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Abstract

Among the female radiation workers in the radium dial industry there is

no overall excess of brain or central nervous system tumors. A significant

excess did appear, however, in one of three major cohorts; the excess was not

due to an excess of gliomas and cannot be ascribed with certainty to radium or

external radiation. A significant proportional excess of tumors outside the

brain was observed, and is consistent with irradiation of nervous system

tissue from adjacent bone. Early deaths from brain abscess or mastoiditis,

which are coded as diseases of the nervous system and sense organs, were

observed.
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Concerns about intracranial tumor mortality in plutonium workers (Voelz

et al, 1983) stimulated review of central nervous system (CNS) and eye tumors

in the U.S. radium dial workers, radium and plutonium being both internal

bone-seeking alpha-emitters. Reports since on CNS tumor mortality in

radiation workers have been ambiguous with respect to overall excesses, and

negative with respect to associations with radiation or other job related

exposures (Thomas and Waxweiler, 1986; Wilkinson et al, 1987; Carpenter et al,

1987). Thomas and Waxweiler noted a predominance of gliomas in two

facilities, and that opportunities for exposure to metal dusts and fumes and

lubricating oil mists existed at all facilities.

Radium dial workers differ from other radiation workers in being

primarily female and in having minimal exposure to agents other than zinc

sulphide, paint pigments and solvents, and radium. Some dial painting

facilities were separate from watch factories; some did not manufacture the

dial faces. Significant external gamma irradiation continued even after

radium exposures were greatly reduced in the period 1925-1929.

Methods

Workers in the U.S. dial painting industry from 1915 through the 1960s

were studied. Stebbings et al. (1984) reviewed the radiation exposures in

detail, and describe characteristics of the study cohorts, statistical

methods, and the Monson program for mortality analysis used here.

A difference from the 1984 study is that a recent cohort from

Pennsylvania is included; subcohort definitions by year of first employment

are here: before 1930, 1930-1944, 1945+. Mortality follow-up is through 1984,

and includes ICD 8 codes 191 and 192 (brain, other CNS cancers) for which the

Monson expectation is available, and mortality from benign and unspecified CNS

neoplasms (ICD 8 codes 225 and 238). Expectations for the latter tumors were



obtained by summing the products of the age-specific ratios of non-malignant

to malignant tumors in U.S. vital statistics and the age-specific expected

numbers of malignant tumors for this cohort, averaging results from 1960 and

1970. Eye tumors (ICD 190) are also reviewed.

Results

CNS tumors were recorded as underlying cause of death for 14 female dial

workers, but death certificates (DC) and medical records indicated that two

sinus/mastoid carcinomas (cases 03-429 and 03-760) invading the brain were

coded with CNS tumors (ICD 191 and 238) as underlying cause of death. For a

third case (03-768, ICD 192.9) neither autopsy results (excluding the cranium)

nor existent hospital records mentioned the "astrocytoma" listed on the DC,

but assigned cardiovascular disease as the cause of death. Correspondence

failed to clarify the situation. Table I shows details of the accepted cases.

Table II suggests no overall excess of malignant brain tumors and for all

CNS tumors the excess is modest and non-significant. Most CNS tumors occurred

in the Ottawa cohort: the excess is significant (p=.O43) for malignant

tumors, highly significant (p=.007) for all CNS tumors. White female brain

cancer rates in Lasalle County (Ottawa) averaged 16% higher than U.S. rates

between 1950 and 1979 (Riggan and Mason, 1983): adjusting the expected values

accordingly raises significance levels to .062 and .012. Tumors occurred

somewhat earlier than expected (4 obs., 2.55 exp. before 1960). Too few cases

were measured (Table I) to warrant discussing dose-response relationships.

Malignant CNS tumors appeared in neither of two other female cohorts:

iatrogenic radium exposures (n=125; 0.15 exp.) or technical workers (n=65;

0.11 exp.). In male radium workers ratios of observed to expected for three

cohorts are: <1930, 1.15 (n=412); 1930-1944, 0.42 (n=160), and 1945+, 1.18

(n=876). One case only was observed in each cohort.



No eye tumors were observed among females (0.22 exp.); one melanoma of

the eye (case 03-849) was observed in an unmeasured male (0.1 exp.).

The most noteworthy finding (Table I) is the proportion of tumors in the

portions of the nervous system outside the brain proper near bone: 4 of 7 in

the pre-1930 cohort which had significant radium exposures. In 1976, only

10.25% of fatal tumors in ICD 191, 192, 225, and 238 were coded to such

peripheral locations (U.S. Public Health Service, 1980). The probability that

4 of 7 would be so located at random is .003. An approximate expectation for

a clinical series is 16-20% for spinal cord plus auditory nerve tumors,

perhaps 19-23% including nasal neuroepitheliomas (Suomundsson, 1970). At 20%,

the probability that 4 of 7 would fall in those subclasses is .033.

Other CNS diseases. Deaths from mastoiditis, encephalitis, and brain

abscess are coded in ICD 8 as 320-389, diseases of the nervous system and

sense organs. In reviewing pre-1950 mortality, deaths coded to 320-389 were

observed, as were several deaths coded to external causes (radiation accident)

which might be coded in ICD 320-389. This suggested a pathway to death:

irradiation to mastoid inflammation to infection to brain abscess to death.

Early deaths from blood dyscrasias and osteomyelitis or infection arising in

bone (especially the mandible or maxilla) are well recognized.

Record review has to date identified only two cases, however, where the

weight of evidence is heavily for pathology originating in the mastoids or

temporal bone rather than in the jaw. Case 01-132, a Waterbury case with high

226Ra (19 MBq) and 228Ra (56 MBq) intakes, died of a brain abscess derived

from osteomyelitis of the petrous portion of the temporal bone. She had a

long history of otitis media and bilateral hearing loss, and the death was

ascribed to radium poisoning. For case 00-032, an unmeasured New Jersey case,

information is restricted to the death certificate which listed bilateral



mastoiditis as cause of death; occupational radium poisoning was listed on the

certificate as a contributory cause. That acute mastoid/ear symptomatology is

frequently reported about the time of diagnosis is well known (Littman et al.,

1978); the significant burden of acute ear/mastoid symptoms both long-prior to

tumor development and in persons not progressing to tumor has not been well

recognized.

Discussion

Of the major pre-1930 radium worker cohorts, New Jersey, Waterbury, and

Ottawa, only Ottawa shows a significant excess in CNS tumor mortality,

weighing against an etiologic role for radium or external radiation. Neither

do gliomas predominate, as reported in other radiation worker cohorts. We

know unfortunately little about other constituents of the radium paints,

especially the organic solvents. It is known that for quite some time in

Ottawa, the insecticide "Flit" was used as a wetting agent; in later years

this was presumably "Flit MLO," a mosquito larvicidal oil which was used in

industry as a surfactant. In earlier years the agent may have been

chlorinated.

The high frequency of tumors arising near bone (2 spinal cord, one

acoustic neuroma, one neuroepithelioma in the nasal region) is both

significant and consistent with an effect of internal emitters. That

radiation induces CNS tumors is supported by both the clinical and the

epidemiological literature (BEIR III, 1980). The proper question may be: do

there exist anatomic locations where the meninges and nerve sheaths are

sufficiently thin next to bone to permit significant irradiation from alpha-

or beta-particles. A further question may be raised: does the phenomenon

(often recorded in our study subjects) of calcification of the pineal and

pituitary glands, meninges, or falx cerebri, or of other areas (basal ganglia,



dentate nucleus) create focal areas of potential high exposure to bone-seeking

radionuclides in the brain? Microscopic calcification of the dentate nucleus

may be present in 40-70% of routine autopsies (Koller and Klawans, 1980).

In 1967 Sharpe (discussion, Finkel et al, 1969) noticed a possible excess

of Ottawa brain tumors. The excess is real, not due to an excess of gliomas,

not general to all radium cohorts, and not certainly ascribable to radium. If

due to radium or to external radiation in the workplace, the effect is far

less strong than for the bone sarcomas and sinus/mastoid carcinomas. Any

excess tumors due to radium may be those arising near bone; the question will

not be answered with certainty from human studies.

As to the brain abscess and mastoiditis deaths, we note that one was a

high 226Ra case and it is hard to believe that, had she survived, her risk of

developing a mastoid tumor would be baseline. And secondly, if sinus/mastoid

symptoms early in life occur with significant frequency, we can ask how that

could effect radiation dose estimates to the tissues from which sinus/mastoid

tumors originate.

Acknowledgments

The contributions of T. J. Kotek, G. A. Anast, L. L. Westfall, and

Adelina Marinberg, M.D. are gratefully acknowledged.

References

BEIR III, 1980. The Effects of Populations of Exposure to Low Levels of

Ionizing Radiation (National Academy of Sciences, Washington).

CARPENTER, A.V., FLANDERS, W.D., FROME, E.L., CRAWFORD-BROWN, D.J. & FRY,

S.A., 1987. CNS cancers and radiation exposure: A case-control study among

workers at two nuclear facilities. Journal of Occupational Medicine, 29,

601-604.



FINKEL, A.J., MILLER, C.E. & HASTERLIK, R.O., 1969. Radium-induced malignant

tumors in man. In Delayed Effects of Bone-Seeking Radionuclides, ed. by

C.W. Mays et al (Univ. of Utah Press, Salt Lake City), pp. 195-225.

GUOMUNDSSON, K. R., 1970. A survey of tumors of the central nervous system in

Iceland during the 10-year period 1954-1963. Acta Neurologica Scandinavica,

j46, 538-552.

KOLLER, W.C. & KLAWANS, H.L., 1980. Cerebellar calcification on computerized

tomography. Annals of Neurology, ]_, 193-194.

LITTMAN, M.S., KIRSH, I.E. & KEANE, A.T., 1978. Radium-induced tumors of the

mastoid and paranasal sinuses. American Journal of Roentgenology, 131,

733-785.

RIGGAN, W.B. & MASON, T.J., 1983. U.S. Cancer Mortality Rates and Trends,

1950-1979, Vol. Ill (U.S. Government Printing Office, Washington).

STEBBINGS, J.H., LUCAS, H.F. & STEHNEY, A.F., 1984. Mortality from cancers of

major sites in female radium dial workers. American Journal of Industrial

Medicine, _5, 435-459.

THOMAS, T.L. & WAXWEILER, R.J., 1986. Brain tumors and occupational risk

factors: A review, Scandinavian Journal of Work, Environment and Health,

_1£, 1-15.

U.S. PUBLIC HEALTH SERVICE, 1980. Vital Statistics of the United States,

1976, Vol. II—Mortality, Part A. (U.S. Dept. of Health and Human Services,

Washington).

WILKINSON, G.S., TIETJEN, G.L., WIGGS, L.D., GALKE, W.A., ACQUAVELLA, J.F.,

REYES, M., VOELZ, G.L. & WAXWEILLER, R.J., 1987. Mortality among plutonium

and other radiation workers at a plutonium weapons facility. American

Journal of Epidemiology, 125, 231-250.



VOELZ, G.L., WILKINSON, G.S., ACQUAVELLA, J.R., TIETJEN, G.L., BRACKBILL,

R.N., REYES, M. & WIGGS, L.D., 1983. An update of epidemiologic studies of

Plutonium workers. Health Physics, 44(Supp1 1), 493-503.



Table I. Fatal central nervous system tumors in radium dial workers

Case ICD 8 Description Cohort

First
exposed

Age Year

226Ra
Year of intake
death (MBq)

FEMALES

<1930

03-408

03-507

03-654

03-829

10-667

10-708

11-433

1930-1944

191 Glioblastoma Ottawa

225.1 Acoustic neuroma Ottawa

191 Glioma Ottawa

238.4 Spinal cord Ottawa

191 Microglioma Ottawa

238.4 Spinal cord Bristol

192.5 Neuroepithelioma Waterbury 14
"at right nostril"

16

16

17

26

17

30

14

1924

1923

1922

1919

1925

1929

1924

1959

1962

1954

1939

1974

1943

1962

1.44

.11

•?

1

.07

?

?

03-814

12-101

13-100

1945+

13-157

MALES

<1930

05-175

1930-1944

191

191

192.9

192.9

191

Unspecified

? Glioma

Glioblastoma

Astrocytoma

Glioblastoma

Ottawa

Ottawa

Waltham

Waltham

New
Jersey

24

18

37

38

17

1937

1943

1944

1951

1916

1953

1972

1973

1980

1957

11-064

1945+

14-712

191

191

Metastatic
brain

Astrocytoma

Other 41 1939 1959

Penna 58 1954 1965
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Table I I .

Cohort

Central nervous system tumor

Obs

mortal i ty

Exp

in female radium

Obs/Exp (CL)

dial workers

p > Obs

<1930 (n=1298)

" minus mastoid

" minus doubtful

1930-1944 (n=1007)

1945+ (n=1207)

6

5

4

3

1

2.84

2.84

2.84

1.79

1.22

MALIGNANT (ICD 191,192)

All cohorts

2.11 (.77, 4.60) .069

1.76 (.57, 4.10) .159

1.41 (.38, 3.61) .32

1.68 (.35, 4.91) .27

0.82 (.02, 4.57) .70

Ottawa

6.50 (2.11, 15.1) .001

5.19 (1.41, 13.3) .008

3.90 (.80, 11.4) .043

3.70 (.45, 13.4) .10

0 1.0

ALL CNS TUMORS* (ICO 191, 192, 225, 238; excluding mastoid/doubtful)

All cohorts <1930 (n=1298) 7 4.25 1.65 (.66, 3.40) .139

Ottawa <1930 (n=331) 5 1.15 4.35(1.41,10.1) .007

*No deaths were coded ICD 225 or 238 in later cohorts

<1930 (n=331)

" minus mastoid

" minus doubtful

1930-1944 (n=335)

1945+ (n=248)

5

4

3

2

0

0.77

0.77

0.77

0.54

0.27


