Eur. J. Oncol., vol. 16, n. 1, pp. 21-54, 2011

Studies on specific topics/Studi su tematiche specifiche

A sentinel case series of cancer patients with occupational exposures to
electromagnetic non-ionizing radiation and other agents

Una serie di casi sentinella di pazienti affetti da cancro con esposizione
lavorativa a radiazioni elettromagnetiche non ionizzanti e altri agenti

Yael Stein, Or Levy-Nativ, Elihu D. Richter
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Summary

Background. There are reports that intense
prolonged occupational exposure to non-ionizing
radiation may increase risks for cancer. We previ-
ously have reported a sentinel cluster, of 7 workers
with high exposures and short latent periods, and
individual patients with brain cancer high occupa-
tional exposures and short latent periods. We
present a sentinel case series (n=47, 40M, 7F) of
cancer patients, referred to our medical unit with
occupational exposures to non-ionizing radiation of
all types. Objectives. Our aims were to report the
findings on tumour types, age of first diagnosis, and
latency, to describe their exposures and to examine
the hypothesis that latencies for all tumour types
(solid tissue, hematolymphatic, testicular) were
coherently related to high occupational exposures
starting at young ages. Methods. We divided the
patients into groups by latency. We categorized
each patient’s exposures in regard to types of radi-
ation, far or near field exposure and direct body
contact. For some we had data on frequencies, for
others we provided assessments. We also present
the patient data categorized by age of diagnosis. We
used a case-case type comparison to examine laten-
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Riassunto

Premessa. Esistono prove che un’esposizione lavo-
rativa intensa e prolungata a radiazioni non ioniz-
zanti puo aumentare il rischio di cancro. Abbiamo
precedentemente riportato un gruppo di casi senti-
nella, comprendente 7 lavoratori con alta esposizio-
ne e breve periodo di latenza, singoli pazienti con
tumori del cervello ed alta esposizione lavorativa e
breve periodo di latenza. Presentiamo ora una serie
di casi sentinella (n=47, 40M, 7F) di pazienti affetti
da cancro, che si sono presentati alla nostra unita
medica, con esposizione lavorativa a radiazioni non
ionizzanti di vari tipi. Obiettivi. 11 nostro intento era
di riportare i dati riguardanti i tipi di tumore, I’eta
alla prima diagnosi e la latenza, di descrivere le lo-
ro esposizioni ed esaminare I’ipotesi che i tempi di
latenza dei vari tipi di tumore (dei tessuti solidi,
ematolinfatici, dei testicoli) fossero correlati coeren-
temente ad alte esposizioni lavorative a partire dal-
la giovane eta. Metodi. Abbiamo suddiviso i pazien-
ti in gruppi, per latenza. Abbiamo poi classificato
I’esposizione dei singoli pazienti a seconda del tipo
di radiazione, vicinanza o lontananza dal campo di
esposizione e contatto diretto. Per alcuni avevamo
dati sulle frequenze, mentre per altri abbiamo do-
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cies for tumour types [solid, hematolymphatic
(HL), testicular]. Results. 15 patients developed
cancer with latent periods of less than 5 years and
12 patients with latent periods between S and 10
years. The remaining 20 patients had longer latent
periods between first occupational exposure to
EMF and diagnosis of cancer. 6 patients (12.7%)
had multiple tumours. 12 patients (25.5%)
reported cancer cases in co-workers. In the <§
years latency group there were 8 hematolymphatic
cancers, 3 testicular cancers and 6 solid tumours
[head & neck (including brain) and GI tract]. In all
latency groups there were patients who were
exposed to intense levels of electromagnetic fields
(EMF), to several types of EMF, or to EMF in
combination with ionizing radiation (IR) or other
exposures, and patients who had direct body
contact with the equipment, were in direct focus of
high radiation, or worked in small, electronically
dense environments. Case classification by age
showed shorter latencies with younger ages, but
this association is complicated by the fact that
shorter latencies co-vary with younger ages espe-
cially for testicular tumours. But patients with
testicular and hematolymphatic tumours had
shorter latencies than those with solid tumours.
Conclusion. Many of the patients were young and
had extremely short latent periods, especially for
HL and testicular cancers. The fact that latent
periods for testes were very short, HL longer and
solid still longer suggests a coherent and biologi-
cally plausible pattern of latency in relation to the
onset of exposure to EMF and other agents. The
findings strengthen the hypothesis that these expo-
sures may possibly be the major cause of many of
these tumours. The findings state the case for (1)
better modelling of exposure sources and penetra-
tion into the body and (2) preventive and protective
measures based on control of exposure at source,
barriers, and personal protection. Eur. J. Oncol.,,
16 (1), 21-54, 2011

Key words: non ionizing radiation (NIR), electro-
magnetic fields (EMF), occupational exposures,
cancer, short latencies
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vuto fornire delle stime. Abbiamo anche presentato
i dati dei pazienti classificandoli per eta alla diagno-
si. Abbiamo utilizzato un metodo di confronto caso
per caso al fine di esaminare le latenze per tipi di tu-
more [solido, ematolinfatico (EL), testicolo]. Risul-
tati. 15 pazienti hanno sviluppato cancro con un pe-
riodo di latenza inferiore a 5 anni e 12 pazienti con
un periodo di latenza tra 5 e 10 anni. I restanti 20
pazienti presentavano periodi di latenza piu lunghi
tra la prima esposizione lavorativa ai campi elettro-
magnetici (CEM) e la diagnosi di cancro. 6 pazienti
(12,7%) avevano tumori multipli. 12 pazienti
(25,5%) denunciavano casi di cancro fra loro colle-
ghi. Nel gruppo in cui la latenza era inferiore a S an-
ni, ci sono stati 8 tumori EL, 3 tumori del testicolo e
6 tumori solidi [testa e collo (incluso il cervello) e
tratto gastroenterico]. In tutti i gruppi di latenza
erano presenti pazienti esposti a livelli intensi di
CEM, a diversi tipi di CEM, o0 a CEM in combina-
zione con Radiazioni Ionizzanti (RI) o altre esposi-
zioni, e pazienti entrati in contatto corporeo diretto
con apparecchiature, che avevano lavorato in picco-
li ambienti ad alta densita elettromagnetica. La
classificazione dei casi per eta ha mostrato periodi
di latenza piu brevi nelle eta piu giovanili, ma que-
sta associazione ¢ complicata dal fatto che latenze
piu brevi co-variano con eta piu giovani. Tuttavia,
pazienti con tumori EL e del testicolo presentavano
periodi di latenza piu brevi rispetto ai pazienti con
tumori solidi. Conclusioni. Molti dei pazienti erano
giovani e presentavano periodi di latenza estrema-
mente brevi, soprattutto per tumori EL e del testi-
colo. Il fatto che il periodo di latenza per i testicoli
sia molto breve, per ’EL piu lungo e per i tumori
solidi ancora piu lungo, suggerisce un andamento
della latenza coerente e biologicamente plausibile in
relazione all’inizio di esposizione a CEM e altri
agenti. Queste conclusioni rafforzano I’ipotesi che
queste esposizioni potrebbero forse essere la causa
principale di molti di questi tumori. Questi dati
pongono le basi per cercare (1) di definire meglio
I’origine dell’esposizione e la penetrazione nel corpo
e (2) misure preventive e protettive basate su un
controllo dell’esposizione alla fonte, barriere, e pro-
tezione personale. Eur. J. Oncol., 16 (1), 21-54, 2011

Parole chiave: radiazioni non ionizzanti (RNI),
campi elettromagnetici (CEM), esposizione lavora-
tiva, cancro, breve periodo di latenza
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Background

Many workers in the electronics industries, in
defence-related electronic industries and in the
defence forces have direct and bystander exposures
to electromagnetic non-ionizing radiation: ELF -
magnetic fields, RF/MW - radiofrequency and
microwave radiation and other frequencies, such as
high frequency voltage transients. Over the years,
patients with cancer and past occupational exposures
to RF/MW have come to the Hebrew University-
Hadassah Unit of Occupational and Environmental
Medicine for evaluation of the case for a cause-effect
relationship between their diseases and their occupa-
tional exposures. In many cases, the patients were
exposed to ELF or RF/MW and sometimes also to
Ionizing Radiation at young ages as workers in one
of these electronically dense occupational settings.
In many, the latent periods have been brief.

Richter et al. have reported exposures and cancers
in several sentinel patients (1) in a cluster of such
workers (2), and in patients with brain cancer and
latent periods <10 years (3). In addition, we have
previously attempted to assess findings on exposure
in terms of intensity and frequency and risk in the
context of a model of exposure-effect relationships
(4) based on data from Goldsmith’s study of the
Moscow Embassy (5, 6), our findings, and
Szmigielski’s data (7).

There are thermal and non-thermal effects of ELF
and RF/MW radiation on humans. Experimental
studies in human lymphocytes and endothelial cells
and in rats have shown that electromagnetic irradia-
tion can increase DNA breakage, anaploidy and chro-
mosomal aberration, including exposures below
those producing thermal effects (8-20). Experimental
studies in rats have shown effects on permeability of
the blood-brain barrier and neuronal damage
following exposure to low levels of MW radiation
from mobile phones (21, 22). Goldsmith communi-
cated reports on chromosomal effects in workers of
US Embassies in former USSR exposed to levels in
the range of 7-18 uw/cm’ (5, 6). Nordenson et al.
reported significantly increased rates of chromatid
and chromosome breaks in switchyard workers (9).

Several biologically plausible mechanisms have
been suggested to explain these effects in cells and
DNA. Han et al. summarize the known mechanisms

of so-called thermal effects and describe some
suggested mechanisms of non-thermal effects,
which are still being researched (23). For example, it
has been suggested that RF/MW may interact
directly with molecules or with tissue components,
changing electron conformation, altering stress
proteins (heat shock proteins), or effecting function
of the immune-system. Biochemical and electro-
physiological effects can result in changes in the
nervous, immune and cardiovascular systems, in
metabolism and on hereditary factors (24-31). A
recently published study by Volkow et al. found
increased brain metabolism in regions closest to the
antenna during acute cell phone exposure, which
suggest that brain absorption of RF-EMFs may
enhance the excitability of brain tissue (32).

Much of this information is not new, but is being
rediscovered. Glaser published a 106 page report for
the US Naval Medical Research Institute in 1972, in
which he reviewed over 2,300 articles which assess
biological responses and effects of non-ionizing
radiation on humans, many of which have been
called in general “microwave sickness” (33). The
author classified the biological effects into 17 cate-
gories including both thermal and non-thermal
effects. These include: changes in physiologic func-
tion such as blood and vascular disorders, biochem-
ical changes (enzymes and others), metabolic,
gastro-intestinal, and hormonal disorders, alterations
in the nervous system, histological changes, genetic
and chromosomal effects, psychological disorders,
behavioural changes in animal studies, and others.
Steneck, Cook et al. reported in 1980 about early
research on the biological effects of microwave radi-
ation, from 1940-1960 (34, 35). Much of these data
was translated from research conducted in Russia or
in other East European countries.

Epidemiological studies on potential effects of
exposure to ELF have suggested a threshold for
increased risks for leukemia from exposure to ELF
magnetic fields from powerlines, at levels of 2mG
(36-41).

Occupational exposure to RE/MW

As far back as 1953, McLaughin suggested a
connection between leukemia and exposure to radar
(42). In 1985, Milham reported a two-fold ratio of
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leukemias in operators of amateur short-wave radio
stations, in a case-control study based on 1961 death
certificates of the male members of the American
Radio Relay League (43). In a larger study in 1988
on amateur radio operators, he found a slightly
elevated ratio of all-leukemia standardized
mortality, with elevation of acute myeloid leukemia
(44). Goldsmith presented epidemiological evidence
relevant to radar (microwave) effects (6). In 1996,
Szmigielski collected data on all Polish military
career personnel exposed to RF/MW during a 15
year period. He compared the cancer rates by age
groups to the expected ratio, and found higher
morbidity rates in the alimentary tract,
[Observed/Expected Ratio (OER) 3.19-3.24], brain
tumours (OER=1.91) and malignancies of the
haematopoietic system and lymphatic organs
(OER=6.31). Of the last, the largest difference was
found for chronic myelocytic leukemia (OER=13.9),
acute myeloblastic leukemia (OER=8.62) and non-
Hodgkin lymphomas (OER=5.82) (45). In 2001,
Smigielski presented additional data on military
personnel occupationally exposed to radar for a
period of 20 years (7). These reports indicated that
risks for cancer, notably hematolymphatic and brain
were associated with exposures to radiofrequency-
microwave from radar microwave in electronics,
radar and communications workers.

Grayson found slight excess risk for brain tumour
after exposure to electromagnetic radiation (ELF and
RF/MW) in the US air force. Exposure was assessed
using a job exposure matrix. Exposure to ionizing radi-
ation was assessed using dosimetry — an association
with IR was not found in this study. Military rank was
found to be associated with brain tumour risk (46).

Robinette et al. in 1980 did not find excess
mortality in 20,000 US Korean War Naval Veterans
1954-58 exposed to radar. The authors compared
two cohorts exposed to radar work, electronic equip-
ment repair technicians (defined as high exposure)
and equipment operators (defined as low exposure).
The study was limited by the fact that it did not have
real time data on individual exposure. The authors
attempted to address this limitation by assessing
exposure by generating what they called a Hazard
Number. This ranking scale was based on the name
of occupation, length of time in the occupation
(months) multiplied by power of equipment on the
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ship or aircraft at the time of exposure. The “Hazard
Number”, which describes potential exposure, was
calculated for a percentage of the men (47).

Despite problems of exposure misclassification,
the investigators identified a subgroup with higher
exposures and greater risks for HL outcomes.

Groves et al. conducted a follow-up study of
Robinette’s cohort, 40 years later. Their data did
again not find excess cancer, except in one high-
exposure occupation group out of three, in which
non-lymphocytic leukemia was significantly
elevated (48). One question not examined in the
follow-up study was whether there were beneficial
effects over the long-term from termination of mili-
tary exposure — a possibility suggested by the fact
that latencies are often short. Partial reversal of risks
for lung cancer following termination of exposure
has been seen in asbestos workers who cease
smoking and in smokers themselves, and in Israel, in
divers with past exposures to pollutants in the
Kishon River, above the age of 40 (49).

Degrave et al. in a retrospective cohort study in
Belgian male military personnel exposed to anti-
aircraft radars in Western Europe between 1960-
1990s, found excess incidence of hematolymphatic
cancers (50, 51).

Occupational exposure to high frequency voltage
transients

An occupational study on exposure to high
frequency voltage transients, by Milham & Morgan
2008 (52), in teachers in a California school, shows
unusually high cancer incidence in the teachers at
this school, strongly associated with high frequency
voltage transients. The authors suggest that high
frequency voltage transients may be a universal
carcinogen, similar to ionizing radiation.

Exposure assessment

Szmigielski, in his classic paper from 2000 on
dosimetry, outlines a system of categorization of
workers into exposure groups and presents methods
of calculation (53).

There is controversy concerning the validity of
various methods of exposure assessment (54-56). A
new job-exposure matrix defined for professions of
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women in Stockholm (57), has been criticized
because several specific job exposure measurements
did not match measurement from these same jobs in
other studies (58).

Penetration into tissues

Researchers have developed computer-derived or
MRI-derived models showing the depth of penetra-
tion of RF/MW radiation into the brain. Gandhi and
others have developed models for estimating and
mapping diffusion and intensity of penetration into
the brain from cell phones in adults and children,
taking into account the size of the skull and width of
the bones (23, 59, 60). Most of the studies examining
the penetration of radiation into tissues have focused
on the brain, in regard to cellphone exposure. Christ
et al. have extended these models to MRI-based
whole body “virtual family” models which predict
intensity of penetration into more than 80 different
tissue types (61, 62).

Weinberger and Richter have suggested that the
frequencies for transmission and reception by
cellular telephones (900 Hz and 18 Hz) exploit the
head as a lossy resonator (63). It is not known
whether similar interactions occur between radiation
and other body tissues.

Cellphone epidemiologic research

Two major groups have been conducting epidemi-
ological research to assess whether cellphones pose
a risk of cancer. Although the latent period since
beginning of use of cellphones has not been long
enough to collect much data on long-term users,
Hardell’s groups’ case control studies have consis-
tently found associations between brain cancer of all
kinds and prior prolonged use, of cell phones and
cordless phones on the side of the head with the
tumour, with risks increasing with for over 10 years
in different age groups (64-72).

The Interphone multinational group study did not
find excess risk of gliomas to the entire population
from exposure to cellphones, but they too have found
excess risk in a small subgroup of more heavily
exposed users associated with latency and laterality.
Some subgroups of the Interphone study found
similar data, but some chose to interpret these find-

ings in a subgroup of their population as inconse-
quential (73-79). Morgan has called attention to many
methodologic problems with the Interphone study
pertaining to selection biases and exposure misclassi-
fication (80, 81). A large cohort study from Denmark
which used cellphone registries linked to cancer
registry data, without recall bias, did not find excess
cancer risk to the population, and concluded that such
risk was unlikely (82). But a major setback of this
study was that the researchers excluded 200,507
corporate subscriptions out of the total records of all
723,421 cellular telephone subscriptions in Denmark
during the period 1982-1995, because the individual
users could not be identified. In the early years of
cellphone use, it is highly possible that these corpo-
rate users may have been the most intensely exposed
group, and their exclusion is a potential underestima-
tion or dilution of the risk. Another concern raised by
Ahlbom ef al. in regard to this cohort study was the
fact that only 61% of a small sample of the
subscribers reported use of mobile phones when
responding to a questionnaire (83).

Hardell et al. re-evaluated their own data for risk
of glioma using the Interphone protocol (84), i.e.
regarding cordless phone use as a non-exposure, and
concentrating on the same age-group as the Inter-
phone study — and found that the results of this
analysis were very similar to the Interphone study
results. This exercise demonstrates the exposure and
age range bias factors which caused underestimation
of risk in the Interphone study.

Recently, the primary researcher of the Interphone
study, Cardis, and the Israeli researcher, Sadetzki,
published a paper in which they endorse precau-
tionary measures and call attention to potential effects
on Public Health from even a small risk at the indi-
vidual level in over 4 billion people, including chil-
dren, using cellphones today (85). They also acknowl-
edge that the Interphone study, like other studies
which did not find excess risk, was conducted at a
time when mobile communication was still a rela-
tively new phenomenon with low levels of use
compared with today. They discuss additional
possible biases. For example, the fact that most of the
risk estimates were below 1 in the Interphone study,
indicates a potential selection bias, and is confirmed
by the observation of high refusal rates among
controls. Another example, is that the median cumu-
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lative call time over life study participants was very
low, around 100 hours, as was the median call time, 2-
2.5 hours per month, which can cause dilution of risk
in analyses of ‘ever use’ or ‘ever regular use’ of
mobile phones. The significant protection among light
users may most likely be an artifact of the multiple
biases reported by Morgan and others (80, 81).

Objectives

Our aims were (1) to report the findings on tumour
types, age of first diagnosis, and latencies, in a case
series of workers with occupational exposures to
EMF and other agents, (2) to describe their expo-
sures, and (3) to examine the hypothesis that laten-
cies for all tumour types were coherently related to
high occupational exposures to EMF starting at
young ages in a case series of workers.

Methods

We divided the patients into groups by latency.
We categorized each patient’s exposures in regard to
types of radiation, far or near field exposure and
direct body contact. For some we had data on
frequencies, for some others we provided assess-
ments. We also present the patient data categorized
by age of diagnosis. We used a case-case type
comparison to examine latencies for tumour types
(solid tissue, testicular, hematolymphatic).

Our initial database was a list of 106 patients who
had been exposed to non-ionizing radiation of some
sort in the past and had been diagnosed with various
diseases.

All of these patients were referred to the Unit of
Occupational and Environmental medicine over a
period of 18 years, for assessment of eligibility for
compensation. Some came on their own initiative.
These were either occupational or environmental
exposures. For this case series we included only the
53 patients with occupational exposures, and of
these, we included only the 49 cancer patients. The
other 4 patients: (age range 20-39) 2 had epileptic
attacks, 2 had headaches, ear pain, and dizziness —
one of these reported 7 co-workers with similar
symptoms.
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Exposures

In our past assessment of these patients for a
medical opinion, we had interviewed them to assess
the extent and type of their exposures to radiation. In
several cases we had consulted with experts about the
kind of equipment the patient had used or was indi-
rectly exposed to in the work environment, the type of
radiation emitted by it and the known short-term and
long-term physical effects. The medical assessment
often did not include precise measurements of duration
and intensity of exposure. For this paper, an electronics
engineer assessed the frequency and intensity of expo-
sure wherever it was possible to infer these from
circumstances of the work environment, in patients
concerning whom we did not have measurement data.
These assessments were the best available estimates,
to give a general idea of the exposures, but these have
to be regarded as preliminary.

Outcomes

We included only patients for whom we had clear
diagnoses from their medical file— either confirmed
by pathology or a clinical diagnosis signed by a
physician. 2 patients were excluded because there
was insufficient medical data on their diagnoses. All
diagnoses were written out in ICD10 classification
numbers.

In Table 1 we grouped the patients into 3 groups by
the length of the latent period of their disease, <5
years latency, 5-9 years latency and latency 10+ years.

We grouped their occupational exposure sources
into two categories: immediate work environment
(e.g. indoor work stations, rooms) and far field, (e.g.
outdoor antenna). Within the first category, we noted
if the patient was exposed to equipment carried
directly on his/her body or very close to the body
(e.g. cell phones, radio packs attached to the body),
or in a confined small environment (e.g. inside a car
or aircraft). We also listed other reported exposures,
e.g. solvents, pesticides, shift work, or prior illnesses
such as sarcoidosis or EBV.

In Figure 1, Table 2, and Table 3 we grouped the
patients by age of diagnosis. Figure 1 displays infor-
mation from tables 2 and 3.

All median and average latencies were calculated
by n=patients.
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70

20

10

Years <20 20-29 30-39 40-49 50-59 60-69

B Median age initial exposure M Median age diagnosis Median latency

* n=patients. Latency calculated for first tumour/ patient

Fig. 1. 47 patients with cancer and RF/MW and other exposures: median ages of initial exposure and diagnosis, and laten-
cy*

Table 2 - Description of population

Age n M/F Died N Age Dx Age initial Diagnoses

group  patients tumours (m,r) exposure (m,r)

(years) (years) (years)

<20 7 6M/1F 1 7 19 years 18 years Hematolymphatic
(18-19)

20-29 17 15M/2F 5 20 23 years 18 years 5 hematolymphatic , 4 testis, 7 head
(20-29) (18-25) & neck, 2 Gl tract, 1 breast cancer,

1 skin

30-39 8 TM/1F 0 9 37 years 21.5 years 3 hematolymphatic , 2 testis, 2 head
(30-39) (18-28) & neck, 1 liver, 1 lung

40-49 9 TM/2F 1 10 41 years 23 years 3 hematolymphatic, 5 head & neck,
(40-49) (15-43) 1 breast

50-59 4 3M/1F 0 4 54 years 39.5 years 1 hematolymphatic, 1 lung, 1 head
(51-59) (18-54) & neck (bone), 1 bone

60-69 2 M 1 5 62.5 years 39 years 2 head & neck, 1 kidney, 1 prostate,
(62-63) (36-42) 1 GI tract

Total 47 40M/7F 8 55 29 years 19 years 20 hematolymphatic, 6 yestis,
(18-63) (14-54) 17 head & neck (6 brain, 4 bone,

3 endocrine), 4 GI tract, 2 breast,
2 kidney& prostate, 1 skin, 1 bone
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Table 3 - Median and average latencies for different tumour types within each age group (n=patients)

<20 years Age at Diagnosis

Totals, patients - Average 0.83 (0.417-1.67)
Median 0.75 (0.417-1.67)
Totals, for Solid tumours 0 Average NA NA
Median NA NA
Totals, Non-solid tumours 7 Average 0.83 (0.417-1.67)
Median 0.75 (0.417-1.67)
20-29 years Age at Diagnosis
Totals, patients 17 Average 5.35 (1.5-11)
Median 5 (1.5-11)
Totals, for Solid tumours w/o testis (head & neck 3 Average 5.187  (1.5-11)
(including brain), breast, GI tract) Median 4.5 (1.5-11)
Totals, Testicular tumours 4 Average 3.875 (2.5-6)
Median 35 (2.5-6)
Totals, Non-solid tumours 5 Average 6.8 (3-9)
Median 7 3-9)
30-39 years Age at Diagnosis
Totals, patients 3 Average 14.63 (8-21)
Median 14.5 (8-21)
Totals, for Solid tumours w/o testis (head & neck (including brain), 3 Average 15.667  (10-21)
liver) Median 16 (10-21)
Totals, Testicular tumours ) Average 3.875 (2.5-6)
Median 35 (2.5-6)
Totals, Non-solid tumours 3 Average 13.667  (8-20)
Median 13 (8-20)
40-49 years Age at Diagnosis
Totals, patients 10 Average 19 (6-27)
Median 20 (6-27)
Totals, for Solid tumours (head & neck (including brain), breast) 6 Average 18 (6-27)
Median 18.5 (6-27)
Totals, Non-solid tumours 4 Average 20.5 (17-25)
Median 20 (17-25)
50-59 years Age at Diagnosis
Totals, patients 4 Average 14.7 (5-33)
Median 18 (5-33)
Totals, for Solid tumours (bones (head & neck, vertebral column), 3 Average 14.7 (5-33)
lung) Median 6 (5-33)
Totals, Non-solid tumours 1 Average 30 NA
Median 30 NA
60-69 years Age at Diagnosis
Totals, patients 2 Average 23.5 (20-27)
Median 23.5 (20-27)
Totals, for Solid tumours (brain, kidney) 2 Average 23.5 (20-27)
Median 23.5 (20-27)
Totals, Non-solid tumours 0 Average NA NA
Median NA NA
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Table 4 - Mean latency periods by type of organ

Tumour type n= Median N= Median
patients Latency (y, 1) tumours Latency (y, 1)
Hematolymphatic 19 7 (0.417-30) 20 7.5 (0.417-30)
Testis 6 5(2.5-18) 6 5(2.5-18)
Head & Neck (total) 14 13 (2-27) 17 12 (2-28)
Brain (& meninges) only 9 11 (2-27) 10 12.5 (2-28)
Head & Neck Other 13 (4-25) 7 12 (4-25)
Other Organs (GI tract, lung, breast, liver, kidney, 8 7 (1.5-33) 12 12.5 (1.5-33)
prostate, skin, bone)
Total 47 patients 8 years (0.4167-33) 55 tumours 9 years (0.4167-33)

In Table 4 we grouped the tumours by body organ,
and calculated median latencies by n=patients and
by N=tumours.

Results

We present 47 cancer patients, 40 men and 7
women, with a total of 55 tumours: 29 solid, 6 testic-
ular and 20 non-solid. The median age was 19 years
(14-54) and the median latency was 8 years (0.417-
33). 8 patients died (17%).

6 patients (12.7%) had multiple tumours. 5 of the
47 patients had 2 primary tumours, one had 4
tumours. In two patients, both primary tumours were
diagnosed at the same time, in others, the latent
period for the second tumours were longer. In only
one patient the second cancer was hematolymphatic
(Burkitt’s lymphoma), but so was his initial diag-
nosis. In all the other cases, the second malignancy
was a second primary solid tumour in another loca-
tion. We did not count metastases in this assessment.
12 workers (25.5%) reported cases of cancer in co-
workers.

Table 1: We grouped the patients by latency. The
internal order in each group is by target organ of
cancer & by diagnosis.

In the group with <5 years latency: there were 15
cancer patients, 13 male and 2 female. 4 patients
died (3 male, 1 female). The median age of initial
exposure was 18 years (18-25). The median latency
was 1.667 years (0.42-4). Tumours: 6 solid tumours,

3 testicular cancers and 8 hematolymphatic non-
solid cancers. 2 patients had 2 tumours each.

Distribution of tumours:

Solid tumours: 4 head and neck tumours: 2 brain-
glioblastoma (patient died) and meduloblastoma of
cerebellum, 1 nasopharyngeal carcinoma and one
giant cell granuloma of mandible.

One patient had 2 primary gastrointestinal
tumours - rectum and ascending colon (patient died).

Testicular cancers: 3 tumours of the testis (2 semi-
nomas and one embryonal carcinoma). One of these
patients later developed a second primary solid
tumour (mandible).

Hematolymphatic cancers: 5 leukemias: 1 acute
myeloid leukemia (patient died), 3 acute
lymphoblastic leukemia (1 patient died), 1 adult T-
cell leukemia. 3 Ilymphomas: 1 Hodgkin’s
lymphoma, 1 non-Hodgkin’s NK cell lymphoma and
1 peripheral T-cell lymphoma.

Occupational exposures:

The exposures were usually high and fairly
constant, some for relatively short periods (weeks to
months), others longer. 5 out of these 15 patients
were exposed to ionizing radiation in addition to
their exposures to EMF non-ionizing radiation. 3
other patients were exposed to constant direct body
contact with radiation-emitting sources. 6 additional
patients were exposed to high to extreme intensities
of radiation, either in close proximity to the source,
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in electronically dense or small closed environments,
or in direct focus of the source. Of these, 2 were
exposed to extreme levels in a radiation incident.
One patient was probably exposed to less intense
levels of EMF, but he reportedly suffered from stress
and poor nutrition and as a result may have been
immunologically compromised or susceptible. 5
patients were also exposed to other occupational
hazards, e.g. engine smoke, phosphated particulates,
welding chemicals. One patient reported cancer in a
co-worker.

In the group with 5-9 years latency: there were 12
cancer patients, 9 males and 3 females.

2 male patients died. The median age of initial
exposure was 18.5 years (14-54). The median
latency was 6.5 years (5-9). Tumours: 7 solid
tumours, 1 testicular cancer and 5 hematolymphatic
non-solid cancers. One patient had 2 tumours.

Distribution of tumours:

Solid tumours: 3 head and neck tumours (2 in one
patient): adenoid cystic carcinoma of mandible,
acoustic neuroma and parotid gland tumour, 2 breast
tumours, 1 Ewing’s sarcoma of vertebral column, 1
melanoma (patient died).

Testicular cancers: 1 seminoma of testis.

Hematolymphatic cancers: 1 acute myeloid
leukemia (patient died), 3 lymphomas: 2 Hodgkin’s
and 1 non-Hodgkin’s, and 1 extramedullary plasma-
cytoma (B cell).

Occupational exposures:

3 of these 12 patients were exposed to ionizing
radiation in addition to EMF. 2 other patients were in
constant direct body contact with the EMF radiation
sources. 5 patients worked in small windowless
rooms, or underground rooms, or were exposed
inside a small space such as a vehicle. 4 workers
were also exposed to other occupational hazards, e.g.
greasing chemicals, oils. 4 patients reported cases of
cancer in co-workers.

In the group with 10+years latency: there were 20
cancer patients, 18 males and 2 females. 2 male
patients died. The average age of initial exposure
was 23.1 years (15-40), and the average latency was
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19.35 years (11-33). Tumours: 16 solid tumours, 2
testicular cancers and 7 hematolymphatic non-solid
cancers. One patient had 4 solid tumours. One
patient had 2 hematolymphatic tumours.

Distribution of tumours:

Solid tumours: 10 head and neck tumours: of these
3 brain neoplasms — 2 astrocytomas and 1 glioblas-
toma multiforme (patient died), 1 meningioma, 1
melanoma of choroid (eye), 2 adenomas: pituitary
and pineal, 1 carcinoma of cheek, and 1 nasopharyn-
geal carcinoma. Other cancers: 2 neoplasms of testis:
1 seminoma and 1 mixed seminoma/ embryonal
carcinoma, 1 non-small cell lung cancer, 1 patient
with epithelioid haemangioendothelioma of both
liver and lung, and one patient with 4 tumours: renal
cell carcinoma, pituitary adenoma, prostate cancer
and polyp of colon.

Hematolymphatic cancers: 2 leukemias — 1
chronic lymphocytic leukemia (patient died) and 1
hairy cell leukemia (B lymphocytes). 3 lymphomas
— 1 diffuse non-Hodgkin’s lymphoma, 1 Hodgkin’s
and 1 B-cell lymphoma. 1 myeloid leukemia.

Occupational exposures:

6 of these 20 patients were exposed to ionizing
radiation in addition to EMF. 8 patients had direct
body contact with EMF radiation sources, and at
least 9 patients worked in dense, small environ-
ments. 9 workers were also exposed to other occu-
pational hazards, e.g. solvents, oils, engine smoke. 7
patients (35% of 10+years latency group) reported
cases of cancer in several co-workers.

Figure 1 and Tables 2 and 3 present data grouped
by the patients’ age at diagnosis.

Figure 1 presents, for each age group (<20 years,
20-29 years, 30-39 years, 40-49 years, 50-59 years,
and 60-69 years), the median age of initial exposure
to EMF, median age of diagnosis, and median laten-
cies. The data on latency by age group is also shown
in Table 2.

Table 2 presents basic information on the popula-
tion.

Table 3 presents the median and average latencies
for different tumour types within each age group
(n=patients).
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Age group <20 years: 7 patients, 6M/1F. 1 patient
died. The median age at diagnosis was 19 years (18-
19). The median age at initial exposure was 18. All
7 patients had hematolymphatic non-solid tumours.

Latencies for all tumour types ranged between 5-
16 months, with an average latency of 0.83 years,
(10 months) and a median of 0.75 years — notably
less than one year.

Age group 20-29: 17 patients. 15M/2F. 5 patients
died. Median age of diagnosis was 23 years (20-29).
Median age of initial exposure was 18 years (18-25).

N tumours: 20-5 hematolymphatic, 4 testis, 7 head
& neck, 2 GI tract, 1 breast cancer, 1 skin. 12
patients had solid tumours, of these 4 testicular
tumours, which were grouped separately. 5 patients
had hematolymphatic tumours.

The average latency for all tumour types was 5.35
years, (1.5-11). The median latency was 5 years.

The average and median latencies for the solid
tumours were 4.643 years and 4 years (1.5-11). The
average and median latencies for the testicular
tumours were 3.875 years and 3.5 years (2.5-6). The
average and median latencies for the non-solid
tumours were 7.167 years and 7.5 years (3-9).

Age group 30-39: 8 patients. 7M/1F. No patient
died. Median age at diagnosis was 37 years (30-39).
Median age of initial exposure was 21.5 years (18-28).

N tumours: 9-3 hematolymphatic, 2 testis, 2 head
& neck, 1 liver, 1 lung.

5 patients had solid tumours, of these 2 had testic-
ular cancer. 3 patients had hematolymphatic cancers.

The average and median latencies for all tumour
types were 14.63 years and 14.5 years (8-21). The
average and median latencies for solid tumours
(excluding testis) were 15.667 years and 16 years
(10-21). The average and median latencies for testic-
ular cancers were 3.875 years and 8.5 years (2.5-6) —
notably very short. The average and median laten-
cies for non-solid tumours were 13.667 years and 13
years (8-20).

Age group 40-49: 9 patients, 7M/2F. 1 patient
died. Median age at diagnosis was 41 years (40-49).
Median age of initial exposure was 23 years (15-43).

N tumours: 10-3 hematolymphatic, 5 head &
neck, 1 breast.

6 patients had solid tumours. 4 patients had hema-
tolymphatic tumours.

The average and median latencies for all tumour
types were 19 years and 20 years (6-27). The
average and median latencies for solid tumours were
18 years and 18.5 years (6-27). The average and
median latencies for non-solid tumours were 20.5
years and 20 years (17-25).

Age group 50-59: 4 patients, 3M/1F. No patient
died. Median age at diagnosis was 54 years (51-59).
Median age of initial exposure was 39.5 years (18-54).

N tumours: 4-1 hematolymphatic, 1 lung, 1 head
& neck (bone), 1 bone.

3 patients had solid tumours and 1 patient had
hematolymphatic cancer.

The average and median latencies for all tumour
types were 14.667 years and 18 years (5-33). The
average and median latencies for solid tumours were
14.667 years and 6 years (5-33). The average and
median latencies for non-solid tumours were 30
years (1 patient).

Age group 60-69: 2 patients, M, 1 patient died.
Median age of diagnosis was 62.5 years (62-63).
Median age of initial exposure was 39 years (36-42).
The average latency was 23.5 years, (20-27).

N tumours: 5-2 head & neck, 1 kidney, 1 prostate,
1 GI tract.

Both patients had solid tumours. The average and
median latencies for all tumour types were 23.5
years (20-27). The average and median latencies for
solid tumours were the same.

Table 4 presents median latency periods for
patients and for tumours, categorized by body organ.

19 patients had hematolymphatic non-solid
cancers. The median latency for this group of
patients was 7 years (0.417-30). Counting by
number of tumours, there were 20 hematolymphatic
cancers in this case series. The median latency for
this type of cancer was 7.5 years (0.417-30).

6 patients had testicular cancer — which we cate-
gorize as semi-solid. The median latency for this
group of patients was 5 years (2.5-18). The number
of tumours and latency per N were the same. These
were the shortest latencies in this table.

14 patients had cancer in the head and neck area of
the body. The median latency for this group of
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patients was 13 years (2-27). Counting by number of
tumours, there were 17 head and neck cancers in this
case series. The median latency for cancer of the
head & neck was 12 years (2-28).

In this group, 9 patients had brain cancer
(including meninges). The median latency for these
patients was 11 years (2-27). There were 11 tumours
in this group. The median latency for brain cancers
was 12.5 (2-28).

5 patients had cancer of the head & neck area but
not in the brain. The median latency for this group of
patients was 13 years (4-25). The median latency for
the 7 tumours in this group was 12 (4-25).

8 patients had cancer in other solid organs of the
body (GI tract, lung, breast, liver, kidney, prostate,
skin, and bone). The median latency for these
patients was 7 years (1.5-33). Counting by tumours,
there were 12 cancers in other solid organs in this
case series. The median latency was 12.5 (1.5-33).

Discussion

The above findings report high exposures, many
young patients, many with short latent periods and
some with tumours in “hot parts” of body (more
exposed or more vulnerable or both) — hematolym-
phatic, testes, head & neck — some patients with
multiple primaries.

Their exposures were to sources which were
usually in the immediate work environment — i.e. in
the same room, or from point sources such as
antennas just beyond the immediate work environ-
ment. The exposure was to RF/MW as well as ELF
frequencies, and occasionally possibly to IR. In
some of the patients there were additional exposures
to toxic agents, such as solvents.

Short latencies are a recognized indicator of intense
exposures (86-90). In the absence of a common genetic
predisposition, multiple primaries are also a sentinel
indicator of high environmental exposures (91).

Figure 1 suggests a dose-response-age association.
Patients exposed at an earlier age had shorter laten-
cies. These young patients developed mostly hema-
tolymphatic cancers, which are more prevalent in
general in younger ages, but some of these cancers
are extremely rare types (for example, NK-cell
lymphoma in patient no.10). Other young patients
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developed testicular cancer. Case classification by
age showed shorter latencies with younger ages, but
this association, is complicated by the fact that shorter
latencies co-vary with younger ages especially for
testicular tumours. We will report the breakdown of
latency by age at first exposure in a subsequent
communication. In the past, an 18 year old diagnosed
with cancer could not have had a latency of over a
year or two, since he or she would have been in
school and not working with electronic equipment.
But with the recent introduction of Wi-Fi into
schools, personal computers for each pupil in many
schools, high frequency voltage transients measured
in schools — as well as the population-wide use of
cellphones, cordless phones, exposure to cellphone
towers, residential exposures to RF/MW from Smart
Meters and other “smart” electronic equipment at the
home and possibly also ELF exposures to high power
generators and transformers — young people are no
longer free from exposure to EMF. This raised back-
ground exposure, even if at lower intensities, may
possibly raise their susceptibility to high intensity
occupational exposures encountered later, at work.

The diverse range of cancers presented in this
sentinel case series suggests that the classic association
in the scientific literature between specific carcino-
genic agents and specific target organs may be too
narrow. We question whether this model is adequate to
capture the possibility of a more generalized effect,
either by initiation or promotion or progression
regarding the potential effects of EMF radiation on
body tissue, or in other words, EMF may be a
universal carcinogen, similar to ionizing radiation.

The most striking finding was the short latency
period of the testicular tumours and HL tumours
relative to other solid tumours. In younger patients,
the rapidly dividing sperm cells may be uniquely
susceptible to carcinogens, including all kinds of
radiation. Young men between the ages of 20-34 are
the peak age group of risk for testicular cancer, but
many studies show a worldwide increase in inci-
dence in recent years. One review reports data from
various studies suggesting increased risks from
occupational exposures to EMF - although the
reviewers interpret these data as not supportive of a
cause-effect association (92, 93).

There is a coherent pattern between the onset of
occupational exposure and latent periods for the three
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classes of tumours we have defined in this case series
(hematolymphatic, testicular, and solid). Testicular
cancer latencies were very short, hematolymphatic
latencies were longer and solid tumour latencies still
longer. When the group of solid tumours was divided
into head & neck versus other tumours, the latencies
for the other organs were not much longer than for
the hematolymphatic cancers, but notably longer than
the latencies for the testicular cancers. The latencies
for head and neck tumours were the longest. The
most plausible explanation for this pattern could be
that EMF is the common source and possibly a major
cause of many of these tumours.

We suggest that the intensity, direction and depth
of penetration of electromagnetic non-ionizing radi-
ation are physical variables which should be investi-
gated regarding the possibility of development of
cancer in body tissues.

In the short latency-high exposure group, fewer
patients reported co-workers with cancer, compared
with the >10 years latency group (35%). This finding
could be attributed to the older age of the latter
group, but it could also suggest the possibility that
the patients in the short-latency group were more
intensely exposed than their colleagues. However,
the young workers may not have worked for a long
enough time for co-workers to have cancers ascer-
tained. We did not have information on the total
number of co-workers in each workplace.

Limitations and implications for further work

This case series is based on relatively small
numbers and it does not represent the general popula-
tion nor the population of cancer patients in Israel’s
cancer registry. It represents a small sub-group of
workers with cancer, many young, nearly all males
and many with short latent periods, who were occu-
pationally exposed to intense levels of radiation, and
included a non-trivial proportion with multiple
primaries. It does not include children or a representa-
tive number of older adults. It does not include people
with chronic disease or other known susceptibilities.

We lack epidemiologic evidence of an analytic
nature regarding causation for workers with dense
exposure, or for the general population. But the case-
case comparisons showing a coherent pattern of
latency in relation to the onset of exposure do

strengthen the hypothesis we have raised that the
exposures were the common factor. The findings are
disturbing and cannot be ignored and state the case
for further investigation regarding a possible
connection between these exposures and initiation or
promotion of cancer, for individual workers exposed
to high levels of EMF radiation.

We did not present full information on the expo-
sures, i.e. frequencies, intensities, direction. There is
a need to re-interview all of our patients in the future,
wherever possible to obtain data from measurements
and in other cases use dosimetry assessments by a
qualified and experienced professional.

Another limitation in our assessment of exposures
to EMF is that in most cases, we did not have and
therefore did not present data on the concurrent use
and exposure to cellphones and cordless phones by
these patients.

We did not have data on total numbers of co-
workers in each workplace.

We did not have full data and therefore did not
present information on the patients’ smoking habits.
But, as shown by Blair (94), these do not reduce or
account for the severity of risks for cancer associated
with intense occupational exposures to carcinogens.
This statement holds especially true for younger
patients, given the relatively long latencies for ciga-
rette smoking.

There is a need for an exposure assessment matrix
which takes into consideration hypothesized situa-
tions of exposures and their effect. For example,
what is the effect of direct body contact with a radi-
ation source (such as an RF transmitter carried on the
body) on body organs right next to the source.

In 1967, one year after the United States adopted the
standard for military and occupational exposure,
Pollack and Healer reviewed literature from confer-
ences and English translations of research from East
Europe and former Soviet Union. They concluded that
the U.S. Military guidelines were too high (1 mW/cm?
averaged over 0.1 hour) and recommended that these
should be lowered to approach those of the former
USSR (0.01 mW/cm?) in order to protect public health,
and particularly where hazards to non-controlled
personnel may be involved (95). The authors were
concerned that protection of the general public was
barely discussed and no public standards were set
because microwaves were viewed as radar and radar
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was viewed as a military and industrial issue. At the
time these standards were set, most people were
unlikely to be exposed to microwave radiation. Today,
microwave radiation exposures are ubiquitous.

During the 1970s and the 1980s, Glaser, Steneck
and Cook et al. raised these issues again, with no
results (33, 34).

The newly published Seletun Statement (96)
updates the conclusions of the previously published
Bioinitiative Report (97) and Benevento Resolution
(98) and again calls for lowering required thresholds
of EMF exposure to the public to below levels in
which risk has been shown, even if a cause effect
relationship has not been fully proven.

The authors state the case for action for preventive
measures - the current exposures are already too high
to protect people from health harm. The combined
effect of cell phones, cordless phones, cell towers,
Wi-Fi and wireless internet, has already been shown
to raise the risk for billions of people around the
world for cancer and for neurobehavioural, reproduc-
tive and developmental impairments. Evidence
suggests there are special risks for persons with occu-
pational exposures to RF/MW as well as ELF, and
recent evidence also suggests risks from exposure to
high frequency voltage transients (52).

The Seletun Statement recommends precautionary
action given the health effects we are seeing already
— avoidance of use of cell and cordless phones by
pregnant women and children of all ages, halting the
population-wide use of Wi-Fi routers, DECT phones
and other wireless devices like baby monitors and
investigation of less harmful options and setting of
new, biologically-based exposure limits to guide
new technology development toward solutions that
are not harmful to health.

A report just published by the Committee on the
Environment, Agriculture and Local and Regional
Affairs of the Council of Europe, acknowledges the
need to revise the current threshold values: “One
must respect the precautionary principle and revise
the current threshold values; waiting for high levels
of scientific and clinical proof can lead to very high
health and economic costs, as was the case in the
past with asbestos, leaded petrol and tobacco™ (99).

The Russian National Committee On Non-
ionizing Radiation Protection (RNCNIRP) has
recently published a resolution regarding the use of
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mobile phones by children: “Urgent measures must
be taken because of the inability of children to recog-
nize the harm from the mobile phone use and that a
mobile phone itself can be considered as an uncon-
trolled source of harmful exposure” (100).Implica-
tions for further work: the risks in the sentinel case
series we have reported represent the risks in a sub-
population of workers with intense and sometimes
prolonged exposures to EMF, sometimes with other
exposures as well (IR, solvents). The findings state
the case for (1) better modelling of exposure sources
and penetration into the body, and (2) preventive and
protective measures based on control of exposure at
source, barriers, and personal protection.

A model for studying the penetration of radiation
into the body is the “Virtual Family” (62). The
Virtual Family consists of eight highly detailed
anatomical whole-body models of adults and chil-
dren of various ages, and includes pregnant women
at 1, 3 and 9 months of gestation. The models or
numerical phantoms are based on high-resolution
MR images of healthy volunteers. All of their
approximately 80 organs and tissues are represented
by three-dimensional CAD objects yielding a high
level of detail. The models have a body mass and
height which is typical for their age range. The
Family is available for research and is used by over
200 research facilities.

The widespread and increasing background expo-
sures to both voluntary (cell phones) and non-voluntary
sources of non-ionizing radiation as listed above - resi-
dential, occupational or school exposures, may soon
preclude the possibility of so called controlled studies,
and the situation can be expected to become more
complex in coming years (101). Biologically based
studies on sentinel occupational groups with high expo-
sures offer the potential for providing risk assessments
for large populations with “low” exposures.

A general comment: from occupation to commu-
nity: population-wide exposure to EMF recalls the
story of population-wide exposure to lead in gaso-
line. In the 1970s, a mere 35 years ago, we were
arguing as to whether or not an everyday blood lead
level of 30 ug/dl was a health risk. By 1979, that
threshold dropped to 20 ug/dl and thereafter through
the 1980s to 10 wg/dl for children, and now we are
not certain whether there is a threshold below which
there are no discernable adverse neurobehavioral
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effects, especially for in utero and newborn expo-
sures. We now know, in retrospect, that the entire
urban population, notably children, were receiving
exposures which were impairing their 1Q, emotional
well being, and long-term growth and development.
These findings led to the elimination of lead from
gasoline. In retrospect, the world was not heeding
the early warnings regarding an impending popula-
tion-wide hazard with disastrous effects. Epidemio-
logic evidence for hard-core proof of excess risk
may not be available yet, but we suggest that in the
case of population-wide exposure to RF/MW, the
situation may be similar, with one exception: the
warnings may no longer be early.
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