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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
survival and ail-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., accidents, 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
bile ducts; pancreatic cancer; cancers of the nervous system; and cirrhosis of the liver. Given these
excesses, 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 ideatify 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 support jobs rather than scientific and technical jobs; the differences in
mortality may thus reflect 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 observations 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 specialists. 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, especially cirrhosis of the liver. Results for the cohort grouped by an exposure ranking scheme
were equivocal. Paradoxically, the mortality rates were highest in the group with the lowest presumed
exposure which may reflect some sort 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
reflect frequency specificity. This 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 incidence 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 Physiclans, Through December 31, 1974, for All Causes of Death and Cancers.
Part A. Standardized Mortality Ratios (SMRs) for Staff Aged 25 Years or More at Entry, Expected Values Based on Rates In
Physiclans. Part B. Mortailty Risk Ratios for Staff members vs. Physicians Using Cox’s Proportional Hazards Model

| ALL causes
| ALL MALIGNANT NEOPLASMS

Neoplasms, Lymphatic &
Hematopoletic Tissues

Neoplasms/Lymphoid Tissue

Lymphomas
Lymphomas/Other Lymphoid

Leukemias
Hodgkin’s Disease
Gall Bladder/Bile Ducts

Pancreas
Brain and Nervous System

Nervous System Neoplasms*®
Malignant Melanoma/Skin

“gxcluding brain tumors.
EConfidence intervals (CY) do not overlep 1.0; or < 0.05.
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Table 6: Age-Adjusted Mortality Rates Per 1,000 Person-Years for All Causes of Death and Selected Cancers for Rad Lab White
Male Staff Members by Exposure Ranking Group Based on Predominant Division of Work, Followed Through December 31, 1986

“All the confidence intervals (not shown) overlap.
Source: Hill, 1988.
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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 all 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 difficuit to discern. In fact, the
presentation of the 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 tables. The author noted that, due to limits,
the number of cancer cases and the size of the population, overall 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 exposures to RF radiation. Two early
studies (Lilienfeld et al., 1978; Robinette et al., 1980) showed only a slight tendency, if any, for increased
cancer risk. This tendency was slightly stronger for cancers of the hematopoietic system. These studies
suffer from either very low-exposure levels, crude exposure estimators, and/or limited follow-up periods.
The study of RF exposure and cancer, evaluated for census tracts in Hawaii (Environmental Epidemiology
Program, State of Hawaii, 1986), found significant excess risk for leukemia if census 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 lymphomas, Hodgkin’s
disease, cancers of the nervous system (excluding brain cancer), and cancers of the digestive system
(especially gall bladder), but overall, the results are generally nonpositive or, if positive, usually not
statistically significant. Leukemias were not elevated. Misclassification with respect to exposure was
possible. In contrast, Milham conducted several increasingly more analytical studies of ham 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 lymphoid system
(SMR=1.62) among FCC-licensed amateur radio operators in California and Washington State. For
leukemias, all SMRs were elevated, but only the SMR for acute myeloid Jeukemias was statistically
significant. In follow-up analysis, Milham (1988) evaluated ham 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 al. (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
reporting 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 portion of the EM spectrum) from the other studies which chiefly examined microwave frequencies.

In addition to the above 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 generaily considered to relate to potential risk from exposure
from Extremely Low Frequency (ELF) electric and magnetic fields (EMF) or 60-Hz power frequency EMF
and has been reviewed elsewhere in great detail (Savitz and Calle, 1987; Ahlbom et al., 1988; California
PUC and DHS, 1989; OTA 1989; U.S. EPA, 1990; Dennis, 1991; Texas PUC, 1992). Determination of
exposure in these studies is very crude. It is estimated indirectly by, for example, job titles. Excesses have
been reported for many types of jobs beyond electricians, e.g., radar technician, radio repairer, electronics
engineer, telecommunications worker, etc. Frequency of exposure cannot be readily discerned for job titles
or job classifications. Thus, these occupational studies can involve exposures to multiple frequencies of
nonionizing radiation and exposure to 50 or 60 Hertz. The predominating exposures may be to ELF
electric and magnetic fields, but jobs involving work with radio, TV, 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 Year (1971-1980), tor Polish Milltary Personnel
Grouped by Work Exposure to Radiofrequency and Microwave Radiation and by Age

All Neoplasms

Lung Cancer All Ages 236
Hematolymphatic All Ages 50.8 74 8.9
20-29 26.3 2.7 3.6
30-39 20.7 3.0 3.8
40-49 81.3 9.9 11.8
50-59 117.6 20.6 3.7
ILGR‘ All Ages 6.0 1.8
20-29 18.8 21
30-39 — 0.9
40-49 11.6 25
50-59 - 3.0
Ly Sa, Lymp* All Ages 18.3 2.2
20-29 - 0.3
30-39 —-— 03
4049 48.5 4.2
50-59 58.8 8.9
cu* All Ages 6.1 13
20-29 -
30-39 9. 0.3
i 40-49 11.6 1.4
50-59 - 8.9
ALL* All Ages 3.0 0.1
20-29 8.9 0.3
30-39 -
40-49 —_
50-59 —-—
cmL All Ages 122 0.5
20-29 8.8 -
30-39 19.8 1.2
4049 - 03
50-59 294 1.1
AML* Al Ages 6.1 1.1
20-29 -
30-39 - 0.3
40-49 11.6 1.8
50-59 204 22
““

Source: Szmigielski et al., 1987,

*E=exposed, NE=not exposed, LGR=malignant lymphogranulomatosie, Ly Sa, Lump=Ilymphosarcomas and other
lymphomas, CLL=chronic lymphocytic leukemia, ALL=acute lymphoblastic ieukemia, CML=chronic myelocytic leukemia,
AML=acute myeloblastic isukemia, PL=plasmacytoma or plasma oceli leukemia.
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Table 8: Studies of Radiofrequency Radiation and Cancer in Adults

U.S. (Washington & Calforis)
Amateur radio operators licensed

with the Federal Communications

Commission (FCC) who lived in
California or Washington and

a values on
U.S. male death rates.

a and b: SMRe slevated for several
cancer sites and statistically
significant for acute myeloid
leukemia (SMR=1.76) and multiple
myelomas and miscellanecus
neoplaams of the lymphold tissues

aand b: Large well-defined
cohort (n=68,000 men,
PY=233,000). Level of exposure
unclear. Deaths only sought in
Callfornia and Washington.
Ameteurs aleo are exposed to
lower frequencies, including

died between January 1, 1979 - class. Liconse category (SMR=1.62). Hodgkin's Disease
December 31, 1664. |dentified explored as potential elevated (SMR=1.23) but not 60 Hz, so probably cannot
from FCC operstor licensee lists. | moasure of exposure and statistically significant. Signlficantly { distinguish differential effects of
duration. lower SMRe for several diseases RF vs. ELF radiation.
including all ceuses combined and ‘
sl mafignant neoplasme combined. | b: Extension of earlier study to ‘
aftempt to identily possible j
b: Lowest FCC license category exposure o duration groupings. |
(presumably shortest term Link between exposure jevel and |
operators) showed lowest risks. No | ficense category not clear. ‘
trend across other categories. |
Environmental | SiRs, U.S. (Hawsli) Residents in Oalwi living in Significantly elevated total cancer in | Small numbers precluded
Epidemiology *Ecological,’ census tracts without RF *exposed group." Leukemia in concurrent age, sex, race
Program, State | Incidence Residents of Honolulu living in towers. Expected vaiues excess but not significantly, adjustments. Exposures only
of Hewall census tracts with RF radistion based on State rates. broadly defined in census tracts.
{1966) fowers (TV, FM, AM). Urban/rural differences possible. |
Hill (1968) Cobhort Us. U.S. white males and cohort | Overall sutvival better than Typical exposures for time period
of physician speclaliets fto expected. in comparieon with developed, Le., 25 mW/cm? or |
MIT scientists and engineers in reduce sociosconomic physicians, increased risk for SAR of about 0.4 W/kg. General
radar R&D faciliity in World differences). Internal controls | lymphomas, particularly Hodgkin's | follow-up over 40 years but had
War Il grouped by work assignment | Dissass (SMR=10.3, Risk ratios to be ceneored to compare to
to estimate exposure. proportional hazards model=4.0) physicians to 1974. For the
Differential risks not seen across latter, further follow-up would be
exposure categories that ranked an improvement.
potential exposure.
Szmigleleki ¢ | Cohort Poland Intemat controle. Divided Numerical! striking excesees for Informetion lacking to describe
al. (1967) into exposed and unexposed | hymphatic and methods, exposufes, population |
Militaty personnel with RF and subgroups. neoplssms (6 times more) and most | size and make-up, etc. that limits |

Interpretability. Potentially
important and further information ‘
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115 Reproductive and Developmental Effects

There have been few studies on reproductive or developmental effects from RF radiation exposure. Sigler
et al. (1965) found an increase in Down’s Syndrome among children whose fathers were military radar
operators. But, the effect disappeared in a follow-up study by Cohen et al. (1977). Kallen (1982) found
an increase in dead and malformed infants born to Swedish mothers who worked as physiotherapists using
short wave treatments. Overall, however, this group had a better than expected delivery outcome.
Lancranjan (1975) examined spermatic fluids and hormones in 31 men who worked with microwaves 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 case-control study of
men with a history of radio electronics work. There have also been several studies concerning central

nervous system tumors (especially neuroblastoma) in children of fathers in electrical and electronics
,occupations.

While there does not seem to be evidence implying reproductive or developmental effects in humans

exposed to RF radiation, research has been very limited. The reported results are mixed. Replication
studies have not been conducted.

Iv. Ocular Effects

The occurrence of ocular effects, especially cataracts, had been a concern, based on effects in animals
directly exposed to high levels of RF radiation. All studies on ocular effects involve military personnel and
exposures to military sources or at military installations. These are generally clinical or cross-sectional
studies in which ophthalmology examinations to discern minor lens changes, if any, were performed on
study subjects at a given point in time while actively employed. These studies have largely been negative.

Only one case-control study on cataract formation has been conducted; it was negative (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.

\Z Summary of Studles

Among studies of radiofrequency radiation exposure and cancer in adults, some cohort studies reported
statistically significant risks

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

» of total cancers in Hawaii residents living in close proximity to RF towers based on
standardized incidence ratios

+ of hematopoietic system cancer, including leukemia, lymphoma and lymphosarcoma, as well as
melanoma from exposure to RF radiation, primarily from radar, in Polish military officers.

For the Hawaiian study, leukemias were nonsignificantly 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 exposed to radar) suggested a slight tendency toward an increased risk of
cancer in general and the hematopoietic system specifically. Excesses were, however, not statistically
significant in either study. The remaining cohort study of participants in a radar 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-specific 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 suggest 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
sources.

VL Methodological Issues

There are some general issues surrounding the use and applicability of epidemiological 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. These problems are briefly
discussed below.

ure Assessment

It is difficult to determine actual exposure and dose for individuals, and even for groups; that is perhaps
the largest single problem in epidemiological 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
difficuit to reconstruct RF-radiation exposure data for heaith studies that are begun after exposure has
taken place. The study by Robinette and Silverman (1980) is a good example of attempts to deal with the
difficulties of retrospective exposure assessment, €.g., two approaches (job type versus Hazard Number)
were used, and an exposure gradient was obtained with the Hazard Number which simuitaneously
considered the RF sources and the length of service assignment. Despite these 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 Meth

Another problem in the RF radiation literature on human beings relates to documentation of methods and
procedures. Degree of detail in reporting seems to be a major difference between studies done in the U.S.
and those conducted in other countries. The paper "Guidelines for Documentation of Epidemiologic
Studies" (Epidemiology Work Group, 1981) suggests the types of topics that are useful to document when
reporting an epidemiologic study, especially one used to support regulatory decisions. These 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 criteria for
selecting controls are frequently not stated, but controls are often said to be comparable in all respects
except exposure; analyses or data to support 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 disturbances, studied in
relation to RF radiation exposure.
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Health End Points: Design 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 have examined a subclinical end point, ¢.g., lens
opacities, which may not necessarily be an early marker or risk factor for cataractogenesis and visual
problems (Silverman 1979). Further, most studies present only single measures at one point in time; the
study populations have not been followed long enough to permit development of longitudinal data upon
which to base a determination of whether symptoms and subtle changes lead to disability or disease. A
similar concern surrounds the problematic information on functional changes and nervous system effects
reported in some of the Eastern European literature. The potential for neurological or behavioral effects

has not been thoroughly and rigorously evaluated, and standardized questionnaires and more objective
medical measurements need 1o 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, sexes, races, and
other factors that could influence health status or the development of disease. To resolve this issue,
specific exposed populations could be identified and evaluated if such research appeared feasible.

VIL RF Epidemiological Data and Decision-Making

In using epidemiological data for making decisions about public health, one must ask what that data reveal

about hazard and risk and whether it is useful in decision-making. In 1984, in its report on the biological
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 that time, there have been a few additional studies concerning cancer. These studies were either

cohort studies or general broad occupational studies. Do they serve to change the conclusion drawn by
EPA in 19847 The answer is no. The reasons are discussed below.

The cohort studies were described in detail in preceding sections of this report. Only one dealt with
cancer among the general population. The cohort studies provide some evidence of increased risk of
various cancers; however, they also present certain problems that limit their usefulness in determining
hazard and risk. These problems include relatively small sample sizes, too short periods of follow-up, lack
of critical exposure data, and so forth. On the other hand, the results from these studies call for caution
and further 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. This 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 have indicated a degree of
excess cancer risk among certain types of jobs, it is important 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 relevant. However,
this a major area of uncertainty. The body of studies that have investigated 60-Hz power frequency and
Extremely Low Frequency (ELF) exposures pose the same uncertainties when one tries to consider their
relevance to effects at the frequencies 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 that 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. While 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 Terminology of Epidemiology*

Assoclation (Syn: correlation, [statistical] dependence, relationship) Statistical dependence between two or more events, |
characteristics, or other variables. An association is present if the probabiiity of occurrence of an event or characteristics, |
of the quantity of a variable, depends upon the occurrence of one or more other events, the presence of one or more other
characteristic, or the quantity of one or more other variables...An association may be fortulious or may be produced by

various other circumsetances; the presence of an asecciation doee not necessarily imply a causal relationship... The terme
*association® and “relationship® are often used interchangeably.

Case Control Study (Syn: case comparison study, case compeer study, case history study, case referent study,
retrospective study) A study that starts with the identification of persons with the dissease (or other common variable) of
interest, and a sultable control (comparison, reference) group of persons without the dissase. The relationship of an
attribute to the dissase is examined by comparing the diseased and nondiseased with regard to how frequently the
aftribute is present or, if quantitative, the levels of the attribute, in each of the groups. Such a study can be called
‘retrospective’ because it starts after the onset of disease and looks back to the postulated causal factors. Cases and
controls in a case control study may be accumulated “prospectively;® that is, as sach new case is diagnosed it ls entered in

the study. Nevertheless, such a study may still be called "retrospective® because It looks back from the outcome to Its
causes. ’

Cohort Study (Syn: concurrent, follow-up, incidence, longitudinal, prospective study) The method of epidemiclogic !
study in which subseets of a defined population can be identified who are, have been, or in the future may be exposed or ‘
not exposed, or exposed in ditferert degrees, 10 a factor or factors hypothesized to influence the probabiiity of occurrence
of a given disease or other outcome. The alternative terms for a cohort study, i.e., follow-up, longitudinal, and prospective
study, describe an essential feature of the method, which is obeervation of the population for a sulficlent number of

person-years to generate reliable incidence or mortality rates in the population subeets. This generally implies study of a
large population, study for a prolonged period (years), or both.

Confounding (from the Latin confundere, to mix together) 1. A situstion in which the effects of iwo processes are not |
separated. The distortion of the apparent effect of an exposure on risk brought about by the association with other factors ‘:
that influence the outcome. 2. A relationship between the effects of two or mores caueal factors as cbeerved in a set of ‘
data, such that it is not logically possible to separate the contribution that any single causal factor has made to an effect.

|
3. A situation in which a measure of the effect of an exposure on risk is distorted because of the association of exposure |
with other factor(s) that influence the outocome under study. ‘

|

Confidence interval (Cl) (limits) A measure of the reliability of a risk estimate. A 80% confidence interval means that 9 \
times out of 10, the estimated risk would be within the specified interval.** ‘

Confounding variable (Syn: confounder) A variable that can cause or prevent the outoome of interest, Is not an
intermediate variable, and is not associated with the factor under investigation. Such a variable must be controlied in
order to obtain an undistorted estimate of the effect of the study factor on risk.

Consistency Closs conformity between the findings in different samples, strata, or populations, or at different times or in
different circumstances, or in studies conducted by different methods or different investigators. Consistency may be

examined in order to study effect modification. Consistency of results on replication of studies in an important criterion in
judgments of causality.

[
|

Epidemiology The study of the distribution and determinants of health-related states or events in specified populations,
and the application of this study to control of health problems. There have been many definitions of epidemiology. inthe |

past 50 years or 80, the definition has broadened from concern with communicable disease epidemics to take in all
phenomena related to heaith in populations.

Excess Risk A term sometimes used to refer to the "population excess rate* and sometimes to "risk difference.”

— . . |

*Source: Last, JM. A Dictionary of Epidemiology. Oxford University Press. New York, New York. 1968

**Source: National Ressarch Council. Healith Effects of Exposure to Low Levels of lonizing Radiation-BEIRV. National Academy
Press. Washington, D.C. 1990.
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Appendix 1: Some Terminology of Epidemiology (Continued)

Odds ratio (OR) (Syn: cross-product ratio, relative odds) The ratio of two odds. The term "odds’ is defined differently 1
according to the situation under discussion. Conelder the following notation for the distribution of a binary exposure and a |
disease in a population or & sample.
Exposed Unexposed
Disease (case) a b
No disease (control) [ d

The odds ratio (cross-product ratio) is ad/bc. The exposure-odds ratio for a set of case control data is the ratio of the odds
in favor of exposure among the cases (a/b) to the odds in favor of exposure among noncases (c/d). This reduces to

ad/bc. With incident cases, unbiased subject selection, and a “rare® disease, ad/bc is an approximate estimate of the risk
ratio...

Null hypothesis (Syn: test hypothesis) The statistical hypothesis that one variable has no association with another
variable or set of variables, or that two or more population distributions do not differ from one another. In simpiest terms,

the nuil hypothesis states that the results observed in a study, experiment, or test are no different from what might have
occurred as a result of the operation of chance alone.

P, P (probabiiity) value The probabiliity that a test statistic would be as extreme as or more extreme than obeerved if the
null hypcthesis were true. The letter P, followed by the abbreviation n.s. (not significant) or by the symbol < (less than)
and a decimal notation such as 0.01, 0.05, is a statement of the probability that the difference obeerved could have
occurred by chance, if the groups are really alike, i.e., under the null hypothesis.

Population excess rate A measure of the amount of diseass associated with exposure to a putative cause of the disesse
in the populstion. 1t is the difference between the rates of diseass in the entire population and among the nonexpoeed.

Proportionats mortality (morbidity) rate, ratio (PMR) Number of deaths from a given cauee in a specified time period,

per 100 or 1000 total deaths in the same time period. Can give rise to misieading conclusions if used 1o compare mortality [
experience of populations with different distributions of causes of death,

Risk The probability that an event will occur, e.g., that an individual will become ill or die within a stated period of time or

age. Also, a nontechnical term encompassing a variety of measures of the probability of a (generally) untavorabie
outcome.

Risk factor An aspect of personal behavior or lifestyle, an environmental exposure, or an inbom or inherited

characteristic, which on the basis of epidemiological evidence is known to be associated with health-related condition(s)
considered important to prevent.

Risk difference (Syn: excess risk) The abeolute difference between two risks.

Standardized mortality (morbidity) ratio (SMR) The ratio of the number of events observed in the study group or

population to the number that would be expected if the study population had the same specific rates as the standard
population, multiplied by 100.

Statistical significance Statistical methods allow an estimate to be made of the probabiiity of the obssrved or greater

degree of association between independent and dependent variables under the null hypothesis. From this estimate, in &
sample of given size, the statistical ‘significance* of a result can be stated. Usually the level of statistical significance is
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Ampiude-shit
- <~ . —-—
Time
b Period
Each cycle of a pure radio wave is identical 601t 01000 10

Froguency-shif keying
SOURCE: Office of Technoiogy Assssament, besed on Harry Mileat .

{sc), Blecronics One. reviesd 2d ed. (Rochelle Park, Nk Haydan Book ,

Co. 197 p. 1118 .

SOURCE: U3 Congress, Ofios of Technciogy Assesemart, The 8y
Aicre: HOTV § High-Reschtion Syssems, OTA-BP.CTESS (Washing
fon, OC: U.S. Governnant Pringing Oics, June 1980}, igure 3-3.p. 41.

AN N
BVAY

Frequency = 3 cycles per sacond

SOURCE: Harry Milead (ecL), Electronics One, reviesd 2d 8d. (Rocheile
Paric, NJ: Hayden Book Co., 1978) p. 1-10.

SOURCE: U.3. Congress, Ofice of Technology Assssarmart, The By
Picse: HOTV & Hign-Aesckuion Sysssrms, OTA-BP-CTTS4 (Washing-
ton, OC: U.8. Goverrenent Prining Ofics, June 1900, igum 3-1, 9. 41.

Wr LF L HF VHE UHF SHF EHF

Ls>+c,,x
]

| I I | | t
3z 30 kHz 300kHz  3000kHz J0MHr - 300MMz 3000MHz  0GHz  300GHz

(3 MHz) A GH)

mqguwm 1991, based on Alchend G. Gould, *Alocationof the Aacio Frequency SPecsum,* GTA CONecior fepart, ii
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