Abstract for EMF RAPID Program Engineering Project #2:
Recommendationsfor Guidelinesfor Environment-specific Magnetic-field
M easur ements

The purpose of this projed was to dacument widely applicable methods for charaderizing the
magnetic fieldsin a given environment, reagnizing the many sources co-existing within that space
The guidelines are designed to all ow the realer to foll ow an efficient processto

Q) plan the goals and requirements of a magnetic-field study,
2 develop a study structure and protocol, and
3 document and cary out the plan.

The guidelines take the reader first through the processof developing a basic study strategy, then
through planning and performing the data clledion. Last, the aiticd fadors of data management,
analysis reporting, and quality assurance ae discused. The guidelines are structured to all ow the
reseacher to develop a protocol that respondsto spedfic site and rojed needs. The guidelinesaim
to help the user design a measurement protocol that will gather the most exposure-relevant
information based onlocations of peoplein relation to sources.

Thereport detail s the defining and daumenting of a projeded measurement protocol. Stepsinclude
determining and dacumenting study purpose; determining the environment classficaionand pojed
resources, reviewing physicad charaderistics of the environment; seleding field parameters for
measurement, seleding instrumentation; and devel oping a measurement strategy and cbta wlledion
structure.

Once those parameters of the study are in place more @ncrete steps are referenced, including
gathering magnetic and normagnetic data, gathering adivity-pattern data, and so on. Of particular
importanceis the documenting of eat step/pieceof information, and ensuring quality in the data
andfindings.

Study Limitations

The pilot studies testing the guidelines were limited to measurements of three stand-alone
environments. A test of the guidelines in a broader data-colledion program would have been
helpful, particularly with reference to systematicdly gathering and wsing adivity-pattern deta to
develop the study plan.

The study took longer than expeded to complete: by the time the study was completed, ather
reseachers had pubdi shed studies that used new measurement methods that were not considered in
developing these guidelines.

The pil ot studies were mmpleted when the guidelines were in rough draft form, by researchers very
close to the projed. No third perty tested the cmpleted guidelines.



Areasfor Future Research

Can the Environmental Classficaion Table, developed as part of this gudy, be successully put into
use to alow codificaion and stratification d environments gudied, and to be helpful for meta-
analysis and aher datareview?

If these guidelines were used by two investigators with identicd study goalsto plan and perform a
measurement, how consistent would the measurement plan and resulting data be? What changes or
adjustments could be made to the guidelines to ensure wnsistent data?

Source charaderization is typicdly a subset of an environment-spedfic Measurement. Can the
source charaderization guidelines developed in RAPID Engineaing Projed #1 be implemented
cohesively as part of these (RAPID Engineeaing Projed #2) guidelines?



EMF RAPID Program Engineering Project #2:
Recommendationsfor Guidelinesfor Environment-specific Magnetic-field
M easur ements

Purpose and Focus

The purpose of this projed was to dacument widely applicable methods for charaderizing the
magnetic fieldsin a given environment, reagnizing the many sources co-existing within that space
The guidelines are designed to all ow the realer to foll ow an efficient processto

Q) plan the goals and requirements of a magnetic-field study,
2 develop a study structure and protocol, and
3 document and cary out the plan.

These guideli nes take the reader first through the processof developing a basic study strategy, then
through planning and performing the data clledion. Last, the aiticd fadors of data management,
analysis reporting, and quality assurance ae discusd. The guidelines are structured to all ow the
reseacher to develop a protocol that responds to spedfic site and projed needs.

Becaisethe RAPID program isbased onexposure to magnetic fields and the potential hedth effeds,
the most important focus for these magnetic-field measurement guidelinesisrelevanceto exposure.
The ssumed oljedive of an environment-spedfic measurement is to charaderize the environment
(given a set of ocaupants and magnetic-field sources) so that information about the exposure of the
occupants may be inferred.

Idedly, the researcher seeksto oltain complete or "perfed” information abou these magnetic fields,
so that personal exposure might also be modeled perfedly. However, complete data @lledionis
not feasible. Infad, it has been made more difficult as the reseach field has moved to expand the
list of field parameters measured, increasing the cost and complexity of performing a measurement
and analyzing the data.

The guidelines addressthis issue by guiding the user to design a measur ement protocol that will
gather the most exposure-relevant infor mation based on the locations of peoplein relation to
the sources. It is recommended that the "microenvironment” beame the base unit of areain a
study, with boundries defined by the occupant's adivity patterns and the field variation from the
sources affecting the aea Such a dtratificaion alows the reseacher to determine which
microenvironments are of most interest, and to focus the measurements methodcdly in those aess,
in order to gather the most relevant set of data.
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Tasks: Goalsand Strategies

Developing the Basic Study Strateqy

In developing a resporsive protocol for performing magnetic-field measurements in a given
environment, the first step isto design the research strategy to best charaderize the exposures. This
step will help to limit and ofimize the measurement tasks. The strategy development must take into
acoourt the study purpose, the projed resources, the physicd charaderistics of the environment, the
field parameters desired for measurement, and the instrumentation to be used in the study. The
guideli nes describe the study strategy development in seven steps, summarized below.

Determine and document the study purpose. The investigators shoud develop a statement of
purpose that can be understood by bath themselves and the study sponsor or client. That statement
shoud answer the foll owing five questions:

Q) What isthe goal of the study?

(20  Whoisthe audience?

3 What circumstances initi ated the study?
4) What is the desired ouput of the study?
(5) How will t he final data be used?

Documenting the study purpose will provide abasis for adions and relp ensure that ead task is
optimized to provide the desired product.

Deter mine the environment classification. The guidelines present a methodfor classfying the
environment type, based on Standard Industrial Classficaion code numbers for establi shments.
Such clasgficaion will encourage focus on the environment's properties, stratification within
databases, and comparisons with simil arly classfied environments previously studied.

Determinethe project resources. The scope of studieswill amost always be limited by projed
resources. The financia resources, staff avail ability, instrumentation avail ability, and any time
constraints shoud be assses=d ealy in the planning process

Review the physical characteristics of the environment. Preliminary information on the
environment's charaderistics and sources will highlight important feaures that shoud be mnsidered
in the measurement plan. These include feaures that may indicate what field parameters might be
of interest, as well as the scope of measurements that might be necessary, based onthe size and
complexity of the environment.

Select field parametersfor measurement. The dose metrics of magnetic-field expasure have not
been defined. Therefore, depending on the neads of the study, the investigator will want to consider
obtaining information onmultiple parameters. The guidelines discuss parameters that may be
seleded for measurement, bu leave dhoices open to theinvestigator, based onthe study purpose, site
charaderistics, and pradicdity of measurement. The guideli nes adknowledge that performing rms
magnetic flux density measurements will continue to be a focus of environment-spedfic
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measurements because this measurement is easy to perform, isreaily understood by the reseach
community and general pubic, and hes been the focus of most previous gudies.

Select instrumentation. Theinvestigators s1oud seled instrumentation besed on measurement and
memory capabiliti es suited to the study goals, aswell as on efficiency, reliability, convenience, and
price However, avail ability is usualy the most prevalent fador. The guidelines discuss $ngle-axis
andthreeaxisrms meters and commercialy avail able waveform capture systems, and the nature and
patential functions of ead classof instrument.

Develop a measurement strategy and data collection structure. Outlining a plan for data
colledionisthe next step. The measurement strategy, a part of this plan, is the dedsion-making
process by which it is ultimately determined where, when, and hav magnetic-field data will be
colleded. The guidelines gressdesigning the measurements to gather only the most exposure-
relevant information. They describe the use of the microenvironment to determine what information
ismost relevant.

The standard structure for performing magnetic-field charaderization is suggested in a four-step
process

Q) Gather the basic information abou sources, people, and aher site information.
(2 Identify microenvironments.

3 Weight the dfortsto be spent in ead microenvironment.

4) Perform focused magnetic-field data alledion.

The guidelines provide examples of data-coll edion structures, and the possble tasks that may be
involved. Table 1, next page, shows examples of data-colledion dans.
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Table 1: Examples of Data-collection Plans Developed for Two Environment-specific
Magnetic-field Studies
Characterization of an Industrial | Outlinefor
Home Survey by Utility Facility Your Study
Source Make aquick walk-through of Send pre-visit fadlity
I dentification the house and yard to identify guestionnaires, for informant to

locaion d power fadliti esand
typicd sources. Question
homeowner abou spedfic
sources, and any source of
spedal interest to him/her.

identify sources.

Observe and daument on pre-
supdied maps during initial walk-
through.

Perform investigative
measurements using hand-held
meter or mapping whed.

Activity-pattern
Data Collection

Asamethat thishomeislike
most others: e.g., occupants
slegp in the bedrooms, occupy
the living areafrequently, use
appliances most frequently in
the kitchen, etc. Clarify any
assumptions w/homeowner as
necessry.

Use questionreires to informants or
ohservation wsing pre-designed
forms and maps.

Non-magnetic-

Observe, or question

Use questionreires to informants,

relevant measurement points.

field Data homeowner about age of home, | observation wsing pre-designed
type of wiring, or other info. forms, or outside data from maps,
drawings, and uility enginees.
Micro- Review notes abou sources Compile and review information
Environment and wsesto informally from adivity-pattern maps and
I dentification determine most exposure- sourceidentificaion maps. Develop

sketches of the microenvironments.
Confirm with naes and
questionraire resporses.

Selection of Points
for M easurement

Per utility standard protocol,
seled center of rooms and
corners of house. Choaose other
locations based on
microenvironments of most
interest, and as requested by
homeowner.

Use adedsion matrix identifying
the occupancy and field types of
ead microenvironment in order to
determine gpropriate weighting

M agnetic-field
Data Collection

Use ahand-held rms meter to
perform spaot measurements at
the seleded locations.

Perform spot measurements using a
waveform cgpture system at a
sample rate gopropriate to identify
ultra-low frequency information.
Station a meter to gather temporal
data nea adominant source
identified to fluctuate in time.
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Performing the Data Collection

Thereseacher next focuses on the spedfic steps of performing the data wlledion and determining
the appropriate data to consider colleding. Magnetic-field characteristics cannot be properly
described by a single measurement or series of measurements. Many fadors, including the
physicd parameters of the environment; the location and oeration o sources; the adivity patterns
of the ocaupants; and the spatial, temporal, frequency, and aher parameters of the magnetic fields
together paint a picture that charaderizes magnetic-field exposure.

Develop the data-collection protocol. Before beginning data wlledion, the reseacher must
produce awritten data-coll edion protocol. The protocol helpsto ensure that relevant information
is colleded; that magnetic-field measurements are cmpleted most completely, efficiently, and
systematicdly; and that disruption to the environment is minimized. The guidelines provide
examples of protocol formats, eat organized in a chirondogicd sequence Objedive, easy-to-use
data-coll edion forms are the most reli able means to oltain and confirm a compl ete data set from the
field. Their development is a part of generating the data-coll edion protocol. Examples of several
forms have been included in the guidelines.

Carry out the data collection. The guidelines describe the spedfics of data lledion.

| dentify magnetic-field sources. The guideli nes describe methods of sourceidentificaion,including
visua inspedion, gathering source information from an informant, performing exploratory
measurements, performing field mapping, or using such toadls as a damp-on ammeter to identify
sources of net current. The guidelines further detail methods for documenting the sourcelocations,
and dfining the source dharaderistics such as ourcetype, level of magnetic-field magnitude, and
temporal charaderistics.

Gather activity-pattern data. It is assumed that the goal of adivity-pattern data wlledionis to
provide the minimal data set of information required to properly include exposure-relevancy in the
magnetic-field measurement study design. The guidelines describe methods of data @lledion
(including interviews, questionreires, and olservation techniques) and ouline the ways to chocse
the appropriate technique based onthe study parameters. Recmmendations are dso given as to
whether a site informant or the site's occupants are most appropriate providers of adivity-pattern
data. The guidelines furnish tips for constructing activity-pattern questions, as well as examples of
data-coll edion tods, such as questionraires and interview protocols.

Gather non-magnetic-field data. Other information abou the environment and its ources may
provide additiona insight into the dharaderistics of magnetic-field exposure, painting a more
complete picture of the environment's magnetic-field charaderistics. The guidelines describe
possble gpropriate information, such as: site charaderistics (i.e., bulding age); additional source
information (i.e., sizes of motors); utility information (i.e., circuit loads); and accupant information
(i.e., job descriptions and ages).

Plan and perform focused magnetic-field data collection. The threetasks described above provide

the information required to pgan further, more focused magnetic-field measurements. A magnetic-
field measurement plan will aim to finali ze the locations of measurements, timing of measurements,
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measurement sampling rates, andtheinclusion d temporal measurements. The guidelines dired the
reader through the necessary steps:

Q) identifying microenvironments and weighting them for assessment,

(2 determining the number of measurements to perform and the locaions of the
measurements,

3 determining the timing fadors of measurements, and
4) planning and performing tempora and aher spedal measurements.

It is assumed that these data will comprise the substance of the report on magnetic-field data.

M anaging, Analyzing, and Reporting Data

Thereport provides guidance for managing, compili ng, analyzing, and reporting the clleded data
to the study audience. Data-management methods are described, including the foll owing:

Q) protocols for documenting the measurement data,
(2 conventions for naming or labeling all data,

3 structures for organizing the data for analysis, and
4) plans for maintaining the integrity of the data.

Options for methods and tod s for data analysis are discussed. The researcher shoud bea in mind
that the dhoices of methods must be based onthe questions the study has been designed to answer,
and uponthe study resources and parameters.

The projed report shoud be a ompilation d al eff ort expended in the study, presented in aformat
tail ored to convey the information to the gpropriate audience. The guidelines describe sample
content for ead report sedion. Threepil ot study reports are included as examples of areport format.

Quality Asaurance Methods

A quality assuranceplan seeksto ensure that the data wlleded and reported are valid and consistent.
The plan shoud be developed during the study planning process Quality assurance steps can and
shoud be spedfied for ead phese of the study. The guidelines address nine steps for the
investigator to foll ow in asauring quality.

Q) Minimize subjedivity throughou the projed.

(2 Develop forms and chedli sts to assure cmpletenessand consistency.

3 Ensure that tedhnicians have the gopropriate expertise to perform data clledion.
4) Ensure the acarracy of the study instrumentation.

(5) Collea dudicate information.

(6) Clealy identify al i nformation.

@) Insped and analyze datain atimely manner.
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(8) Badk-up everything.
9 Perform pil ot studies.

Summary

The guidelines provide flexible, widely applicable methods for performing exposure- relevant
magnetic-field measurements. They may be used to produce atargeted, efficient, and useful study
that coll eds, analyzes, and reports the data gppropriate for the goals of the study.



