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Purpose

The goal of the RAPID EMF Engineaing Program isto provide information onthe types and
extent of human expasure to eledric and magnetic fields, as well as guidelines and methods to
measure, charaderize, and manage-magnetic field exposures. This g/nopsis explores the
implications of thisreseach for the risk assessment that is being condwcted by the National
Institute of Environmental Hedth Sciences.

Typicdly, the palicy implications of an exposure reseach and assesanent program are explored
after al the data have been gathered and reviewed. When performed for the purpaoses of risk
asesanent, ore dso expedsto aready have & hand the answers to two important questions:
Does the agent pose a hazard to human health? and What is the relationship between exposure
and disease occurrence in humans? (National Researcch Courcil, 1983. At present, these
adivities asinitiated by the RAPID program, have not come together, and we do nd have final
answersto questions abou hazard and abou dose-resporse. In this stuation, it would appea to
be gpropriate to anticipate the kinds of questions that the scientists who perform the EMF risk
asesanent for NIEHS will ask over the next threeor four months.

What isthe extent and character of exposureto magnetic fieldsin the population?

Avall able reseach provides ssme informationin resporse to this criticd question. The extent of
expaosure in the popuation can be dharaderized by measurements that have been taken in
systematic studies and surveys. However, withou having identified an expaosure dharaderistic
such as time-weighted average (TWA), time dove 5 mG, etc. that predicts disease risk, one
canna be cetain that the parameters chosen to charaderize popuation exposures are & all
relevant to hedth. With this caveda in mind, consider the data that have been summarized for
thisworkshop.

Residential Populations

In afew areas of the wuntry, epidemiology studies have gathered data dbout magnetic-, and,to a
much lesser extent, eledric-field exposures. Thefield parameters measured include spot
measurements in dfferent rooms, spatial averages, 24-hou recrdings in bedrooms, and the
exposure surrogate known as wire @de. More useful data for estimating the exposures of
residential popuations are those data obtained in a nation-wide survey of randamly seleded
residences (Zaffanella, 1993. In ead of 996residences, the spatia distribution d magnetic
fields from internal and external sources, spot measurements of fields from appliances, andthe
physicd charaderistics of sources were recrded. However, the time-locaion-adivity data that
would be required to charaderize the exposures of individuals living in these residences were not
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colleded. The same investigator has completed ancther survey of magnetic-field expasures of
more than 1000randamly seleded persons for the EMF Rapid Engineeaing Projed #6 (Zaffanella
and Kalton, 199&; 1998h. A third study, neaing completion, has colleded magnetic-field data
and wire-code dassficaions on more than 200residences at periodic intervals over more than a
two-yea period (Rankin and Bradken, 1994. The residences were seleded from a stratified
randam sample of utility customers. A study of personal exposures (PE) of utility employees to
magnetic fields at home, as colleded duing upto six visits over two yeas, may also be helpful

in estimating popuation expasures, even though the participants were not randamly seleded
(Brakken et al., 1999. See &so Synopsis 12.

Occupational Populations

Epidemiology studies aso provide information abou eledric- and magnetic-field exposuresin
the workplace In the latest epidemiology studies of North American eledric-utility workers,
past exposures to magnetic fields have been estimated by sampling the exposures of present-day
workers with PE monitors (Sahl et al., 1993 Savitz and Loomis, 1995 Thériault et al., 1999.

One study expanded number of workers gudied at one utility reported on ky Thériault and
anayzed data wlleded onthe personal exposures of workersto bah eledric and magnetic fields
(Miller et a., 1999. However, the dedric-field data shoud perhaps be interpreted orly in terms
of relative expasure levels, given the difficulty in interpreting field levels perturbed by the body
and reaby objeds. The studies above therefore provide useful information abou occupational
exposures within thisinduwstry. Utility workers asawhole ae an industrial groupwith
higher-than-average exposure and therefore ae not representative of other occupational groups.
There ae no comparable dataon aher industries or the general working popuation.

Aretherehighly exposed populations?

Expaosuresto eledric and magnetic fields are not evenly distributed in the popuation. Aswith
many other environmental and cccupational exposures, average magnetic-field levelstendto be
quasi-log-normally distributed (cf. Zafanella and Katon, 1998). Log-normal distributions are
nat symmetricd abou the mean. Therefore, the magnetic-field levels encountered by arelatively
small number of personsin the popuation are distributed widely aaossthe high end d the
magnetic field dstribution. For example, in the survey of persons smpled in RAPID Projed #6
(zaffanella and Kalton, 1998b, it was reported that the geometric mean 24hou magnetic-field
level recorded by 853randamly seleded adults was 0.90mG. The averagefield levels
encourtered by 90% of these persons were & or below 2.36mG. However, the range of average
field levels encountered by the remaining 10% of the sample ranged from 2.37mG to 25.7mG.
In the context of thisdistribution o average magnetic-field levels, the personsin the highest 10%
of the sampled popuation clealy have higher exposures than the remaining 90%.

The data on accupational exposures to eledric and magnetic fields show pasitively skewed
distributions. For example, in astudy of workers at five U.S. utiliti es, the geometric mean
magnetic field recorded at 10-secondintervals over the workday was 2.8 mG; at the 90th
percentile, it was 19.3mG (Savitz et a., 1999. However, these expasure statistics by
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themselves have no werified implicaions for hedth unessthe metric, 24hou TWA can be
linked by epidemiologicd data or whole animal studies to adverse dfeds.

Special Populations Disproportionally Affected by EMF Exposures

The popuationis heterogeneous in many charaderistics that may affed responsesto
environmental agents. Infants and children, the dderly, andindividuals with uncerlying diseases
have been considered at increased risk from other environmental agents. Therefore, it is
important to consider whether there ae spedal popuations that, by reason d age, sex, hedth
condtion, a radal/income, might be dispropartionately susceptible to, a affeded by, EMF
expasures.

A small fradion d residential and cccupational popuations are dharaderized by high-end
expaosures. However, with regard to hedth, a scientific determination that some magnetic-field
charaderistic poses a hazard logicaly must preceale the determination d impads on popuiations.
No such determinations have yet been made. There ae dso no knavn demographic fadors that
would confer arisk to popuations exposed to eledric and magnetic fields. The data ae not
avail able to determine whether higher magnetic-field expaosures, howvever defined, are found
more often among spedal subpopuations. Such concerns appea to be lower for occupational
popdations. Infad, with regard to hedth, popuations of utility workers (who are anong the
occupational groups most highly exposed to eledric and magnetic fields) are reported to have
lower mortality from all causes, including cancer, e.g., Savitz and Loomis (1995.

Can Exposures and Risks of EMF be Ranked Against Those From Other Environmetal
Agents?

It might be agued that even if no definitive risk can be determined, eff orts to target speadal
popdations for adion could be cnsidered. However, thisraisesaquestion: isit fair to doso
when these spedal popuations might aready be deding with puldic hedth or socia isaues that
have known impads? Unlessthe risks of magnetic-field exposure were to be determined to be
large and certain, then spedal popuations might very well prefer to have the limited pubic
hedth resources direded towards reducing more pressng risks of environmental exposures. This
guestion could be examined in the overall RAPID EMF risk assesanent processfrom the
perspedive of a omparison d expaosures and risks.

The US Environmental Protedion Agency (USEPA) and more than a dozen states have initi ated
risk comparison eff orts to identify which environmental problems are most severe and which
strategies for risk reduction will dothe most good. For example, USEPA and Cdlifornia
Environmental Protedion Agency (1994 suppated the California Comparative Risk Projed to
develop rankings of human hedth risk from environmental hedth stressors and to consider
popuations at potentiall y dispropationate risk from these stresors. It shoud be noted that, at
the time this comprehensive asssgnent was completed, the projed committee ©ncluded that
eledromagnetic fields could na be included in the rankings of high-, medium-, or low-ranked
risks because the scientific data were insufficient to read a scientificdly suppatable evaluation
(CEPA, 1999.
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Do We Havethe Methods and Technologiesto Characterize Field Exposuresfor the Next
Generation of Research Studies?

The RAPID expaosure assgnent projeds have been very successul in summarizing the
avail able information oninstrumentation, and developing guidelines for obtaining personal
measurements, surveying spedfic environments, and speafic sources.

Instrumentation has been developed to conveniently record a variety of magnetic-field
charaderistics over awide range of intensities. However, the instrumentation for measuring
eledric fields, while improved, islimited by the physicd nature of eledric fields: the presence of
the human body perturbs the dedric field, as do reaby condictive objeds. Until new
instruments and methods are developed for charaderizing eledric-field exposures in spite of this
obstade, considerable uncertainty will remain in quantifying such expaosures.

While ay investigator can purchase the most sophisticaed devices to measure and record
magnetic fields, relatively few have the knowledge and experienceto develop protocols for using
the instruments to oltain valid and reproducible measurements. Thisis one of the reasons that
many laboratory studies and some goidemiology studies have not adequately charaderized
exposures. The RAPID engineaing projeds addressthese deficiencies by providing
comprehensive, detail ed, and tested protocols for performing measurements of magnetic fields.
Fundng agencies and journal editors shoud be be made avare of these, which could serve &
models against which the methods for coll eding exposure datain proposed studies are to be

judged.

Even so, aher condtions will need to be fufill ed before the dallenge posed by Savitz and
Loomis (1997 can bemet: they emphasizethat “. . . Future investigation d these diseasesin
relation to magnetic field exposure shoud be driven either by a unique oppatunity to more
acarately reconstruct historicd expasure or by more spedfic, testable hypotheses regarding
biologicaly relevant exposure metrics or markers of susceptibility to exposure that could test
with more preasion whether thereis a causal link between exposure and dseese.” (Savitz and
Loomis, 1995 133).

If the Weight-of-the-evidence Were to Support the Conclusion That a Risk Exists, What
Arethe Optionsfor Managing Field Exposures?

Deading what field-management options to pursue depends grongly uponthe data and on
asumptions abou the type and prevalence of hedth effed related to eledric or magnetic fields,
therelevant field parameters or dose metric, the shape of the dose resporse arve, and the degree
of certainty abou al of the ébove. Such deasionsarelikely to be made by hedth agencies, if
necessary, in resporse to the risk assesament performed by scientists for the RAPID program.

An independent dedsion analysis processis already underway, sponsored by the California
Department of Hedth Sciences.

It may not now be meaningful to speaulate @ou the scope and oucome of such dedsion

anayses. Risk isamultidimensional concept. Therefore, issues concerning eledric and
magnetic fields may need to be aldressed by social and pditi cd adions, na just by exposure
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reduction. However, if arisk were to be confirmed, and pubic hedth or other agencies
determined that the risk was more cetain than nd, then data from the RAPID engineaing
asesgnent program and aher sources could be used to develop field management options in two
caegories.

1.

Source Cortrol

This category of options applies known techndogy to reducethe intensity or other
relevant charaderistics of afield source In this caegory are technicd standards or
source modifications, including shielding, that might be gplied to transmisson and
distributionlines, sourcesin schods, buldings, andresidences. An evauation d the
relative lifegycle mstsfor six sourcetypes was performed in RAPID Engineeaing Projed
#8 (Johrson and Gauger, 1997.

Exposure Cortrol

This category of options reduces magnetic-field exposure by non-engineaing means that
restrict the time that people spend using or nea sources. For powerlines, such ogtions
might include wider rights-of-ways and greaer housing setbads. Information abou field
levels from appliances could be used to suppat recommendations for reducing
nonessential time spent using or nea high-field appli ances.

Implicationsfor Risk Assessment

Withou having identified an expasure dharaderistic such as TWA, time d&ove 5 mG,
etc., that predicts disease risk, one caand be cetain that the field parameters that have
been chosen to charaderize popuation exposures are & all relevant to hedth.

Data from afew sources are avail able to charaderize the distribution o field intensities
and some other charaderistics to which people ae exposed in residential environments.
Unlessasumptions are made éou the time that people spendin various adivities and
locations, these field measurements canna be used to estimate relative expasures over
time. Magnetic-field charaderistics of expasures of occupational popuations have been
sparsely sampled, except for workers in the utility industry.

Barring anew finding from the to-be-completed RAPID risk assssnent, thereisno
hedth basis, or avail able demographic data, to consider a sensitivity to, o greder
exposure to eledric and magnetic fields in subpopuations.

Improvements have been made in measurement instrumentation and methods, bu other
considerations, including the aility to reaonstruct past exposures and test biologicdly
relevant exposure metrics, are more important for future goidemiology studies.

The contribution d engineaing options to field-management objedives through

controlli ng the fields from sources would appea to be wst-effedive only if alikely hedth
risk of field expasure were to beidentified. Reducing exposure by restricting the time
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spent nea sources may aso be dfedive. Other social and pditi cd resporsesto
risk-based hedth findings regarding field expasures are outside the scope of engineaing
options.

Remaining Questions

1. What more nealsto be done? Methods? Instrumentation?

2. What is the proper exposure or dose metric?

3. What are the best data sets from which to estimate the distribution d exposuresin the

popuation?

4. Isit worthwhil e to include gpliances other than eledricdly heaed bedsin total exposure
estimates?
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