PERSONAL EXPOSURE CHARACTERISTICS

PRESENTATION

Dana L oomis
University of North Carolina
Chapel Hill , NC

Dr. Loomis provided anepidemiologist’s view of the characterization d EMF persond
exposure. He focused onthe question d variahility in magretic fields andits importance for
characterizing PE. The foll owing summary was prepared from the symposium transcript. This
material was reviewed by the presenter for accuracy.

Variability isimportant both in considering measurements of exposure andin using thase
measurements in epidemiologicd studies. In examining the history of EMF exposure assssnent
in epidemiology, it isimportant to nde that measurements have been dreded in dfferent ways
for occupational and residential studies. In occupational studies, measurements are aggregated
and wsed to assgn expaosures to groups, while in residential studies the measurement and
exposure data have been dreded towards individuals. Whereas occupational studies haverelied
on PE measurements, residential epidemiologicd studies upto nowv have relied onwire-code
clasgficaion schemes, spat measurements, 24-hour measurements, and some historicd
reconstruction o field levels.

Magnetic-field exposures are variable: they depend onthe place the person, and the time of the
exposure. Quantifying the sources of variability improves our understanding of the power of an
epidemiologicd study to deted arisk if it happensto be there. One gproadisto partitionthe
variahility into various comporents. This can be dore by applying asimple analysis of variance
model to exposure datato determine the relative contributions to the total variance of between-
and within-person variance @mporents. These two comporents of variance ae important: the
larger the within-person variancerelative to the between-person variance, the wedker the study’s
ability to deted arisk if it isthere.

Variationin expasures over time periods of seconds and hous can be catured very well by
modern instruments. Unfortunately, for epidemiologic studies of cancer, the time periods of
interest are much longer and the time scd e over which the disease occurs is much longer than the
time scde of measurements. In the context of cancer studies, such as those wndicted in the
workplace ad onresidential magnetic field exposures, the TWA magnetic flux density isagood
indicator of exposure for epidemiologicd studies; for pradicd purposes, within-day variability of
exposure is not of interest.

The oncept of variance mmporents was appli ed to the exposure data from the occupational
study of utility workersin five U.S. utiliti esto assessand seled methods of grouping job
caegory/company for the purpose of assgning exposures. The best way to assgn exposure to
the workers in the mwhart was to maximize the separation between exposure groups and minimize
the variability within exposure groups. The optimum combination for doing this was an ad-hoc
groupng based onmeasured expaosures: five groups were formed from the four quartil es of the
exposure measurement distribution, with the upper quartile divided in two.
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Relative risks were analyzed using the diff erent methods of assgning expasures. The optimum
expaosure groupng produced the strongest relative risk, as expeded. Eadc of the dternatives
produced a somewhat attenuated relative risk.

This example demonstrates the groupng of categories to optimize the within-persory between-
person variance balance and thereby improve exposure estimates. It also demonstrates that risk
anaysisis gngitive to the groupng methodthat is sleded, and that exposure asessment
methods can have significant impad.

For residential expasure, variability enters into considerations of the stability of various exposure
indicaors. Some have agued that wire-code cdegory may be amore stable indicator of
expasures than contemporary spot measurements; hence, studies sepasitive crrelations of risk
with wire-code cdegory, bu weder or no asociation with measurements. If thisisin fad true,
improvements in the aility to gauge long-term exposures ought to strengthen the exposure-
disease ssciationin those studies using the improved methods relative to dder studies that
used wire-code cadegories.

In ameta-analysis of studiesfor childhoodleukemia, Loomis and coll eagues have augmented
previous work dore by the National Academy of Sciencewith studies completed in 19961997.
These new studies included improved methods for assesgang historicd expaosures such as
contemporaneous 24-h measurements and historicd recnstruction d field levels. The results of
this new meta-analysis are shown in Table 8-1, which wasincluded in Loomis' presentation. It
appeasto show that thereis an increased asociation d disease with expaosure & exposure
asesanent methods have strengthened from wire ades and spot measurements, to 24-h
measurements, to caculated historicd fields.

Table8-1:  Thewire code paradox — ar isit?

Meta-Analysis. Odds Ratios
(ORs) for childhood leukemia

NAS 197993 + 199697

Exposure Index Studies Studies*

Code> LCC 1.5(1.0-1.9) 1.4(1.01.9
Distance >50m 1.4(1.1-1.8) 1.3(0.82.2)
Spat > 0.2 0.9(0.61.5) 1.0(0.61.7)
24 h>0.2 - 1.7(1.1-2.5)
Calculated - 1.6(0.92.8
Calculated or measured - 1.6(1.2-2.3

* Meta-Anaysisfrom Loomiset a., 1998
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Loomis concluded that the short-term stabilit y of residential fields can be catured by
measurements, bu that long-term stability isnot as grong. However, improved exposure
asesgnent methods for long-term fields, such as 24-h measurements and historicd field
cdculations, appea to strengthen epidemiologicd results.
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SUMM ARY OF DISCUSS ON

Seveal isaues came under discusson foll owing the presentation on grsond exposure
characteristics by Dr. DanaLoomis. The summary below was prepared from the sympaosium
transcript.

The presenter, Dr. Dana Loomis, an epidemiologist, offered a diff erent perspedive onthe
problem of PE charaderization, including the opinionthat most EMF epidemiologicd exposure
asesanent was lessthan adequate.

The use of residential wire ades as a surrogate for magnetic-field exposure was discussed in the
context of TWA exposure. Some felt that wire-coding appeasto be lesseffedive becaise it
does nat minimize the overlapping of caegories vis-a-vis TWA magnetic-field expasures (noted
edalier). Othersfelt that wire-code cdegory was useful as arisk fador indicaor, bu not
necessarily for magnetic fields.

Commenters noted that PE charaderizationin bah occupational and residential environments
requires documenting the surroundngs and coll eding time/locaion cata, na just measuring
magnetic-field PE data. One discussant noted the importance of work environment andtask in
describing occupational exposures. Loomis noted that magnetic fields are nat unique in that
resped: the same problems arise for any attempt to measure eavironmental or occupational
exposures. He dso advocaed PE measurements as the preferred methodfor expasure
asesgnent.

One cmmmenter suggested that we may be deding with nonlinea processsin terms of
dose/resporse, in which case relianceon TWA as an expasure metric and certain ather traditional
asumptions may not be gpropriate. Following up onthis point, some wondered whether
epidemiologicd studies could provide ameansto test exposure metrics. Dr. Loomis thought that
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thiswas unlikely. Ancther discussant noted that this approadch would be difficult for
retrospedive studies, bu for prospedive studies, epidemiology might be &leto provide useful
information.

In seeking quidance on study design and evaluation, Dr. Chris Portier of NIEHS asked what
expasure metric is best to use for retrospedive studies (a cae-control study one yea after
diagnosis): historicd remnstruction d the fields, contemporary spot measurements,
contemporary 24-hou measurements, or wire-code cdegory?

Dr. Olsen preferred historicd reconstruction, bu recognized the difficulty of aajuiring adequate
datafor red-world cases.

Loomis responced that, limited to thase choices, and without a definition d the research
guestion, re would choose field reconstruction. However, if it were permissblein this senario
to doaseoond 24hou measurement in the house, then he would seled that option. He would
not use wire-code cdegory.

One cmmmenter cautioned against focusing exclusively on studies that show effeds. For
example, two studies did find a disease risk associated with reconstructed historicd field
expasures to transmisson lines, bu threeother studies using reconstruction have nat.

In resporse to a question abou the importance of 24-h variability, Loomis responded that he
could na think of any other human carcinogens for which thiswould be important; he therefore
asumed that daily variability was not afador compared to long-term exposure level.

In adiscusgon d the posshility that TWA was nat the gopropriate measure of exposure, Loomis
responced that TWA ought to be agood expasure metric for most disease processes that involve
linea kinetics and for things that respondto long-term exposures rather than to isolated pe&ks.
TWA may not doavery goodjob d capturing peek exposures.

He mntinued, to nde that it could be that magnetic fieldsinvalve not only linea kinetics, or it
could be that the instantaneous pedk expaosures are important. So if either of those thingsis true,
then the TWA might not be such agoodexposure measure dter all. On the other hand, we do
nat have any evidenceto leal usto think that that isthe cae.

In resporse to comments about puldic exposure to high fields from Japanese transmisson li nes,
Dr. Isaka, the sesson chair, stated that an epidemiologicd study was underway, bu the data had
not yet been made pubic.

Submitted written comments on this topic are foundin Appendix C.
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