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RESIDENTIAL EXPOSURES TO INDOOR AIR POLLUTANTS COULD
YIELD CHILDHOOD LEUKEMIA RISK LEVELS SIMILAR TO THOSE
ASSOCIATED WITH 60Hz MAGNETIC FIELDS

C. E. Easterly
t

Oak Ridge National Laboratory, Oak Ridge, Tenn.

f Over a decade ago Easterly suggested that electromagnetic fields may be able to participate in a coopera-
tive process leading to the expression of cancer.1 Evidence derived from the literature is presented to support

u the suggestion that potentially cooperative factors other than electromagnetic fields are present in homes in
>i sufficient quantities to result in approximately the same risk levels as are being measured in epidemiology

i- studies of childhood leukemia and electromagnetic fields. Generally these odds ratios vary from 1.5 to 2.5 ?

BACKGROUND AND RATIONALE
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Over the past decade, the scientific community has been unable to reject the null hypothesis that 60Hz
electromagnetic fields are not human carcinogens. When coupled with the inability to prove the alternative
hypothesis, much concern is raised about our lack of knowledge associated with potentially harmful bioef-
fects of electromagnetic fields. Concurrent with the emergence of scientific interest in bioeffects of elec-
tromagnetic fields in the mid-1970s was the growing interest in potential effects of indoor air pollution, as
aggravated by attempts to tighten the thermal envelope of homes. Measurements of typical chemical agents
(many of which are leukemogenic or suspected leukemogens) by other investigators have resulted in an
increased understanding of the likely range of concentrations that could be found within the home environ-
ment In addition, the recent rethinking of the factors leading to bone-marrow dose to infants and children
from exposure to radon and its daughters adds to the concern for the potential leukemogenic burden found in
typical residences. It is the contention of the present author that residential exposures to chemical and
radiochemical agents can be large enough to overshadow the effects of electromagnetic fields and that, unless
epidemiologic investigations include careful total-exposure assessment, incorrect inferences could be made.
Even well-designed case control studies may be susceptible to misclassification because of our incomplete
understanding of how to distinguish or identify residences or neighborhoods that may contain high levels of
potential leukemogens. It is even possible that there is some geologic/geographical feature that facilitates the
convergence of wires carrying high currents and, for example, elevated radon levels.

ANALYSIS

Radon

Of potential childhood leukemogens, radon has not been considered previously owing to the focus on its
role in lurj cancer. Consideration of dose from radon dissolved in fat, from inhaled radon and thoron
daughters, and accumulated 2I0Po suggests that the radon- and thoron-derived dose to active marrow may be
greater by a factor of 10 than previously thought.3 Henshaw suggests4 that 13-25% of myeloid leukemia
worldwide may be caused by world average exposures to radon of 50 Bq/m3. Examination of a cumulative
frequency distribution of indoor ^ R n measurements5/ciearly demonstrates that a substantial number of
homes experience radon levels well above 50 Bq/m3. Nazaroff and Nero note that indoor concentrations in
individual homes are sometimes above the average by an order of magnitude or more, and that 222Rn concen-
trations in the range of 200 to 2000 Bq/m3 occur with surprising frequency.

The developing perspective of radon and its daughters, as they affect dose to the active bone marrow,
provides the basis for concern about radon's potential etiological role in childhood leukemia because of (1)
concentrations found by the extensive surveys performed on indoor radon. (2) calculated doses from the
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bone-marrow modeling of radon and its daughter products within the age-dependent human, and (3) the role
of high LET dose in cell killing and cell transformation. Thus, there is a conceptual linkage between agent
and disease. Given that the high-LET decay products are known cancer initiators, exposure to radon and its
daughters can result in a situation that provides the first step in a sequence of events resulting in a clinical
diagnosis of leukemia.7 That is, once initiation occurs, other agents, which may not be potent initiators, can
assist in the promotion or progression of the disease.

Residential Chemical Agents

Potential exposures of children to residentially based chemicals also raise the question about competing
positive and negative synergisms for effects with electromagnetic fields. Any modem setting, whether
residential or commercial, is associated with a complex mixture of chemical agents. Two examples of infor-
mation that focus on this problem are presented below.

In the first example, an epidemiologic investigation, Lowengart et al. examined home exposures of moth-
ers and fathers during pregnancy and nursing of children who suffer from leukemia.8 They found odds ratios
of approximately 2 to 6 (p < 0.01) for such seemingly innocuous residential exposures to parents as weekly
exposures to household cleaning chemicals, monthly exposures to garden pesticides or herbicides, and
weekly exposure to burning incense. A smaller sample of fathers exposed to chemicals at work after the birth
of the child yielded similar results. These results are consistent with such previous investigations as a
demonstration of elevated risks for leukemia in children whose fathers are employed in occupations where
exposures to certain chemicals may occur.9

The second example derives from measurement studies. Quantitative studies of gas-phase organic com-
pounds over the past decade have been conducted in more than 1500 homes in Europe and the USA. To pro-
vide an illustration of the potential role of indoor pollutants in leukemia rates, we use data from Krause et
al.10 One class of compounds they measured, the aromatics, are represented by 13 chemicals. These 13
aromatic compounds result in a mean concentration of 166 u.g/m3, but except for benzene, they have not been £
evaluated for carcinogenic potency. However, their.abilities to potentiate carcinogenesis can be estimated _„
according to the methods of Jones et al., w&£shbvyr«ftn"al the weighted potency of the total aromatics i^half —" :

that of benzene.11 From the EPA slope factor for benzene,' the risk is approximately 1.5 per 100000/yr.12
 t -

This estimated effect of the single class of compounds amounts to a large fraction of the spontaneous rate of
approximately 25 per 100000/yr. Household exposures are not limited to one class of materials within the "
category of VOCs; rather, the VOCs represent only a small proportion of chemicals to which children are i-"-
exposed. It is inevitable that some of these chemicals will be found to be leukemogens. Thus, as with radon,
the potential effects of chemical-agent exposures at home can obscure data taken to study effects of residen-
tial electromagnetic fields.

DISCUSSION

Humans do not live in a world in which interactions are closely partitioned. Rather, we live in a milieu
of interactions with physical, chemical, and biological insults, and with the complex social and genetic forces
that apply differently for each person. These forces and agents cannot be thought of as independent with
respect to health issues; rather, they operate on each one of us in unison. Thus, having seen the single-agent
influences in the examples above, and knowing that they represent only a small part of the leukemogenic bur-
den within any child's realm, we must realize that the relationship between childhood leukemia and
electromagnetic-field exposure, if present, cannot be properly understood without a serious reassessment of
epidemiologic data needs and experimental paradigms.

REFERENCES

1. C. E. Easterly,' 'Cancer link to magnetic field exposure: A hypothesis,'' Am. J. Epidemiol. 114: 169,
1981.

2. T. E. Aldrich and C. E. Easterly, "Electromagnetic fields and public health," Environmental Health
Perspectives75: 159-171.1987.

3. R. B. Richardson, J. P. Eatough, and D. L. Henshaw, "Dose to red bone marrow from natural radon
and thoron exposure," Brit. J. Radiol. 64: 608-624,1991.

4. D. L. Henshaw, J. P. Eatough, and R. B. Richardson, "Radon as a causative factor in induction of
myeioid leukaemia and other cancers," Lancet 335: 1008-1012,1990. j^, _ 8 _ J | g_ i\^T%

\jO i I

JAN 2 2 1993



55 5. International Commi/ion on Radiological Protection. Lung Cancer Risk from Indoor Exposures to
pfa Radon DaughtersftAimals ICRP)^Qxford: Pergamon, 1987 (ICRP publication no. 50).

6. W. W. Nazaroff and A. V. Nero Jr., Radon and Its Decay Products in Indoor Air, New York: Wiley,
1988.

7. T. D. Jones and L. R. Glass, "Leukemia from Ra: 'Data gaps' or 'scientific evidence'?" Health Phy-
sics 57: 491-492. 1989.

8. R. A. Lowengart, J. M. Peters, C. Cicioni, J. Buckley, L. Bernstein, S. Preston-Martin, and E. Rappa-
port, "Childhood leukemia and parents' occupational and home exposures," / . Natl. Cancer Inst. 79: 39-46,
1987.

9. N. J. Vianna, B. Kovasznay, A. Polan, et al., "Infant leukemia and parental exposure to motor vehi-
cle exhaust fumes," / . Occup. Med. 26: 679-682,1984.

10. C. Krause, W. Mailahn. R. Nagel, C. Schulz, C. B. Seifert, and D. Ullrich, "Occurrence of volatile
organic compounds in the air of 500 homes in the Federal Republic of Germany," in B. Seifert, H. Esdorn,
M. Fischer, H. Rueden, and J. Wegner, Eds., Indoor Air '87 (Proc. 45h Intern. Conf. on Indoor Air Quality

Q and Climate, Vol. 1/ Volatile organic compounds, combustion gases, particles and fibres, microbiological
agents), Berlin, Federal Republic of Germany: Institute of Water, Soil, and Air Hygiene, 1987,102-106.

11. T. D. Jones, P. J. Walsh, A. P. Watson, B. A. Owen, L. W. Bamthouse, and D. A. Sanders, "Chemi-
cal scoring by a A4pid Screening of tfazard (RASH) method," Risk Anal. 8:99-118,1988.

12. L. A. Wallace, The Total Exposure Assessment Methodology (TEAM) Study: Summary and Analysis
y> r (Vol. I), Washington, D.C.: U.S. Environmental Protection Agency, EPA Report EPA-600/6-87-002a.

_ x ^ 43r Managed by Martin Marietta Energy Systems, Inc., for the U.S. Department of Energy under con-
7 tract DE-AC05-87OR21400.


