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Purpose

To summarize the state of knowledge regarding surrogates for magnetic-field exposure,
espedaly their eff edivenessand generality.

Summary

Risk assesgnents require knowledge of the expasures of affeded popuations to a particul ar
agent or agents; i.e., they require an exposure asessnent. Such an asessment may be made
using one or a mmbination d threebasic tods. surrogates, models, and monitoring (CEQ, 1989.
Surrogates are substitutes for the adual agent, and are asumed to reflea adual exposure levels.
For aworkplace &posure, the smplest surrogate is employment in the industry. Idedly, a
surrogate can be used quantitatively. Aninvestigator can use the number of cigarettes snoked
per day, for instance as a surrogate for expasure to cigarette smoke.

The most familiar surrogate for eledric- and magnetic-field (EMF) exposure in residences is the
Wertheimer and Leeper (1979 wire-code scheme. In their study of childhoodcancer, they
divided the study popuation into exposure groups acording to the thickness proximity, and
number of phases of neaby eledric lines. The bases of the scheme ae that magnetic-field levels
depend dredly on current and dedine with dstancefrom asource. Thicker wires are sssumed
to cary more aurrent than dothinner wires. Thus, higher-level magnetic fields occur closer to
thicker wires. The origina Wertheimer-Legper wire ade had two caegories: high and low.
They later modified the scheme to include five cdegories (Wertheimer and Leeper, 1989. Inan
attempt to simplify and generali ze the Wertheimer-Leegper codes, Kaune and Savitz (1993
developed asimplified code with three exposure cdegories.

The wire-code dasgficaion schemestendto predict magnetic-field expaosurest that is, higher
exposures tend to occur in the higher wire-code cdegories. In addition, bdh survey and personal
exposure (PE) measurements of randamly seleded hotses have indicaed that proximity to power
linesisa contributor to field levels and exposures in residences (Zaffanella, 1993 Zaffanella and
Kalton, 199&; 1998h). However, within ead wire-code cdegory there is awide range of
exposures, resulting in considerable overlap for the diff erent wire-code cdegories. Typicdly, the
wire-code cdegory has explained about 15 percent of the variancein pdnt-in-time measurements
(Kaune ¢ al., 1987 Braken et a., 1999. However, wire-code cdegory was foundto explain
6% or lessof the variancein PE measurements (Bradken et al., 1999. Thus, wire-code
clasgficaion schemes are nat a very acairate surrogate for contemporary magnetic-field
measurements.
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As noted above, the simplest surrogate for occupational exposureis a history of work in an
industry. However, comparisons that assume diff erences in exposure based onindustry may not
bevalid. For example, Methner and Bowman (1998 foundthat neither type of industry nor
power consumption within an industry could serve a useful surrogates for magnetic-field levels
inafadlity.

The most commonly used surrogate for workplace &posures has been an occupational or job
classficdion,ajobtitle, or other descriptor. Examplesinclude dedrician, e edronics worker,
eledricd enginee, lineman, dficeworker, and welder. Many investigators have used some form
of job classfication as an expasure surrogate, for example Milham (1982, and Calle and Savitz
(1985.

However, job classfications nead more development to be of red use, and they may not prove
any better for refleding occupational expaosures than wire ades have been for residential
exposures. Bradken and Patterson (1996 foundthat the greaest disaggregation passble for
utility workers may be only at the level of broad job categories, such as line worker, generation
worker, and substation worker: division d the general caegory, "line worker," into "distribution
line worker" and "transmisson line worker," or of "generation worker" into "generation operator"
and "generation medchanic,” did na sean to produce diff erences in exposures, because thereis
toomuch owerlap. This howsthe difficulty of establi shing job caegories as useful surrogates
for occupational exposures, and the fad that a priori schemes may be quite problematic in their
application.

Asmore and ketter exposure data ae mlleded it may be possble to improve the present ability
of job classficaionsto dscriminate anong exposures. This could allow industrial hygieniststo
develop more exposure asesgnents based onthe traditi onal job-exposure matrix (JEM)
approadh. Such amatrix arrays exposuresin dff erent jobs against expasures incurred in thase
jobs. Intuitively, and assuming data ae avail able, the more disaggregated the job titles that are
used inaJEM (down to the level of individual tasks), the more reli ably aworker's exposure
could be reanstructed.

JEMs have been used for EMF expaosure assessments of eledric-utility workers. Kromhou et al.
(1995 constructed afive-level JEM for the 120 accupational categories measured in five

utiliti es. The placement of job categories within groups was based onthe distribution o PE
measurements and provided the greaest contrasts in exposure between groups of several
groupng schemes. Even so, there was dill considerable overlap in exposures between groups.
Other studies of eedric-utility workers have dso used a JEM approach to assgning exposures
(Cf., Sahl et d., 1993 Thériault et a., 1999

Yost et al. (1997 developed a JEM to estimate exposure to magnetic fields for a study of brain
cance. Jobswere dassfied using the Standard Occupational Classficaion 1980(SOC80)
system. Job-exposure matrices were constructed with 209job categories at the four-digit
classficaionlevel and 46job caegories at the two-digit level. Geometric mean exposures at the
two-digit level ranged from 0.6to 7.8mG, bu many of the different job codes fell within a
narrow range. For example, 35 d the 46 two-digit caegories had geometric mean exposures of
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2.0mG or less Of the 35 categories, 7 shared a geometric mean of 1.6 mG, 4 shared amean of
1.1mG, 4 shared amean of 0.9mG, and 3shared amean of 1.0mG. Theseresultsdo nd
reinforcethe ideathat expasures can be distinguished by these job classficaions. Furthermore,
this clustering of exposuresis consistent with our understanding that relatively few occupations
have magnetic-field exposures substantially higher than residential or common environmental
exposures. To be useful for EMF expasure assessnents, the JEM approach will require more
exposure data & finer divisions of job classficaions, different job classficaions, or bath.

Implicationsfor Risk Assessment
Surrogates are key elementsin risk assessnents, espedally thase invalving large popuations.

Wire wdes are poa surrogates for measured, residential exposures, and improvements (or
development of some other surrogate) must precede their further use.

Job classficaions/codes/titl es may be the best surrogates for occupational expasure for usein
studies of large popuations. However, further work isneeded. As more source and PE data ae
colleded, they can berefined and used in improved job-expaosure matrices. These in turn will
provide input for improved risk assesgments.

If exposures at finer levels within general job categories are nat distinguishable withou
additional task/sourceinformation, there may be no cause to dfferentiate hedth data & that same
level.

On the other hand, if hedth data do show diff erent outcomes at the general job caegory level,
andif the exposures at finer levels within the cdegory are indistinguishable, then perhaps a

diff erent expasure measure (other than geometric mean o time-weighted average, for example),
or agent isimportant.

Remaining Questions

1. Canwire ades bereliably related to field measurements for a particular study or for all
studies. Isthere ageneral relationship that wire mdes suggest be used?

2. Can ather surrogates, perhaps based on demographic fadors, be developed for non
occupational exposures? These surrogates might incorporate fadors such aslifestyle and
appliance use, for example.

3. Can hamogeneous exposure groups be developed within the job-exposure matrix format?
4. Which ore or more of the foll owing will be necessary to dscriminate occupational
expaosures. More exposure datain more jobs? A different job classficaion scheme? A

diff erent way (other than geometric mean o time-weighted average, for example) of
expressng exposures (assuming some biologicd significance)?
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