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Abstract

Mortality due to hematological tumors in towns near
Spain’s seven nuclear power plants and five nuclear fuel
facilities during the period 1975-1993 was ascertained.
The study was based on 610 leukemia-, 198 lymphoma-,
and 122 myeloma-induced deaths in 489 towns situated
within a 30-km radius of such installations. As control
areas, we used 477 towns lying within a 50- to 100-km
radius of each installation, matched by population size
and a series of sociodemographic characteristics (income
level, proportion of active population engaged in farming,
proportion of unemployed, percentage of illiteracy, and
province). Relative risk (RR) for each area and the
trends in risk with increasing proximity to an installation
were analyzed using log-linear models. None of the
nuclear power plants registered an excess risk of
leukemia-induced mortality in any of the surrounding
areas. Excess risk of leukemia mortality was, however,
observed in the vicinity of the uranium-processing
facilities in Andujar [RR, 1.30; 95% confidence interval,
1.03-1.64] and Ciudad Rodrigo (RR, 1.68; 95%
confidence interval, 0.92—3.08). Excess risk of multiple-
myeloma mortality was found in the area surrounding
the Zorita nuclear power plant. Statistical testing
revealed that, with the single exception of multiple
myeloma, none of the tumors studied showed evidence of
a rise in risk with proximity to an installation. No study
area yielded evidence of a raised risk of leukemia
mortality among persons under the age of 25 years. More
specific studies are called for in areas near installations
that have been fully operational for longer periods. In
this connection, stress should be laid on the importance
of using dosimetric information in all future studies.
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Introduction

Because of the contradictory nature of their results, studies into
cancer incidence and mortality in areas near nuclear installa-
tions have not served to dispel existing doubts as to the possible
adverse population effects of radioactive discharges emanating
from the routine running of such installations. The report that
appeared in late 1983 concerning a cluster of leukemias in
young residents living in the vicinity of a nuclear fuel repro-
cessing plant in Sellafield (England) resulted in a considerable
amount of investigation. In the main, this research has tended to
focus on leukemias in persons under the age of 25. There has
been confirmation of excess risk of childhood leukemias in
areas near the Sellafield plant (1, 2), the Dounreay and Hunt-
erston facilities in Scotland (3—6), and the Aldermaston Atomic
Weapons Establishment (7, 8) in England. Reports have also
been received of excess risk of leukemia- and lymphoma-
related mortality in the proximity of some NPP$9-11).
Etiological studies have in turn been conducted in an effort to
ascertain the role played by radiation from such installations in
disease (12-15). A considerable number of studies carried out
in different countries have reported an absence of risk in areas
around NFFs and NPPs (16—24). Radioactive discharges in the
vicinity of these kinds of installations involve very low doses,
far below the level of natural background radiation. It has,
therefore, been argued that these doses are unable to account for
the excess risk of the incidence of certain malignancies, thus
giving rise to a number of alternative hypotheses (10, 13, 25).

Whatever the case, the role played by exposure to low
levels of ionizing radiation in the etiology of cancer continues
to stimulate debate and study. The epidemiological designs
most favored for the purpose of investigating this possible
relationship are:d) follow-up of worker cohorts with dosimet-
ric controls (26 —-30);lf) case-control studies, basically of child-
hood leukemias (8, 12, 13, 31, 32); amji¢ancer incidence and
mortality studies in populations residing near and around nu-
clear installations (9, 17, 33-35).

Spain currently has 7 NPPs, with a total of 10 reactors (9
fully operational and 1 in the process of being dismantled) and
nine nuclear fuel facilities (three fully operational, one shut
down and five in the process of being dismantled). Although
the country’s first NPP came into operation in 1968, no study
has ever been conducted to assess the specific risk faced by
populations residing near these kinds of installations. Mortality
drawn from death certificates was the only nation-wide source
of information in Spain, on which a first analysis of this nature
could be based. We, therefore, proceeded to carry out a cancer
mortality study covering towns situated in the proximity of
NPPs and NFF. This paper reports on the results of that study

3The abbreviations used are: NPP, nuclear power plant; NFF, nuclear fuel
facility; NWSF, nuclear waste storage facility; SMR, standardized mortality ratio;

ICD, International Classification of Diseases; RR, relative risk; Cl, confidence

interval.
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Fig. 1. Sites of NPPs and NFFs in Spain.

with respect to leukemia, lymphomas, and multiple-myeloma and showing the precise position of the NPPs. The measure-
mortality. The analysis presented here sough):t¢ quantify ments obtained proved accurate in all cases.

the RR of death in the vicinity of such installationd) (to Follow-up covered the period January 1, 1975, to Decem-
ascertain said risk before and after the date on which these ber 31, 1993. For all of the NPPs as a whole, 316 towns within

installations first came into operatiorg)(to study changes in g 30-km radius and 303 within a 50 to 100-km radius were

risk in accordance with the subjects’ relative proximity to the included in the study, matched by income level, number of

respective installations; and)(given the descriptive and ex- inhabitants, proportion of the active population engaged in

ploratory nature of this study, to provide additional pointers for - tarming, proportion of unemployed, percentage of illiteracy,

new research. and province. These towns were selected at random from
among all of those that met the matching conditions. For all of
Materials and Methods the nuclear fuel facilities as a whole, 173 (there were originally

We studied cancer mortality in towns situated near 7 NPPs with 177, but four towns merged with another two) and 174 towns
10 reactors that had been operational in the period 1975-1993in the exposed and reference zones, respectively, were included
and 5 NFFs that had been operational in the same period. Within the study, matched as above. The small disparities in the
the exception of El Cabril, which is a NWSF built on the site  number of towns were attributable to changes in municipal
of an abandoned uranium mine, the NFFs are uranium-concen-boundary lines between 1981 and 1991 or to the impossibility
trate processing facilities located in mining areas where the ore of matching. The study covered a total of 644,044 persons in
is extracted. Of the remaining installations, three were excluded the exposed zone for all types of installations. Sociodemo-
because they were experimental research reactors and a fourtiyraphic data were taken from the 1991 census (36) and infor-
because it came into service in 1993. Fig. 1 shows the site of mation on income levels was taken from the Spanish Market
these installations. This was a retrospective cohort study whoseyearhook fnuario del Mercado Espat; Ref. 37). The dis-
population base was made up of the inhabitants of tOWNS tance chosen excluded all of the towns lying between 30 and 50
neighboring the nuclear installations under review. For the | o of any nuclear facility.
purposes of description and analysis, the area falling within a This paper presents the results on mortality due to leuke-
30-kr’rj radius of any such installation was called the “exposed . ¢ (ICD-8 204207, ICD-9 204—208), Hodgkin's disease
zone”, and towns (selected as outlined below) lying within a -y 551y on-Hodgkin’s lymphomas (ICD 200, 202) and
50-100-km radius of said installation were called the “refer- ltiol | ICD 203). The lat iod d 1
ence zone.” Although the choice of a 30-km radius was arbi- multiple mye om.a( )- The latency periods used were
trary, it roughly coincides with the area used in other studies. year for qukemlas (38) and 10 years for aII_o_t_her tumors_. A
UTM-format (Universal Transversa Mercator projection) latency perlod_ of 10 years rules out the pOSSIb.Illty of studying
cancer mortality other than that due to leukemias for the areas

centroid coordinates for municipal population centers were . ; .
furnished by the National Geographical Institutmstituto surrounding the AscaCofrentes, Trillo and Juzbado facilities,

Geogrdico Naciona). With the aid of a Geographic Informa- ~ Pecause all these plants were inaugurated relatively recently.
tion System, these coordinates were used to measure the disData specific to this study were supplied on computer files by
tance from the population centroids to the nuclear installations. the National Statistics Instituténitituto Nacional de Estasit
Distances so calculated were then subjected to quality control, tica). Individual records were broken down by cause, sex, age
involving manual checking of the accuracy of measurement group, year of death and town of residence. Town-of-residence
against a random sample of 50 population centroids plotted on data for deceased persons are treated as confidential in Spain in
Army Geographical Unit maps, drawn to a scale of 1:50,000 the case of towns having fewer than 10,000 inhabitants, thus
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calling for a special agreement with the National Statistics the interaction termexposurex plant operation in regression
Institute for the purposes of this study. models.

To obtain a population breakdown by sex, age, and year RR Cls were calculated using the SEs of the parameters
for towns included in the study, recourse was had to the 1981 yielded by the model. Model results were checked and cor-
population census, 1986 municipal roll, and 1991 census, asrected for over-dispersion problems (41) using the robust meth-
furnished by the National Statistics Institute. 1981-census data ods recommended by Breslow (42) for the purpose because
were restricted to towns of over 5000 inhabitants, so that the these methods are insensitive to the form adopted by variance.
1981 age-based distribution of populations in towns of under
5000 inhabitants had to be estimated on the basis of the 1986Rasults
and 1991 distributions, by categorizing age into 5-year age
groups (18 groups) and using a procedure appropriate for smal
localities (39). Relying on a log-linear polynomial regression
model (39), interpolation was used to estimate annual munic-
ipal population figures for the period 1981-1991. Pre-1981 and
post-1991 populations were extrapolated by adopting a linear
procedure, allocating more weight to the nearest census year.PESON-yéars.

With the annual population estimates for each town, person- Tables 2 and 3 show the number of observed deaths,
years for each age band (0—4, 5-14, 1524, 25-34, 35_44,SMRS, for the reference zones a_nd areas in a radius of 0-15
45-54, 55-64, 65-74, and 75, sex, and period (1975-1978, and 0-30 km of Qach |n§tallat|on, and the RRs and Cls
1979-1983, 1984-1988, and 1989-1993) were then Ca|Cu_y|elded by comparison with the reference zones fo_r both
lated, taking into account those variables that had changed over>€Xes and across all of the age groups, for the d'ffefe_”t
time, such as operational start-up of reactors and installations, CuSes studied. Table 4 shows RR by reference to the dis-

For analysis purposes, log-linear models were fitted on the tance from the respective installations, for tumors causing a
assumption that the number of deaths per stratum followed a minimum of 10 deaths. The _results of the pre-and post-
Poisson distribution. In these models, observed cases were the>tart-up analyses are quoted in Table 5. _
dependent variable and, as an external standard (40), concurrenNPPs. In essence, the results (Table 2) revealed excess risk of
Spanish cause-specific mortality rates were used, with expectedmultiple myeloma mortality in the Zorita power plant area. This
cases being computed by age, sex, and time period for eachwas the sole tumor to register a mortality higher than expected,
town in the exposed and reference (Contr0|) zZones. Expected and one that was Statistica”y Significant in the context of this
cases were included as offset in the models. A term that we installation’s SUrrOUndingS. The RR for leukemias in the area
called “exposure” (a radius of 30 km or less from the facility), nearest the plant (0-15 km) was 1.58 (95% ClI, 0.81-3.67).
was included as the independent variable. The regression co-Analysis of the distance variable (Table 4) showed a statisti-
efficient of this exposure term provided us with the logarithm cally significant increase in myeloma with proximity to the
of the ratio between the respective SMRs for the exposed and installation and a RR rising to a maximum in the 13-19-km
reference zones, something that we, in a departure from the Sector.
traditional use of the term, called “relative risk” (RR). This In the exposed zone around the Vandelower plant

estimator was adjusted for age, sex, time period, and matching (Table 2), the RR for leukemias was 1.19 (95% Cl, 0.82-1.73).
variables. In the case of leukemia-related mortality, results Within a 15-km radius, the RR for leukemias was 1.59. Yet on

specific to the under-25 age group are shown. categorization and application of the statistical test, none of

Similar models were fitted to study the effect of distance these diseases appeared to evince (distance-related) radial ef-
on mortality. This variable was constructed by categorizing fects (Table 4). _
distances in the 0-30-km belt into 5 levels (consisting of =~ Because of the fact that AscGofrentes, and Trillo came
circular sectors having equal surface areas) and using townsinto operation relatively recently, only the results for leukemias
situated at a distance of 50—100 km as the reference level.are shown (Tables 2 and 4). In no case did the pattern of risk
Expressed in kilometers, the cutoff points for the intervals were Prove remarkable.
as follows: 0-, 13.4-, 19.6-, 23.2-, 26.8—-30, and 50-100. This The results for leukemias among the under-25 age group
was included in all of the models both as a categorical and as are shown in Table 2. The number of cases was very low
a continuous variable (in kilometers), which rendered it possi- overall, Garéa being the only installation where the RR ex-
ble: (@) in the former case, to estimate the effect for the ceeded 1,though even here, the excess risk was not statistically
respective distances; anb) (n the latter case, to ascertain the significant. _
existence of radial effects (rise in RR with increasing proximity The last column in Table 4 shows tirefor trend of the
to an installation) and, by applying the likelihood ratio test, the effect according to distance. The only malignancy to register a
statistical significance of such distance-induced effects. Match- clear and statistically significant distance-induced gradient (ra-
ing variables were included in this analysis as continuous dial effect) was multiple myeloma in Zorita.
covariates centered around their mean to ensure control of  With respect to leukemias, the pre-and post-start-up mor-
possible gradients in these variables with proximity to the tality levels prO\_/ed very similar for the three areas in which the
installation. In view of the heterogeneity of the installations, we study was feasible. In the case of multiple myeloma, the post-
ran specific analyses on individual installations and a joint Start-up risk proved higher for the Zorita and Gaa@atchment
analysis on all the installations. areas, yet the increase was not statistically significant.

We studied changes in risk by comparing the position NFFs. Table 3 shows the RRs for the nuclear fuel facilities.
before and after the date on which NPPs and fuel facilities first The Andyar area registered excess leukemia mortality (RR
came into operation (start-up), taking latency periods into ac- 1.30; 95% CI 1.03-1.64). In the 15-km sector surrounding the
count. These periods were included in the assessment of riskCiudad Rodrigo facility, the RR was 1.68 (95% ClI, 0.92—3.08).
before start-up. The statistical significance of this change was In all, 14 of the 30 deaths took place in the Ciudad Rodrigo
obtained by means of the likelihood ratio test, which evaluates metropolitan area.

|Table 1 sets out the socioeconomic characteristics of popula-
tions residing near nuclear installations. According to the 1991
census, the study populations in 30-km belts totaled 302,861
and 341,203 for NPPs and NFFs, respectively. Furthermore,
Table 1 shows these contributions to the study in terms of
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Table 1 General characteristics of populations studied in areas adjacent to nuclear power plants and fuel facilities

Populatioft Person-years (thousands) Percent Average Average
Total <25 yr Latency 1§ Latency 10§ lliteracy ~ Unemployed ~ Farming income  population
NPP$
Zorita (19685
0-30 km 25,816 7,305 538.9 415.8 5.6 10.4 22.7 6.2 461.0
50-100 km 29,914 9,293 558.5 440.5 4.5 10.9 18.8 6.5 564.4
Garora (1971)
0-30 km 57,625 20,236 1,328.2 897.5 1.3 13.4 12.7 6.7 992.3
50-100 km 50,060 15,475 987.9 670.2 1.1 14.7 234 7.0 725.7
Vandellos (1972)
0-30 km 73,594 26,161 1,474.3 930.4 3.1 135 16.8 6.2 2,628.4
50-100 km 43,373 14,675 801.0 513.8 2.6 12.9 11.3 6.6 1,606.4
Almaraz (1981)
0-30 km 47,637 17,672 571.9 143.2 54 30.3 32.7 5.6 1,488.7
50-100 km 45,946 16,390 561.8 138.0 5.2 275 31.0 5.8 1,584.3
Asc0 (1983)
0-30 km 49,049 13,410 499.9 0 1.9 10.7 27.1 6.5 876.7
50-100 km 61,594 19,275 603.3 0 2.1 9.7 235 6.6 1,162.2
Cofrentes (1984)
0-30 km 35,881 11,733 331.9 0 4.0 17.8 16.8 6.8 1,888.5
50-100 km 71,975 27,159 649.3 0 4.0 19.0 10.6 6.1 4,498.4
Trillo (1988)
0-30 km 13,259 3,312 68.0 0 3.2 11.2 255 5.4 232.6
50-100 km 12,976 3,392 66.3 0 2.4 11.4 26.2 5.7 231.7
Total
0-30 km 302,861 100,075 4,813.1 2,386.9
50-100 km 315,838 105,702 4,228.0 1,762.5
NFF<
Andjar (1959)
0-30 km 126,063 50,411 2,386.2 2,386.2 8.4 22.4 30.7 5.1 6,003.0
50-100 km 152,673 58,224 2,918.8 2,918.8 8.8 21.6 31.8 53 7,270.1
El Cabril (1961)
0-30 km 38,781 13,545 764.7 764.7 9.7 34.8 25.2 5.1 4,309.0
50-100 km 44,373 18,114 814.7 814.7 10.2 35.6 39.0 4.5 5,546.6
La Haba (1977)
0-30 km 111,456 41,790 1,825.5 791.4 6.2 275 26.5 5.5 4,458.2
50-100 km 151,289 59,682 2,407.5 1,079.6 6.0 26.5 21.0 5.6 6,051.6
Ciudad Rodrigo (1978)
0-30 km 32,276 9,393 484.0 163.7 2.7 18.7 24.2 5.8 733.6
50-100 km 35,848 10,556 525.4 180.5 2.1 19.9 19.8 5.7 833.7
Juzbado (1985)
0-30 km 32,627 11,151 261.6 0 0.8 16.2 26.9 5.6 429.2
50-100 km 36,713 10,832 302.4 0 1.2 16.6 30.1 5.8 476.8
Total
0-30 km 341,203 126,290 4,029.4 2,911.6
50-100 km 420,896 157,408 4,889.6 2,386.2

21991 census.

b Person-years assuming a latency period of 1 year.

¢ Person-years assuming a latency period of 10 years.

9 The study covered 316 towns in the exposed zone (0—-30 km) and 303 in the reference zone (50—100 km).
¢In parentheses, year of start-up.

fThe study covered 173 towns in the exposed zone (0—30 km) and 174 in the reference zone (50—100 km).

Table 4 reports the results of the analysis of risk in ac- Discussion
cordance with the distance to the uranium-concentrate process-

ing plants and the EI Cabril NWSF. None of the causes studied Overall, th_e results point to a r!se in risk O.f death fro_m _multiple
registered a pattern that indicated a rise in risk with proximity MY€lomain the area surrounding the Zorita NPP. Similarly, the

and at the same time proved statistically significant with the test POSSible existence of excess risk of leukemias in the proximity
used. The EI Cabril storage facility is located in a relatively of the Andyar and Ciudad Rodrigo facilities argues in favor of
deserted area, only 9 towns lying within a 30-km radius; the More specific studies in areas adjacent to nuclear fuel facilities.
nearest is over 16 kms away. For distances under 20 kms, the ~ The validity of death-certificate diagnoses for investigat-
of leukemias was in excess of 2. ing cancer is generally accepted (17, 19, 35, 43). Mortality data,
We were able to study the start-up effect (Table 5) in the although showing a high degree of accuracy in cancers of the
case of the La Haba, Ciudad Rodrigo, and Juzbado facilities. lymphatic tissue and hematopoietic system (43, 44), are nev-
Available data failed to show evidence of a statistically signif- ertheless not the most ideal means for studying diseases such as
icant rise in mortality. childhood leukemia because of therapeutic improvements that
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Table 2 Mortality by cause in areas within a 15- and 30-km radius of NPPs, taking as reference (control) towns lying within a radius of 50—-100 Rilometers

Control 0-15 km 0-30 km 0-15 km 0-30 km
Installation/Cause
Ob¢ SMR® Obs SMR Obs SMR RR 95% ClI RR 95% ClI
All NPPs
Non-Hodgkin’s lymphomas 55 0.795 9 0.729 63 0.686 0.920 0.453-1.868 0.835 0.581-1.201
Hodgkin's disease 11 0.672 2 0.691 19 0.865 1.037 0.228-4.714 1.239 0.589-2.608
Myeloma 26 0.540 8 0.904 51 0.801 1.616 0.728-3.584 1.472 0.918-2.360
Leukemias 251 0.892 57 1.027 273 0.834 1.127 0.844-1.506 0.956 0.804-1.136
Leukemias<25°® 34 1.128 7 1.470 27 0.776 1.214 0.529-2.787 0.703 0.418-1.181
Zorita
Non-Hodgkin's lymphomas 13 0.727 5 1.075 13 0.689 1.479 0.527-4.148 0.949 0.440-2.046
Hodgkin's disease 2 0.452 2 1.754 5 1.100 1.715 0.801-3.670 2.432 0.475-12.453
Myeloma 4 0.308 6 1.744 19 1.343 5.653 1.610-19.851 4.354 1.497-12.663
Leukemias 29 0.708 12 1.117 34 0.767 1.578 0.809-3.076 1.083 0.663-1.770
Leukemias<25 8 2.002 2 2.050 4 1.096 1.024 0.218-4.821 0.547 0.165-1.814
Gardra
Non-Hodgkin’s lymphomas 24 0.942 2 0.618 20 0.571 0.656 0.156-2.765 0.606 0.335-1.096
Hodgkin's disease 5 0.800 0 0.000 3 0.352 0.440 0.105-1.840
Myeloma 6 0.340 1 0.406 15 0.614 1.195 0.144-9.899 1.808 0.702-4.658
Leukemias 45 0.709 8 0.971 54 0.620 1.370 0.646-2.906 0.874 0.590-1.296
Leukemias<25 5 0.669 1 2.222 10 1.022 3.321 0.388-28.425 1.528 0.523-4.470
Vandelles
Non-Hodgkin's lymphomas 15 0.773 2 0.557 30 0.947 0.720 0.165-3.144 1.225 0.662-2.268
Hodgkin’s disease 3 0.656 0 0.000 11 1.411 2.150 0.604-7.647
Myeloma 14 1.048 1 0.421 16 0.755 0.402 0.053-3.056 0.721 0.354-1.469
Leukemias 41 0.810 12 1.291 82 0.965 1.593 0.837-3.029 1.191 0.819-1.732
Leukemias<25 9 1.448 3 2.264 9 0.740 1.563 0.423-5.771 0.511 0.203-1.283
Almaraz
Non-Hodgkin’s lymphomas 3 0.467 0 0.000 0 0.000
Hodgkin’s disease 1 0.893 0 0.000 0 0.000
Myeloma 2 0.486 0 0.000 1 0.255 0.525 0.049-5.672
Leukemias 34 0.930 3 0.585 35 0.995 0.630 0.196-2.022 1.07 0.668-1.714
Leukemias<25 2 0.496 0 0.000 0 0.000
Asco
Leukemias 54 1.205 14 0.917 41 0.953 0.761 0.423-1.369 0.791 0.528-1.187
Leukemias<25 3 0.844 1 0.882 2 0.770 1.045 0.109-10.041 0.913 0.153-5.449
Cofrentes
Leukemias 44 1.164 5 1.023 21 0.818 0.879 0.349-2.214 0.703 0.418-1.181
Leukemias<25 7 1.530 0 0.000 2 0.975 0.637 0.132-3.064
Trillo
Leukemias 4 0.56 3 1.554 6 0.838 2.777 0.622-12.394 1.497 0.423-5.298
Leukemias<25 0 0.00 0 0.000 0 0.000

2|t was assumed that there was a latency period of 1 year for leukemias and 10 years for all other tumors.

> Obs, observed cases.

°SMR is the ratio of the number of observexpected deaths at concurrent Spanish mortality rates.

9 RR compares risk in studyersusreference areas. The RR for combined facilities was obtained from a regression model, including the facilities as a factor, and differs
from the simple ratio of the SMRs.

¢ Leukemias<25, deaths from leukemia at ages under 25 years.

have succeeded in lowering mortality without altering inci- under 1 for the exposed and reference zones (Tables 2 and 3).
dence. Yet, with the single exception of Tarragona, none of the Diagnostic verification of all of the cases is essential, because
provinces studied are equipped with population-based cancerfindings yielded by small areas are more sensitive to errors of
registries that would otherwise enable cancer incidence to be classification, diagnosis, and reporting than those obtained for
studied in these areas. larger areas (45). Here however, case-diagnosis verification

In the calculation of person-years, interpolation and ex- was ruled out by the very nature of our study, yet possible errors
trapolation techniques had to be used. These techniques wereof classification would necessarily affect exposed and nonex-
applied in the same way to all of the provinces and towns posed towns in each region alike. In general, the areas com-
included in the various studies. Hence, any possible deviations pared in this study were rural. Reference towns were matched
that are inherent in the estimates will be equally present in all to exposed towns by sociodemographic variables and would,
of the areas compared. thus, indirectly maintain their comparability insofar as diagnos-

Specific methodological problems are posed by investiga- tic accuracy and accessibility to the healthcare system are
tion into relatively rare diseases in areas adjacent to sources ofconcerned. Sociodemographic information for the entire study
contamination. Stress has been laid on the importance of as-period was not available. However, bearing in mind the char-
certaining disease-frequency and -distribution in other areas acteristics of the Spanish National Health System, we would
similar in size to those being studied (45), a suggestion that was have no reason to suspect that there might be differential access
followed in our design. Indeed, a great part of the SMRs to health care and diagnosis between exposed and reference
obtained from comparison with overall Spanish mortality were areas.
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Table 3 Mortality by cause in areas within a 15- and 30-km radius of NFFs, taking as reference (control) towns lying within a radius of 50100 km

Control 0-15 km 0-30 km 0-15 km 0-30 km
Installation/Cause
Ob¢ SMR® Obs SMR Obs SMR RR® 95% ClI RR 95% ClI
All NFFs
Non-Hodgkin’s lymphomas 89 0.577 22 0.555 85 0.643 1.045 0.646-1.690 1.101 0.817-1.482
Hodgkin's disease 40 0.960 11 1.006 31 0.873 0.991 0.502-1.956 0.931 0.582-1.488
Myeloma 74 0.727 22 0.844 71 0.799 1.133 0.695-1.846 1.089 0.785-1.509
Leukemias 372 0.902 101 0.980 337 0.957 1.137 0.907-1.425 1.062 0.916-1.231
Leukemias<25° 70 1.181 18 1.217 57 1.191 1.040 0.608-1.780 1.015 0.716-1.440
AndUjar
Non-Hodgkin’s lymphomas 41 0.499 13 0.447 34 0.524 0.896 0.481-1.669 1.050 0.667-1.653
Hodgkin's disease 26 1.035 8 0.886 16 0.800 0.856 0.389-1.883 0.772 0.415-1.436
Myeloma 38 0.691 18 0.950 34 0.792 1.373 0.784-2.405 1.146 0.722-1.818
Leukemias 138 0.829 61 1.030 142 1.074 1.242 0.919-1.679 1.296 1.025-1.638
Leukemias<25 33 1.255 13 1.231 30 1.344 0.981 0.517-1.863 1.071 0.654-1.754
El Cabril®
Non-Hodgkin’s lymphomas 15 0.695 19 0.741 1.067 0.543-2.097
Hodgkin’s disease 3 0.450 6 0.795 1.768 0.442-7.065
Myeloma 11 0.779 16 0.872 1.120 0.521-2.408
Leukemias 40 0.913 55 1.058 1.159 0.289-4.646
Leukemias<25 6 0.794 7 1.149 1.446 0.490-4.268
La Haba
Non-Hodgkin’s lymphomas 28 0.705 4 0.663 25 0.788 0.941 0.334-2.653 1.117 0.652-1.915
Hodgkin's disease 11 1.354 1 0.876 7 1.103 0.647 0.084-4.998 0.814 0.316-2.101
Myeloma 16 0.629 2 0.484 16 0.772 0.770 0.177-3.345 1.226 0.615-2.445
Leukemias 142 1.057 19 0.923 97 0.890 0.874 0.541-1.410 0.842 0.651-1.090
Leukemias<25 29 1.421 2 0.944 16 1.085 0.664 0.160-2.756 0.763 0.416-1.402
Ciudad Rodrigo
Non-Hodgkin’s lymphomas 5 0.461 5 1.105 7 0.697 2.397 0.697-8.238 1511 0.483-4.733
Hodgkin’s disease 0 0.000 2 2.626 2 1.231
Myeloma 9 1.222 2 0.667 5 0.728 0.546 0.118-2.525 0.596 0.201-1.763
Leukemias 25 0.598 18 1.006 30 0.758 1.683 0.919-3.082 1.268 0.746-2.153
Leukemias<25 0 0.000 3 1.738 3 0.986
Juzbado
Leukemias 27 1.044 3 0.556 13 0.670 0.533 0.165-1.721 0.642 0.333-1.237
Leukemias<25 11 1.293 1 1.301 5 0.616 1.006 0.130-7.770 0.477 0.167-1.363

2|t was assumed that there was a latency period of 1 year for leukemias and 10 years for all other tumors.

> Obs, observed cases.

°SMR is the ratio of the number of observexpected deaths at concurrent Spanish mortality rates.

9 RR compares risk in studyersusreference areas. The RR for combined facilities was obtained from a regression model including the facilities as a factor and differs
from the simple ratio of the SMRs.

¢ Leukemias<25, deaths from leukemia at ages under 25 years.

fNo towns within 15 km of the installation.

In theoretical terms, comparison of SMRs are open to of exposure are unknown and the inhabitants of any given town
criticism on the basis that, internally, the SMRs use different are thus implicitly assumed to have received similar exposures.
standard populations. In this study, thanks to the matching There will inevitably be persons who have resided for part of
procedure followed in the design, differences in structure be- their lives in exposed towns and then moved to nonexposed
tween the populations compared were not very marked. The areas andice versa
method of comparison of SMRs adopted in the presentation of The Zorita power plant’s area in the Province of Guadala-
these results was chosen becausgit(was the same as that jara showed evidence of an excess risk of multiple myeloma
used in the references (9, 17p) (it included the comparison cases. Although not statistically significant, this excess risk
with Spanish mortality, andcj it allowed all of the age strata  remained in evidence even when the whole country was taken
to be collapsed, thereby reducing sensitivity to instability in as reference. Yet, analysis adjusted for geographical location is
age-specific rates (40). Moreover, analysis based on compari- nevertheless, to be preferred. Excess risk of myeloma con-
son of mortality rates (rate ratios) via models that use person- nected with ionizing radiation has been documented in fol-
years as offset and include age, was found to yield equivalent low-up studies of Japanese atomic-bomb survivors (49) and
results. nuclear industry workers (50-53). A raised risk has also been

The study of the distance variable seeks to associate mor-found in populations residing near English-based nuclear in-
tality with the nuclear installation as the putative source of stallations that were commissioned before 1955 (9). Guadala-
contamination. Distance to the installation tends to be used asjara is a province with a myeloma mortality risk verging on the
a surrogate variable for exposure in cases in which dosimetric average for Spain (54), yet its municipal pattern of distribution
information or the radiological history of an installation’s en- is marked by a cluster in the southwest of the province where
virons is not forthcoming (46, 47), with reconstruction of such the NPP is situated. There are no grounds for thinking that
data constituting a field of investigation in itself (48). Indeed, in  different biological and/or genetic determinants may have a
this respect, the study is “ecological,” in that individual levels nonhomogeneous distribution in the natural agrarian region to
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Table 4 RR according to distance of population centroids to NPPs and NFFs

Distance, km (reference-50 kmyf

Installatior?/Cause

26.8-30 23.2-26.7 19-23.1 13.4-18.9 0-13.3 P for trend

All NPPs

Non-Hodgkin's lymphomas 0.696 2.021 0.800 0.706 0.939 0.2272

Hodgkin’s disease 0.754 1.169 0.957 2.178 1121 0.3526

Myeloma 1.070 0.738 1.341 2.128 1.533 0.2403

Leukemias 0.778 0.984 1.105 0.965 1.034 0.9852

Leukemias<25" 0.285 1.618 0.735 0.413 1.272 0.2702
Zorita

Non-Hodgkin’s lymphomas 0.342 2.334 0.602 2.382 1.163 0.9136

Myeloma 1.310 2.712 2.565 8.120 4.917 0.0164

Leukemias 0.777 1.351 1.086 0.718 1.495 0.8028
Garora

Non-Hodgkin's lymphomas 0.555 2.361 0.655 0.263 1.034 0.1842

Myeloma 1.125 0.004 1.575 1.182 2.530 0.3983

Leukemias 0.947 0.002 1.128 1.381 0.778 0.4307
Vandells

Non-Hodgkin’s lymphomas 0.722 2.506 1.582 0.859 0.612 0.9807

Myeloma 0.822 0.347 0.273 0.837 0.341 0.0292

Leukemias 0.739 0.813 1.541 0.878 1.360 0.5291
Almaraz

Leukemias 1.106 2.071 1.162 0.943 0.782 0.9083
Asco

Leukemias 0.303 0.951 0.848 0.934 0.637 0.2219
Cofrentes

Leukemias 0.687 1.521 2.953 0.402 1.529 0.7614
Trillo

Leukemias 0.001 1.577 0.953 1.609 6.874 0.3064
All NFFs

Non-Hodgkin's lymphomas 1.022 0.985 1.013 1.216 1.178 0.9147

Hodgkin’s disease 0.740 1.251 1.093 0.617 1.080 0.8968

Myeloma 1.026 0.636 1.098 1.323 1.188 0.4224

Leukemias 0.943 0.924 1.037 1.192 1.125 0.3971

Leukemias<25 1.065 0.849 0.707 1.323 0.957 0.7386
Andijar

Non-Hodgkin's lymphomas 1.127 1.618 0.863 1.449 0.827 0.7260

Hodgkin’s disease 0.366 1.354 0.916 0.001 0.940 0.9845

Myeloma 0.373 0.747 1.460 0.820 1.343 0.3254

Leukemias 1.033 1.087 1.499 1.624 1.137 0.1077

Leukemias<25 1.296 0.904 0.979 1.466 0.886 0.9340
El Cabril

Non-Hodgkin's lymphomas 0.658 0.194 0.288 0.731 0.3179

Myeloma 0.679 0.001 0.239 3.293 0.8628

Leukemias 1.229 0.593 2.436 2.372 0.4156
La Haba

Non-Hodgkin's lymphomas 1.125 0.002 0.913 1.074 2.228 0.8382

Myeloma 2.142 0.003 1.008 1.177 0.000 0.9397

Leukemias 0.800 0.552 0.558 0.987 0.756 0.1231

Leukemias<25 1.141 0.001 0.000 1.077 0.000 0.3643
Ciudad Rodrigo

Leukemias 0.648 1.027 0.851 0.600 2.063 0.2084
Juzbado

Leukemias 0.731 0.998 0.001 1.480 0.533 0.5364

21t was assumed that there was a latency period of 1 year for leukemias and 10 years for all other tumors.

P Only sites with 10 or more observed deaths are shown.

¢ Estimates have been adjusted for matching variables. The most distant towns (radius, 50—-100 km) are taken as reference.
9 Leukemias<25, deaths from leukemia at ages under 25 years.

which the Zorita area belongs. Apart from ionizing radiation, tics-related industries in this area. The exposed and reference
known risk factors for myeloma include certain specific occu- towns were matched according to the proportion of farm work-
pational exposures, such as pesticides, benzene, paints aners. Moreover, based on the information available, no differ-
solvents, and engine exhausts (55). Increased risk of myelomaences in crop cultivation were identified as between the areas
has been reported for farm workers and workers in the petro- compared. The data (in conjunction with the presence of a
leum refining, rubber and plastics manufacturing, and wood radial pattern peaking at a distance of 14 km from the plant),
products industries. There are no petroleum refineries or plas- though not technically attributable to the nuclear installation by
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Table 5 Estimated relative risk for study areas before and after the date on which nuclear facilities first came into operation (pre- and po3t-start-up)

Pre-start-up Post-start-up
Control 0-30 km 0-30 km Homagenetty
Obg SMR® Obs SMR RR 95% ClI RR 95% ClI
NPPS
Zorita 1975-78 1979-93
Non-Hodgkin's lymphomas 1 0.397 0 0.000 0.949 0.440-2.046 0.2324
Hodgkin’s disease 1 0.670 1 0.599 0.894 0.056-14.257 2.432 0.475-12.453 0.5443
Myeloma 1 0.570 1 0.479 0.840 0.053-13.398 4.354 1.497-12.663 0.2939
Gardra 1975-80 1981-93
Non-Hodgkin's lymphomas 2 0.315 6 0.679 2.155 0.439-10.581 0.606 0.335-1.096 0.1205
Hodgkin's disease 3 0.880 6 1.276 1.450 0.364-5.766 0.440 0.105-1.840 0.2306
Myeloma 4 0.930 2 0.330 0.355 0.066—1.909 1.808 0.702-4.658 0.0891
Vandellcs 1975-81 1982-93
Non-Hodgkin's lymphomas 2 0.340 7 0.688 2.022 0.423-9.660 1.225 0.662—2.268 0.5483
Hodgkin's disease 2 0.666 5 0.935 1.403 0.276-7.138 2.150 0.604-7.647 0.6898
Myeloma 4 0.981 6 0.895 0.912 0.257-3.229 0.721 0.354-1.469 0.7510
Almaraz 1975-90 (75-80) 1991-93 (81-93)
Non-Hodgkin's lymphomas 15 0.726 9 0.459 0.632 0.277-1.443
Hodgkin's disease 8 1.119 5 0.725 0.648 0.213-1.967
Myeloma 5 0.345 8 0.592 1.713 0.562-5.217 0.525 0.049-5.672 0.3665
Leukemias 15 0.819 16 0.908 1.109 0.550-2.237 1.070 0.668-1.714 0.9331
Leukemias<25 5 1.462 4 1.128 0.771 0.208-2.864
Asco 1975-93 (75-83) (84-93)
Non-Hodgkin's lymphomas 26 0.673 24 0.632 0.939 0.539-1.635
Hodgkin's disease 8 0.707 13 1.181 1.670 0.696-4.008
Myeloma 17 0.625 18 0.648 1.037 0.535-2.011
Leukemias 29 0.922 21 0.638 0.692 0.396-1.211 0.791 0.528-1.187 0.7052
Leukemias<25 4 0.924 2 0.547 0.592 0.109-3.226 0.913 0.153-5.449 0.7308
Cofrentes 1975-93 (75-85) (86-93)
Non-Hodgkin's lymphomas 34 0.948 24 0.969 1.022 0.607-1.721
Hodgkin's disease 11 0.971 8 1.090 1.123 0.454-2.774
Myeloma 22 0.950 18 1.023 1.077 0.578-2.006
Leukemias 32 0.918 20 0.807 0.879 0.503-1.535 0.703 0.418-1.181 0.5655
Leukemias<25 8 1.049 7 1.875 1.787 0.648-4.927 0.637 0.132-3.064 0.2611
Trillo 1975-93 (75-88) (89-93)
Non-Hodgkin’s lymphomas 3 0.248 2 0.169 0.681 0.116-3.999
Hodgkin's disease 1 0.301 2 0.609 2.020 0.185-22.069
Myeloma 3 0.326 6 0.672 2.063 0.518-8.212
Leukemias 13 0.751 12 0.710 0.944 0.431-2.068 1.497 0.423-5.298 0.5414
NFFs
La Haba 1975-86 (75-78) 1987-93 (79-93)
Non-Hodgkin's lymphomas 27 0.734 13 0.418 0.570 0.295-1.101 1.117 0.652-1.915 0.1179
Hodgkin's disease 24 1.554 13 0.999 0.643 0.329-1.256 0.814 0.316-2.101 0.6902
Myeloma 18 0.719 15 0.690 0.960 0.485-1.898 1.226 0.615-2.445 0.6216
Leukemias 20 0.985 17 0.965 0.980 0.518-1.853 0.842 0.651-1.090 0.6707
Leukemias<25 5 1.006 1 0.259 0.258 0.030-2.186 0.763 0.416-1.402 0.2960
Ciudad Rodrigo 1975-88 (75-79) 1989-93 (80-93)
Non-Hodgkin’s lymphomas 13 0.804 7 0.458 0.569 0.227-1.424 1.511 0.483-4.733 0.1874
Hodgkin's disease 4 0.675 3 0.538 0.797 0.178-3.559
Myeloma 6 0.488 7 0.596 1.222 0.412-3.625 0.596 0.201-1.763 0.3579
Leukemias 8 0.664 10 0.866 1.304 0.515-3.304 1.268 0.746-2.153 0.9582
Leukemias<25 1 0.547 1 0.608 1.110 0.070-17.694
Juzbado 1975-93 (75-86) (87-93)
Non-Hodgkin's lymphomas 14 0.492 12 0.589 1.198 0.555-2.585
Hodgkin’s disease 6 0.724 5 0.839 1.159 0.354-3.794
Myeloma 16 0.772 11 0.759 0.984 0.457-2.116
Leukemias 24 0.761 22 1.003 1.319 0.740-2.352 0.642 0.333-1.237 0.1050
Leukemias<25 3 0.787 4 1.389 1.763 0.398-7.811 0.511 0.046-5.629 0.3784

2|t was assumed that there was a latency period of 1 year for leukemias and 10 years for all other tumors.
b Obs, observed cases.

©SMR is the ratio of the number of observéide number of expected deaths at concurrent Spanish mortality rates.

9 RR compares risk in studyersusreference areas. The RR for combined facilities was obtained from a regression model including the facilities as a factor and differs

from the simple ratio of the SMRs.
€Years included for lymphomas and myeloma. Years included for leukemias are in parentheses.
fLeukemias<25, deaths from leukemia at ages under 25 years.
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