, pollutants) the effect
of other factors 'on the mean cumulative relative
additional annual increment Dr(.ltr,ll Me) during
the retrospective period .lt r = 1971-1988 was as­
sessed relative to the control period .lte =

1959-1970. The analysed factors were: height
above sea level, topography, nutrient conditions,
soil moisture and texture, litter and organic layer
depth, soil pH, ground water level, ground water
flow, ionising radiation, and silvicultural parame­
ters. The effect of these factors were assessed by
multiple regression and analysis of variance, but
no significant effects on Dr(.lt r = 1971-1988,llatc
= 1959-1970) values were observed.

4. Discussion

The results demonstrate that the mean relat­
ive additional annual increment d(t,llj.te =

1959-1970) of pine has decreased in plots that
receive electromagnetic radiation from the
Skrunda RLS. This decrease becomes significant
3-5 years after the beginning of operation of the
RLS and continues to the end of the period of
study. Outside of the RLS radiation zone signifi­
cant differences of d(t,llatc == 1959-1970) are
isolated cases, which do not reflect a trend. An
exception is the decreased values of d(t,llatc =

1959-1970) toward the Mazeikiai oil refinery af­
ter 1980, i.e. after the beginning of pollutant
emissions.

The effect of the Mazeikiai refinery is clearly
caused by pollutants and does not invoke contro­
versy. However, the loss in additive growth incre­
ment in the RLS radiation zone in the retrospec­
tive studied period begins with the radar installa-

tion and no relations to chemical pollutants or
other factors have been observed.

The values of mean cumulative relative additio­
nal annual increment are significantly negatively
correlated to electrical field intensity during sepa­
rate times of operation:

15rOtr = 1971...1988,ll.1te = 1959 1970),

D.(atr = 1971...1980,llate = 1959 1970) and

DrL.l tr = 1981...1988,ll.1te = 1971...1980).

The relation between DrU and distance to the
RLS is positive.

Previous work does not provide conclusive evi­
dence of the effect of weak electromagnetic fields
on trees, since some work confirms an effect
[9,10] and some denies its existence [11,12]. We
cannot provide a mechanism for the observed
suggested effect at Skrunda, from the many avail­
able hypotheses [13-15] of weak radio-frequency
electromagnetic action. However, our results cer­
tainly lead one to strongly suppose that the
Skrunda Rl.S radiation has affected pine radial
growth. The confirmation of the effect has been
further supported by evidence from other organ­
isms [16,17]. Nevertheless, we respect the possibil­
ity that an unknown factor has caused the nega­
tive effect which by chance is associated with the
observed temporal and spatial variations.

The Skrunda Rl.S area requires further work
on the possible effects, particularly on the mecha­
nisms of action. This area is unique for the study
of radio-frequency electromagnetic radiation. The
radars are located in a valley (and not on the
highest possible site as usual) that is rich in
ecosystems, and agricultural communities are
found throughout the irradiated area. The results
of a 20-year 'experimenf are waiting for observa­
tion and analysis. The RLS emits radiation in an
insufficiently investigated frequency (154-162
MHz) in pulse regime, and the intensities of
pulses exceed allowed limits for integrated doses
by 50 times. However, pulse radiation types have
no associated allowed limits.

Other work at Slcrunda is in a preliminary
phase, including experimental searches for mech-
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anisms, and it is hoped that this work will provide
an insight on the suggested effects. However, the
most conclusive evidence for an effect (or no
effect) may only be available when the Skrunda
RLS terminates operation in 1998, as regulated
by an international agreement between Russia
and Latvia. Then it will be possible to determine
if tree radial growth recovers. Since the RLS is
expected to operate until 1998, the authors en­
courage all interested to further study the Skrunda
RLS.
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Response of Pinus sylvestris L. needles to electromagnetic
fields. Cytological and ultrastructural aspects

TIirs Selga' , Maija Selga

Oepanmenc of Piam PhvSlOiol{Y. Insllluce of BioIOl;Y. 3 .Hiera 51.. Salasptls. Lt· :: 169. LallUl

Abstract

The effects of pulsed radio frequency electromagnetic field (RF EMF) on plant growth and development are still
unclear and contradictory The aim of this work. is to study the impact of RF EMF generated from the Skrunda
RadiO location Station. Luvla. on growth and development of pine trees. Pine needles and cones were collected in
1993 from the tops oi 50-60-year-old pine trees In four locations near the Skrunda RLS: A - no EMF exposure. B.
- low EMF exposure. C and 0 -- high EMF exposure. The chloroplasts of mesophyll of second-year needles are
ultrastructurally charactcrlSed hv dense stroma. a compact granal membrane system and variable amounts of starch
granules and plastoglobulcs. Low and especially high EMF cxposure from the Skrunda RLIl increased the amount of
plastoglobules. The structurc and cxport products oi Golgi apparatus were changed and in different types of cells.
large osmIophilic globules appeared. EvidentlY. EMF induces modification oi Goigi apparatus and switches ItS

functions (rom svnthcSlS ot predecessors of ceil wails (Iignins) to formation and cxport of resin predecessors. The
,tress due to RF E\1F generated from Skrunda RLS causes an unspeCific response - accelerated resin production
,Ind promoted scncscencc ot pIne trees.

Kevwords: Pinus nl/;ntns L. Chloroplasts: GOIgl apparatus; OsmIOphilic globules

l. Introduction

The claimed range of biologIcal implications of
RF EM radiation near the Skrunda Radio loca­
tIOn StatIon i RLS), in operanon since 1967, is
very wide. It has heen demonstrated that RF
EMF decreases tree nng Increment width [:~,

remarkably decreases the \lability of pine trees
dnd changes the stnlcture of wood [1:). :'-leverthe-

less. the possible mechanism of action of this
radiation has not yet been proposed. According to
our previous investtgations, the ultrastructure of
mesophyll cells of leaves reflects the character of
metabolism of the whole plant and may serve for
understanding of the universal rules of stress and
adaptation i10.23].

In the present work. the germination of seeds.
formation of seedIobes, and the anatomy and
ultrastructure of needles were studied as media­
tors of external response of pine trees to EMF.
Particular attention was given to the state nf

04X_4t1lJ7 l)t1 s:' '.) c : q'ln Ebe\lcr '(ienCe B\' ,\11 rJ~nts reser-ell.
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We observed that resin ducts of needles from
non-irradiated pine trees had wide central tubes
and flat light epithelium cells {Fig. 3al. The
absence of any electron-mIcroscopically distin­
gUIshable product in the central cavity of the
resin ducts of second-year needles of all investi­
gated pine trees confirms earlier observations
[4,14,17.301. However. in the central space of
young resin ducts. a material interpreted as resin

\

V~.

FH; I Seedlings 01 Pinus ,·vilescm L with different number of seed lones: a..': h. -I: c.' J. b: e. ': f. S.

less continuous layer of cells containing large
chloroplasts; ',71 separate thick-walled tracheids
Jnd smail cIrcular parenchyma cells which
'ometlmes contam large lipid bodies; (8) two vas­
cular bundles in which xylem points towards the
Jdaxlal side and phloem towards the abaxial sIde.
The structural pathways of in VIVO biosynthesIs of
complicated. highly pulymerised products of pine
needle metabolism were studied.

1Wl Ii'.dilisll'.C'iol· 5"' __ _'W+·· ._.." _ ""._.._ .· L ....._.. ', .• ' __ "_ _ •• _ t:> ••""",-<, _ .. _ ,.'_' ._ ..
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has heen found :<J, Lnder the mfluence ~)f Illw
exposure to the krunda RLS. selective tilling llr
some epithelium cells of the resin ducts of sec
ond-year needles with variable contents was l!1JI­
cal. (Fig. 3b l. High exposure to the Skrunda RLS
caused abundant accumulation of an electron mi­
croscopically dense substance in the secretory ep­
ithelium and surrounding fiber sheath cells of the
resin ducts (Fig. 3c,d). Evidently, this substance
could be considered to be resin or a mixture of its
predecessors. The resin is a complicated medley
of fatty acids, noncyclic and cyclic terpens. al­
cohols, phenol compounds and others. The basic
content of the resin is controlled by the genetic
system but environmental factors can affect cy­
c1ization. condensation or mutual transformation
of constituents [18].

Resin is an accessory product of metabolism in
epithelial cells of pine trees [4]. On the other
hand. resin formation and secretion are metaboli­
cally active responses of pine trees to injury for
self-protection against sap-rot and insect pests.
since the resin hardens by evaporation of turpen­
tine and covers wounded areas. It is well known
that an increase in the ethylene level in plant
tissues is - '1 universal response to wounding and
other str . effects [28]. We further propose that
resin formation can be an additional process in­
fluenced bv ethvlene. Accumulation of dense sub­
stances III the epithelium and in the surrounding
tISsues of resin ducts of unwounded pine trees
was observed after ~/-radiation and was con­
Sidered to be promoted by secretion of resin ll-i].

The ultrastructural features of mesophyll
chloroplasts of second-year needles are as fol­
lows: dense stroma. a compact granal membrane
system and a changeable amount of the starch
granules and plastoglobules. Low and high expo­
sure of E~F caused an increase in the amount of
plastoglobules (Fig. -ia-dL Increases in number
and area of plastoglobules in chloroplasts are
unspecific stress responses due to different stress
factors (8.16.22.::3\. Osmlophyle globules were \1)­

cated ncar the chloroplasts in cvtoplasm Jnd ~,

frequent sequence of emergence Df the pbst()·
~lohules from chloroplasts was ohser.ed Pbs\()
~lobules ~lCcumuiate plastoqUinone. J tocophef( lt.
J-tocochmon JnG (lther lipId· liKe \ut1'itJnc;:, ,:)

newly developed lipid deposits or as chloroplast
membrane decay products. which hoth can be
exported from chloroplasts hy exocytosis
[9.15,21,26,27J. We propose two testable explana­
tions for the appearance of high amounts of plas­
toglobules in chloroplasts of pine needles exposed
to high EMF. The formation of temporary de­
posits of lipids in chloroplasts and their direct
export into the cytoplasm can be the beginning of
a complicated chain of resin production. On the
other hand, lipids of both plastoglobules and os­
miophylic globules of the cytoplasm can partici­
pate in the binding of hydrogen in electron
transport and in the endogenous formation of the
water, as in the metabolism of lipids in camels
during lasting aridity [29J. Such a metabolism is
typical in anoxic conditions [7J and in senescent
plant tissues [25]. Changes in lipids of Pinus
syl~stris L. needles have been reported to be
caused by industrial air pollution [1].

The well developed Golgi apparatus, variable in
position, size and state of physiologic activity, in
the mesophyll cells of all investigated pine trees
indicates high and varied secretory activities. This
is consistent with our earlier proposition of sev­
eral activities for Golgi apparatus: increased ma­
turing and transport of proteins, polysaccharides
and possibly conjugates of ethylene. both to the
periphery of cytoplasm and in the secretory path­
way; participation in the endogenous regulation
of plants: building of plant structure; and in
detOXIfication in plants (24). In second-year nee­
dles of pine trees living in areas without lllcreased
levels of RF EMF, as well as in low exposure pine
trees, the Golgi stacks are composed of a few
short cisternae with considerably widened ends
containing electron microscopic light substances
(Fig. 5a.b). These are features of highly actIve
Golgi complexes that actively transport different
enzymes and substrate (predecessor of lignin and
cellulose J to the periphery of cytoplasm. This
reflects highly active cell wall thickemng and wood
formation [19].

With high RF E~1F irradiation. the GOlgl stacks
:ue usuailv assOCiated with large ()smiophilic
globules formed at the maturIng Side of the Golgi
compiex i Fig. 5c.d). Similar globules have heen
iJentitied JS spherosomcs. Ivsosomes or secretory
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The effect of electromagnetic radiation from the Skrunda
Radio Location Station on Spirodela polyrhiza (L.)

Schleiden cultures

I. Magone

Faculty of Biology. Unil.¥!rsity of Latvia. 4 Kronwlda BllXi.. Riga, LV 1842, Latvia

Abstract

0048-9697/96/$15.00 ~ 1<196 ElseVier Science BY. All rights reserved.
55DI 0048-9697(Q5) 04922·A

Keywords: Radio frequency electromagnetic radiation; Radar; Spirodela polyrhiza L.; Electromagnetic radiation,
plant growth; Electromagnetic radiation, plant reproduction; Electromagnetic radiation, plant deformities

The effect of electromagnetic radiation from the Skrunda Radio Location Station was studied on the vegetative
growth and morphology of the duckweed Spirodela polyrhiza (L.) Schleiden plant in the next generation. The impact
of plant development stage and length of the exposure period were examined. The effect of short-term (5-day)
exposures of Spirodela cultures depended on the stage of development at the time of exposure. Generally, the
vegetative reproduction rate was accelerated in the first 20 days after the end of exposure. Exposure of plants just
beginning formation lowered the vegetative growth rate. Eighty-eight-hour exposure caused the appearance of some
abnormal individuals after 30 days of growth. At 55 days, various morphological and developmental abnormalities
appeared in 6-10 daughter plants from 10 exposed mother plants, compared with 0.1 plants per 10 in the control
condition. Plants developed completely to daughter fronds under exposure. from the electromagnetic field had a
shorter life-span (67 days compared to 87 days in the control) and fewer subsequent daughters (total eight compared
to 10 in the control group).

ters, exposure times, and methods of measure­
ment of effect. At the same time, contacts with
different intensity electromagnetic fields are in­
creasing. Therefore, further studies of different
intensity radio frequency electromagnetic effects
on organisms are necessary. Before the basic
principles of biological mechanisms of effect at
different frequencies and intensities of electro­
magnetic are known, generalisations cannot be
made.

The current understanding of the effects of
radio frequency electromagnetic radiation on or­
ganisms has not reached a level at which effects
and mechanisms can be claimed with confidence.
Different sources in the literature are difficult to
compare and are contradictory, since different
researchers have used different experimental con­
ditions, organisms, electromagnetic field parame-

1. Introduction
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Fig. 1. Spirodeio po(vrhiza plants. (A) Normal individuals. (8)

Abnormal indiVIduals observed after exposure to the Skrunda
Radio Location Station electromagnetic field.

2. Methods

21. Spirodela polyrhiza (L.) Schleiden
Spirodela mostly reproduces vegetatively, pro­

ducing daughter fronds from mother fronds at the
proximal end in two meristematic regions in pock­
ets [8}. It has two morphological stages, an active
metabolic frond and a dormant frond (turion).
Germination of tOOons (formation of the first
active metabolic frond) can be induced by kinetin
to produce synchronous aged plants. Daughter
fronds are produced alternatively from either
pocket. Normally, clones from the same mother
plant will consistently produce the first daughter
at either the left or right pocket, termed left and
right symmetry, respectively (Fig. lA). Doubling
time of frond number is 2-7 days, depending on
culture conditions [8}. Practically any environ­
mental change alters meristematic growth and
further reproduction. The mean life span of the
clone used (CR, 1970, Institute of Biology, Latvia)
was 80-90 days, during which time about 10
daughter fronds are produced. A detailed descrip-

In the area of exposure to the Skrunda Radio
Location Station in Latvia, many trees and shrubs
with abnormal branching and apex deformations
have been observed [I). In many cases, new branch
development occurred from buds during the en­
tire vegetative period, suggesting an effect on cell
proliferation and changes in regulation processes.
These initial observations prompted us to begin
other work in the Skrunda area, using a plant
species that can be grown experimentally under
controlled conditions.

In the present work, a sensitive clone of
Spirodela polyrhiza (L) Scbleiden (family Lem­
naceae) was used as a test organism to study the
effects of the Skrunda Radio Location Station.
Lemnaceae are the simplest and smallest flower­
ing plants, and they can be grown in aseptic
conditions under controlled conditions of temper­
ature, light and nutrition. They have high vegeta­
tive reproduction rates, and genetically uniform
clones can be used for experimentation. Thus,
Lemnaceae have been widely used in mor­
phogenetic, physiological and biochemical re­
search, as well as for pollution studies [2-9J.
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2.2 Experimental
Experiments were conducted in the years

1992-1994. Spirodela polyrhiza plants were grown
in sterile conditions in mineral nutrient medium
[9) under continuous light 06 W/m2 white light,
wavelength 380-700 nm). The nutrient medium
consisted of 100 mg/l KH 2 PO4' 200 mg/l, KNO),
250 mg/l Ca(N03)2' 2H zO, 150 mg/l MgS04 ·

7H zO, 150 mg/l NaCl, 5 mg/l FeS04 • 7H zO, 1.4
mg/l H)B03, 0.9 mg/l MnClz' 9HzO, 0.1 mg/l
ZnS04 '7HzO, 0.075 mg/l Na zN04 and 0.025
mg/l CuS04 ·5HzO. Turions were germinated in
growth medium with 0.4 mg/l kinetin for 48 h to
obtain even aged plants. Plants were exposed to
electromagnetic radiation from the Skrunda Ra­
dio Location Station (2 km from the source) for
1-5 days in glass flasks during summer months.
Measurements of radiation are given in [10].
Briefly, the radar operates in the 156-162 MHz
frequency range in pulse mode. The measured
integrated electric field intensities at the site of
exposure in the years 1992-1993 ranged from
about 0.6 V/m to 2.6 V/m, but the pulse intensi­
ties were up to 50 times higher.

Replication was using five flasks, each with
10-30 plants. Plant orientation was random. Af­
ter exposure, plants were transported to the
laboratory, transferred to Petri plates with fresh
medium and cultivated at 28°C under continuous
light for 10-120 days. Medium was changed at
2-day intervals. Control plants underwent identi­
cal treatment without exposure. Plants for expo­
sure and control plants were transported to the
Skrunda area from the laboratory in flasks en­
closed in I-em thick aluminium capsules. Two
types of control treatments were used: plants
located beside the exposed plants but contained
in aluminium capsules, and plants transported to
a location behind the RLS. Exposed flasks were
covered with black paper to maintain dark condi­
tions similar to the control.

Observations were made on the vegetative re­
production rate and changes in growth and devel­
opment. Plants of different age since turion
germination were studied. To determine individ­
ual life span and total number of daughters pro­
duced, and to more accurately determine the
number and types of morphological changes,
plants were transferred to fresh medium plus

0.3% agar in Petri plates after exposure. The life
of each awakened turion could then be moni­
tored. In this case, replication of 12 plates with 10
individuals was used.

3. Results

Exposure of electromagnetic radiation from the
Skrunda Radio Location Station for 88 h to
Spirodela cultures aged 9, 28 and 58 h after turion
germination, increased the vegetative reproduc­
tion rate to 105-195% of the control during the
first 20 days after exposure, compared with the
respective controls (Fig. 2). Similar patterns oc­
curred for 24- and 48-h exposures (not shown).
After the initial increase in reproductive rate for
20 days, this rate decreased. Free growing uneven
aged cultures had increased vegetative reproduc­
tion rates up to 110% of the control in the first
10-12 days after 24-, 48- and 88-h exposures.
However, when very young plants (50-min-old
since turion dormant frond germination) were
exposed, the future vegetative reproduction rate
was lowered to 91% of the control, 10 days after a
48-h exposure.

After 30 days of growth after 88-h exposure,
growth disturbances were observed, such as plants
with upward growing roots and plants with left
symmetry (Fig. 1A,B). After 55 days of growth of
9-, 28- and 52-h fronds and uneven aged plants in
aqueous medium, the incidence of pathologies
had further increased (Fig. 3). At 10 days, only
the exposed 28-h fronds had developed pathologi­
cal daughter fronds (20 per 100 mothers). This
age corresponds to the initiation of development
of the first daughter fronds.

Exposures of 120 h to free growing Spirodela
cultures decreased frond numbers to 58.4% of the
control after 80 days of subsequent growth (Fig.
4). Also, 50 deformities were observed per 100
mother fronds at 80 days. However, in these cul­
tures, symmetry inversions and geotropic changes
were not counted due to the large numbers of
fronds produced. The exposure time of 120 h
coincides with the time to complete development
of the first daughter fronds from turions.

When EM exposure began with the breaking of
dormancy turions with kinetin addition, the 120-h
exposure caused a decrease in the life span of


