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Purpose

To summarize the state of knowledge and techndogy for charaderizing EMF from spedfic
sources and in environments.

Summary

Risk assesgments require knowledge of the expasures of affeded popuations to a particular
agent or agents. This may be done by measuring exposures diredly, bu it is often dore by
extrapolating exposures based on pior knowledge of exposure sources and d environmental
levels of the agent. Computer models are often used. Charaderizing EMF from individual
sources and in definable environmentsis akey asped of any risk assesgnent for EMF, whether
measurements or extrapolations are used.

Exposures to environmental agents can usually be measured as sdar quantities. Toxic
chemicds (which can be dharaderized by simple, slowly varying concentrations by massor
volume) are an example. EMF, onthe other hand, are not simple scdars but vedors that can
occur over arange of frequencies with continuous variationin time and space That by itself
would make their charaderization a dhal enging task. Additionally, however, no parameter of
environmental EMF is clealy biologicdly adive in producing adverse hedth effeds, so thereis
no hologicd guidanceto help boundthe task.

Sources

The recently completed RAPID Engineeing Projed #1 (Eledric Reseach and Management,
Inc., 1997 investigated the problem of EMF source measurement and charaderization and
prepared guidelines for charaderizing sources of EMF. The Projed began by reviewing the
complexity of charaderizing sources; then worked ou methods for reducing data-coll edion
requirements and for caaloging sources; and finished by developing and applying
source-measurement protocols.

The problem isto prune apatentialy very large number of data points — the three.comporent
field veaor measured along threeorthogonal axes with the source d the origin, at a frequency
twicethe EMF frequency of interest — without losing information that could be important to a
risk assesament.
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RAPID #1 concluded as foll ows:

. Sampling that covers a frequency range of 3 Hz - 3 kHz is adequate.

. An adequate sampling periodis the inverse of the power frequency. Thisisbased onthe
repetiti ve nature of operating sources.

. Transient charaderistics may be cgtured with high-speed sampling that isinitiated as
required.

. The number of spatial data points can be reduced by applying mathematicd models of
field spatial dependence This conclusion relies on modeling a source a apoint dipole
moment from an infinitely small coil and wsing the dipdeto reconstruct thefield. The
dipdeisdetermined by fitting measurement data to the model.

Dipade moments were cdculated in RAPID Engineeing Projed #3 (Enertech, 1996 for seleded
sourcesin dfficebuildings, schods, madine shops, and grocery stores, using the method
described by Zaffanella @ al. (1997). Vauesranged from alittl e below 1 A-m? for a castte
radio to above 50 A-m? for atransformer in amachine shop. An analogous approach using
sphericd and cylindricd dipoesto describe fields from multiple sources in an environment has
been described by Olsen and Lyon (1996.

Instruments are avail able to colled data of increasing complexity through the requirements
identified in RAPID #1, above. By caegory, these include the following

survey meters for one- or threeaxis, narrow-band a broad-band, rms measurements;
similar instruments that record the field data and perhaps time and location cata;

one- or three-axis wave-cgpture recorders that are ale to colled data & edfied above;
multi -sensor three-axis wave-capture recorders; and

transient capture recorders.

While most field attributes can be defined with existing equipment, problems remain in the aeas
of field continuity, or coherence and the mmplementary ideaof “intermittency,” which arises
from an interruptionin coherence

RAPID #1identified the foll owing field attributes as being important for charaderizing afield
source

some measure of magnitude
frequency

spatial dependence

temporal operating condtions, and
if possble, pdarization.

The degreeof sophisticaion d the instruments used will determine the complexity of the data
obtained onthese dtributes. RAPID #1 used and recommends a wave-cgpture system; however
there ae avail able, simpler tecdhndogies that can colled much information onthese dtributes.
Again, thefad that the biologicdly adive field comporent or comporents, if any, are unknovn
makes the dhoice somewhat arbitrary at thistime.
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EMF produced by appliances, tods, and sources foundin the occupational environment have
been charaderized as part of RAPID Projed #1 and 3aswell asin ather studies[seg e.g.,
Gauger (19895, Mader and Peralta (1992]. Theresultsindicae the variability that occurs not
only between dff erent groups of sources, as between a kitchen mixer and a paint sprayer, bu
also between dfferent sourcesin the same group. Appliances may produce highly locdized
fields onthe order of tens of gauss with considerable field strength in harmonics of the
fundamental power frequency. RAPID #1recommends afour-digit source dasgficaion system
to caegorize sources. Theintent isto be &leto caaog source datato guide future surveys or
provide inpu for epidemiologic studies. Thefirst digit of the dassficaion system indicates the
order of magnitude of the field at 30 cm from the source; the second dgit indicates the dominant
frequency; the third isan indicaion d the variability from steady-state operation d the source
the fourth describes gatia attenuation and pdarization. The data necessary to complete the
four-digit clasgficaion do nadrequire awave-cgpture measurement system.

Environments

Fields have dso been charaderized by levels over an areain dfferent environments. RAPID
Engineaing Projed #2 (Bittner, 1997 identified seventy-five diff erent studiesin which area
source measurements were performed. It also developed guidelines for measuring EMF in
different environments. Just as ource daraderization requires measurement of many
parameters of the field, so also daes environmental area haraderization. A reaurring caution d
the RAPID #2report isthat magnetic-field charaderistics canna be properly described by a
single measurement or series of measurements. Rather, "Many fadors, including the physicd
parameters of the environment; the location and operation d sources; the adivity patterns of the
occupants; and the spatial, temporal, frequency, and aher parameters of the magnetic fields
together paint a picture that charaderizes magnetic-field exposure” (Bittner, 19973-1). Items
requiring planning include the foll owing:

sourceidentificaion
adivity-pattern data olledion
nonmagnetic-field data
micro-environment identificaion
seledion d paoints for measurement
magnetic-field data wlledion.

RAPID #3 performed environmental field surveys for four different sites at ead of five diff erent
types of environments. schods, haspitals, grocery stores, office buil dings, and machine shops.
The study presented rms areafield dstributions for ead site in threeways. as an average of area
fields at different locaions, as average aeafields at different locaions weighted by surface aeg
and as average aeafields at different locations weighted by the time that people spent in the
locaions. It wasfoundthat the diff erences produced by the diff erent weighting methods were
not as sgnificant as the diff erences between sites and between environments. The order of time-
weighted average (TWA) areafield levels (from highest to lowest) was grocery stores, machine
shops, haospitals, and schods, and dficebuildings. However, the highest average in ore of the
office buil dings was higher than the lowest average foundin a grocery store, demonstrating the
variability that occurs within an environment type and the potential difficulty in trying to
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caegorize environments into those having distinctly different field levels. Thisresultis
reinforced by similar results pointed ou by others (e.g., Braden and Patterson, 1996 regarding
the high variability that occurs when data ae cdegorized by job task or job caegory.

Conclusions

. There ae simple and complex methods for charaderizing fields from sources. The
choice depends on the purpose of the measurements.

. Sources can be dharaderized using a complex set of measurements as was dorein
RAPID #1. Thetedhndogy existsto dothis. However, the datawill li kely need to be
reduced to afew values, and the source dassfication system proposed in RAPID #1 daes
not require such a omplex set of measurements.

. Sources can aso be daraderized with afew measurements and a computational
agorithm (based onthe dipole moment), based on knavledge of sources.

. The methods and techndogy exist to perform environmental surveys. At present, no
method d presenting areasource measurements clealy defines diff erent environments.

Implicationsfor Risk Assessment

The development of guidelines for source daraderizationis an important step towards a
common catabase of comparable measurements.

Whil e there is no guaranteethat an important hedth eff eds parameter of EMF isnot missed by
the tedhniques of the guidelines, they refled the present state of knowledge, and the technd ogy
existsto apply them.

The variability of fields within and among sourcetypes or groups will make awy large-scde
exposure aesament difficult. The variability is much more complex than just differencesin a
TWA, for example. Morework is necessary to develop methods to acourt for thisandto
rationali ze expaosures.

The variability of TWA areameasurements of fields will make alarge-scde exposure asessnent
difficult. Variability may be & gred between dff erent sites of the same type of expaosure
environment as between dff erent exposure environments.

Remaining Questions

1. What isthe likelihoodthat an important parameter of EMF is not being captured by the
procedures developed in RAPID #1?

2. Isit feasible to develop a cdalog of source daraderizations that can be used for risk
asesgnent?
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3. Can the source daraderization guideli nes be smplified?

4. Isit posgbleto present areasourcedatain away that reduces the variability within an
environment type?
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