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Ahstract

Cancer morbidity was registered in the whole population of military carcer personnel in Poland during a period of
13 years {1971-1985). Subjects exposcit occupationally to radiofrequencies (RF) and microwaves (MW) were seleeted
from the population on the basis of their serviee records iwnd docomented eXposures b service posts. The population
size varied slightly from year o year with a mean count of about 128000 persons cach year; each year about 3700 of
them (2.98%) were considered as vecupationally exposed to RE/MW. Al subjects (exposed and non-cxposed to
RF/MW) were divided into iage groups (2029, 30-39, 30-49 amd 50-59). Al newly registered cases of cancer were
divided into 12 types based on localisation of the malgnancy: for neoplasms of the hacmopoietic system and
lymphatic organs an additional analysts based on diagnosis was performed. Morbudity rates (per MDY subjegts
anavally) were criculated for all of the above localisations amd types of malignancies both for the whole population
and for the age groups. The mean value of I35 annual rates during 1971-1985 represeated the respective morbidity
rate for the whole period. Morbidity rxtes in the on-exposed groups of personnel were used as "expected” (E) rates
for the exposed subjects, while the real morbidity riates counted in the RE/MW-exposed personnel senved as
‘observed” (Q) rates. This allowed the calcutation of the olserved Zexpeeted ratio (OER) represenitng the odds ratio
for the cxposed groups. The cancer morbidity rate for RF/MW-exposed personne! for all age groups (20-59 years)
reached 119.1 per 100000 annually (37.6 in non-cxposed) with an OER of 2.07, significant at P < 0.05. The
diffcrence between observed and expected values tesults from higher morbidity rates due to ncoplisms of the
alimentary tract (OER = 3.19-3.24). brain tumours (OER = 1.91) and malignancies of the haemopoictic system
and lymphatic organs (OER =~ 6.31). Among malignancics of the hacmopoietic/lymphatic systems, the largest
differences in morbidity rates between exposed and non-exposed personnel were found for chronic myelocytic
leukaemia (OER = 13.9), acute myeloblastic [eukaemia (OER = 8.62) and non-Hodgkin lymphomas (OER =
3.82).
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1. Introdaction

Cancer morbidity in industnahsed countries has
been growing in the last few decades and it is
believed, to 2 large cxtent, that the increase in
incidence of neoplasms is related (o exposure to
harmful sccupational and environmental factors
that may either induce (carcinogens) or promote
neoplastic transformation and for growth and
spread of tumours. A number of individoal
chemicals, groups of chemicals, mixtures, occopa-
tional exposures and ipdustnes, culturai habils
and physical or biologica! {actors have up [0 now
been associated with induction of cancers at vari-
ous body sites and included by experts of the
WHO International Agency for Research on
Cancer on Lhe hst of factors that are careino-
Ecnic, ©T probably or possibly carcinopenic o
bmans [1] Recopnition of new oocepational and
environmental ficlors related w cancer morhid-
ity, and wvestigations of their carcinogenic po-
lency and mechanisms of interaction with respect
o neoplasms are among the most impordant pro-
phylactic lasks leading to lowening of cancer mor-
bidity and protection of the population,

Electromagnetic {EM) fields are a relatively
necw but rapidly intensifying ecclopical and oocu-
palional factor. With conlinuouvs introduetion of
new cquipment and technologies the intensity of
vecupational and public cxposures to a diversity
of frequeacies and modufations of EM fclds has
tended to increase sicadily during recent ycars.
AL present, only two or three gencrations of hu.
man beings have been exposed to man-made T2
fields and jong-term effects of these exposures
are shll dilhcult to foresce. Despitc numerouvs
experimental investigations and epidenmological
studies (for revicw, sce [2,3]) it 15 still not possible
o prove the existence and character of aoy speci-
hic melecular, cellular or systemic damage that
may be related to long-term exposure 0 weak
EM fietds. Surmprisingly, very little attention was
pawl (¢ the possible hinks boiween exposure to
EM felds and development of neoplastic diseases
in the past [2], until 1979, when Wertheimer and
Leeper [4] publishied results of their residentral
study indicating increasedl incidenes of lenkacmias
and some other neoplasms in chiddren [iving in

homes with higher than average intensities of
power [requency magnetic ficlds. Soon after, the
first studics that identthed increased occupational
risks of leokzemia, brain twmouwnrs and certain
other neoplasms ameng electronic and elactrical
workers appaarcd {for review, see [5-8)) This
opened & *Pandora box™ anl released numerous
retrospective cpidemmojopical studies published
during 1285-1994 from the Unued Staics,
Canada, France, Sweden, Denmark and United
Kingdom {for most recent examples, see [7,9-13]).
Analysis of the available data shows clearly that it
is afmost cocrian that there cxsts a real addiaonal
cancer rsk in workers that are deseribed as ‘cloe-
tricians” and Cclocironic” personnel and were po-
icntially cxposcd during work (0 generally un-
knpwn intensily and character of B fields, Nev-
cribeless, thas addiional cancer risk 5 pencrally
weak (odds rotos of 1.2-3.0% and elates oaly to
particular  typci  of ncoplastiic  diseascs
(leukacmias, ymphomas, brain twmouwss, male
breast cancer) whaich necur sormally at low or
very low imadeonce and are stroogly snftuenced by
woll-defined  cavirenmental Soccupational  carc-
nopenic factors [1L Depmis ct ol (7] hive colou-
latcd on the busiz of morkality rodes among work-
crs in the 20-64 ape group that the total cxtra
annval risk for neoplosms developing in
clecltne Seclectronic workers in the Umted King-
dom 1 abouot throe coses per 100000 subjocts
(one casc of lcukacmia and two cases of brain
tumour}t and showld theorofore be considercd
withit the levels reparded as acceptable fer ocou-
pational risks in risk assessment riteria recom-
mencded by the Hoyal Seciety.

The most contreversial issuc of the increascd
risk of leskacmiras and bram twinours in workers
of the clectnc #nd clechronic industrics rocmains
howaver the postulated causal relation 0 occupa-
tional exposure in EM felds (7] In none of the
available studies, were the cxposure conditions
clearly stated and,/or measvrcd, The best possi-
ble descoption of exposure kevels in the invest-
gated population of workers was the arbitrary
drvision into ‘possible’, "‘orobable’ and ‘surc” cxpo-
sure at the working place wilh considerable par-
ticipation of subjective judperment [9,10,12] Fur-
thevmere, there ame Likely to be considerable



overestimates owing to the confounding factor of

occupational classes. -

. In gencral, the existing data supgest that the.

mercased risk of certain neoplasms in
- electric/electronic indusicy workers, if it i reaily
-refated to EM exposure, it is associated with
power frequency (50- 1o 60-Hz magnetic fields),
_either of stable flux density or modutated. The

convichon of some authors [13] about the influ-- -

ence of 50- to 60-Hz magnetie field on the process
af carcinogenesis is based on results of cellular
investigations in viteo indicaling exposure-related
clianges in the activity of certain enrymes associ-
ated with the process of carcinogenesis and /or
cell transformation/proliforation, bur sl ye-
mains far frem being penenally acceprable,
However, some experimental and epidemiologi-
cal data exist that indicate that high frequency
EM ficlds, both radiofrequency (RF) and mi-
crowave (MW), may also account for the in-
creased risk of neoplasms in occupationally ex-
posed personnel. Already in- 1953, McLaughin
listed the various forms of leukuemias as onc of
the possibie cffects of cxposure 1o radar radiation
[14} bur this strement was hosed generally on
anecdotal and epidemintogically unproved small
clusters of neoplistic discases among relatively
young men (30-40 years) servicing or scpairing
radars for several years and exposed to strung
MW Relds. ‘Iherefore, this rcport was treated
with sceplicism, criticised by the biockctromag-
netic community, and later forgotien, until now
data appcarcd after 30 years, [n 1985, Milham
[15) reparted a cosc-controb study based or 1691
dexth certificates of male members of the Ameri-
can Radio Relay Leapuc and found a doubled
rate of kukacmias in opcratos of amateur
short-wave rudio stations. In the investigated

group, 126 cases of leukaemia were expected and -

24 developed (P < .01} Increased incidence of
hasmopoictic and lymphatic malipuandes in mili-
tary carecr personnct. in Foland exposed to
puisc-modulated RF/MW radiation during
19701979 was reported by Szmipielski et al. [16)
These epidemiological findings have rocgived
50ME support irom expenmental investigations on
animals exposed for a long time in weak MW
ficlds Guy and co-workers [17,18) exposed rats

for their life-time to pulsed 2450-MHz MW ficlds
at .48 mW fem® and found increased oumbers of
spontancous malignant tumours in the oldar ani-
mals from the exposed groups, although there was
no predominance of any particular type of malig-
nancy (e.g. lymphomas, lcukaemias).

-~ Findings from our group [19,20} indicate that
daily exposures of mice to 2450-MHz MW zadia-

_Hon at 5-15 ninmn’ eontinued for 3-6 months,
- result tn the accelerated appearance and growth

of skin neoplasms induccd by benzopyrene, sug-
gesting a tumour-promoting activity of MWs.

All of the above data from epidemiological and
experimental investigations still do not provide
convineing data on the potentizt role of RE/MW
raciation in the increased incidence of neoplasms
in oceupationally exposed personnel and there-
fore, forther investipations are needed to clarify
this problem .

In the prescnt paper, we report the increased
incidenee of ncoplasms in a group of military
personnct in the 20-59 years age group, who are
in aclive servicc and cxposed occupationally to
pulse-modulated RE /MW radiation, The data arc
based on retrospective analysis of cancer marbid-
ity turing the {5-year period of 1971-1935.

Z. Matesials and mcethods

2. 1. Popdation and assessment of RE f MW
EXTIOSLIFE -

The subject of this study was the whole popula-
tion of military carcer personnct in Poland during
a 13-year period (1971-1983). Annual data on the
population size {mumber of carecr servicomen,
types of individoni service poests and exposure to
possible harmful /carcinogenic factors during sex-
vice) were available from respective pemonnel
and military health dcpariments, These data were
used For calenlavion of morbidity rates of cancer.
Duta vn all newly diagnosed cascs of malignant
neaplasms were colloeted from records of central
and regional military hospitals and the central
military mcdical board. These data included diag-
nosis of the disease, localisation and type of the
malignancy, resulis of basic medical tests rejated
to diagnosis, duzation and lype of service, expo-
sure to possible carcinogenic factors duozing ser-
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viee, life habits, social /family status and exposore
to EM fields. Care was taken against possible
duphication of cases rtcgistered from different
sources (e.g. hospital and mediczl board).

Data on cxposure of pomoanel to RF /MW
were collected from EM mulitary safety groups
operating as health hypienic services. These
groups are ftesponsible for measurements of
RF /MW field intensities at and around service
posts where EM cmitting equipment is used, re-
paired or serviced, and keep health records of
personnc] working on these posts. The number of
personne] considered 1o have been éxposed occu-
pationally to RF /MW was casily established, but
evaluation of the exposure raic appeared o be
quite difficult. Evaluation of the exposore inlensi-
ties revealed that at 80-85% of posts, the felds
{mostly pulse-modulated RE/MWs at 1503500
MEHz) do not execed 2 ".’l."l,a'nf‘r (0.2 mW,.-‘ch}.
while the others have inlensitics 2—-6 W/m®, and

Tublc

.EI[}DSUIBE exceeding 6 W/m® were registcred

incidentally. However, individual exposure of the
persomael (daily or monthly exposure ‘dose’) was
difficult to nssess, as both period of the cxposure
may be variable and short-lasting incidences of
Ove[CXPOSUTE APPEAT ¢ accur quite frequently.

2.2 Analysis of cancer morbidity

All carecr personng! in active service were di-
vided into four age groups (20-29, 30-35, 40-49
and 50-59 years) and data for cancer morbidity
(first tiapnosis of malignant discase) were ex-
pressed both for the above age groups and for the
whole population. All ncoplasms were divided
imo 12 localisations (Table 1) and for cuch of
them, the incidence (per 100000 subjects an-
nually) was calculated bascd on newly diagnoscd
cases every year and during the whole pericd of
annlysis {15-ycor period, 1971-1985). The inci-
drence for non-ecxpescd subjects served as the "cx-

Incidese of neeplasns $por G000 subjects anouilly) i milifey et eapersed and non-csposcd {euatrol) o rnholreguency

and mocroso s radsinwn

-

Lecalization of malignancies Incide nee Encidenoe Expuoscd /non- Q5Th Signifi-
per 100 Dixk et L {RK} caposed ralio conhdepce canee
annually annually (ohserved / limits { Fvabue)
oGR- LApeed expected)
expoted {observed}

(eapecied)

Oral cavity 265 1.2 a7 0.42-132 N5,

Pharyn 1.9 212 gk D&2-174 M.

Exephaeeal and stomach 4 53 15.04 34 1.85-5.00 < .01

Cokarceial 3.9% 1265 319 1.34-G 0k < 4l

Liver, panireas 243 A58 1.47 Q.re-302 M.

Larynpeal, Jung 21.8% 23.1h 1.0 0,72-1.56 .S

Lo I53 1.83 0.67 {1 536-1.42 g P

Skin. tncluding melapomas 3.23 546 1.67 {182-413 = 5

Kidney and prostatic 455 3.96 .50 0.54-1.57 M5

Merwous system, including brain 218 4.36 .91 1.08-3.47 = Q05

LUMCUTS

Thvroid 158 212 154 D.82-2.5¢ NS,

Elusmatopoietc system aml 8.6 : 4312 £.31 303-14.32 < {1,4K1]

lymphale organs '

All maliznancies 57.60 11912 2407 1.12-53.54 < (L5

Diata are based oo repistracion of all newly diagnosed cases of neoplusme duving [071-1753 in the whoty popatation (aged 20- 3%

yeamsy of mililary eueer personnel in Poknd. Exposed, sabjects cspused perupaionally 1o radicfreguency and misrowave 1adtion:
~on-esposd. sabyecls pen-wsposed 1o the radistion, used as contrel growp Mar culcolation of =xpected moroadiny for e eaposed

ETOLp.



pzcted' tate of morbidity for the whole popula-
tion, including the RF/MW-exposed personnel.
The number of newly diapnassd cases of nco-
plasms in the BF/MW-exposed group allowed a
calculation of the group incidence (per 100000
subjects annually) and this scrved as the ‘ob-
served’ rate of morbidity, This in turn allowed the
calculation of the observed fexpected ratio, its
confidence intervals at 95% probability and the
statistical sipnificance of the ratio. Statistical cal-
culations were performed using the SIGMA-
STAT Win ver. 1.00 software and worksheet from
Jandel Scientific Co., Germany (rcg. number
950 559),

3. Results anif discussjon

The size of the investipated population varicd
slishtly from ycar 1o year during 1971-1985 with
a nunimal value of i85 and moaximum of
142200 the mean value for the whole perind was
127800 (5.1, 9620). The exact ape distribution of
the personael i stll classihed inflormation and
therefore, the resulls may be given only in the
form of weilence rates and odds raios (Table 30
Mevertheless, from these dats, it may be con-
cluded that the majority of subjecrs was divided
between the age geoups of 30-39 and 40-49
YUilFs. -

The number of personnel exposzd occupatio-
natly to RE/MW during 1971-1935 Aoctuated
annually from 3400 ta 4600 {mcan valuc 3720 +
360} with an itncreasiog {endency in 1980-1985,
due to inlroduction of ncw types of clectironic
equipment for usc in military units.

The group of military carged personnel in ac-
tive scrvice, amounting o over 120000 subjects,
appcars to be large enough to establish the 'ex-
pected” cancer morbidity mics for RF/MW-cx-
posed personnel {Table 1) The tncidence of all
malignancies in this group teached nearly 60 per
100000 subjects annually, including 22 larynpeal
or lieng cancers, about 4-5 cases for each of
stomach, colorectal, and kuloey oc prostate nco-
plasms, and about seven malignancies of the hae-
mopoietic systern and lymphatic organs develop-
ing each year i 20- to 59-vear.old carcer seovice-
men. Nevertheless, for rarc forms of nepplasms,

&

not typical for middle-aged men, the calculated
incidences {Tables 1,2) are based on single cases
appeanng incidentally and therefore, all inci-
dence rates not excecding 1.5 per 100000 an-
nually shondd be treated wath caction. For cxam-

ple, in the analysed group of non-exposed person-

"nel, there was no sinple case of myeloma

iplasmocytoma) registered during the 15-yzar pe-
riod of analysis (Tabie 2). The standardised rates
for plasmocytoma in Poland appear o range

. between 3 and 5 per 100000, but this 15 a discase

of old aere and reaches its maximum in people
over the ape of 75 (11 On the pther hand, acute
lymphoblastic lcukacmia 15 most common in chil-
dren (aced wnder 13) and accounts foe 75-809% of
leuknemia cases In the 2- to d-year-old whie
roputations of children [1). In the persornel ex-
posed and non-exposed to RE/MWs, only single
cases of acute lymphoblastie leukaemia were di-
apnosed during 15 years {all in the ape proup
20-29 years) {Table 2} and thus, the ncidence
riles and odds tato fur this type of leukacmin
should be treatcd wath caution and necd confir-
maton on larger stedics.

In peneral, the R /MW-cxposed group of 3700
subjects has (o be conpsidercd ay relatively small
Foor valid assessmoent of cancer mechidity at the
“obssered” roles Boelow 12.5-35 por PEHEK sub-
jects annually (03— case anmuaitlly inoa group strc |
of 4008 subjects s *expectcd’). The longer peried
of obscrvation {15 years), in spilc of pcrmancnt
annual rcecruitment, retirement and aging of the
remaining members of the proup, validate the
incidence rates, but sHl those nusmberime bolow
abour 10 cases per (00000 anoually are sironply
influcnced by single cases of particufar types of
neoplasms. For example, one case of malignancy
in the group of 3700 subjects during 15 vears
accounts for the incidence of 1.3 cases per 100000
anoually.

The data presented in Tables 1-3 mdicate that
cancer morbidity rates are hiph enough to prove
that the incidence ol all maitgnanciss 15 doubled
(P < 00510 RE/MW-cxposcd personnel, com-
pared to their unexposed colicaguss of the same
socig-economlic siatus and living wnder sinular
eovironmental and working conditions (Tabie 1)
This difference 15 Jue o highet morbihiy rates of
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Table 2
Incidenes of bawvmopoictic and lymphatie makignoncies {per 100000 subjecis anmually) in military personncl exposed and
non-grposed (control) to radiofrequency and micreawave midiation

Type of hoemopoietc /lymphatic Incidence . lacidence Exposed /man 255 Signifi-
mahgnancy per 100000 per TLHHOENE -exposcd confubence AICE
anrunlly anounlly ralin limils { Fvalu=)
non- cxposcd {observed /
exposed {ubserved) capreted)
foxpoehed)
hMalignant lymphorrano lomatosss 1.73 512 295 1.33-437 <2 .05
{Hodgkin's disease)
Lyraphoiena (non-Hosdokink and 1.52 HLBS 532 211-9.74 < .10
I}TFI F‘I'H 1ETG LT
Chromic lymphogyee benkae mis 1.37 3. 168 1.33-50K £ .01
Acwig ymphueblastic leukocnma {33 1.3 375 122-18. 18 < 0%
Chromnie nayeloeytie leukiennn L 1213 3.4} f3-3212 < (L0
Avute niclubinsbic krakaeinb 71 .12 8.2 354 130467 £ [LEMY]
v foma [l o b By copes F 13 ML e
£ Ly
Festul b43 43,12 611 212-1432 < [LIXKK|

g are Jsed vnoregisiratuon of all ree ly denosed coses of malipmecies of the haemepoietic system and Srplatie oo
thiring 1971 1985 in the whote popotaticn (aged 20059 vears) of subitary career persanct i Baland, Fxpeesd, salgects capmeasl
vecu pedicatal by 100 chofroguency mad antcoowznee randion ions; Mon-exposed, slyects ponecyposed B Lhe mdialion, osed s conirl
prou fue coleubioii of expwrigd modhichly Tor the exposed ezoop; MO, oo deie rminesd,

Fabile 3
Ticidesce ol peogduzins (per T subjects annuallyd i age srowps of militwy porsoanck coposed siml mon-esposesd (oomireld 1o

rodiolregeeney and mocrovwaye racliatinn

Mpe prowy Al Rerene floanl s g B l.‘m&‘[mii':ﬂ'l.'_.-" Iyt T
(ycarsl vf neeplinams malrgnancies
Ingidener Incidence Expused fnon 95% Swni- Ineidumee oendome Exposcd Saom- %55 HiLi-
ey L -gxpwmed conflence fance  per per capsed conbdence fcancye
FICLILA L (LML) ratin fimits Fyalue 1000 MDD 1alike limats M e
subjects subjeets (obse regd / subnects  subpcds  {obscervcd /
ainually  snmwmally  expected) sonually  amnually  expeciecd)
Hnexa- eopiased non- cxposed
capiv-od  obcoecd exposed  ulwcnmd
caperied erpocicd
20-1% 1i42 2T H 235 [23-312 <005 212 1730 . 5ib -2 < 0N
30=39 1857 12.3% 2310 306 <003 303 oha3 K58 3ds-1958 2001
A= Bd.20 10162 192 0E-284 <ifm 5332 FANE %50 4331327 <0
S-59 1867 25013 147 f92-212 NS 24 31 10842 447 256 68F <001
Al ape 3700 [NEA =07 LI2-358 <QU5 AE3 q3.12 3} ArZ=1131 < 0001

Lata are bosed o sepeaennign af ail newly disgposed cases of neaplasms during 1971-1955 10 the whole populanton {aged 20--5%
yearsd of mitil ary carger personng] in Foland, Exposcd, subjecls l:?c:p:'_'ls.cﬂ vecupationaly (o radig frequency and microwive rodi g,
Fun-mpoeed, mubyocts acs-eaposed [ the radiation, wsed o5 control proup for caleulation of expected marbidhty for the siposed
E]'I:I":I'FI_






