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A small area study of cancer incidence in 1974-1986 was carried out to investigate an unconfirmed report
of a “cluster” of leukemias and lymphomas near the Sutton Coldfield television (TV) and frequency modulation
(FM) radio transmitter in the West Midlands, England. The study used a national database of postcoded cancer
registrations, and population and socioeconomic data from the 1981 census. Selected cancers were hema-
topoietic and lymphatic, brain, skin, eye, male breast, female breast, lung, colorectal, stomach, prostate, and
bladder. Expected numbers of cancers in small areas were calculated by indirect standardization, with
stratification for a small area socioeconomic index. The study area was defined as a 10 km radius circle around
the transmitter, within which 10 bands of increasing distance from the transmitter were defined as a basis for
testing for a decline in risk with distance, and an inner area was arbitrarily defined for descriptive purposes as
a 2 km radius circle. The risk of adult leukemia within 2 km was 1.83 (95% confidence interval 1.22-2.74), and
there was a significant decline in risk with distance from the transmitter (p = 0.001). These findings appeared
to be consistent over the periods 1974-1980 and 1981-1986, and were probably largely independent of the
initialty reported cluster, which appeared to concem mainly a later period. In the context of variability of
leukemia risk across census wards in the West Midlands as a whole, the Sutton Coldfield findings were
unusual. A significant decline in risk with distance was also found for skin cancer, possibly related to residual
socioeconomic confounding, and for bladder cancer. Study of other radio and TV transmitters in Great Britain
is required to put the present resuits in wider context. No causal implications can be made from a single cluster
investigation of this kind. Am J Epidemiol 1997;145:1-9.
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There has been considerable public and scientific
debate conceming the possible adverse health effects
associated with environmental exposure to extremely
low frequency (0—300 Hz) non-ionizing radiation, as
emitted by power cables and electric substations (1-5).
Exposure to extremely low frequency radiation has

most commonly been associated with leukemia, par-
ticularly acute myeloid and childhood leukemia, and
also brain cancer, male breast cancer, and skin and eye
melanoma (1, 3, 6-12), although there is currently no
agreement as to causality (2-5).

Far less attention has been paid to environmental
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exposure to radiation in the radiofrequency range (100
kHz to 300 GHz), including television (TV) and fre-
quency modulation (FM) broadcast frequencies (30
MHz to 1 GHz), at field strengths below those re-
quired to produce thermal effects. The few epidemio-
logic studies that have reported on cancer incidence in
relation to radiofrequency radiation (mainly from oc-
cupational exposure including microwave and radar)
have generally presented negative or inconsistent re-
sults, or were subject to possible confounding from
other exposures (2, 13-22). A study of residential
exposure in Hawaii examined cancer incidence for
census tracts with broadcasting antennae (22). A sig-
nificantly increased relative risk of all cancers was
found (standard incidence ratio (SIR) = 1.36 based on
905 cases, p < 0.01), and there was a nonsignificant
excess of leukemias (SIR = 1.56 based on 23 cases,
p > 0.01). However, there was only limited control for
possible confounding.

Nevertheless, concerns have been expressed about
the possible health effects of living near high power
radio transmitters. Following a claim (see Appendix)
of an excess of cases of leukemia and lymphoma near
the Sutton Coldfield radio and television transmitter in
the West Midlands, England, the Small Area Health
Statistics Unit in the United Kingdom (23) was asked
to investigate the incidence of selected cancers in the
vicinity. The results of those analyses are reported
here.

MATERIALS AND METHODS

The Sutton Coldfield transmitter is sited at the
northern edge of the city of Birmingham. It first came
into service in 1949 for television. High power trans-
mission at 1 megawatt effective radiated power (erp)
per frequency began with one frequency in 1964, rose
to 3 frequencies in 1969, and then 4 frequencies in
1982. Three frequencies of very high frequency (VHF)
radio began in 1957, at 250 kW erp per frequency. The
mast is 240 m high. There are no big hills (above the
height of the transmitter) in the study area. Nearby
industrial processes registered with Her Majesty’s In-
spectorate of Pollution include a mineral works 3 km
east, a copper works 6.5 km west, and a lead works 7
km west (Department of the Environment, personal
communication, 1993).

Cancer incidence data postcoded to address at diag-
nosis were examined from 1974 to 1986. Population
statistics were from the 1981 census enumeration dis-
tricts and wards. The study area was defined by a
circle of 10 km radius centered on the transmitter, grid
reference SK 113003 (figure 1). The population within
10 km was around 408,000. Within the study area, ten
bands of outer radius 0.5, 1, 2, 3,4.9, 6.3, 7.4, 8.3,9.2,
and 10 km were defined (giving equal areas beyond 3

km). Populations and cases were located in the study
area via the postcode of residence (which refers to an
average of 14 households in Great Britain) according
to methods described elsewhere (23). The complete-
ness of postcoding of cancer registrations is high both
nationally (96.6 percent) and in the West Midlands
region (98.7 percent).

The following cancers at ages 15 years and over
were considered as a priori groupings according to the
8th and 9th revisions of the International Classifica-o
tion of Diseases (1CD):

eojumo(]

1) all cancers, excluding non-melanoma skin cancer (ICD-8/95
code 173);
2) cancers of the type stated in the initial cluster report, i.c.,3
hematopoietic and lymphatic cancers: all leukemias (ICD-8/9§
code 204-207 + ICD-9 code 208); multiple myeloma (ACD-8/9%
code 203 + ICD-9 code 238.6), non-Hodgkin’s lymphomas
(ICD-8/ code 200 + ICD-8 code 202 + ICD-9 codes 202.0,
201.1, 202.8); all hematopoietic and lymphatic (all leukemias,3
multiple myeloma, non-Hodgkin’s lymphoma and ICD-8/993\J
code 201); all leukemias and non-Hodgkin’s lymphoma com-£.
bined; all leukemias; acute leukemia, i.e., acute myeloid leuke-%-
mia (205.0) and acute lymphatic leukemia (204.0) separatelyg
and combined with ICD-8/9 code 206.0 + ICD-9 codes 204.2,&
205.2, 206.2, 208.0, 208.2 + ICD-8 code 207.0; chronic my-=

*)]

eloid leukemia (205.1); chronic lymphatic leukemia (204.1);
3) cancers possibly associated with non-ionizing radiation (1, 3,
6-12), i.e., malignant brain and nervous system cancers (ICD-2
8/9 codes 191, 192); brain and nervous system cancers ofC
malignant, benign, and uncertain behavior (ICD-8/9 codes 191,3
192 + ICD-8/9 code 225 + ICD-9 codes 237.5, 237.6, 237. 9),<
skin melanoma (ICD-8/9 code 172); eye (mainly melanoma)a
(ICD-8/9 code 190); male breast ICD-8 codes 174.0-2, ICD-9=:
code 175);

4) common cancers (examined separately), i.e., lung (162),
colon (ICD-8 codes 153.0-3, 153.7-8, ICD-9 code 153), rectalg
(154), colorectal (colon + rectal), stomach (ICD-8/9 code 151),
bladder (ICD-8/9 code 188), prostate (ICD-8/9 code 185), fe-3
male breast (ICD-8 codes 174.0-2, ICD-9 code 174).

Childhood cancer (0-14 years) was restricted to all2
cancers and all leukemias.

To allow for possible socioeconomic confounding, a@
deprivation score, shown elsewhere to be a powerfulM
predictor of cancer rates (24), was calculated for eacho
census enumeration district in Great Britain using
1981 census data on unemployment, overcrowding,
and social class of head of household. The scores were
grouped into quintiles, with a small sixth category for
unclassifiable enumeration districts, mostly with insti-
tutional populations. According to this deprivation
score, the areas closer to the transmitter were more
affluent than those further away, i.e., at 1-2 km, 67
percent of the population was in the two most affluent
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FIGURE 1. Map of 2 and 10 km circles surrounding Sutton Coldfield television and FM radio transmitter, showing position of census ward

“CNBT.” (Map data copyright Automobile Association.)

quintiles, compared with 28 percent at 9.2-10 km. For
many cancers (e.g., lung), lower incidence rates would
be expected in the more affluent areas; for some other
cancers (e.g., leukemia), there is essentially no relation
between incidence and deprivation thus measured,
whereas for others (e.g., skin melanoma), higher dis-
ease rates are found in the more affluent areas (24).
Statistical analysis was based on the comparison of
observed and expected numbers of cancer cases; the

Am J Epidemiol Vol. 145, No. 1, 1997

expected numbers were calculated from national inci-
dence rates stratified by 5-year age group, sex, year,
and deprivation quintile, and regionally adjusted, as
described in detail elsewhere (25). Compared with
national rates, the West Midlands region had standard-
ized incidence ratios of 0.95 for all cancers and 0.80
for leukemias (0.65 for chronic lymphatic leukemia).

For descriptive purposes, observed and expected
values, observed/expected (O/E) ratios, and their 95
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percent confidence intervals (calculated assuming a
Poisson distribution) are reported for the entire study
area (0-10 km) and for an area close to the source,
arbitrarily chosen to be 0—2 km. Formal tests of sig-
nificance were based on those proposed by Stone (26)
for isotonic decline in risk with distance from the
source. These tests give due weight to the smaller
populations near the site, and do not prespecify the
shape of the decline, or boundaries between “exposed”
and “unexposed” populations. Both an unconditional
and a conditional test were performed (25, 27, 28). For
the unconditional test, the null hypothesis is that the
relative risk is one in each of the bands. An isotonic
alternative includes any pattern of non-increasing risk
over the study area. The data were further explored by
use of the conditional test that corrects for the overall
level of risk over the 10 km study area, thereby spec-
ifying a null hypothesis where all relative risks are
equal to a constant, not necessarily one (25, 27).
Significance levels were obtained by Monte Carlo
methods based on 999 simulations and the nominal
statistical significance level taken to be p = 0.05.
Stone’s tests were in all cases performed on the data in
the ten predefined distance bands. For presentation
purposes only, we give some data collapsed into four
distance bands.

A geographic analysis to investigate the background
variability of leukemia incidence in the West Midlands
region was also done, in order to place in context the
size of any excess found in the vicinity of the trans-
mitter. This analysis was done at census ward level
relating to around 10,000 people on average and in-
cluded supplementary postcoding to reduce the per-

TABLE 1.

aged 215 years, 1974-1986

Selected cancers near the Sutton Coldfield tranamitter, West Midlands, England: observed and expectsd numbers of
cases, observed/expected (O/E) ratios, and 85% confidence Intervals (Cl), by distance of residence from transmitter, in persons

centage of unpostcoded cases of leukemias from 2.5
percent to 0.3 percent. Observed and expected num-
bers per ward were calculated as for the main analysis.
Departure from Poisson variability was tested by the
Pothoff-Whittinghill test (29) and a 5th to 95th per-
centile range in O/E ratios was calculated using a
likelihood method that removes the random compo-
nent of variability (30). O/E ratios were ‘“‘smoothed”
using an empirical Bayesian method (31). This method
produces a set of smoothed estimates on the basis of ag
compromise between the observed relative risks andé
the overall rcglonal mean, with the amount of “shrink-3 g
age to the mean” being determined by the populatlonm
size of each ward, thereby removing variability in O/EZ
ratios due to small population sizes. Both raw andi
smoothed values of the O/E ratio for each of the 8328
wards were ranked, and the rank of the census ward3
containing the transmitter (ward designated as®
“CNBT” in figure 1) was determined. This ward m-b
cluded 90 percent of the population within 2 km of theo
transmitter, but with half its population outside the 2m

km circle. g
%

RESULTS S
At a distance of 0—10 km from the transmitter, there=

was a 3 percent excess in all cancers with significant®
unconditional but not conditional Stone’s test (tablex
1). Examination of the data for all ten bands (table 2)<
demonstrates this overall excess but lack of trend of:
decreasing risk with distance. Non-Hodgkin’s lym-a
phoma showed an excess from 0—-10 km (table 1) but=
no excess at 0—2 km. The Stone’s conditional test and>
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Distance from transmitter (km) Stone's
Tf,’e 0-2 0-10 vajﬁe.
cancer Observed OE OE
Expected ratio 5% Cl Observed Expected ratio 85% ClI U C
All cancerst 703 647.49 1.09 1.01-1.17 17,409 16,861.22 1.03 1.02-1.05 0.001 0.462
Hematopoietic and
lymphatic 45 37.08 1.21 0.91-1.62 835 895.83 1.04 0.98-1.11  0.153
All leukemias and non-
Hodgkin's lymphomas 3 24.76 1.25 0.88-1.78 681 59284 1.11 1.03-1.20 0.018 0.161
All leukemias 23 12.59 1.83 122-274 304 302.34 1.1 0.90-1.13  0.001 0.001
All acute 10 5.38 1.86 0.89-3.42 116 131.75 0.88 0.73-1.06 0.003 0.004
Acute mysloid 4 384 102 0.28-2.60 81 9560 0.85 0.68-1.05 0.024 0.045
Acute lymphatic 3 084 357 0.74-10.43 21 20.62 1.02 0.67-1.56 0201
Chronic mysloid 2 163 1.23 0.15-4.43 42 3995 1.05 0.78-1.42 0257
Chronic lymphatic 8 312 258 1.11-5.05 96 7256 1.32 1.08-1.62 0.002 0.007
Non-Hodgkin’s lymphomas 8 1217 0.66 0.28-1.30 357 20050 1.23 1.11-1.36 0.005 0.958
Muttiple myeloma 10 6.51 1.54 0.74-2.83 174 15452 1.13 0.97-1.31 0.156

* p values given by Stone's unconditional (U) and conditional (C) tests.

1 All cancers excluding non-mslanoma skin cancer.
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Cancer Incidence near Radio and TV Transmitters.l. 5

TABLE 2. All cancers, all leukemias, and non-Hodgkin's lymphomas near the Sutton Coldfield transmitter, West Midlands,
England: observed and expected numbers of cases, observed/expected (OJ/E) ratios, and cumulative O/E ratios, by distance of

residence from transmitter, in persons aged 215 years, 1974-1986

Distance All cancers* All leukemias Non-Hodgkin's lymphomas
from oE  Cumuiative oF  Cumuitive oE  Cumuiatve
transmitter  Opserved Expected OE Observed Expected O/E Obsarved Expected OE
() ratio ratio ratio ratio ratio ratio
0-0.5 2 5.61 0.38 0.36 1 0.1 9.09 9.09 o] 0.11 0.00 0.00
0.5-1.0 86 137.19 0.70 0.69 5 272 1.84 212 3 260 1.15 1.11
1.0-20 605 504.59 120 1.09 17 9.76 1.74 1.83 5 9.48 0.53 0.68
2.0-3.0 282 279.01 1.01 1.08 9 5.58 1.62 1.76 9 576 1.56 0.95
3.049 1,002 1,050.86 0.95 1.00 25 2022 1.24 1.49 20 2025 0.99 097
49-6.3 2,414 2,301.25 1.05 1.03 54 41.96 129 1.38 45 40.60 1.1 1.04
8.3-74 2,734 2,650.62 1.03 1.03 48 468.54 1.03 1.25 57 4395 1.30 1.13
7.4-8.3 2,827 2,798.65 1.01 1.02 51 49.22 1.04 1.18 52 47.19 1.10 1.12
8.3-9.2 3,383 3,213.75 1.05 1.03 40 57.35 0.70 1.07 80 5456 1.47 1.21
9.2-10 4,084 3,919.59 1.04 1.03 54 68.90 0.78 1.01 88 68.02 1.30 1.23

* All cancers axciuding non-melanoma skin cancer.

examination of the data over the ten bands (table 2) do
not indicate a decline in risk with distance. Excesses
within 2 or 10 km of the transmitter for hematopoietic
and lymphatic cancers and multiple myeloma, were
not statistically significant (table 1), nor was there
evidence of a significant decline in risk with distance.

For adult leukemias from 0-2 km, the O/E ratio was
1.83 (95 percent confidence interval (CI) 1.22-2.74),
based on 23 cases (table 1). The Stone’s tests indicated
a significant (p = 0.001) decline in risk with distance;
data for all ten bands (table 2) were consistent with a
decline in risk extending over the entire 10 km. Risk
fell below 1.0 in the outer bands so that there was no
overall excess over the 10 km area (O/E ratio = 1.01,
95 percent CI 0.90-1.13) (table 1). A pattern of de-
cline with significant Stone’s conditional tests was
also found at ages 15-64 and =65 years, and for each
sex separately (table 3). Acute leukemias, acute my-
eloid leukemia, and chronic lymphatic leukemia
showed significant declines in risk with distance, as
indicated by Stone’s tests (table 1) and inspection of
the data (table 4).

The leukemia excess at 0—2 km was apparent in
both the earlier (1974-1980) and later (1981-1986)
periods; there were 11 leukemia cases in the first
period and 12 leukemia cases in the second period, and
O/E ratios of 1.80 and 1.85, respectively. Stone’s tests
were significant in both periods. Twenty-one of the 23
cases within 2 km are known to have died, as verified
by death certificates, and all but one had died by 1988.
The stated occupations at diagnosis of the 23 adult
leukemia cases were as follows: of 10 females, 4
housewives, 1 clerk/cashier, and 5 unstated; of 13
males, 2 clerk/cashiers, 3 managers, 1 printer, 1 gar-
dener, 1 teacher, 1 farmer, 1 driver/foreman of roads
goods vehicles, 1 inadequately described, and 2 un-
stated.

Among children, there were 97 cancers within 0-10
km of the transmitter (106.1 expected), including 34
leukemia cases (29.7 expected), of which 2 cases were
at 0-2 km (1.1 expected); Stone’s tests were not
significant (leukemia conditional test p = 0.173).

Among other adult cancers, there was a significant
decline in risk for skin melanoma and for bladder

TABLE 3. Leuksmla near the Sutton Coldfield transmitter, West Midlands, England, by age and sex: observed and expected
numbers of cases, observed/expected (O/E) ratios, and 85% confidence Intervals (Cl), by distance of residence from transmitter,

in persons aged 215 years, 1974-1986

Distance from transmitter (km) Stone’s
Sex and p
age 0-2 0-10 value*
(years) Observed Expocted O 95% CI Observed Expected %Eo 95% C u c
Both sexss
15-64 10 4.75 2.1 1.01-3.87 132 121.71 1.08 0.91-129 0.003 0.001
265 13 7.84 1.66 0.97-2.84 172 180.63 095 0.82—-1.11 0.009 0.008
Males
215 13 6.72 1.83 1.13-3.31 162 164.72 0.98 0.84-1.15 0.002 0.000
Females
215 10 5.86 1.71 0.82-3.14 142 137.60 1.03 0.88-1.22 0.014 0.006

* p values given by Stone’s unconditional (U) and conditiona! (C) tests.

Am J Epidemiol Vol. 145, No. 1, 1997
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6 Dolket al

TABLE 4. Acute leukemias and acute myelold, acute lymphatic, chronic myelold, and chronic lymphatic
lsukemias near the Sutton Coldfield transmitter, West Midlands, England: ocbserved numbers of cases
and observed/expected (O/E) ratios, by distance of residence from transmitter, In persons aged >15

years, 1974-1986

Distance from transmitter (lan)
Leukemia 0-2 2-4.9 49-74 7.4-10

obseved O opserved  YF obseved  9F  Opbserveds O

ratio ratio ratio ratio

Acute leukemias 10 1.86 11 0.85 38 0.99 57 0.75
Acute myeloid 4 1.02 8 0.97 28 1.00 41 0.74
Acute lymphatic 3 3.57 3 1.52 5 0.83 10 0.85
Chronic mysloid 2 1.23 3 0.87 19 1.62 18 0.78
Chronic lymphatic 8 2.56 14 2.31 27 1.27 47 1.12

cancer (table 5), although point estimates of O/E ratios
were not in excess within 1 km for these cancers (table
6); none of the other Stone’s tests were significant.
The ward level geographic analysis of adult leuke-
mia in the West Midlands region showed significant
extra-Poisson variability (Pothoff-Whittinghill z =
2.67, p = 0.004). The 5th to 95th percentile range of
OFE ratios was estimated as 0.70 to 1.35 after remov-
ing random fluctuation. Census ward “CNBT,” con-
taining 90 percent of the population within 2 km of the
transmitter, had a raw O/E ratio of 1.55, which ranked
154 out of 832 wards. After smoothing, the ratio was
1.25, ranking second. The highest ranking ward for
smoothed values had 26 observed cases and a raw O/E
ratio of 1.74, which after smoothing was reduced to
1.26. This analysis therefore indicates that the excess
in the 0-2 km circle around Sutton Coldfield, with 23
cases observed and 12.6 expected, was unusual, even

B Wolj papeojumoq

in the presence of 51gn1ﬁcant geographic variation ingy

leukemia incidence in the West Midlands region.3 8
However, the magnitude of excess was not muchS
greater than that found elsewhere in the region.

DISCUSSION

The main finding was the confirmation of a rcportedm
excess of leukemias near the Sutton Coldfield radio2
and television transmitter, and a decline in risk w1t.h—‘
distance from the site. Because all but one of theg
leukemia cases included in our study had died bys
1988, this would seem to be independent of the seven™
apparently current cases reported in the media in 1992,
although unfortunately further details of those casesé
were not made available to us or to the health author-2
ities. Our findings appear to be consistent over twog
independent time periods (1974-1980 and 1981-

/alejwo9°dno-ol
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TABLE 5. Other cancers near the Sutton Coldfield transmitter, West Midlands, England: observed and expectsd numbers of 5
cases, observed/expected (O/E) ratios, and 95% confidence intervals (Cl), by distance of residence from transmitter, in persons S
aged >15 years, 1974-1986 5
o
Distance from transmitter (km) Stone's )
C
Type of cancar 0-2 0-10 mﬁe. ®
OE OFE o)
Observed Expected ratio 95% Cl Obsaerved Expected ratio 95% Cl U C i
o
Cancers possibly associated with non-onizing radiation 9
Brain g’
Mafignant and benign 17 13.20 1.29 0.80-2.06 332 317.74 1.04 0.94-1.16 0.612 2
Malignant 12 9.18 1.31 0.75-2.29 218 223.27 0.98 0.86-1.11  0.717 ]
Skin melanoma 13 9.10 1.43 0.83-2.44 189 19653 0.96 0.83-1.11  0.027 0018 &
Eye melanoma 0 0.71 0 0422 20 17.18 1.16 0.75-1.80 0.849
Male breast 1 0.61 1.64 0.04-9.13 15 1508 099 0.60-1.64 0.889
Common cancers
Female breast 107 98.67 1.08 0.90-1.31 2412 2,288.30 1.05 1.01-1.10 0.131
Lung 113 112.31 1.01 0.84-1.21 3,466 3,418.60 1.01 0.98-1.05 0.875
Colorectal 112 99.48 1.13 094-135 2529 245493 1.03 0.99-1.07 0.330
Stomach 33 4375 075 0.54-1.06 1,326 1,248.40 1.06 1.01-1.12  0.246
Prostate 37 32.81 1.13 0.82-1.55 785 760.45 1.03 0.86-1.11  0.466
Bladder 43 2837 1.52 1.13-2.04 788 728.96 1.08 1.01-1.16  0.008 0.040

* p values given by Stone's unconditional (U) and conditional (C) tests.

Am J Epidemiol Vol. 145, No. 1, 1997



Cancer Incidence near Radio and TV Transmitters.l. 7

TABLE 6. Skin melanoma and bladder cancers in the vicinity of the Sutton Coldfield transmitter, West
Midlands, England: observed and expected numbers of cagses, observed/expected (O/E) ratios, and
cumulative O/E ratios, by distance of residence from transmitter, in persons aged >15 years, 1974-1986

Distance from Skin melanoma Bladder cancer

transmitter
R weowed Epweod OF CSNEES o bpeam  Op gl
0-0.5 0 0.09 0.00 0.00 0 0.24 0.00 0.00
0.5-1.0 2 2.02 0.99 0.95 4 5.96 0.67 0.65
1.0-2.0 11 6.99 1.57 1.43 39 2217 1.76 1.52
2.0-3.0 12 5.03 2.39 1.77 11 11.94 0.92 1.34
3.049 16 16.16 0.99 1.35 43 45.27 0.95 1.13
4.9-6.3 26 28.77 0.90 1.13 119 100.31 1.19 1.16
68.3-7.4 28 27.93 1.00 1.09 131 114.85 1.14 1.15
7.4-8.3 32 30.90 1.04 1.08 117 120.64 0.97 1.10
8.3-9.2 28 35.68 0.79 1.01 169 140.13 1.21 1.13
9.2-10 34 43.08 0.79 0.96 155 167.45 0.93 1.08

1986). Within the context of some unexplained vari-
ability in leukemia incidence across census wards in
the West Midlands region, the excess near Sutton
Coldfield can be considered unusual.

Possible methodological artefacts to explain the leu-
kemia findings were explored. First, the lower regis-
tration of cancers, and particularly leukemias, in West
Midlands relative to the country as a whole, is unex-
plained, but there was no suggestion that the level of
registration varied systematically within the region;
nor would it seem likely that any such registration
artefact could produce local trends in risk of the order
seen around Sutton Coldfield. Second, there are
known problems of leukemia diagnosis and registra-
tion, particularly at older ages, but we found similar
results in the younger and older age groups. Third, the
study spanned 1974-1986, but relied on population
data from the 1981 census, i.e., around the midpoint of
the study period. Estimates were made of the extent to
which population change over the period (including
ageing of the population) may have led to bias in the
calculation of the expected numbers of cancers. Based
on data from the 1971 and 1991 censuses, there ap-
peared to be a tendency for overestimation of the O/E
ratios close to the site (within 2 km), but the bias,
estimated at less than 5 percent, was not sufficient to
explain the excesses of leukemia observed.

Secondary findings of the study were declines in
skin melanoma and bladder cancer with distance from
the transmitter site. Because skin melanoma is
strongly inversely related to level of deprivation (24),
and because this transmitter is located in a relatively
affluent area, control for socioeconomic confounding,
as expected, reduced the size of the excess—by 11
percent within 2 km. However, it is possible that
further socioeconomic confounding could explain at
least part of the residual excess of skin melanoma near
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the site. Bladder cancer was examined along with
other causes to explore the small general excess in all
cancers, and there was no a priori hypothesis linking it
to the exposure under consideration. The results
should be viewed in the context of the large number of
statistical tests performed and hence may be chance
findings.

Field strength measurements have been made in the
vicinity of the transmitter (British Broadcasting Cor-
poration, internal report, 1994). In general, both mea-
sured and predicted field strength values tended to
show a decline in average field strength or power
density with distance from the transmitter, although
there are undulations in predicted field strength up to
distances of about 6 km from the transmitter resulting
from the vertical radiation pattern. The maximum total
power density equivalent summed across frequencies
at any one measurement point (at 2.5 m above ground)
was 0.013 W/m® for TV, and 0.057 W/m? for FM.
However, there was considerable variability between
different measurement points at any one distance from
the transmitter, as would be expected from the impact
of reflections from the ground and buildings, and this
variability was as great as that related to distance.
Power density on average declines by a factor of at
least 5 to 10 over 10 km. Field strength varies as the
square root of power density, thus declining less
steeply, and it is not clear which exposure measure
would be biologically more relevant for athermal ef-
fects. These measurements cannot of course be con-
verted to personal dose to residents, which depends on
numerous factors, including building type, the amount
of time spent inside the home as well as away from
home, and the number of years spent at the residence.
It can nevertheless be assumed that, on average, resi-
dents in higher exposure areas receive higher doses
unless this is obscured by the combination of patterns
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of population density and of variable field strengths at
any one distance from the transmitter. The exposures
near Sutton Coldfield appear to be much lower than
those in other epidemiologic studies where the health
effects of radiofrequency exposure have been exam-
ined (2, 13, 14, 22). They are well within current
guidelines based on the thermal effects of radiofre-
quency exposure (15, 32).

In conclusion, the results of this study confirm that
there was an excess of adult leukemia within the
vicinity of the Sutton Coldfield TV/FM transmitter in
the period 1974-1986, accompanied by a decline in
risk with distance from the transmitter. Further mon-
itoring of cancer statistics in the area appears war-
ranted. No causal implications regarding radio and TV
transmitters can be drawn from this finding, based as
it is on a single “cluster” investigation. Results of a
study of cancer incidence around all other high power
radio and TV transmitters in Great Britain are given in
the accompanying paper (33) in order to put the
present results in wider context.

ACKNOWLEDGMENTS

The Small Area Health Statistics Unit is funded by grants
from the Department of Health, Department of the Environ-
ment, Health and Safety Executive, Scottish Office Home
and Health Department, Welsh Office, and Northern Ireland
Department of Health and Social Services.

The authors thank the Office of Population Censuses and
Surveys (OPCS) (now the Office of National Statistics) and
the Information and Statistics Division of the Scottish
Health Service, who made the postcoded cancer data avail-
able. They also thank OPCS for checking registration de-
tails of specific cases and for providing copies of death
certificates. They are grateful to the West Midlands cancer
registry for checking individual cases. In addition, they
acknowledge the cooperation of the British Broadcasting
Corporation for providing field measurements and predicted
field strengths in the area of the Sutton Coldfield transmit-
ter.

REFERENCES

1. Electromagnetic fields and the risk of cancer. Report of an
advisory group on non-ionising radiation. Documents of the
NRPB. Vol 3, no. 1. London: National Radiation Protection
Board, 1992.

2. Dennis JA, Muirhead CR, Ennis JR. Human health and expo-
sure to electromagnetic radiation. National Radiation Protec-
tion Board, Report NRPB-R241, July 1992.

3. Thériault GP. Health effects of electromagnetic radiation on
workers: epidemiologic studies. In: Bierbaum PJ, Peters JM,

10.

11.

12,
13.
14.
15.

16.

17.

18.

20.

21.

22.

23.

24,

26.

. Lester JR. Reply to “Cancer Mortality and Air Force Bases: a

eds. Proceedings of the Scientific Workshop on the Health
Effects of Electric and Magnetic Fields on Workers, January
30-31, 1991. Cincinnati, OH: US Department of Health and
Human Services, 1991. (DHHS (NIOSH) publication no.
91-111):91-124.

. Cartwright RA. Low frequency alternating electromagnetic

fields and leukaemia: the saga so far. Br J Cancer 1989;60:
649-51.

. Coleman B, Beral V. A review of epidemiological studies of

the health effects of living near or working with electricity
generation and transmission equipment. Int J Epidemiol] 1988;
17:1-13.

. Guénel P, Raskmark P, Anderson JB, et al. Incidence ofU

cancer in persons with occupational exposure to electromag- g

netic fields in Denmark. Br J Ind Med 1993:50:758 - 64. 5

. Demers PA, Thomas DB, Rosenblatt KA, et al. Occupational &

exposure to electromagnetic fields and breast cancer in men.
Am J Epidemiol 1991;134:340-7.

0l} pa

. Témgqvist A, Knave B, Ahlbom A, et al. Incidence of leukae-3

mia and brain tumours in some “electrical occupations.” Br J 2
Ind Med 1991;48:597-603.

. Savitz DA, Calle EE. Leukaemia and occupational exposure to 3

electromagnetic fields: review of epidemiologic surveys. JO
Occup Med 1987;29:47-51.

Feychting M, Ahlbom A. Magnetic fields and cancer in Chll-'
dren residing near Swedish high-voltage power lines. Am JS 3
Epidemiol 1993;138:467-81.

Savitz DA, Wachtel H, Bamnes FA, et al. Case-control study of o
childhood cancer and exposure to 60-Hz magnetic fields. =
Am J Epidemiol 1988;128:21-38.

Wertheimer N, Leeper E. Electrical wiring configurations and =
childhood cancer. Am J Epidemiol 1979;109:273-84. o
Pollack H. Epidemiological data on American personnel in the < =
Moscow Embassy. Bull NY Acad Med 1979;55:1182-6. 5
Silvermann C. Epidemiologic studies of microwave effects, 2
Proceedings of the IEEE 1980,68:78-84. o
World Health Organization. Electromagnetic fields (300 Hz to2
300 GHz). Environmental Health Criteria 137. Geneva: World c
Health Organization, 1993.

Robinette CD, Silverman C, Jablon S. Effects upon health of b
occupational exposure to microwave radiation (radar). Am J<
Epidemiol 1980;112:39-53.

Lester JR, Moore DF. Cancer mortality and Air Force bases.
J Bioelectricity 1982;1:77-82.

Polsen P, Merritt JH. Cancer mortality and Air Force bases: a
re-evaluation. J Bioelectricity 1985;4:121-7.

/S 1 /o0

re-evaluation.” J Bioelectricity 1985;4:129-31.

Milham S Jr. Increased mortality in amateur radio operators
due to lymphatic and hematopoietic malignancies. Am J Epi-
demiol 1988;127:50-4.

Kraut A, Chan E, Lioy PJ, et al. Epidemiologic investigation
of a cancer cluster in professional football players. Environ
Res 1991;56:131-43.

Cancer incidence in census tracts with broadcasting towers in S
Honolulu, Hawaii. Report submitted to the Honolulu Cltny
Council. Honolulu, HI: Environmental Epidemiology Pm— N
gram, Hawaii, October 1986.

Elliott P, Westlake AJ, Kleinschmidt I, et al. The Small Area
Health Statistics Unit: a national facility for investigating
health around point sources of environmental pollution in the
United Kingdom. J Epidemiol Community Health 1992;46:
345-9.

Elliott P. Small area studies. In: Bertollini R, Lebovitz MD,
Saracci R, et al. Environmental epidemiology: exposure and
disease. Boca Raton, FL: CRC Press, 1996:187-99.

GO}00 0 UO Jasn eiquinjoD) ysiug Jo

. Shaddick G, Elliott P. Use of Stone’s method in studies of

disease risk around point sources of environmental pollution.
Stat Med 1996;15:1927-34.
Stone RA. Investigations of excess environmental risks

Am J Epidemiol Vol. 145, No. 1, 1997



Cancer Incidence near Radio and TV Transmitters. |. 9

27.

28.

29.
30.

31.

32.

33

around putative sources: statistical problems and a proposed
test. Stat Med 1988;7:649-60.

Hills M. Some comments on methods for investigating disease
risk around a point source. In: Elliott P, Cuzick J, English D,
et al, eds. Geographical and environmental epidemiology:
methods for small-area studies. Oxford: Oxford University
Press, 1992:231-7.

Bithell JF, Stone RA. On statistical methods for analysing the
geographical distribution of cancer cases near nuclear instal-
lations. J Epidemiol Community Health 1989;43:79-85.
Pothoff RF, Whittinghill M. Testing for homogeneity. II. The
Poisson distribution. Biometrika 1966;53:183-90.

Martuzzi M, Hills M. Estimating the degree of heterogeneity
between event rates using likelihood. Am J Epidemiol 1995;
141:369-74.

Clayton D, Kaldor J. Empirical Bayes estimates of age-stan-
dardised relative risks for use in disease mapping. Biometrics
1987,43:671-81.

Guidance on standards. Guidance as to restrictions on expo-
sures to time varying electromagnetic fields and the 1988
recommendations of the International Non-Ionizing Radiation
Committee Report NRPB-GS11. London: National Radiation
Protection Board, May 1989.

Dolk H, Elliott P, Shaddick G, et al. Cancer incidence near
radio and television transmitters in Great Britain. II. All high
power transmitters. Am J Epidemiol 1997;145:10-17.

. Cancer “link with TV transmitter.” The Guardian, March 30,

1692:3.

Am J Epidemiol Vol. 145, No. 1, 1997

APPENDIX

On March 30, 1992, the Guardian newspaper (34) re-
ported that Dr. Mark Payne of Solihull, Birmingham, had
collected data on cancer cases from a north Birmingham
general practitioner with 2,600 patients. According to the
report, seven existing cases of leukemia and lymphoma, five
men and two women aged 18—66 years, were identified,
living 400 to 1,500 m from the Sutton Coldfield transmitter.
All but one of the cases had lived in the region for 14-25
years; the remaining case had lived there for only 2 years.
As a rough guide, in a population with the same age struc-
ture as England and Wales, one could expect 2.5 cases per
10,000 persons per year to be newly diagnosed with leuke-
mia or lymphoma. Dr. Payne explained later (Dr. M. Payne,
Alternative Medicine Centre, Solihull, Birmingham, per-
sonal communication, 1993) that his attention had been
drawn to the area because of his concerns that non-ionizing
radiation is harmful to health, although it is not clear how
the particular general practice was chosen for study (the
practice population forms approximately 16 percent of
the population within 2 km of the transmitter). Details of
the study have not subsequently been published outside
the popular press.
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