
Hodgkin's disease, and cancers whose nature was unspecified) and cirrhosis of the liver. The SMR was
greatest for Hodgkin's disease. No excess was statistically significant These two SMR analyses also
provided limited evidence of no differential risk by two different periods of latency. The strong healthy
worker effect observed limits the value of these SMR results, but they point to causes requiring further
study.

Mortality was also lower for Rad Lab staff members than for physicians (Table 5). Rather than
implicating nonionizing radiation (NIR) exposure, the study may have demonstrated a difference in
sul'Yival and all-cause mortality between two professions, that is, physicians versus scientists, chiefly
physicists and engineers. The physicians were internists, ophthalmologists, and otolaryngologists. For all
causes combined, the staff members had a lower rate of mortality than physicians. The risks for deaths
from diseases of the circulatory system and from external causes, e.g., acx:idents, were significantly lower for
staff members than for physicians. The deficit of deaths from these two causes was probably responsible
for better survival in the Rad Lab cohort. The rates for all malignant neoplasms were the same. The
rates were also approximately the same for deaths from all other causes, considered together. But
increased risks were seen for lymphomas, particularly Hodgkin's disease; cancers of the gall bladder and
bUe duets; pancreatic cancer; cancers of the nervous system; and cirrhosis of the liver. Given these
eEeSSes, the Rad Lab deaths may have an infectious, immunological, and/or behavioral component

Internal comparisons were made with three broad exposure groups (Table 6). No gradient in mortality on
the basis of presumed exposure was seen. Age-adjusted death rates were greatest among the group with
the lowest presumed exposure for all causes combined and in all major disease groupings; therefore, there
was no evidence of dose response. But, the procedure used to identify and stratify exposure may have
introduced confounding negative factors that would appear to be stronger than the influence of exposure
differences, if such differences exist and affect outcome. Men in the low-exposure group mostly had
management, administrative, or suppon jobs rather than scientific and technical jobs; the differences in
mortality may thus retIect professional or socioeconomic differences among exposure groups. Despite this,
the results do not necessarily mean that an exposure gradient does not exist The two other exposure
groups (medium and high) were more similar in profession and age. The risk of death from all causes
combined and in major disease groupings was greater in the high-exposure group, but was not statistically
significant Numbers were small. The rates for all cancers combined were approximately the same.
Excesses for Hodgkin's disease, nervous system cancers, and cirrhosis of the liver were greatest for the
medium-exposure group. The reasons underlying the obserwtions are not clear. The medium-exposure
group contains SUbjects exposed to several frequencies of NIR; about 25% worked with low frequencies
rather than microwaves.

In summary, the overall survivorship of Rad Lab staff members was better than U.S. white males and a
group of physician spedalists. The study did not demonstrate significantly increased risk for total mortality
or mortality from specific causes to be associated with NIR exposure, primarily from microwave
frequencies. However, deaths from certain diseases were elevated, e.g., Hodgkin's disease and digestive
diseases, espedally cirrhosis of the liver. Results for the cohon grouped by an exposure ranking scheme
were equivocal. Paradoxically, the mortality rates were highest in the group with the lowest presumed
exposure which may retIect some son of socioeconomic bias. There is a slight gradient in the rates for
major causes of death between the groups with intermediate and highest exposure potential; this may
retIect frequency specificity. 'Ibis study had a good tracing rate and a sufficient follow-up period to
evaluate cancer, but the necessary censoring of the data set to permit comparisons to physicians reduced
an already small study population. Statistical power was low for some cancers. Exposures for individuals
could not be determined but were estimated by surrogates. There were no data on other risk factors.
Lack of smoking information is probably not a problem, because low mortality for circulatory disease and
lung cancer suggests smoking may not have been prevalent in the cohort.

Szmigielski et al. (1988) examined cancer inddence among Polish career military personneL The authors
stated that radar exposures predominated, but exposures to Extremely Low Frequencies (ELF) were also
noted. Large and consistent differences in cancer rates in exposed versus unexposed personnel were found
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Table 5: Mortality of Rad lab Staff and Physlcl..., Through Deeember 31,1974, for All C..... of Death.nd Cancers.
Part A. Standardized Mortality Ratloa (SMRs) for Staff Aged 25 Ye.r. or More at Entry, Expeded V...... Sued on Rat.. In

Physlcl.... P.rt B. Mo....,1ty Riak Ratloa for Staff members va. Physic.... Using Cox'a Proportional Hazards Model

(0.8655)

(0.8655)

(0.3538)

(0.6463)

(0.8989)

(0.5920)

(0.1406)

(0.7383)

(0.7587)

(O.0435t

«O.OOOO)b0.6392 41.06

0.8385 1.43

1.0646 0.03

1.0646 0.86

1.3804 0.21

1.0880 0.02

0.7200 0.29

4.0186 2.17

11.2728 4.08

1.169 0.11

0.8449 0.09

0.78-1.02

0.80-1.45

0.87

1.0942.96

1.89 2.12 0.59-5.42

- - -
3.14 0.64 0.08-2.30

0.21 10.34 2.13-30.23»

0.14 14.29 1.69-50.2Sf

3.12 1.60 0.52-3.74

2.80 1.07 0.22-3.13

0.89 4.26 0.70-9.85

246.01

2

4

2

3

47

5

3

3

213

[:IIs8;;·!::,"~:·i:!:·l_··I!:III1.i·_ji.;~.:~:·::·!:!:!:lj;l:l::i:·i·:I··.··:.. ;!:;·...··::..i:I.:il~I_.I:;_:·.~·ii ;

._i~
AU MAUGNANT NEOPlASMS

AU CAUSES

NeopIasms/Lymphokt Tissue

lymphomas

Lymphomas/Other lymphoid

l.el*emias

Hodgkin's DIsease

Neoplasms. Lymphatic &
Hematopotedc TIssues

Pancreas

Gall BladderlBiIe Ducts

Nervous System NeopIasrrIsil

Brain and Nervous System

Malignant MeIanomaISkin 3.7957 1.83 (0.2013)

Prostate 0.8583 0.12 (0.7273)

-excluding brain tumoN.
bConfldence~R do not owrtep 1.0; or~ 0.05.
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Table 6: Age-AdJusted Mortality R Per 1,000 Pel'8On-Ye.ra for All C...... of Death .nd Selected C.ncera for R.d Lab White
•• swr Me""" by Expoeure ng Group B8Hd on Predominant DM8Ion of Work. Followed Through December 31, 1..

0.97

0.61

0.15

0.82

0.76

0.67

0.84

1.24

4.33

1.65

0.19

0.04

5

2

1

2

1

1

421.70

0.31

0.26

4

2

1

1

1

3

202.02

0.25

0.06

Adjusted

AI Malignant Neoplasms I 34

AI Lymphocytic Cancer I 4

Lymphomas I 2

Hodgkin's Disease I 1

Leukemias I 2

Multiple Myeloma I 0

Br8InICNS Neoplasms I 1

-llil.,~wr"~1
AI Causes

Crude I 150 I 11.97 I 66 I 5.26 I 90 6.87 I 0.44 0.57 I 1.31

9.07 I I 6.76 7.44 0.75 0.82 1.1

aAl ... conIIdence InIetvaIe (not ehown) overlep.
Source: HII, 1•.
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for all sites reported (Table 7). Most of the data is on cancer of the lymphatic and hematopoietic system.
and not aU cancer sites were discussed. Generally. rates in the exposed group were six times larger than
rates in the unexposed group.

The study was described as retrospective. but the exact design employed is dimcult to discern. In fact, the
presentation of tbe procedures. results. and analyses is atypical. For example. only rates per 100,000 are
given; the numbers forming the basis of computed rates are not given (Table 7). Furthermore, most rates
are only graphically displayed in figures rather than listed in tabltl. The author noted that, due to limits,
the number of cancer cases and the size of the population, OYeraU and within age groups, could not be
presented. Although not stated, it is possible these limits were governmentally-imposed restrictions.

In summary. mixed results are seen in epidemiological studies about ClIpOI1IlCS to RF radiation. Two early
studies (Lilienfeld et 81., 1978; Robinette et 81.. 1980) sbowed only a slight tendency. if any. for increased
cancer risk. 1bJs tendency was slightly stronger for cancers of the bematopoietic S)'Stem. These studies
suffer from either very low-exposure levels. crude exposure estimators. and/or limited fonow-up periods.
The study of RF exposure and cancer. eYaluated for census tracts in Hawaii (Environmental Epidemiology
Program. State of Hawaii. 1986). found significant excess risk for leukemia if <:eDIUS tracts contained RF
towers. but small numbers. the crude exposure proxy, and the ecological design limit this study"s usefulness.
The study by Hill (1988) found some excess risks for some cancer sites, specifically lympbomas. Hodgkin's
disease, cancers of the nervous S)'Stem (excluding brain cancer), and cancers of the digestive S)'Stem
(especially gall bladder). but overall. the results are generally nonpositive or. if positive, usually not
statistically SignificanL Leukemias were not elevated. Miselassification with respect to exposure was
possible. In contrast, Milham conducted several increasingly more analytical studies of bam radio
operators are found positive and statistically increased mortality risks for acute myeloid leukemias
(SMR=1.76) and, considered together. multiple myelomas and other neoplasms of the Iympboid system
(SMR=1.62) among FCClic:eased amateur radio operators in eautomia and Washington State. For
leukemias. all SMRs were elevated. but only the SMR for acute myeloid leukemias was statistically
significanL In fonow-up analysis, Milham (1988) evaluated bam operator mortality by five FCC license
classes which served as surrogates for possible higher and/or chronic exposure with increased experience
and expertise. No clear gradient by license class was found. The study by Szmigielski et aI. (1988)
reported increased rates of cancer. especially for specific sites in the hematopoietic system, among Polish
military personnel exposed to RF and microwave radiation. Yet restrictions on the degree of detail for
reponing results limit evaluation and interpretation of this study.

A summary listing of the discussed studies is given in Table 8. In general, epidemiologic studies of cancer
and RF radiation show only a slight tendency, if any. for excess risk, but they present several
methodological difficulties. The studies by Milham are the most persuasive in demonstrating positive and
significant associations. However. the exposures evaluated by Milham differ in frequency (lower end of the
RF ponion of tbe EM spectrum) from the other studies wbich chieOy examined microwave frequencies.

In addition to the abOYe discussed studies on RF radiation. there have been many general occupational
studies that have examined cancer risks among broad groupings of industries. occupations. jobs. or
-electrical work.- This body of literature is generally considered to relate to potential risk from exposure
from Extremely Low Frequency (ELF) electric and magnetic fields (EMF) or 6O-Hz power frequency EMF
and has been reviewed elsewbere in great detail (savitz and calle. 1987; Abloom et aI•• 1988; california
PUC and DHS. 1989; OTA 1989; U.S. EPA, 1990; Dennis. 1991; Teus PUc, 1992). Determination of
exposure in these studies is very crude. It is estimated indirectly by. for example, job tides. Excesses have
been reponed for many types of jobs beyond electricians. e.g.• radar tecbnician. radio repairer. electronics
engineer, telecommunications worker. etc. Frequency of exposure cannot be readily disc:erned for job tides
or job classifications. Thus. these occupational studies can involve exposures to multiple frequencies of
nonionizing radiation and exposure to SO or 60 Hem. The predominating exposures may be to ELF
electric and magnetic fields. but jobs involving work with radio. lV. radar. and so forth also entail
exposure to some extent to modulated RF radiation.
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Table 7: Incidence Rates Per 100,000 Per Vear (1971-1980), for Pollah Military Peraonnel
Grouped by Work Exposure to Racllofrequency and Microwave Radiation and by Age

All Neoplasms All Ages 192.2 64.2
40-49 350.0 <50

Lung Cancer All Ages 33.2 23.6

Hematolymphatic All Ages SO.8 7.4
20-29 26.3 2.7
30-39 29.7 3.0
40-49 81.3 9.9
50-59 117.6 29.6

8.9
3.6
3.8
11.8
32.7

LG~ All Ages 6.0 1.8
20-29 18.8 2.t
30-39 0.9
40-49 11.6 2.5
50-59 3.0

Ly Sa, Lymp· All Ages 18.3 2.2
20-29 0.3
30-39 0.3
40-49 46.5 4.2
50-59 58.8 8.9

0.3
1.4
8.9

9.9
11.6

All Ages 6.1 1.3
20-29
30-39
40-49
50-59

All Ages
20-29
30-39
40-49
50-59

3.0
8.9

0.1
0.3

All Ages
20-29
30-39
40-49
50-59

All Ages
20-29
30-39
40-49
50-59

All Ages

12.2 0.5
8.8
19.8 1.2

0.3
29.4 1.1

6.1 1.1

0.3
11.6 1.8
29.4 2.2

2.2

Source: SzmlglelHl et aI., 11187.

ae-expoeed, NE-not expoMd, LGR-maIlgnenl Iymphogranu~.Ly Sa, Lump-lymphoMroomM and other
Iymphomu. CLL-chronlc Iymphocytlo leukemia, ALL-llOUtIIlymphoblMlic leukemia, CML-chronlc myelooytlc leukemia.
AML-aoute myeloblutlc leukemia, PL-plumaoytoma or pluma oeIIleukemla.
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Table 8: Studies of Radlofrequency Radiation and Cancer In Adults

rl:::;:::;::, .. :,,1_;:;:;;:

SfMII numbefl prec:1uded
concurrent age.... race
adjuetmente. Expoeur.. only
bIo.tIy deIIned In ceneu. traetI.
UrMVnnI dIferencM poeeIbIe.

a and b: Large well-defined
oohort (n=68.ooo men.
PV-233,OOO). Level of expolure
unclear. Death. only eought In
CaIffomla and Waehlngton.
~ aleo are expoeed to
lower frequenclel. including
80 Hz, 10 probably cannot
diltlnguleh~.. eIecte of
RF VI. ELF radWon.

b: Extenelon of earIer eIudy to
..to identify poeeIbIe
~. 01 duration grouping•.
link between expoeure lewIand
IicenIe CIItegoly not olear.

Trpioal~ for time period
__loped, L... 2-5 mW/cm2, or
BAR of IIbout 0.4 W/kg. General
foIIow..up over 40 ye.. but had
tobeoeneoredtocompllreto
phpolane to 1974. For the
..... further follow-up would be
an Improvement.

aMdb: ....~for....,.,
canoer .t.. lind 8tIItf8tIoaIIy
-'gnlllcant for acute myeloid
leukemia (SMR-1.78) and multiple
myelomu and m'-oeltaneoua
neopIuma of 1he lymphoid u..ue.
(SMR-1.82). Hodgkin'. DIIeue
eIewded (SMR-123) but not
~ IiQnIIcanl Slgnlflcantfv
lower SMRe for .,.,.. dI......
JncIucIncI .. c.ueee oomblned and
aft malignant neopIume combined.

b: 1.oweIt FCC IIoenIe~
(preaumably IhotWet twm
~) ehowed Iow-.t rIekI. No
1rand acroll CIIher categorIee.

~ elevllled total oanoer In
".xpoeed GfOUP.· lMIkemla In
exoeae but not IlgnlfioantIy.

0VenIII ....... better than
eICF**d. In oornpwteon with
phyeIdana, 1ncrrI...d rIek for
Iymphomu, particularly Hodgkin'.
DIMMe (SMR-1Q.3, RIIk~
proportIomII huarde modeI-4.0).
DIIferenIIaI rIeb not eeen aet'OeI

tuepOeUre~ IhIIt fried
potential ......

a: Expected vatu. baNd on
U.S. male death ratee.

b: Expected ratee from U.S.
male poputatfon. Internal
comperiaona by FCC IIcenee0..... Uoenee ctdegory
explored .. potential
meuure of ~Uftl and
dur8llon.

RI........ 1n Oahu living In
ceneue tnlote without RF
tower8. &peoted vaIuee
beNd on Stat. ratee.

U.S. whb "'*'" and cohort
of phyIIcIan epee,..... tto
reduce eocioeaollomlo
dllfeNncee). InterNI oontrole
grouped by work aMIgnment
to ""mete .xpoeuN.

Am""r radio oper.... Ilceneed
with the F..... CommunIcIdions
eommfMlon (FCC) who lived In
c.womIe or WMhlnglon and
died between JMuaIY 1, 1979·
December 31. 11184. IdentIf*I
from FCC operetor licenHe II....

u.s.~

u.s.

MIT ....... and englneereln
r8CW R&D facIIIy In World
w.a

ReafdeneI of Honolulu living In
oeneuI tracts wIIh RF rlldlatlon
.... (lV, FM, AM).

SIRe,
"Ecological,·
Incidence

Cohort

MIIMun ICohott. I U.s. (WaahIngIon & Callfomle)
(1988a,b) SMRe

EnvIromIentaI
EpIc*nIoIogy
Program, Stele
of ......
(1.

"(1.

i:i!!r~.ll~!I!!.i:;:;!;!I:!!I!.i!!!:!!!:i!!!~!.!!"i:i::::i::::;:!:~

Szanl....k1 ..
... (1187)

Cohort PoIMd

MItIarr pereonneI with RF and
~ 1DlPC*ft. primarily
from~.

InIem8I conttoII. DIvIded
Into expoeed and unexpoeed
.ubgroupe.

~ etrikIng .-c••••• for
I1'fmphattc and henWItDpoI8tIo
......... (8 tlmea more) and moet
...... In eIICpClMd group VI.

unapoeed QfOUP.

InfomNdIon lacking to deacribe
rneIhode, expoeUfea, popufaCIon
..and lMk.up. Me. th8t 11mb
~. PotentWly
ImportMt and further Inforrnetlon
IhouId be obtained.
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m. Reproductift and l>e¥eIopmental Elfedl

There have been few studies on reproductive or developmental effects from RP radiation expoaure. Siller
et al. (1965) found an increase in Down's Syndrome among chUdren whose fathers were military radar
operators. But, the effect disappeared in a follow-up study by Cohen et aI. (1977). Kallen (1982) found
an increase in dead and malformed infants bom to Swedish mothers who worked as physiotherapists using
shon wave treatments. Overall, however, this poup bad a better than expected delivery outcome.
Lancranjan (1975) examined spermatic ftuids and hormones in 31 men who worked with mia'OWlMS at low
levels of exposure. Ketosteroids and gonadotropin were normal, but he did find statistically significant
differences in the number of sperm per milliliter of semen, percent of motile sperm in ejaculate and
percent of normal sperm. Buiatti (1984) reported azoospermia and oligospermia in a ~ntrol study of
men with a history of radio electronics work. There have also been seYeraI studies concemiDg central
nervous system tumors (especially neuroblastoma) in children of fathers in electrical and electronics
Joccupations.

Wblle there does not seem to be evidence implying reproductive or developmental effects in humans
exposed to RF radiation, research bas been very limited. The reponed results are mixed. Replication
studies have not been conducted.

IV. Ocular Elfeets

The occurrence of ocular effects, especially cataracts, bad been a conccm, based on eft'ects in animah.
directly exposed to high levels of RF radiation. All studies on ocular effects iDYOlve military personnel and
exposures to military sources or at military instaUations. These are generally clinical or cross-aecdonal
studies in which ophthalmology examinations to disc:ern minor lens c1wlp, if any, were performed on
study SUbjects at a given point in time while actively employed. These studies bve largely been negative.
Only one case-c:ontrol study on cataract formation bas been conducted; it was neptiYe (Cleary, Pasternack,
and Beebe 1965).

These studies have been carefully conducted, using standard protocols for detailed clinical examination.
However, SUbject selection bias is possible and no long-term fOllow-up studies have been conducted to
assess the risk of future cataract development in the exposed populations.

v. Summary of Studies

Among studies of radiofrequen" radiation exposure and cancer in adults, some cohon studies reponed
statistically significant risks

• of lymphatic and hematopoietic neoplasms, especially acute myeloid leukemia, in amateur
radio operators based on proportioaal mortality ratios and standardized mortality ratios

• of total cancers in HawaU residents living in close proximJty to RF towers based on
standardized incidence ratios
of hematopoietic system c:anccr, including leukemia, lymphoma and lymphosarmma, as well as
melanoma from exposure to RF radiation, primarily from ndar, in Polish military officers.

For the Hawaiian study, leukemias were nonsigniflcantly elevated, but small numbers made the leukemia
estimates unstable. Two studies (of U.S. Embassy employees in Moscow exposed to microwave radiation
and of U.S. Naval personnel elpOSed to radar) suggested a sUght tenden" toward an increased risk of
cancer in general and the hematopoietic system specifically. Excesses were, however, not statistically
significant in either study. The remaining cohon study of participants in a ndar research and development
project at the Massachusetts Institute of Technology, where the SUbjects were exposed to RF radiation
estimated to be about 2 to 5 mW/Cm2, produced few significant findings of mortality in the subjects. Some
elevated risks of certain site-speciflc cancers, most notably Hodgkin'S disease, were found.
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These studies, although suggestive of an elevated risk, suffer from design and methodological problems,
which preclude any definitive statement regarding causal relationships with RF exposures. However, the
statistically significant excess risks of leukemia in amateur radio operators requires further examination.

There is little epidemiological evidence to sugat exposure to RF radiation leads to an increased risk of
developing other diseases (non-cancer) and conditions, except possibly cataracts at extremely high levels of
exposure. Yet there has been little research on human populations working or living near RF radiation
sour~.

VI. Methodological Issues

There are some general issues surrounding the use and applic:ability of epidemiologic:al research methods
to study the effects of environmental agents, including RF radiation. Examples of such issues include the
ability of epidemiological studies to detect low-level risks, to separate the effects of multiple causes, and to
identify and control confounding factors. Moreover, specific problems are common in the current
epidemiologic literature on RF radiation that limit the ability to draw inferences from this body of data
and its usefulness in establishing exposure limits for the general population. Thtae problems are briefly
discussed below.

EJgK>sure Assessment

It is difficult to determine actual exposure and dose for individuals, and even for groups; that is perhaps
the largest single problem in epic1emiological studies on RF radiation. In general, there are no continuous
surveillance programs in the workplace that could yield data for use in epidemiological studies. It is
difficult to rea>nstruct RF-radiation exposure data for health studies that are begun after exposure bas
taken place. The study by Robinette and Silverman (1980) is a good example of attempts to deal with the
difficulties of retrospective exposure assessment, e.g., two approaches (job type versus Hazard Number)
were used, and an exposure gradient was obtained with the Hazard Number which simultaneously
considered the RF sources and the length of service assignmenL Despite thtae efforts, the estimates
remain those of potential rather than actual exposures. In many of the other studies, the levels and
frequencies of exposure are not known, not estimated, or not reported. Also, in studies of military
populations, information relevant to exposure conditions might be classified. When well-developed
exposure data are not available, it is difficult to analyze possible dose-response relationships, to interpret
the significance of the findings, and to use the data in establishing protective exposure limits.

Documentation and Methods

Another problem in the RF radiation literature on human beings relates to documentation of methods and
procedures. Degree of detail in reponing seems to be a major difference between studies done in the U.S.
and those conducted in other countries. The paper ·Ouidelines for Documentation of Epidemiologic
Studies· (Epidemiology Work Oroup, 1981) suggests the types of topics that are useful to document when
reponing an epidemiologic study, especially one used to suppon regulatory decisions. Thtae major
elements include a statement of background and Objectives, methods of selection and characterization of
study and comparison SUbjects, data collection procedures, and analysis. Few reports on human beings
exposed to RF radiation adequately include such necessary information. It is frequently difficult to tell
whether certain research methods were not applied or simply not reported. For example, the aiteria for
selecting controls are frequently not stated, but controls are often said to be comparable in all respects
except exposure; analyses or data to suppon such statements may not be supplied. Also, common
practices such as development of standardized rates or use of procedures to control confounding variables,
e.g., age adjustment, are usually not reported. Statistical power is rarely evaluated or discussed, but it is
difficult to estimate power if the underlying prevalence or incidence of the disease under study is not well
known, especially for some of the conditions and symptoms, e.g., functional disturban~ studied in
relation to RF radiation exposure.
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Health End Points: Desipl and Populations

Another issue is the medical significance of any changes that may be induced by exposure to RF radiation.
For example, the studies on ocular effects usually bave Clamined a subclinical end point, e.g., lens
opadties, which may not necessarily be an early marker or risk factor for cat8J1l<:tOFl1esis and visual
problems (Silverman 1979). Funher, most studies present only slagle measures at ODe point in time; the
study populations bave not been followed long enough to permit development of 10nptudiDal data upon
which to base a determination of whether symptoms and subUe changes lead to cUsabDity or disease. A
similar concern surrounds the problematic information on functionalcbanges and nel\'Ous system effects
reponed in some of the Eastern European literature. The potential for neurological or behavioral effects
bas not been thoroughly and rigorously evaluated, and standardized questioDDaires and more objective
medical measurements need to be used in studies on these effects.

Most studies concern occupational groups of relatively young healthy males. It cannot be presumed that
sensitivity, or lack thereof, to RF radiation exposure would be the same in the general population as in
working groups. The general population is more diverse, with the full range of ages, se:Ies, races, and
other factors that could influence health status or the development of disease. To resolve thJs issue,
specific exposed populations could be identified and evaluated if such research appeared feasible.

VB. RF Epidemiological nata and Decision-Making

In using epidemiological data for making decisions about pUblic health, one must ask wbat that data reveal
about hazard and risk and whether it is useful in decision-making. In 1984, in its repon on the biolopc:al
effects of RF radiation, the EPA concluded:

Human data are currently limited and incomplete but do not indicate any obvious relationship
between prolonged low-level RF radiation exposure and increased mortality or morbidity,
including cancer.

Since tbat time, there bave been a few additional studies concerning cancer. These studies were either
cohon studies or general broad occupational studies. Do they serve to change the conclusion drawn by
EPA in 1984? The answer is no. The reasons are discussed below.

The cohon studies were described in detail in preceding sections of this report. Only one dealt with
cancer among the general population. The cohon studies provide some evidence of increased risk of
various cancers; however, they also present certain problems tbat limit their usefulness in determining
hazard and risk. These problems include relatively small sample sizes, too shon periods of follow-up, lack
of critic:al exposure data, and so fonh. On the other band, the results from these studies call for caution
and funher research, but cannot help determine risk or be used to set standards.

The occupational studies are less analytical and, in general, focus on disease, primarily cancer, in various
broad industrial, occupational, and job title categories. 'Ibis approach, by its nature, provides limited
information about exposures to individuals. As such, the results from these studies do not provide the
type of data useful to standard-setting. However, since some of these studies bave indicated a degree of
excess cancer risk among certain types of jobs, it is imponant to point out that these sorts of data, albeit
very weak, were previously unavailable. The results do not definitively implicate RF radiation or electric
and magnetic fields as the causative agent, but they do point to potentially -riskY' jobs that deserve more
careful examination through further research.

The available studies have examined exposures to radio frequencies other than those used for cellular
telephone transmission. If effects are frequency specific, the studies may, thus, not be relevanL However,
this a major area of uncertainty. The body of studies that have investigated 6O-Hz power frequency and
Extremely Low Frequency (ELF) exposures pose the same uncertainties when one tries to consider their
relevance to effects at the frequendes for cellular telephone transmission. ELF research is probably
relevant to ELF-modulated RF effects. However, there is a need to sort out exposures to look for
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consistencies and commonalities. Such research could include job exposure analyses, area measurements,
cluster Characterizations, and examination of various occupations.

The basic difficulty in determining the health risks posed by RF radiation exposure, including exposures
from cellular telephone sources, is tbat there is little and limited data concerning low-level, long-term
exposures and chronic disease. The epidemiological studies are few in number and present limitations for
interpretation. WbDe there is adequate data to provide the thermal effects basis in existing exposure
guidelines, there is no clear-cut evidence for an -athermal- basis for setting standards. Because of the
potential impacts on public health from risky or improperly used technology and the benefits to society
from new useful technology (and the costs for its withdrawal or control). further .- more careful-- research
on RF radiation is warranted.
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Appendix 1: Some Termlnotcv orE~

....oDldon (S)In: correlaflon, ralallatlcal/ dependence, reIafIon8hIp) 8t11111ical dependenoe IMlMen two or men ..,.,..
charaoWt8tlce. or other~. An MeOCIdon Ie "..ent If the protMlbIIIly or occurrenoe or In went or charecDrIaIIc8,
or the quantity or a variable, cIependI upon the oocurNnOe or OM or men oIher evenIII. the PNMftOe of OM or I'IICn oIher
characUrlatic, or the quantity or OM or men oIher variablM...An MeClalldlon Il18Y be torIuIouI or Il18Y be pnlduoed by
varioue other circurMtanoM; the prwMnOe of an aeeooIlIIIon doee not neo•••wlly Imply a oaUMl reIIdIoMhIp...The tInnI
'aIIOClatIon' and 'reIatIoMhlp' are often UNd Intlrchangeably.

c... Control Study (S)In: cue~OII'., cue com".., etudy, cue hIeIoty 8tUdy, cue teIetwrt etudy,
rMIoIpectJve~ A ItUdV ........ wlIh the ldenIIIIoIIIIon of peNOM wIIh ....... (or other oommon wrIIbIe) of
ime,.., and a .ultable oontroI (cornpMIon,~ group of peNOM wIIhout the...... The rWiIoIllhip or an
drIbute to thed'- Ie examined by comparing the diINIed and norodle••••d wlIh ,.,-d to how frwqUMIfr the
drlbute II pr...m or, If quantitdve. the !wele or.. _bute, In NOh or the groupe. Such a etucIy can be oded
'rMrOlpective' becauIe It Itarta 1lIter1M 0"" of d..... and IookI bIIOk to 1M polllll_d ~ c.. and
controlIln a 0Me oontrol etucIy Il18Y be aooumulaItec:I'proap.ctIveIy;' .... II NOh MW dItlgno••d It. et*nd In
the 1tUdy. Neverthelell••uch a ...eIy may 11111 be called 'retroIpectIve' beoauIe It Iooke bIlck from the outoome to Ita
cauHI.

Cohort Study (Syn: concurrent, follow-up, Incidence, longItudJneI, ptOIpective.1udy) The method or epIdemIologlo

etucIy In which .ubeetl of a cMIIned populldlon can be ldentIfIed who are. hwe been, or In the future may be elCpOIed or
not expoud, or expoaed In dlfferent ...... to a tector or faclofl hypoIIeIIud to InIIuence the probIbIIIly of 00CWNn0e

of a glwn dlMale or oIher outoome. The abrNtJve tInnI for a oohoIt etucIy, I••.• foIClIw.up, IongIIudInaI. and PfOIPIClIIYe
1tUdy, dMcribe an IIMntial feature of the method. which Ie obMMlIion of the popuIeIIon for a IUIIIoIent number of
peraon-ye.. to generate reliable Inctdence or mort.IIlty ,... In 1M popuIIdIon .ubNla. Th. generally ImpllM ItUdy of a
large population, ItUdy for a prolonged period (y.....). or boIh.

ContoundIng /frOm flte Latin conIundere, to mbc""" 1. A llIuIIIIon In whlch the ...of two proa••••• are not
aeparated. The dlltortion of 1M apper.m .... of lift IilCPOIUfI on rIIk brought about by .. IlIIOOlIlllon wtIh oIher factora
that Influence the outcome. 2. A reIdonehlp between 1M .tfecIII of two or men 0&lA&I faclofI .. obMriId In a Nt or
data. luch that It II not logically pOIIibll to llparete the oontrlbutlon th8t &rrf atngle caueaI factor hallNldI to In dect.
3. A Iltuatlon In which a meaaufl of 1M effect of lift IXpoIUfl on riIk II diltoMei becauIe of 1M aIIOCldon of IXpOIUfI

with other faotor(l) that Influence the outoornI under etucIy.

ContIdence IntIrvaI (el) (limits) A meaaufl of the reliability of a riIk eItIm.... A 90% confidence Interval meana that 9
t1rnea out of 10, the eltlmItId rilk would be within the lpacifled Interval.**

ConfoUnding YMIabIe (S)In: cOllfowJdet) A veMble that can cauee or prevent the outoome of I..,.., II not lift

Intermedl... variable, and Ie not aIIOCllted with 1M fKtor under InveetigItIon. Such a variable mUll be controlled In
order to obtain an undiltoMd eltlmItI of the effect of the etucIy fKtor on riIk.

~ CIoII confOl'l'J\Ity between 1M flndlnga In different aamplea, ItrIta, or populationl. or at different tlmea or In
different clrcurMtanoM. or In -..dill conducted by dltlerent JMIhodI or dlflerenllnveellplora. ConaIaeInoy Il18Y be
examined In order to etucIy effect modlllcatlon. ConIiItency of reeulta on repllcIIIIon or ltUdill In an Important crlterIon In
judgm.nta of cauaality.

EpIdemiology The etucIy of 1M dlltrlbulion and dltennlnantl of heeIth-NIIted ..... or evenII In IpeolIIed populatlonl,
and the application of thIIllUdy to control or health probleme. There hwe been marrt deIlnItIonI of epicIIInIoIogy. In the
pMt 50 y... or 10, the cMIInltlon hal broadened from concern with communicable d...... epidlmlcl to •• In all
ph.nomena r.1ated to health In populationa.

ex... RIsk A term IOmdrnea UIId to refer to the 'populltlon exCIII rite' and aometImea to 'rilk dltlerence.'

*Source: Laet, J.M. ADictJonIIIy 01 Epidemiology. Oxford Univeralty Prill. New York. New York. 1988
**Source: NIIIIonaI ReIIarch Council. HeIIJth Elfecta of ExpoaUte to Low Levell 01 Ionizing RadIaIJon.BEIIN. NItIonai Academy
Prill. Waahlngton. D.C. 1990.
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Appendix 1: Some Terminology of Epidemiology (Continued)

~mIo (OR) (Syn: crou-ptOduct ratio, reIaIJve oddlt) The ratio of two odda. The term °odda" II cWIned dIfterentIv
according to the Iitudon under dlloueelon. ConeIder the following notation for the dl*lbutlon of a binary .xpoeure and a
diMaM In a population or a Mmple.

DIMaH (cue)
No d.... (oontroI)

EXIlllMd Unexpoeed
a b
c d

The odda ratio (crou-produet ratio) Ie ad/be. The expoeure-odda ratio for a Nt of cue oontroI dtIta Ie the ratio of the odda
In favor of expoaure among the CUM {elb) to the odda In favor of expoeura among~ (c/(/). Th. raduceI to
ad/be. WIth Incident CUM, unbluec:l eubject aelection. and a "r.,." diMaM, ad/be Ie an approxiIn.- ..aim.. of the rlak
ratio...

Null hypoIheeIe (SyrJ: tNt hypofIeeI8) The UIIatIc.I hypotheell thIlt one varteble hu no ueoclatlon wIIh anoIher
variable or Nt of varlablea, or tNll two or more population dlatrlbutiona do not dllfer from one anoIher. In a1mpleet terma,
the null hypotheala atatea that the raaulta obaerved In a atudv, experiment, or te.t.,. no different from whet might have
occurred ... raault of the operation of chance alone.

P, P (probUIIIty).,..... The probability that a...a.tI8tic would be .. .nme .. or more .xtrerne than obMrved If the
null hypolheala were true. The IMler P, followed by the abbravIatIon n.e. (not aIgnIftoanI) or by the eymbol < (leu than)
and a decimal notation .uch .. 0.01, 0.05, ill a atIIlement of the probability thIlt the dlfferanoa obMMMi ocuId have
occurred by chance, If the groupe .,. raaIIy a11k., I•••• under the null hypoCheele.

PopulatIon exceee rIIte A m...ura of the amount of diMaM auoolated wIIh .xpoeura to a putative cauM of the d.....
in the population. It ill the dlffer.nce between the r.... of diMaM In the .ntlra population and among the nonexpoNd.

ProportIoNIte mortality (morbidity) rate, mIo (PUR) Number of duIha from a glv.n cauM In a apeoIftecl tlrna period,

per 100 or 1000 total d.1lIha In the aarna tlrna period. Can glv. rIM to mlaludlng conclualona if UMd to compare rnon.Jlty
experience of populatlona wIIh dlfferant distrlbutlona of cauM8 of duIh.

RIek Th. probability that an went will occur•••g., that an Individual will becorna HI or die wllhln • atIIted period of tlrna or
age. Aleo. a nontechnical term encompaaaing !l variety of meaauraa of the probability of • (generally) unfavorable
outcome.

RIek t.otor An ..pact of pereonal behavior or Ilfeatyle. an envIl'OI'V'MntaI .xpoeura. or an inborn or inherited
characterlatlc, which on the bMIe of epidemiological wldence ill known to be aaaocillted with heaIth-raIated condltlon(e)
conaldered Important to prwent.

S18ndarcIIZIId mortality (morbIcIIIy) mIo (SIIR) The ratio of the number of wente obMrved In the Itudy group or
population to the number that would be expected if the atudy population had the aarna epectflc ,.. .. the Itandard
population. multiplied by 100.

S1aIIdcaI eIgnItIcuce StdatIcaJ meIhoda allow an ..aImIIte to be made of the probability of the obMr-ied org""
degree of ueociatlon between Independent and dependent varlablea under the null hypa4heIII. From th• ..aImIIte. In a
aample of given alze, the .tatIdcaJ "algniflcance' of • raault can be stilted. Uaually the level of atIdiIIicai a1gniflcanoe Ie
atated by the 'p value.'
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