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EXECUTIVE SUMMARY

This project developed recommmended guidelines for electric and magnetic field (EMF}
personal exposure measurement (PEM) studies. The recommendations are Hexible and
intend to provide guidance for investigators with varied research objectives, rather than
dictate specific methodologies. The guidelines fall into two categories: generai
guidelines for planning a study, and specific guidelines for developing a detailed study
design and protocols. Supporting discussions, and suggested implementation
procedures are also included.

General Guidelines

The purpase of establishing general guidelines for exposure studies is to ensure that
valid data are collected and that the data meet the study objectives including, if
appropriate, any risk assessment requirements. To accomplish these goals,
investigators should employ the following steps when planning an EMF PEM study :

1. Develop a clearly stated purpose for the EMF PEM study; and

2. Complete a written study plan before developing specific protocols or
beginning measurements.

By succinctly stating the purpose of the study at the outset, and referring to it
frequently, questions regarding the overall study design and the written study plan can
be addressed without ambiguity. The purpose statement may evolve as the study
design develops and resource constraints are addressed but any changes or
compromises in the purpose will be clearly known. Before beginning measuremenis
there must be a purpose statement that is understood and accepted by the investigators,
their managers, and all sponsors of the study.

The written study plan is a general descriptive document and should address the
following elements of the EMF PEM study:

» Resource Assessment. Are there sufficient personnel, instrumentation, financial
support and organizational support to adequately address the purpose of the
study?

* Exposure Model. How are the physical exposure measurements related to a
hypothetical biological endpoint?

. Study Design. What general study design is likely, including proposed




exposure measurements, instrumentation, sampling strategies, data collection
protocols, data management plan, and documentation?

. Subject Issues. What requireraents are there for consent, confidentiality, level of
effort by subjects, communication with subjects and dissemination of a subject’s
PE data?

- Quality Assurance. What steps will be taken to ensure adherence to protocols,
instroment accuracy, and data integrity?

®  Uncertainty Evaluation. What are the anticipated sources of error and what
limits do they impose on the study's ability to achieve its purpose?

» Archival Plan. How will the shudy dafa and documentation be archivec?

Speclfic Guldellnes .

The recommended specific guidelines for developing detailed plans and protocols for a
PEM study apply to six elements of a study: study design, subject issues, quality
assurance, uncerfainty evaluation, archival plans and pilot studies. The fopics and
issues addressed in the specific guidelines are:

Study Design. Specific recommendations are provided for: selecting the field
characteristics to be measured, selecting appropriate FEM instrurnentation, developing
a sampling strategy, establishing time-activity record-keeping protocols, and
developing plans for data management, data analysis, and documentation of the
study’s methods and results. If is recommended that, at a minimurm, a ttme-weightad
average exposure of the resultant magnetic field should be measured and reported.
Sample size, sampling parameters, and resource considerations are discussed along
with a presentation of the sampling strategies: simple random sample, systematic
sample, stratified sarnple, cduster sample and multistage sample. The following
methodologies for time-activity record-keeping are presented: diary, self-administered
o1 interview questiormaire employing retrospective, prospective or concurrent
record-keeping.

Subject Issues. Guidance is provided for managing subject-related issues such as:
obtaining organizational approvals for the participation of subjects; developing the
forms to obtain a subjects informed consent; developing the procedures to maintain the
confidentiality of subjects; developing clear, unambignous PEM protocol instructions
for the subjects; developing a plan to provide subjects with their PEM data; and
developing PEM procedures that minimize the possibility of protocol viclations.

Quality Assurance. Recommendations to ensure the quality and integrity of the data
from a PEM study include: the implementation of appropriate and generally accepted
procedures for the sampling process, data collection, data manapgement, and data
analysis; the implementation of a plan for verifying the calibration and confirming the
functionality of PEM meters on a regular basis; the development of methods for
assessing the consistency of the PEM and its associated data and the completeness of all
data soon after each observation; and the introduction of automated and /or manual
procedures for verifying the accuracy of the data entered into data bases.
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Uncertainty Evaluation. An uncertainty evaluation of a PEM EMF study should be
performed to determine the magnitude and acceptability of factors likely to contribute
to uncertainty; and to plan for an estimate of both the ebserved uncertainty introduced
by vatious factors and overall observed uncertainty. The evaluation will assist in
planning and implementing data validation procedures.

Archival Plan. Guidance is provided to develop specific plans for the archiving of raw
data, processed data, study documents, and other study materials such as forms;
written: protocols; instructions to subjects and data collectors; and software tools.

Pilot Studies. The specific recommendations include pilot studies of all aspects of the
study design. This includes testing protocols for: sampling, instrumentation, PEM,
time-activity record-keeping, subject participation, and quality assurance.

Background Materials ,

The documnent contains a literature review of PEM studies that provides background
mformation and reference o works presenting PEM protocols and related issues.
Selected references have been summarized in a standard format and included as an

appendix.

To illustrate the effects of subject characteristics on activities possibly related to EMF
exposure, existing time-activity survey data for children and adults in California were
examined. The largest and most consistent differences in iocations and activities
observed in these data were related to age and gender. The differences suggest that
these should be important subject athributes in an EMF PEM study.

The guidelines were tested in two pilot studies by an independent investigator. One
pilot study measured EMF DPE for 50 high school stadents who kept concurrent
time-activity diaries and completed questionnaires regarding their activities. The
subjects for the second pilot study were employees at an electronics manufacturing
plant. They either kept a time-activity diary or their activities wete recorded by an
observer during work hours. PEM resulis from beth pilot studies are presented in an
appendix. Modifications and enhancements were made to the guidelines in response to
feedback from the pilet studies investigator.

Summa

The cmrfinaﬁnn of the general guidelines, specific guidelines, and background
materials provides a prospective investigator of electric and magnetic field personal
expostre with a foundation for developing, implementing and reporting a scientifically
sound, valid PEM study.
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1

INTRODUCTION

The purpose of developing guidelines for electric and magnetic field (EMF) personal
exposure measuremenis (FEM) is to ensure reliable and comparable data across PEM
studies. Study techniques may vary due to different populations or objectives, but the
resulting data should be consistently reported and comparable, to the extent possible.
Any guideline must allow creativity by the research-oriented investigator and provide
specific guidance to industrial hygienists or other resulis-oriented investigators,
requiring a standard protocol. Recognizing measurement studies with different
purposes is an important agpect of these recormumendations. The guidelines presented
here intend to produce comparable data across studies while remaining flexible.

The recommendations for designing and implementing an EMF PEM program

describe a three-stage process. The first step is to clearly state the purpose of the PEM
program. The next stage addresses the fundamental elements of an EMF PEM study,
including an assessment of the scientific and organizational resources that will be
required. This process is codified in a written study plan. These stages are described in
Section 5 of this report. |

The third stage of a PEM study involves the design, implementation and
documentation of specific procedures and protocols for: sampling strategies, selection
of measurement parameters; instrumentation, measurement and data collection, data
management, data analysis, quality assurance, uncertainty evaluation, and archiving
the study methods and results. The methods for designing these elements of an EMF
PEM study are described in Section 6: Specific Guidelines for EMF PEM Study Design.

1-1




introduction

Methodologies to address specific issues of PEM studies include;

. How should subjects be selected?

. What is the appropriate sample size?

¢ Are PEM the appropriate means of characterizing expostre?

- Should area monitoring and /or modeling axposure be used with PEM?
What characterization of exposure should be used?

What detail is required for time/environment and time/activity?

What detail is required for characterizing expesure from specific sources?
What exposure characteristics should be addressed?

What summary measures should be used?

* & & & =

What insbrumentation is required: meter type, sampling interval, frequency
Tespaonse, etc.?
» What measurement protocols are appropriate?

These guidelines will not provide answers to these questions for every exposure
assessment scentario. Rather, these general recommendations and specific guidelines
provide tools for systematically addressing these questions.

Applying these tools in implementing an EMF PEM study is often an iterative process,
requiring tradeoffs between goals, resources and practical matters. Issues raised during
preparation of a written study plan can illuminate limitations of the study design. This
process compels one o address the choice of exposure characteristics, instruments, and
protocols. The specific guidelines present considerations related to these decisions.

The following background materials are included: a review of previous FEM studies
(Section 2); a methodaology for chayacterizing subjects and identifying exposure
components (Section 3); a discussion of EMF exposure variability and its implications
for study design {Section 4); sumumnaries of selected EMF PEM studies (Appendix A),
and a description of time-activity data from a previous study {Appendix B}. The
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design, implementation and results of two pilot studies performed utilizing these
guidelines are summarized in Section 7 and detailed in Appendix C. Section 8 contains

a summary of the recommendations and guidelines developed during this project.
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2

EMF PEM LITERATURE AND RESEARCH SUMMARY

2.1 Inclusion Criteria

To provide background an protocols used for EMF PEM in the past, a literature search
was conducted. The res;:.lﬁ of this search as they apply to study design parameters and
techniques relevant to EMF PEM are presented below. 'Certain of the references were
selected for summarization and are included in Appendix A as a resource for future
study designs. To be included in the summaries in Appendix A an article or report in
the summarization process had to meet the following criteria.

The journal article or report had to be a published paper or accessible final
report. No abstracts or preliminary results were included. Only reports that
could be readily obtained from the author or sponsor were considered.

For use in developing recommended guidelines, it was necessary that the
measurements protoco] used in the published study be described in some detail.

The number of sampied days was greater than 20 to provide an extensive
demonstration of the protocols. This criterion was relaxed in cases where a
study addressed methodological issues with fewer samples.

The results of the measurements were described in terms of exposure indices
comparable with other studies and measures of variability were included.

For each summarized study, parameters important for developing exposure guidelines
were Tecorded in the standard format shown in Table 2.1. Examples of entries for some

2-1




EMF PEM Literature and Ressarch Summary

Table 2.1

Format for Describing EMF PEM Studies

Citation: Author, Title

Setting: residential, occcupational

Purpose of study: epidemiology, exposure characterization,
methodological

Measured parameter: electric field, magnetic field or both

Sample: number and description of subjects

Subject sampling: random, convenience, targeted

Instruments: Model and manufacturer
Type: accumulating, continuous,

Characteristics: field metric, range, frequency response
Sampling interval

Meter placement: wom/not worn location; type of meter holder

Time-activity yecord- self reported; observed, list of activities /environments

keeping:

Protoce] summary: data collection protocols, quality assurance in data
collection and data management, distribution of data to
subjects

Analysis strategy: full shift, by task, by environment, within worker,
between workers

Exposure indices: measures of central tendency, measures of peak or
maximums, measures of variability, indices specific to
the study

Other recorded wire code category, current, task, location/environment,

parameters: job title or category

Related citations: other references to the data or study

2-2




EMF PEM Literature and Research Summary

of the parametezs are given in Table 2.1. Where mare than one citation was available
for a study, the reference with the most detail about the PEM and exposura
characterization was selected for summarization. Related citations for each study are
listed to facilitate accessing information about the study, if the primary reference is not

available. The following discussions highlight results from the summarized studies and

other sources.
2.2 Purpose of Study

EMF PEM studies have been implemented to achieve many objectives: to characterize
exposures of subjects in epidemiologic studies, to characterize exposures of specific
groups or components of exposure, or to investigate methedologic issues of EMF
exposure assessment. PEM can also be used as part of a response to questions from

employees or the public about EMF exposures.

The incorporation of EMF PEM infc an epidemiologic study is a complex undertaking.
The component(s) of exposure that is (are) to be included must be determined. Studies
of risks associated with occupational exposures have generally included only the
component of EMF exposure received at work: [Bowman et al., 1992; Floderus et al,,
1992; Wenzl, 1992; Sahl et al., 1994; Thériault et al,, 1994b; Kromhout et al., 1995].
However, Breysse et al. [1994b] included non-work PE measutements to establish a
reference level in their characterization of telephone workers exposure. In the
oocupational epidemiolegic studies, job exposure matrices with adjustments for
historical exposures have been ermployed to account For the diverse ocetpational
histories of subjects.

Epidemiologic studies that include residential EMF exposure have generally relied on
surrogates other than PEM for characterizing past or present EMF exjposures.
However, in an epidemiologic study of pregrancy outcorne, Bracken MB et al. [1995]
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employed several measures of EMF exposure including PEM to capture both residential

and occupational exposures of subjects.

PEM studies have been performed to characterize exposures of specific groups,
especially in occupational settings. Exposures of utility workers to electric and /or
magnetic fields have been studied extensively [Bracken, T. D., 1986; Male et al., 1987;
Deadman et al., 1988; Wong, 1992; Merchant et al., 1994; Sahl et al., 1994; Thériault et al.,
1994b; Bracken, T. D. et al., 1995; Kromhout et al., 1995]. Specific occupations among
utility workers have also been ta-rgeted for PEM because of their exposure to high fields.
Guénel et al. [1993] examined exposures of workers in thermoelectric generating plants.
The exposures of transmission and distribution live line workers have also been
investigated with PEM for various purposes {Gamberale et al., 1989; Pretorius, 1993;
Bracken, T. D. et al., 1994a].

Exposures for workers in other industries have also been characterized by PEM. In
addition to the aforementioned study by Breysse et al. [1994b], exposures of telephone
and telecommunications workers were characterized in a large monitoring effort
conducted by Rainer et al. [1992]. Other industries and occupational settings where
EMF PEM have been employed include: automobile workers in a transmission
assembly plant [Wenzl, 1992]; office workers [Breysse et al., 1994za]; refinery workers
[Cartwright et al., 1993); and health care facilities [Philips et al., 1995].

Residential exposure has been characterized in several countries using PEM. These
inclade the United States [Bracken, T. . et al., 1994b]; the United Kingdotn [Renew et
al, 1990]; Denmark [Skoite, 1993]; and South Africa [Vogt, 1992]. Residential exposures
for persens living near transmission lines have been characterized with PEM by Kavef
et al. [1992] and Levallois [1995].

Numerous studies incorporated PEM to explore methodological issues in EMF
exposure assessment. Silva [1985] collected electric field PEM to characterize exposure

2-4




EMF PEM Literature and Research Sumnmary

in specific occupational and recreational activities. Several sudies have examined the

feasibility of assessing childhood exposure with PE measurements [Kaune and
Zaffanella, 1992; Koontz et al., 1992; Kaune et al., 1994]. Delpizzo [1993] examined the
effect of meter location on PEM by placing six meters at various locations on the body.

PE measurements have alsc been used to demonstrate to employees and the public the
nature and magnitudes of their exposures. Such efforts are generally informal and do
not follow the strict protocols inherent in other types of PEM studies. In fact, PEM are
not necessarily the best vehicle to respond to guestions. They require considerable time
and require more interpretation of the results than do point-in-time measurements.
Often the preferred method for responding to questions is with point-in-time survey
measurements in various areas and near specific sources [Misakian et al,, 1993; NEMPG
(National EMF Measurement Frotocol Group), 1993].

2.3 Environments and Measured Parameters

PE measurements have been performed in both occupational and residential
environments. The initial Dccupaﬁﬁnhl studies involved electric field PEM of utility
workers. Subsequent studies have included both electric and magnetic field
measurements or just magnetic field measuremerts. Electric field PEM have rarely
been made in non-utility environments: the absence of high voltage sources except in or
near electric power facilities results in most occupational and residential areas having
low electric fields. The difficulties in performing and interpreting electric field PE
measurernents in low field areas limit the value of such measurements [Bracken, T. 12,
1933].

PE measurements in residential settings have emphasized magnetic fields. Survey
measurements have demonstrated that residential electric fields are low and appazently
not associated with health outcomes [Barnes et al., 1989; London et al., 1991). The few
studies that have included PE measurements of residential electric fields have
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confirmed the low levels observed with survey measutements [Deadman et al., 1938;
Bracken, T. D., 1990).

In addition to occupational and residential environments, PE measurements have been
performed in other environments as well. For a study that included both electric and
magnetic field exposure at work and at home, measurements were also reported for the
general environments of iravel and "othet” [Bracken, T. D., 1990]. Kaune and Zaffanella
[1994) captured magnetic field TWA exposure at home and at school for a group of
children. Silva [1985] examined electric field exposure during agricultural and

recreational acivities near transmission lines.

24  Sampling Considerations

Subjects for PE measurement studies have been selected using several methods.
Perhaps the most frequent is the convenience sample, where an investigator visits a site
and selects volunteers from those present and willing. This approach was used by
Breysse et al. [1994b] for telephone workers and by Sahl et al. [1994] for utility workers.

Because of the logistics of distributing and collecting EMF PE meters, random sampling
for PEM subjects has not been used frequently. Kromhout et al. [1995] employed a
random sample of utility workers in five companies for PE monitoring. They
distributed simple on-off meters by mail to the selected employees.

Residential studies involving PE measurements have tended to use a targeted approach
to sampling in order to capture and examine purperted and known contributors to
exposure. Bracken et al. [1994b] targeted residences with specific nearby electrical
facilities. As intended, this technique produced an excess of houses int the relatively
infrequent high wire-code category. (Wire-code category refers to a schema for
classifying residences by the nature of and distance from nearby power lines. High
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wire-code categories purportedly reflect higher magnetic field exposures for the
residents.) Kaune and Zaffanella [1992] selected subjects for PEM based on wire code
categortes and also the magnitude of ground currents at the house. Koontz et al. [1992]
targeted a range of exposures by using neighborhood wiring characteristics and the
averages of drive-through measurements te characterize census tracts in four exposure

categories.

Targeted sampling has also been used in occupational studies. The large number of
studies of utility workers reflects the identification of this particular group as one with
expected high exposures. Within the utility worker gmul.;: there are specific job titles
that have been targeted because of their high exposures. In a study of line workers
performing live-line tasks on transmission and distribution lines, Bracken et al. [1994a)
targeted workers performing specific tasks using specific work methods.

The right-hand skewed distributions for EMF exposures among groups drives the use
of targeted sampling. Subjects with specific exposure circumstances that purportedly
result in high, but infrequent, exposures are sought out in the sampling process. The
use of a targeted sample obviously affects the representativeness of the sample! In the
study where wire code category was used to drive selection, a more representative
sample of residents was constructed based on the distribution of randomly selected
houses at each measurement site [Bracken, T. D. et al., 1994b].

The variability of EMF exposure and the paucity of high exposures often argue for as
large a sample size as practcally possible for PEM studies.

2.5 EMFPEM Instruments

Several different PEM instruments have been used for EMF exposure assessment.
These can be characterized as accumulating and contiruous recording meters. The
accumulating meter integrates field readings in a single or multiple data registers over
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the course of the measurement period. The resul! is a single value representing the
integrated exposure over a known time, Sophisticated versions of this type of meter
accumulate exposures in several different field intervals or bins. A continuous
recording PE meter uses a data logger to record and store each field measurement at
fixed intervals. Thus, each measurement made with this type of meter can be asgigned

a time and field value(g).

EMF instrumentation can be described in terms of the sensor, the signal processing
electronics and the data storage method. EMF meters have been evaluated and their
desirable characteristics identified [TEEE AC Fields Working Grouy, 1991; IEEE, 1995].
All components of the EMF measurernent process have evoived as interest in EMF
exposure assessment has increased. It is now possible to perform EMF PE
measurements over several days with a small comfortably worn meter that records
fields at frequent intervals. Specifications and sources of EMFE PE meters that are
available commercially are given in Section 6.

PE measurements have been performed for both power frequency eleciric fields and
magnetic fields. After the initial interest in electric field exposure characterization
waned, most effort has been placed in the development of instruments for magnetic
field PEM.

Electric field A summary and discussion of early electric field exposure meters is
contained in Bracken [1985]. The first EMF PE measurements were to characterize
utility worker exposure to electric fields [Deno, 1979]. A small conducting plate
mounted at the surface of the body served as an electric field sensor. The induced
cureent from the plate is proportional to its area and the incident electric field. Because
the electric field is always normal to the surface of a conducting object, one plate is
sufficient to measure the field at such a loecation. In the first PE meters the induced
current was integrated over the time the meter was worn either in a single accumulator
or in a set of accumulators for different field levels [Deno, 1979)]. The accumulators
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provided integrated exposures in {volt/meter)-hours, allowing a time-weighted
average (TWA) field to be computed if the duration of measurements was known. The
meter could be placed on a hard hat, in an arm band or in a shirt pocket. An
empirically determined conversion factor can be used to convert the field at the surface
of the body to the unperturbed field without the body present.

A simple system that accumulated time spent in eight field levels or bins was described
by Chartier and Bracken, [1987] and used to characterize electric field exposures of
utility workers [Wong, 1992; Herishaw et al., 1996]. This meter which averaged fields
over four second intervals could be placed in an arm band or worn in a shirt pocket.
Male et al. [1987] reported on a sitnilar approach to characterizing utility worker

exposure using a meter with four bins.

A more saphisticated ¥6-bin logarithanic system was used in a PE meter that records
exposures to electric fields, magnetic fields, and high frequency transients (HFT)
[Heroux, 1991]. This meker maintaing the recorded data in a time series format so
analyses during different periods can be performed on the data. This meter, worn on
the belt or in a shirt pocket and sampling at one minute infervals, was used in a Jarge
epidemiclogic study of utility workers [Thériault et al., 1994b].

Although designed primarily for recording magnetic field exposures, EMDEX
technology meters have also been used for monitoring electric fields with an external
sensor [Enertech Consultants, 198%a, b; Bracken, T. D., 1990]). These data loggers
measure the field at fixed intervals and record the level in a tiine seres format.

There are several difficulties associated with electric field PEM [Bracken, T. D, 1993]).
The response of a small electric field meter is very dependent on the location of the
meter on the body and the position of the body relative to sources. Both of these factors
make interpretation of electric field PE measurements difficult. The small size of PEM
devices dictates a small area for the electric field sensor and thereby reduces the
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sensitivity of electric field meters. Deno and Silva [1984] used a conducting vest as a
sensor for alectric field PEM to overcome both these difficultiss. The induced current

firom the vest was recorded in one of five accumalators.

Magnetic field The same progression in monitoring devices can be seen in magnetic
field FE instrumentation where a coil or set of coils is most often used as the sensor. A
simple single-axis coil system worn on the wrist was linked to an accurnulator to
measure integrated exposure [Bracken, M. B. et al., 1995]. However, a single ¢oil only
captures one component of the vector field and extrapolation to the magnitude of the
vector field requires several assamptions about the nature of the fields and the
orientation of the coil. In fact, Bracken MB et al. [1995] used the single coil as a relative
measure of exposure and did not try and convert it to an absolute measure of field

EXposure.

A device that combines the signals from three orthogonal sensors is the preferred
method of measurement for the magnitude of the vecior magnetic field. A three coil
version of the accumulating wrist-worn exposure meter, the 3-D AMEX {(Enertech
Consultants, Campbell, CA), was developed by Kaune et al. [1992]. The incorporation
of three coils makes this meter too large to be womn on the wrist. This meter has an on-
off switch that allows accumulation of exposures only during specified times. Kaune
and Zaffanella {1994] report on using two such meters for accumulating TWA exposure
at home and school for children. In another study, the simplicity of operation of this
meter allowed it to be distributed by mail to randomly selected subjects [Kromthout et
al., 1995]. .

The combination electric field, magnetic field, and (HFT) monitor described by Heroux
[1991], records at a predetermined interval the readings from each of five sensors. This

EMEF PE meter was developed under the auspices of Institut de Recherche d’ Hydro-
Cuébec (IREQ) and was manufactured by Positron, Inc., Montreal, Quebec, but is no
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longer commercially available. It is commonly referred to as the IREQ or Positron

dosimeter.

Measurements from the electric field sensor, three orthogonal coils and the HFT
monitar are recorded in one of 16 logarithmically scaled levels. The electric field sensor
has a sensitivity of 0.6 V/m. The upper bin captures fields above 10,000 V/m.: The
three orthogenal coils measure magnetic field componerts in the range of 0 to 50 uT.
The frequency response of EMF sensors is narrow band centered at 50/60 Hz. The high
field transient monitor records the presence of transients in the 5 - 20 MHz frequency
band as the fraction of time they occur from 0 to =(.2237.

Sarnpling can be done at one minute or five second intervals. The data logger can
collect data for over two weeks with the one-minute sampling interval. After data
collection is complete the data are retrieved via a cormmunication link with a personal
compiter. The integration of the three magnetic field vectorial components into a single
level is performed by custom sofiware. The IREQ meter has been employed in
numerous epidemiologic and exposure assessment studies [Deadman et al., 1988;
Renew et al., 1990; Guénel et al., 1993; Skotte, 1993; Merchant et al., 1994; Thériault et al.,
1994b; Levallois et al., 1995].

The EMDEX (Electric and Magnetic Field Digital EXposure Syster) data logger was
developed under the sponsorship of the Electric Power Research Institute (EPRI) and
has evolved into a group of commercially available products (Enertech Consuttants,
Campbell, CA) that can be used for FEM.

The BMDEX 1I data logger records the analog output from three orthogonal coils ina
digital time series format. An auxiliary input is available for recording input from an
electric field ot current sensor. The EMDEX Il is available in a normal (0.1 mGto3G)
or high field version (4 mG to 120 G). It alse has the capability to record the broadband
resultant field in two frequency ranges (40 to 800 Hz and 100 to 800 Hz) allowing
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determination of the field magnitude at the power frequency fundamental of 60 Hz and
at higher harmonics.

The time of each measurement is determined from the start time of the data collection
period and the sampling interval. Sampling interval can be preprogrammed from 1.5
seconds o 5 minuies or longer with special programming. The recording period is
determined by memory capacity and battery life, which are influenced by sampling
interval, recording mode, and ambient temperature,

An event mark can be placed in the data stream by pressing a button on the front of the

unit. The data logger can be preprogramimed to record either the component fields or
the resultant field. After data collection is complete, the stored data is retrieved via a
communication ink with a personial computer. The measured field can be displayed

directly, facilifating the use of the meter for survey purposes as well as PEM.

The EMDEX Lite is a smaller version of the EMDEX I with reduced capabilities. It stilt
produces a time-series record of the resultant field, but lacks, among other features, a
resident program for data collection and event marking capability.

The EMDEX Mate is also smaller than the EMDEX IL It is a more sophisticated
accumulating meter than a simple integrator. It records the mean, standard deviation,
minimum, maxmum and accumulated time above specific thresholds for field

measurements during operation.

Various versions of the EMDEX technology have been used for EMF PE exposure
meastrements in epidemiologic and exposure assessment studies [Bracken, T. D., 1950;
Bowman et al., 1992; Floderus et al., 1992; Kavet et al., 1992; Rainer et al., 1992; Wenzl,
1992; Cartwright et al., 1993; Bracken, T. . et al.,, 1994a, b; Breysse et al., 1994a; Sahl et
al., 21994].

2-12




EMF PEM Literature and Besearch Summeary

Al of the above PEM meters record properties of the field magnitude, usually
expressed as the resultant. The SPECLITE (Innovatum, Inc., Houston, TX) is a-small
data logger that records the magnetic field in 30 frequency bands between 40 and 1000
Hz at one minute intervals [Philips et al., 1995). This permits an estimate of the
frequency spectum of magnetic field exposure.

The responses of PEM meters to magnetic fields and, to a lesser degree, electric fields
are designed 10 exhibit a sharp low frequency cutoff to filter ont spurious signals caused

by movemnent in the static fields of the earth.

26 Meter placoment

The placement of the PE meter on the body is much more crucial for electrie feld
measurements than for magnetic field measurements. The location of the sensor
strongly affects the magnitude of the electric field that is measured. For example, the
electric field at the surface of the head for a subject standing in a vertical electric field of
10 kV/m is 180 KV /m compared to about 80 kV/m at the arm {Deno, 1977]. The actual
field measured at these two locations depends on the size, shape, and exact placement
of the meter. In addition, a meter located on the hard hat (head) will be less affected by
body and arm position than will a sensor located on the arm or chest.

Several locations were investigated during initial electric field exposure measurements
[Deno, 1977]. These included placement of sensors on the hard hat, in an arm-band
pouch and in the shirt pocket. For the convenience of wearers, most large data
collection efforts settled with an arm band or shirt pocket location: [Bracken, T. D., 1986;
Male et al,, 1987; Wong, 1992]. One large study collecting both electric and magnetic
field exposure data allowed subjects to wear the PEM meter in either a shirt pocket or in
a beit pouch [Guénel et al., 1993; Thériault et ak., 1994a]. Somne studies have measured
exposures with a2 meter worn on a belt [Bracken, T. T0., 1990; Skotte, 1993]. Obviously,
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electric fields measured at the waist or hip are going to be strongly affected by body

position and orientation.

Placement of magnetic field PE meiers is not as critical as for electric field meters,
because the body does not perturb the magnetic field. Location of the meter therefore
has been driven by convenience and comfort of the wearer. PEM meters for magnetic
field have generally been worn in a belt pouch.

Delpizzo [1953] investigated the impact of meter location on the characterization of
whole body average exposure among office and shop workers. Six integrating meters
were placed at various locations on the body of subjects who wore them for two hours
while performing normal work activities. Meters at the hip location were found to
underestimate whole-body average and head exposures. Chest-wom meters were
found to be superior for assessing the cocupational exposures considered.

As part of the exposure assessment for a brain cancer study at an automobile plant,
Wenzl [1992] compared exposuves at the head location of workers with those at the
waist Jocation. The TWA exposures were estimated from observations of time spent at
different work stations and from survey measurements at those locations. He found
that for individual workers exposures varied both ways, with the head exposure
sometimes higher and sometimes lower. There were no jobs or departments with
consistent differences between the two locations, thus justifying the use of unadjusted

PEM from a waist-worn meter to characterize exposure in this case.

In a study of the magnetic field exposures of live-line workers, a special harmess for
holding the meter at the chest was designed with the assistance of the line workers
[Bracken, T. D. et al., 1994a]. This placement ensured that wearing the mater did not
interfere with performing tasks in an environment where safety is of paramount

importance.,
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The smaller integrating PE devices offer more flexibility in placement. The single coil
device was small enough to be worn on the wrist by women in a study of pregnancy
outcome [Bracken, M. B. et al., 1993]. The 3D-AMEX integrating meter has been worn
in a pouch at the waist by adults [Kromhout et al., 1995], carried in a pouch sewn to
suspenders or belts by children [Kaune et al., 1994}, and placed in a fabric cube next fo
infants [Kaune et al., 1994).

In all cases, protocols have called for the removal of the PEM monitor when wearing it
might pose a safety risk o the wearer or when the functionality or integrity of the meter
would be jeopardized. Thus, belt-worn meters would generally not be wom during
live-line work, Subjects are instructed to remove the meter when bathing, swimming,
engaged in contact sports, or performing activities sitch as working from a ladder
where interference from the meter could pose an inconvenience or safety hazard.

Protocols for placement of the PE meter when it is not wormn have called for: placing it
nearby to the subject when it is not worn [Bracken, T. D, 1990; Bracken, T. D. et al,,
1994b; Breysse et al., 1994a; Kaune ef al., 1994]; placing it at a pre-selected location near
the bed and generally away from appliances when sleeping [Kavet et al., 1992; Rainer et
al., 1992; Merchant et al., 1994; Rankin and Bracken, 1994; Levallois et al., 1995]; placing
it in a pre-selected location to characterize Iong-term field levels in the house [Renew et
al., 1990; Bracken, T. D. et al., 1994b]; and tuming the meter off when not womn [Kaune
and Zaffanella, 1992).

2,7 Exposure Parameters |

2.7.1 Fieid Magnitude

The most comrnon exposure parameter for EMF PE measurements has been the
magnitude of the electric or magnetic field. Depending on the PEM meter that is used,
the magnitude refers to the 50/60 Hz resultant field or the broadband resultant field
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embracing all field components in the range of about 40 to 1000 Hz. For both electric
and magnetic fields, the field of interest has generally been the unpertarbed field, thatis
the field when no subject is preseni. The small size of PEM meters means that PEM
measarernents characterize the field at essentially a pc;irrl: in space, although a larger

volume may be of more interest for characterizing exposures.

When variability of the field magnitude has been vsed as an exposure parameter, it has
been considered over different time scales: e. g., over the course of a day or other
measurement period, beiween measurements (seconds), or at times shorter than the
measurement duration {less than a cycle). In the latter case, the fields may be
characterized as transfents. Variability between successive measurements has been
characterized using the difference between successive measurements and by the first-
lag auto-correlation coefficient [Bracken, T. D., 1990; Breysse et al., 1994b). A measure
of exposure "jaggedness” was computed from the percertage of adjacent minutes with
mean exposures differing by greater than 0.5 uT [Wenzl, 1992).

Electric Field. Electric fields are characterized by a single measurement of induced
current. The magnitude of the field is measured directly at the point of measurement
averaged over the area of the sensor. To extrapolate the measured electric figld at a
point to an unperturbed electric field value over the volume of interest requires several
assumptions. For a2 constant unperturbed field, the field measured with a PEM meter
will depend on the location of the meter on the body, the posture of the subject and the
orientation of the subject with respect to electric field sources. Since posture and body
orientation are constantly changing, assigning values to account for them is ambiguous
and introduces uncertainty in the estimate of unperturbed field.

One approach for quantifying electric field exposures has been to convert the measured
electric field exposure into an equivalent exposure in a umiform vertical electric field
[Silva, 1985; Chartier and Bracken, 1987]. This approach allows comparison between
different subjects and different studies. However, there is considerable uncertainty in
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such a conversion and a common caveat for electrie field exposure measurernents is to
interpret them with caution and compare them in a relative, rather than absalute, sense
[Bracken, T. D., 1990]. Thus, measurements of the electric field magnitude are affected
by the measurement process as weil as by temporal and spatial variation inherent in

environmental fields.

Magnetic Field. The magnitude of the magnetic field is best captured with a sat of three
orthogenal coils. A single coil device requires that it be oriented along the direction of
the field (impeossible for a PE meter) or that assumptions be made about the orientation
of the coil relative to the field. Measurements with a single coil can also be used as a
relative measure of magnetic field exposure [Bracken, M. B. et al., 1995).

With a three cofl gensor system the magnitudes of the field from each coil are combined
to produce the resultant field {the square root of the sum of the squares of the field
components}. Depending on the polarization of the field the resultant can range from
being equal to the maximum field (lineatly polarized) to v2 times the maxirmum field
(circularly polarized) [IEEE, 1995]. TE meters generally measure the resultant field and
use it as a metric for the magnetic field magnitude.

2.7.2 Frequsncy

Information about the frequency content of EMF PEM has generally been characterized
as either narrow band (e.g., 50/60 Hz) or broadband (e.g., 40-1000 Hz) magnitude.
However, one study was able to provide frequency specira in this range for magnetic
field exposures {Philips et al., 1995].
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2.7.3 Other Fleid Atiributes

Other characteristics of the magnetic field that could be used as exposure parameters
include: field polarization, dc field, spatial orientation of the ac field relative to the
body or relative to the dc field, and transient fields. These other attributes of magnetic
field exposure have been characterized using survey meters and long term fixed-
location dafa logging, and in some instances, with PEM. However, the instruments
required for these more complex measurements are generally too bulky for easy

adaptation as PE meters.

There are portable survey meters that record both the field magﬂtudé and phase of the
magnetic field components allowing polarization to be determined [Dietrich et al., 1992;
Rankin and Bracken, 1994; Rauch et al., 1994]. However, the physical size of these
instruments makes them unsuitable for FEM and at present there is no meter for

assessing this parameter via PEM.

The magnitude of the static field and its orientation relative to the ac field is also of
pussible interest as an exposure metric. A small dc field meter that provides
instantaneous and integrated measurements of dec field magnitude is available and
could be used for PEM (Model HE-3550, Holaday Instruments, Eden Prairie, MN). The

relative orientation of the ac and de fields could not be determined with this meter.

Another field characteristic that can be, and has been, recorded in EMF PEM studies is
the presence of high frequency transients (HFT) in the range of 5 to 20 MHz [Heroux,
1991). Although not strictly an EMF attribute, transients have been hypothesized as a
possible agent for biclogical effects and therefore may be of interest in exposure
assessments of electrical environments. One study that used the Positron (IREQ) meter
evaluated exposures to transients present during PEM [Armstrong et al., 1994].
However, interpretation of the source(s} and frequency of transients recorded by this
meter is not clear when assessing exposure [Guttman et al., 1994; Peralia et al., 1994].

2-18




—— ] — - - bl - i s 1 1 ETvYem = | =See——— = === - B e

EMF PEM Litarature and Research Summary
2,74 Time

When using a data logger for PEM, the time in fields or activities can be determined and
time can be used as another metric for exposure. In one study the time in task was
estimated by expert panels and then integrated with field measurements to produce
exposure and time in field estimates [Bowman et al.,, 1992]. Breysse et al. [19945]
estimated time performing work tasks from observations of subjects. In another study
the ime in task, as determined by observers' bar code scans, was integrated with
estimates of task frequency and field measurements to produce annual exposure and
time-in-field estimates {Bracken, T. . et al., 1994a).

2.8 Exposure Summary Measures

PEM have generally recorded magnitude as the parameter for magnetic field exposure,
Summary measures that have been used for the magnetic field magnitude can be
characterized as measures of central tendency, maximum level, exceedence level, and
variability. Specific summary measures reported within each category are listed in
Table 2.2. Obviously, not all studies used all measures. However, most studies used
more than one measure to indicate central tendency and some provided multiple
measures within each category (CE,, Breysse et al,, [1984, 1987); Sahl et al. [1994); Wenzl
et al. [1992). '
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Table 2.2
Exposure Indices Reported for EMF PEM Studies

Metric Category Index
Field {entral Arithmetic mean of day, of days
magnitude | tendency Medtian of day, of days

Geometric mean of day, of daily means

Time-integrated exposure for task, for day,
for week

Mode

(zeometric mean of cne minute averages

Maximum Absotute maximum for task, for day, for week
Average of maximwms for task

95th percentile
G5% confidence interval

Exceedence Fraction exceeding: 0.5, 1, 5, 10, and 100 uT
Tercent above: 0.2 uT

Percent above: 0.2, 0.78 uT

Number of exceedences per hour above 1.0, 2.0 pT
Fraction exceeding: 0.3 and 1 pT

Variability Standard deviation

Geometric standard deviation

Standard error of daily means

Range

10th to %th percentiles

Difference between successive measuraments

First lag auto-correlation coefficient

Within-subject variance

Between-subject variance

Ratio of 97.5th and 2.5th percentiles

Ratio of 95¢h o 5th percentiles

Percentage of adjacent measurements differing by
at least one bin

Percentage of adjacent minutes with means

differing by 0.5 uT

Frequency Magnetic field frequency spectra (40 - 1000 Hz)
of field
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Metric Category Index
Time Central Arithmetic mean time in task, in day
tendency Time in field intervals
Exceedence Percent of time above: (1.25,2.5, and 25 pT
Time above 201T .
Time per day above 0.4 kV/m
Maximum Time spent in peak field
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2.9 Time-activity Record-keeping

Several methodologies have been used to record time-activity information concurrently
with EMF PEM. These have ranged from simply turning a data collection meter on and
off to demarcate the periods of interest to generating a stored record of activities with a
bar cade scanner. It is possible to use simple record-keeping methods with a few
entries for EMF studies. However, because of the localized rature of EMF sources, it is,
in some cases, of interest to record the subject’s proximity to specific sources with some
precision. To accomplish this, traditional time-activity logs and /or observers have been
used. In addition, time-stamped bar code scans have been used to delineate specific
tasks or Iocations in some EMF exposure assessments [Sahl et al., 1993; Bracken, T. D. et
al., 1994a).

In several studies, the PEM meter simply recorded data during the period of interest
and all collected data was assigned to that activity or environment. Typically, this
approach has been used to record data for a work day or shift [Floderus et al., 1992;
Wenzl, 1992; Sahl et al,, 1994; Kromhout et al., 1995). In recording children’s exposure
in this manner, fwo rneters were used: one to accumulate exposure during children's
time at home and the other for time at school [Kaune and Zaffanella, 1992; Kaune et al.,
1994]. The appropriate meter was sitnply turned off or on when leaving or entering

either of these activities.

Contemporaneous diaries have also been used to record time/activity information
while performing EMF PEM. Simple diaries maintained by the subjects have been used
in both occupational and residential studies [Deadman et al., 1988; Bracken, T. D., 1990;
Renew et al., 1990; Kavet et al., 1992; Koontz et al., 1992; Skotte, 1993; Bracken, T. D. et
al., 1994b; Merchant et al., 1994; Levallois et al.,, 1995]. When acoumulating meters wete
used, the nature of the activities during the day was recorded without reference to time
[Bracken, T. D., 1986; Wong, 1992] ot with specific times to facilitate the comparison of
modeled exposures with measured exposures [Kaune et al, 1994}
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When a data logger is used, the time when environments or activities oceur can be
linked to the EMF measurements. In these cases, it is advantageous to note the exact
time of an activity or entry into an environment in the diary and if possible, place an
event mark in the data. The level of detail in self-reported time /activity diaries has
ranged from a few general categories [Deadtnan et al., 1988; Renew et al., 1990; Kavet et
al., 1992; Merchant et al., 1994; Levalleis et al,, 1995] to entries for up 0 20 specific work
environments [Skotte, 1993].

When specific times are recorded in the diary for merging with EMF measurement data,
the diary time must be synchronized with the data logger time, This has been done by
physically confirming that all the clocks were synchrnn.ized before data collection or by
having the data logger display the time of day [Bracken, T. D., 1990]. Not only did the
latter method ensure a common time for the diary and measurements, but it also
provided an indication that the data logger was functioring. In addition, the time
display replaced the field reading on the meter and discouraged subjects from using the
meter to measure fields.

Use of a data logger capable of inserting an event mark in the EMF data stream has
facilitated the identification of changes in status and the assignment of data to specific
envirorunents during data management [Bracken, T. D, 1990; Bracken, T. D. et al,,
1924b]. This capability has been particularly advantageous in occupational
environments where field levels can change quickly and a written Hime to the nearest
minute may not be sufficiently accurate to delimit periods of interest. The use of event
marks and diary entries for time also provided useful redundancy in the data

management process.

In circumstances where it was not convenient or possible for a subject to record their
activities in a diary, observers have recorded subject location and /or activity in a diary

or log sheet. This methodology has been used for many occupations during EMF
exposure measuremenis: office workers [Breysse et al., 19%4a], telephone workers
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[Rainer et al., 1992; Breysse et al., 1994b], utility line workers [Gamberale et al., 1989]
and health care workers [Philips et al.,, 1995]. Rainer [1992] developed machine
readabie log sheets for telephone worker tasks. The log sheet was divided into 15
minute intervals where an observer ¢ould record one of 10 work environments.

Alwrnatives to a written diary have been employed to facilitate the recording of
location or task by utility workers. An electronic recording device (CATLOG) was used
by utility line workers to self-report their location as on the ground, on the tower, on
the conductor, or elsewhere [Pretorins, 1993]. This device petiodically recorded a de
voltage determined by a switch sétl:ing that was selected to correspond to the worker

location.

A small bar code reader that time-stamps each scan was used in place of diaries or logs
in two EMF PEM studies. In one case, subjects carried the credit card sized bar code
reader and scanned entries for tasks from a set of bar codes that was developed
exclusively for each occupation [Sahl et al,, }993]. In a study that quantified EMF
exposure during live-line work, an observer used a bar code reader to record (with the
time) the locations of up to six crew members [Bracken, T. D, et al., 1994a]. Times in the
bar code data were based on the same computer clock as times in the EMF data. The
two types of data were linked to allow analysis of exposures by location, as well as by
task and work method.

In any time/activity record-keeping system, unambiguous definitions of activities and
environments and specifications for entering data are required. Examples of
instructions for completing activity diaries and logs are contained in Rainer [1992];
Bracken [1990]; Bracken et al. [1994b]; and Bracken et al. [1994a].
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2.10 Other Exposuse-related Parameters

Many parameters besides EMF levels have been recorded during PEM studies: ;some to
characterize the work location or subjects, and others te examine their relationship with
EMF PEM. During occupational studies parameters that have been recorded fo
describe the location of measurements include: Standard Industrial Classification (SIC)
code; general work location (type of facility); specific work location (specific faﬁﬁty);

general work environment; specific work location or envirorunent at a facility; and

general or specific tasks. Parameters used to describe subjects have included:
standardized occupational job categories; company job title; age. The currents and
voltage present on nearby sources can affect exposures and have been recorded in some
instances.

Residential expasure studies with PEM have included "other parameters” associated
with: external electric facilities at a residence; internal wiring characteristics; ground
currents at house; appliance use by subjects; electrical consumption during PEM; house
characteristics; neighborhood characteristics; and socio-economic indicators. Perhaps,
the most commonly included other parameter in residential studies is the assigiument of
a house to a wire code category based on the proxdmity and characteristics of external
electrical wiring. The wire code category was originally proposed as a surrogate for
EMF exposure by Wertheirmer and Leeper [1979, 1982]. Wire code classification
schemes have been included in almost all residential exposure studies since then.
Internal wiring characteristics that have proven to be sources of elevated fields include:
old "kngb and tube” wiring, mis-wired three-way switches, and faulty grounds on
electrical sub-panels. The protocols for a study investigating the long-term relationship
between TWA PE and wire code category incorporate measures from all the "other

parameter” categories mentioned above [Rankin et al., 1996].
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2,11 Data Collection Protocols

A range of protoco] descriptions is available for EMF PEM studies. Of particular
interest are thase references that go beyond the level of detail required in journal
publications and that cantain complete FEM protocols, including data forms, time-
activity diaries, and data collection procedures. Data collection protocols for
occupational electric field PEM studies are described in detail by Bracken [1986] and
Wong [1992]. However, these studies used instrumentation that is no ionger available.

Methodologies for magnetic field PEM data collection and concurrent time-activity
recording have been detailed by: Bracken [1990]; Bowman et al. [1992]; Matanoski et al.
[1992]; and Rainer et al. [1992]. Loomis et al. [1994] described the procedures for
distributing PE meters by mail to randomly selected utitity employees. Bracken et al.
[1994a] presented a complete protocol for integrating PE measurements with

observations of worker location using a bar code scanner.

Residential PE profocols have been described in detail by Kaune and Zaffanella [1992];
Koontz et al. [1992]; Bracken et al. [1994b}; and Rankin and Bracken [1994]. Kaune and
Zaffanella and Koontz both describe protocols for PEM of children. Bracken et al.
describe the methodology for distributing PE meters through trained local data
collection managers at numerous geographic locations.

212 Analysis Strategies

Data analysis strategies employed in EMFFEM studies have been dependent on the
purpose of the study. For example, exposure assessment for the purpose of
epidemiologic studies have generally relied on the time-weighted average (TWA).
TWA has been computed over days iFloderus et al., 1992; Kromhout et al., 1935] or
weeks [Thériault et al., 1994b]. Bowtnan et al. [1992] used TWA construcied for tasks to
develop exposure models for electrical and non-electrical workers.
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To estimate past exposures, PEM measurements made on current workers are entered
into an exposure assessment matrix with or without adjustment for changing work
practices. Wenzl [1992] accounted for past exposures by selecting locations with older
machinery present for exposure measurements. Exposures in the past are constructed
from a combination of time spent in different job categories and estimated exposures for
that job category.

In studies that have emphasized exposure characterization, analyses have been
performed to describe exposures in terms of different PE indices, to investigate
relationships between different exposure indices, to examine the variability of
exposures, and to compare PE indices with other magnetic field metries.

Studies with time-series measuremenis of magnetic fields have been able to describe
many indices of exposure for electric and/or magnetic fields. For example, in
epidemiclogic exposure assessments, Breysse et al. [1994b] and Wenzl [1992] both
described occupational PE exposures in terms of indices of central tendency, maximum
level and variability, Bracken TD et al. [1994b, 1995) employed a large number of PEM
indices to describe both residential and occupational exposures to electric and magnetic
fields.

Guidance from biological or mechanistic research as to which attribufe and index of
EMF exposure is appropriate to characterize exposure relative to effects is lacking,
Therefore the selection of an exposure index is somewhat arbitrary and tends o be
driven by analogy with other environmental agents and available instrumentation,
rather than by science. In order to investigate the relationships between indices and
perhaps select preferred indices, Savitz et al- [1994] examined correlations between
different indices of exposure, With & sitilar purpose, Sahl et al. [1994] performed
principal components analyses to identify groups of indices that characterized

exposure.
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Examnples of the analysis of the variability of exposures within and across subjects cant
be found for occupaiional exposures in Kromhout et al. [1994, 1995] and for residential

PEM in Bracken et al. [1994b].

Comparisons between different methods of characterizing exposure have beena
common component of EMF I'EM studies. PEM can be a time-consuming and
expensive undertaking requiring considerable effort, especially in an epidemiologic
study where there may be many subjects. Thevefore identification of a reliable
surrogate for occupational or residential PEM has been a gosl of many analyses. The
analyses of FEM by Bowmarn: et al. [1992] indicated that jobs that were in an "electrical
occupation” category generally had higher exposures than those in a "non-electrical
cccupation” category. Examinations of exposures by job categories within the electric
utility industry have identified specific occupations, such as electricians, substation
operators and line workers, with high exposures [Bracken, T. D., 1990; Sahl et al,, 1994;
Thériault et al.,, 1994b). However, there remains considerable variability within
categories taking quantification of exposures by this surrogate difficult.

In residential studies, PEM have been examined for a relationship with external electric
facilities, electrical consumption, appliance use, housing characteristics, neighborhood
characteristics, and other parameters that might predict exposure Cf., Kaune and
Zaffanella [1992]; Bracken et al. [1994b].
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EMF SUBJECTS AND EXPOSURE COMPONENTS

EMF are physical agents whose only pathway for exposure is the simultaneous
presence of the subject and EMF. EMF are essentially ubiquitous in developed:
countries. Therefore the details of EMF exposure are controlled by three aspects: the
levels of EMT in varicus environments, the movement of the subject through locations
in the environments, and the activities of 2 subject in those environments. The purpose
of this section is to provide a process for identifying and including exposure
components - environmenis, locations, and activities - in an EMF PEM study.

The principal steps in the process are:

1)  identify the groups of subjects for PEM based on attributes that may affect EMF
exposure;

2)  identify the components ~ environments, locations and activities - that may
contribute to EMF exposures for these subjects; and

3) select the appropriate methodology for capturing exposure component
(time-activity) information. |

These steps are an essential portion of developing a sampling strategy as described in
Section 6.3

3.1 Subject Attributes

The environments, locations and activities that confribute fo exposure are dependent on_

specific atiributes of the subject. Subject attributes should be identified that may
distinguish the EMF exposure of one subject from another: for example, job category.
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The subjects can then be grouped for purposes of sampling inte apparent homogeneous
exposure groups. Several subject attributes that may be relevant to EMF exposures are
identified in Table 3.1. The subject attributes include: age, gender, geographical area
type, type of residence and status (student, employed, etc.). Possible characteristics or
groupings for these atiributes are also given in Table 3.1. These particular attributes
andd characteristics were identified from existing time-activity survey data as possibly
affecting EMF exposure. They are not meant to be exhaustive. During the process of
determining exposure components, additional subject attributes and groupings may be
identified for a specific study.

3.2 Exposure Components

A day is comprised of a series of exposure components for a subject. It is important to
first account for all components and then identify those components which can affect
EMF exposure in the context of the objectives of a study. Teo ensure consideration of all
components, initially the day can be segmented into three general environmendts:
Home, Work (School for children and some adults} and Other. These environments can
be subdivided by location or activity, to produce a second tier of exposure components.
The second tier locations /activities are distinguished by their (hypothesized)
contribution to overall EMF exposure for a subject. In the case of some studies, it may
not be necessary to go to this second tier of components. For example, if only
residential exposure is being investigated, it would not be necessary to consider
locations in the Work or Other environments. However, the process should always
ensure that 100 percent of a prospective subject’s time is initially accounted for and that

components are mutnally exclusive,
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Table 3.1 .
Passible EMF Subject Attributes*; a) Children; b) Adults
a) Children i
Attribute Characteristics
Age: 0-2,34,57,8-11
Gender: Male, female
Area type: Rural, suburban, city
Type of residence: House, apartment, other :
Enrolled in school: Yes, no
b) Adults
Attribute Characteristics
Age: 12-14, 15-17, 18-24, 25-34, 35-44, 45-54, 55+
Gender: Male, female
Area type: Rural, suburban, city
Employment status: Employed, not employed, retired
Occupation: Job category
Type of residence: House, apartment, other
Enrolied in school: Yes, no

* Based on existing time-activity data [1991a]; and [1991b] . See Appendix B.

]
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Depending on the nature of the study and the subjects, each second tier
location/activity can be further segmented into locations/activities to produce another
level of exposure components. The decision to segment a location or activity inte
additional components will depend on an evaluation of the nature and extent of likely
exposure within that “parent” location or activity.

Exarmnples of exposuze components derived from existing time-activity data categories
for children and adults are given in Tables 3.2 and 3.3. The 24-hour day for children
and adults can be divided into location components, as shown in Table 3.2. The
components wete produced by aggregating existing time-activity survey data that
contain detailed location and activity information about how individuals spent a 24-
hour day [Wiley et al.,, 1991a, b]. The location components were selected as being
possibly related to EMF exposure or as representing natural divisions of activities
where EMF exposures might differ between subjects. The specific locations that were
aggregated to produce the exposure components in Table 3.2 are discussed in
Appendix B.

Activities can be similarly organized in a hierarchical exposure component structure. iInt
this case, the highest level would still be the general environments of Home, Work, and
QOther. The general envirenments can then be subdivided into their associated specific
activities: preparing food, ceaning house, traveling by automobile, etc. Examples of
hierarchies of activities developed from the existing data for children and adults are
shown in Table 3.3 [Wiley et al,, 1991a, b]. The specific activities that were aggregated
to produce the components in Table 3.3 are disenssed in Appendix B.

The activities in Table 3.3 are quite general and wouldseem to provide little guidance in
selecting exposure components for measurement. For the purposes of some EMF
studies, it may be more appropriate to identify and capture exposure measurements
during specific activities that are clearly related to EMF exposure. Elevated EMF
exposures are often associated with specific short term activities, such as using an
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Table 3.2

Possible EMF-related Exposure Components by Location*: a} Children; b) Adults

EMF Subjects and Exposurs Componenis

a}  Children
Environment Locationt
Home Kitchen Inside home
Bedroom Outside home
School
Qther Inside away from home Day-care home
Qutside away from home Day-care commercial
Travel
b) Adults
Environment Locationt
Home Kitchen Inside home
Bedroom Qutside home
Work Work place
Other Inside away from home Travel
QOutside away from home Train/rapid transit
School

¥ Based on existing time-activity data [1991a] and [1991b] . See Appendix E.

T Survey responses of “unknown” are omitted.

35




EMF Subjects and Exposure Components

Table 3.3
Possible EMF-related Exposure Components by Activity*: a)} Children; b) Adults

a)  Children
Environment Activityt

Home Sleeping
Home, low EME
Home, possible EMF

School School

Other Qutdoor
Awey from home
Travel

b)  Adulis and teenagers

Environment Activityt
Home Sleeping
Home, low EMF
Home, possible EMF
Work Work
Other Outdoor
Services (errands)
Non-home events
Travel

* Based on existing time-activity data [1991a] and [1991b]. See Appendix B.

1 Survey responses of *unknown” have been emitted.
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electric hair dryer or using a power teol. In some studies, it may be advantageous to
enumerate these individual activities and treat them as events rather than as partof a

continuum of activities.

Thus, location and activity information may be recorded best with a log or time-activity
diary, while very specific and discrete EMF-related activities may be better suited to

recording with a survey or by counting occurrences,
3.3 Exposure Componant Stratification Tables

A poseible tool for developing an exposure component hierarchy is a set of exp;osure
component stratification tables.! The component stratification table, as shown J.n Table
34, can be used o assess the disposition {inctusion, repetition, ete.) of each possible
exposire component. ‘

The hierarchy of exposure components appropriate for subjects in a study will be
dependent on the purpose of the study, the scope of the study, the diversity of the
subjects and other factors. For each subject group it may be necessary to develop a
separate set of component stratification tables.

The construction of component stratification tables is intended to produce estimates of
the duration, magnitude, variability, and importance of expostre experienced by
individuals or groups of individuals in both general and specific locations or activities.
This information can assist in the seleciion of exposure characterization methods for
each component. The emphasis here is on PEM. However, for a given component, the
preferred characterization method may be PEM, modeling using survey or soutce
measurements, or no estimate of exposure. By systematically proceeding through a
hierarchy of exposure components for each type of subject, it is possible to identify the

Teomponent, here and in the remainder of this discussion, fs used as a generic larm to include
environmenis, focations, and aclivities at any lovel in the hisrarchy.
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Table 3.4
Generalized Exposure Component Stratification Table

Subject type:

Component characteristic* Evaluation®

Ave, Yar. of Souroes
Component %Fime | Mag Fid | Meg Fid | special { Incude? | Separate? | Divide?

1. Home

1.1 Component 1

1.2 Component 2

1.3 Comiponent 3

2. Work

2.1 Component 1

!!!!!

ooooo

* See Table 3.5 for key to characteristic and evaluation: entries.
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components of importance for a particular EMF study, to establish a priority for PEM,
and to identify, and possibly account for, exposures during periods without
measurements. Besides identifying the expostre components suitable for PEM, this
process provides guidance on the appropriate level of time-activity monitoring and the

importance of including EMF sources in PEM characterizations.

The generalized exposure component stratification table shown in Table 3.4 offers a
standard format for evaluating exposure components in each level of the hierarchy.
The set of parameters and questions required for each component it the hierarchy are
listed in Table 3.5 as well as below. The standard elements for a component are specific
to a given type of subject and consist of:

. Estimate of the percentage of time spent in the component;
. Estimate of the averagé field in the component;

. Estimate of field variability in the component; and

. Presence of predominant and/or unusual sources.

These elernents permit an evaluation of the exposure contribution of each component
for that subject type.

The standard questions that are asked about each component are:

. Should the component be included in PE measurements?
. Should the measurements taken in the component be separated from those in

other components?
» Should the measurements in the component be further divided within the

component?

39




EMF Subjacts and Exposure Components

Table 3.5
Key to Exposure Component Stratification Tables

3-10

Table entry Description

% Time What pen:&ntagé of time does this type of subject spend in
this component? *

Ave Mag. Estimate the daily average magnetic field {pT) for this

Fld. type of subject in this compaonent.

Var. of Mag. [ Estimate the range (or other parameter) of magnetic fields

Fld. expected for this type of subject in this component.

Sources/ Are there sources or special field conditions in this

special component that warrant inclusion in PE characterization?

Include? Should PE in this component be measured in the exposure
characterization?

Separate? Should PE in this component be recorded separately from
PE in other components on the same tier?

Divide? Should PE in this component be subdivided further?
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The answers to these questions determine whether the level of record-keeping
necessary for each component and whether another tier in the exposure component

hierarchy is required.

An example of an exposure component stratification table is shown for a study. of
exposures among utility line workers in Table 3.6 [Bracken, T. D. et al., 1994a]. In this
case, the objective of the study was to characterize the differences between the use of
hot-stick {HS) and bare-hand {BH) techniques for live-line transmission-line work. To
achieve this, PEM were required only when tasks were being performed (Component
2.2). In order to characterize exposures, it was necessary to: separate the types of tasks
(2.2.1 & 2.2.2), record locations while performing the live-line tasks (2.2.2.1 - 2.2.2.4); and
to record fask, current, voltage, and work method. It was also necessary to measure
exposures during non live-line tasks to account for changing work practices. The field
levels in each component were estimated from previous measurements and experience.
The shaded cells in Table 3.6 reflect the exposure components when FEM are required.

3.4 Selecting Exposure Groups

Information about prospective subjects and their expected exposures is used to stratify
the subjects into exposure groups with presumably homogenecus exposures.
Identifying homogeneous EMF exposure groups may not be an easy task. EMF
exposures can be highly variable within traditional exposure groups, such as job
categories, and EMF exposures can vary greafly among subjects who, otherwise, are
similar in many ways. Therefore the assigianent of subjects to groups by anticipated
exposures wilt often have to be fempered by natural groupings, such as place, gender,
age, occupational status, etc. and by their accessability for measurement.

The purpose of the study will determine which of the groups are to be sampled and
what priority to place on sampling each group. Factors that affect the selection and
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Table 3.6

Example of Exposure Component Stratification Table: Live-line Transmission Line

Workers The shaded area describes the exposure componenis to be measured.

Subject type: Live-line transmission line workezs
Characteristics Questions
Ave, Var. of
Mag, Mag Sources/

Component % Time | Fld, pT | Fid, uT | special | Include? | Separate? | Divide?
1. Home 50 - - - Ma - -
2 Work 25 - - - Yes No Yes

2.1 Non-task 20 =1 1 - Mo - -
Hme
2.2 Task time ~5 - - Voltage, Yes, Mo Yes
cuerent,
task
2.2.1 Non Live- -2 =] >1 Other Yes Yes Yes
line lines
223 Live-line -3 - - HSor Yes Yeas Yes
BH*
222.1 On -2 <10 " <10 . Yes Yes No
ground t
2.:22.2 Climbing «] <10 »10 - Yes Yes HNo
tower
2223 Working ~1 »10 >10 - Yes . Yes No
i tower T
22240Cm «1 »10 >100 - Yes Yes No
conductorst
3. Other il - - . No . -

* HS = Hot-5tick, BH = Bare Hand
+ Applies to both 2.2.1 Non Live-line tagks and 2.2.2 Live-line tasks
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priority of groups for FEM in an EMF study are no different than those for studies
monitoring other parameters. For example, a study to develop baseline information
about EMF exposures will require many subjects. In a diagnostic study that is
responding to questions or complaints about EMF, the exposures of specific individuals
will be emphasized. For a study monitoring compliance with occupational exposure
limits, workers in high exposure job categories or performing high exposure tasks will
be singled out. In an epidemiologic study, the subjects will be selected according to
standard sampling proceduzes for the type of study, case-control, cohort, or cross-
sectional,

The subject attribute and exposure component stratification tables provide a convenient
methodology for selecting exposure proups for a PEM study, The steps in this process
are:

1) Construct subject atiribute tables and identify each type or group of subject to be

included;

2}  Construct the component stratification tables for the home, work/school, and
other environenents for each type of subject;

3)  Determine the components where PE measurements are needed for the subjects;

4) Determine whether PEM in the selected component(s) are to be separated from
PEM in other component(s)

5  Determine whether PEM in the selected components are to be divided into more
than one lacation and /or activity (subcomporent);

6) If a component is to be divided, identify the locations and activities (lower tier
components) within the component where PEM are needed;
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7} Construct lower tier exposure component tables and determine whether the
lower tier components need to be separated and divided;

8) If a lower tier component needs to be divided, repeat the process of identifying
locations and activities to produce another level of exposure components;

9)  Continue the process of identifying and dividing until components no longer
need o be divided;

10)  Select a sampling plan, PEM protocols, and a time-activity record-keeping
system commensurate with each subject type and component stratum developed

in this process.

This may be an iterative process. The identification of exposure components may
suggest additiona) subject atiributes, subject groups, or component aggregations.

3.5 Time-activity analyses

The identification and selection of subject groupings and expasure components may
require time-activity information for prospective subjects. To illustrate the effects of
subject characteristics on activities that are possibly related t EMF exposures, we
examined fme-activity data for adulfs and children from two surveys performed in
California in 1987-1991 [Wiley etal.,, 1991a, b). There are also time-activity surveys that
cover the entire U.S. population [Silvers et al., 1994); [Nelson et al., 1994). The
methodology and results of these examinations of the California data are described in
detail in Appendix B. For our purposes, the large number of activities reported by
telephone survey, respondents were aggvegated into the locations and activities shown
in Tabies 3.2 and 3.3, respectively. The distribution of time spent in these locations and

activities were then examined by the subject characteristics shown in Table 3.1.
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The largest and most consistent differences in locations and activities observed among
the population subgroups were related to age and gender. These differences are
discussed in more detail in Appendix B and may prove helpful in selecting the subject
atirfbutes and exposure components for a proposed study. Spexific locations of interest
for EMF exposure in the home weze the kitchen and bedroom. As an example of the
analyses that were performed on these data, the average minutes spent in the kitchen
during the day as a function of age are shown in Figure 3.1.

For general activities, a measure of possible EMF exposure was constructad from the
time reported for use of appliances in nen-work setfings, most often in the home. This
measure was calculated as the sum of minufes during the day engaged in the following
activities, possible appliances are in parentheses: food preparation {electric stove),
cleaning house {vacuum cleaner), washing clothes (washer), dressing and grooming
(hair dryer), doing homewotk (comnputer) and use of radio. This measure, though
undoubtedly speculative and unwreliable, provides an example of what could be done
with survey data. If the survey data had been targeted toward likely EMF souzces the
accuracy and reliability of the measure would improve substantially. In general, this
measure of possible EMF exposure was higher for women than men and increased with
age. Figure 3.2 shows the minutes spent during the day in possible notable EMF

exposure activities as a function of age.

This is an example of how existing activity pattern surveys can provide a foundation for
the evaluation of potential EMF exposure in general population samples. Though
designed for another purpose, this surely illustrates the kinds of variation in activity
patterns that are likely to be observed in any survey that includes subjects with a broad
range of demographic characteristics. To the extent that peoples” activities and
locations can be linked to potential EMF exposures using information from available
databases, even data intended to address the other issues may be a useful tool for

planning EMF studies.
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Figure 3.1
Average Time in the Kitchen Versus Age
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Based on data from {Wiley et al., 1991a]; and [1991b].
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Figure 3.2
Minutes of Possible EMF Exposure Versus Age
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Based on data from [Wiley et al., 1991a); and [Wiley et al., 1991h].
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The surveys examined and reported here include a substantial number of questions (see
the list in Appendix B) dealing with possible exposure to air pollutants during the
24-hour reference period. Though not placed in the chronology of activities and
locations, these questions provide valuable information about the possible extent of
exposure to specific pollutants. Analegous questions about specific appliance and
equipment use and proximity to other known sources, should be considered for use in

surveys dealing with possible EMF exposures.
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PEM VARIABILITY

Whenever a study attempts to characterize an attribute of a subject, the more variable
the attribute, the more data are necessary to estimate the attribute with a given level of
confidence. Therefore variability in PEM affects the many elements of the study plan
including the exposure model, study design, and quality assurance, Variability issues
influence so many aspects of the study design and measurement protoecols of a PEM
project that variability warrants this general discussion. No presentation of this subject
can be exhaustive and responsive to the needs of all investigators and all study
scenarios. Because of the complexify of FEM variability issues, resultant magnetic field,
which is the best understood and most widely reported field characteristic, will be the
principal subject of this discussion.

4.1 Variability Factors

EMF PE is determined by the nature of EMF sources which impact a subject and aspects
of the subject’s activities. The fields from a source will vary over space. Some sources
produce fields over a relatively broad area, with fields that fall-off slowly with
increased distance from the source (for example, the fields from a transmission line).
{Other sources produce more localized fields, which fall-off rapidly with distance (most
house-hold appliances). Seurces may also'move through space, altering the fields
present in ‘an area (an arc welder on a robot arm). |

The fields from sources also vary over time. The fields produced by some EMF sources
rise and fall over time, consider the gradual rising and falling of field levels due to
changing load on residential power lines during a day. Other fields change rapidly
when sources turh on or off (for example, an electric drill). The variation over time in
field level due to a source may be a consequence of some systemic pattemms (as in the
seasonal variation of load on a transmission line), it may be due to some automated

process (an induction furnace at a foundry cycling on and off) or because of some
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activity by the subject {using a hair dryer} or someone nearby (a coworker using an
electric tool). In addition, the fields produced by an EMF sotrce have multiple
characteristics, including magnitude, direction, frequency content, and polarization.
Thege field characteristics may also differ over tirne. For example, while an industriat
facility is operating during the day, but not at night, capacitors on the power lines may
act to maintain a satisfactory voltage. Hence, the operation of these capacitors may
introduce transients on the lines only during the day.

Subjects also move through space over time, resulting in a wide range of sources
influencing their PE. The nahue of the sources (including their field magnitude and the
degree to which their fields are localized), the status of the sources during the time the
subject is exposed (on/off, high/low, etc.), and the subject’s proximity to the sources
affect the subject’s PE. All these factors can result in an extremely complex pattern of
PEM over time,

4.2 Characterization of Variability

FEM vary for a given subject {within-subject variability). This variability iz a
consequence of the subject’s locations and the subject’s activities. Subjects in a FEM
study may also be grouped, whether by convenience (for example, all workers ina
manufacturing plant) or because of presumed homogeneity of exposure (transmission
line workers at a utility). PEM also varies between the subjects in a group (between-
subject variability, also called within-group variability). The variability in PEM
between groups of subjects may also be of interest (between-group variability).
Examples of the analysis of the variability of exposures within and across subjects can
be found for occupational exposures in Kromhout et al. [1994, 1995] and for residential
PEM in Bracken et al. {1994b].

Various summary statistics are available to characterize the variability of FEM
including: standard deviation, range, intra-quartile range, etc. One or more of these
summary measures can be calculated for a subject. Within-subject variability can be
assessed based on its semmary measure{s}. Between-subject variability can be
examined based on comparisons between the summary measures of two or more
subjecis.
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In order to assess between-group variability, one or more summary measures must be
computed for the variability of each group. The measurements for all subjects in a
group can be pooled and variability summary measures computed in a traditional
manner. Summary measures for variability can bé computed by pooling all the
measurements for a group. This results in the summaries being weighted by the
number of measurements contributed by a subject. Alternatively, the variability of
summary rmeasures of the subjects can be examined.

The purpose staternent of the PEM study provides guidance regarding the variability
issues which are of greatest importance. PEM studies that intend to monitor
compliance, may seek to determine whether any subject exceeds some guideline. Here,
within-subject variability is most important because each subject’s PEM will be
compared o anr objective standard and precision in determining exposure for that
subject is likely to be critical.

In an epiderniologic study, the goal is the correct assignment of subjects to groups
which are based solely on the degree of exposure. The variability of PEM for any given
subject directly effects the ability of the study to accurately make this assignment.
(Misclassification can attenuate a study’s ability to identify an association.) If the
assignment to groups is based on objective exposure values, then within-subject
variability is important, just as it was with compliance monitoring. However, if the
assignment is based on relative exposure among the subjects then between-subject
variability is also an important consideration.

Some PEM studies seek to identify the relative exposure of groups of subjects. For
example, the objective of a study may be to determine if subjects in certain types of
homes have residential exposures which are larger, or smaller, than subjects in othet
types of homes, In this instance, between-group variability becomes an important
factor as well.

Several formal statistical procedures are available for decomposing end enalyzing the
variance in a body of PEM.
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4.2 implications for Study Design

PEM Variability must be considered in many aspects of a study plan and specific
protocols. During development of the siudy plan, the investigator should review the
existing literature, looking for published works which help to estimate the Hikely
variability in PEM in their study population. Section 2 of this document provides a
starting point for that exercise.

In developing the exposure model, the investigator may wish to employ a mean value
to estimate exposure from PEM. The variability of PEM has a direct bearmg on the
precision with which the true mean can be estimated.

Estimates of variability profoundly affect samnpling strategies. The desired precision in
exposure estimates in combination with the expacted exposure variability in the
population will suggest the necessary sample size. For example, the within-subject
variability of PE for outdoor activities in remote areas is considerably less than that for
the work place. Consequently, estimating the mean exposure of a subject hiking in the
wilderness to within 0.1 mG with a confidence of 95%, requires fewer PEM than
estimating the mean exposure of a subject in an automebile manufacturing plant with
the same degree of precision and confidence,

Anticipating the likely contribution of each type of variability in PEM allows the
investigator to develop a sampling strategy which seeks to maximize the utility of the
resources available to the study. For example, in a residential PEM study, the
investigator must decide: if residerces should be grouped (or stratified) and what
strata dimensions to use; how many residences to sample generally and how many to
sample within each stratum; how long a measurement period should last; if repeat
measurement periods are warranted; and if the number of measurement periods should
vary by stratuan and/or by other important sampling elements. Variability
considerations specific to each of these decisions are important for developing a study
plan, as llustrated by an example from a large residential PEM study.

In the EMDEX Project Residential Study, PEM measurements were collected during up
to six visits ak 396 houses in the United States and Canada [Bracken, T. D. et al., 1994bj].
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The reported resulis of a variance component analysis of these data can provide
guidance in addressing sampling questions. For houses with overhead wiring, the
differences in PEM between houses (between-subject} were much greater than the
differences between visits to a house {within-subject). This argues for fewer
measurements at moze houses if the aim is to accurately characterize residential PE for
these houses. In fact, this analysis allowed the researchers to estimate the number of
visits to each type of house that would be required if the investigator wanted to
estimate mean PE for that type of house within a specified tolerance. (Only single-unit
residences were included in the study and a convenience sample of sites and houses
was employed, therefore the results may not be representative of all residences.} Thus,
the analysis of the variability in these data provided insight into the nature of
residential EMF exposures and offered a foundation for sampling strategy decisions in

subsequent residential studies.

The variability of PEM also impacts the quality assurance practices which will be
employed by a study. Validation procedures are frequently employed at several points
in data collection, transfer, management and analysis. Knowledge regarding the
expected variability of the data can contribute to the establishment of control imits to
identify data which deserve review,

4.4 Uncertainty and Variability

Uncertainty should not be confused with variability. Together they determine our
confidence in the PE estimates produced by a study, however, uncertainty results from
limitations in the study design and shortcomings in its implementation. AIlPEM
studies are designed in the context of certain constraints, from finite funding to existing
instrumentation. These practical consiraints result in design compromises, producing a
design which is less than ideal. The result is increased uncertainty in study findings
due, for example, 1o sampling fewer subjects than desired.

Rarely is a PEM study implemented exactly as it was designed. Shortcomings in
implementation result in additional uncertainty. For example, non-participation by
certain types of subjects or a failure to comply with measurement protocols by other
types of subjects can produce biased results.
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Some uncertainties are known or can be estimated (e.g., those resulting from design
decisions), others are likely to be unknown (e.g., when implementation produces
biases). Uncertainty is often difficult to quantify with any precision, but the types of
uncertainties present in a study should, to the extent practical, be identified, assessed,
and documented.
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'GENERAL EMF EXPOSURE ASSESSMENT
GUIDELINES

The general approach described here draws heavily on the proposed Good Expjo:sure
Assessment Practices (GEAP) proposed by Hawkins et al, [1992]. These practices
identify basic scientific principles that should be followed in exposure assessment
projects. The U.S. Environmental Protection Agency (EPA) has also published general
guidelines for exposure assessment [EPA, 1992].

The purpose of establishing general guidelines for exposure studies is to ensure that
valid data are collected and that the data meet the study objectives indluding, if
appropriate, any risk assessment requirements. A generally accepted approach to
exposure assessment applies to studies that include EMF PEM as well as to studies that
are investigating other environmental agents or employing other types of EMF
meagurements. No amount of specific guidance on measurement protocols can
overcome a poorly conceived general study design. The procedures outlired in the
general guidelines seek to minimize shortcomings in the overall study design.

There are several characteristics of EMF exposures that strongly support the adherence
to GEAP. The many sources of variability in EMF PEM measurements make
interpretation of measurements difficult without appropriate sampling strategiés and
detailed protocols. The specific EMF exposure parameter or summary measure, if any,
associated with health-related outcomes is not known. Thus, the evaluation of field
characteristics and measures for inclusion may be ambiguous and more than one EMF
parameter may be selected for measurement. These factors contribute to the need fora -
well-planned study design which is the outcome of following general exposure

assessment guidelines.
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The emphasis of the general guidelines is on identifying and stating the purpose of the
study and on creating a written study plan that outlines a study design. These two
steps should occur prior to developing specific protocols and making measurements, It
is particularly important to establish a clear statement of the purpose of the study and
measurements. By first focusing on what question or questions the data will be called
upon to answer, it is possible to develop a strategjr that is effective in combining a
sampling scheme and measurement method [Lynch, 1979]. This is especially true for
EMF PEM where variability is large and the factors contributing to PE and its variability

can be numerous and complex.
5.1 General Recommendations

The recommended general appreach to EMF FEM studies is outlined in Table 5.1 and
discussed below. The first recommended general guideline is:

To develop a clearly stated purpose for the EMF PEM study.

By succinctly stating the puzpose of the study at the outset, and referring to it
frequently, questions regarding the overall study design and the written stndy plan can
be addressed without ambiguity. The purpose statement may evolve as the study
design develops and resource constraings are resolved but any changes or compromises
in the purpose will be clearly known. Before beginning measurernents there must be a
purpose statement that is understead by, and acceptable to, the investigators,
managers, and sponsors of a study.

EMFE measurement studies can encompass a variety of purposes, including:

* exposure characterization, either for individuals or groups;
. ascertainment of exposure status for epidemiologic studies;
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Table 5.1
General EMF Exposure Assessment Recommendations and Study Elements

No. Drescription
Recommendations
1 | Develop and state the purpose of the study.

2 | Complete a written study plan that documents the purpose of
the study and addresses the study elements described below.

Elements in the Study Plan
1 | Assess the available organizational, personmel and financial
resourcas. -

2 | Present an exposure model that transforms measurements to
personal exposure.

3 | Present a study design that describes the sampling strategy,
data collection protocols and data managemenit procedures in
general terms.

4 | Plan for subject issues including human subjects committee
approval, distribution of data to subjects, and anonymity.

5 | Presenta guality assurance plan covering all aspects of the
project

6 | Discuss the uncertainty of measurements, models and study
design assumptions.

7 | Present a plan for archiving data produced by the study.
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. exposure monitoring to assess compliance; and

. responses to employee or public requests for information on EMF exposure.

Establishing the purpose of an EMF study at the outset helps determine whether the
inclusion of PEM is appropriate. Before embarking on data collection, the ability of

PEM to respond to the needs of the study must to be evaluated. For example,
characterization of the field levels in an environment mnay be better accomplished by

survey measurements than by FEM.

The second recommended general guideline is:

To compleie a written study plan prior to developing specific protocols or

beginning measurements,

Production of written documents describing a study encourages a complete and
structured consideration of the elements of an EMF PEM effort. Two levels of written

study documentation are recomunended: a general study plan and detailed protocols.
The study plan sheould indude a generat description of the following study elements: 1}
Resources; 2} Exposure model; 3) Study design; 4) Subject issues; 5) Quality assurance;
&) Uncertainty; and 7) Archival plan.

A written study plan forces the investigator to codify the purpose of the measurements
and document the consideration of all the elernents described below. A study plan
provides a context for the evaluation of project feasibility technical approach, and

resource requirements by investigators and their organizations.

The extent of and level of detail in a study plan will depend on the complexity of the
measurements study and the number of design issues requiring evaluation. For
example, measurements to determine compliance with occupational exposure
guidelines may follow a standardized protocol developed by a professional
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organization and require little planning. However, an exposure characterization for an
epidemiologic study may entail research and the development of many aspects of the
study design, requiring considerable planning and project resources. Study design
options and their impacts on satisfying study objects and resource allocation can be
examined in the study plan. The study plan may change during the development of
detailed project protocols due to practical matiers, resource limitations and the like.
Howevez, the presence of a written study plan addressing general study elements
provides the context for developing and evaluating specific protocols.

The written protocols will elaborate on elements of the study plan, including detailed
procedures for sample selection, data collection, data management, quality assurance,
data analysis and archiving data. The protocois also include specific measurement
procedures, data collection forms and check lists. The production of the detailed
protocols for an EMF FPEM study will utilize the specific guidelines described in-Section
6. The remainder of this section describes the elements that should be considered in
preparing a study plan.

6.2 Study Elements

52.1 Resource Assessment

Successful completion of a project requires having commitments for adequate
organizational support, personmnel, and financial resources. Inclusion of this element in
the study plan highlights the need to assess the availability of these resources. The
sponsoring or responsible organization should understand the purpose of the study
and commit sufficient resources to complete the study. A plan should be developed to
communicate, on an on-going basis, the status of project resources to the responsible

organization
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The purpose and scope of the study will determine the level of expertise required to
design and implement the PEM study. Because of the potential for large variability in
EMF exposures leading to questions of data validify and interpretation, studies
involving PEM should include or have access to persennel familiar with EMF sources
and exposures. In the case of exposure characterization for epidemiological studies,
such personnel should be directly invelved in the development of measurement
protocols. However, in other situations, data collection can be performed by trained
individuals without technical or BMF backgrounds. Mondtoring the work place for
compliance with exposure guidelines could utilize industrial hygiendists fatniliar with

work practices and trained in EMF measurements.

The number of individuals expected to be inwolved in conducting the PEM and their
level of effort must be assessad, documented, and a commmitment for these resources
must be obtained from appropriate parties in the organization(s) sponsoring and
conducting the study. Estimation of these resources is based on the proposed study
design including: sampling strategy, sample size, subject solicitation procedures,
geographic diversity of measurement sites and subjects, length of ime required to
perform the measurement protocols, and other factors which are specific to the purpose
of the PEM study.

All phases of the study must be considerad when estimating the financial resources
which will be required, from protocol development through reporting of results. Hard
costs related to instrumentation, equipment, supplies, and other study expenses,
possibly including contracted work, must be estimated. Soft costs, especizlly personnel
costs incurred by the organizations conducting the study, must also be estimated.
These costs are used to determine both an estimated fotal cost for the study and a cost
per exposure unit (subject, workday, residence, ete.}.

The number of subjects to be sampled depends on practical and statistical
considerations. (See Section 6.3} The availability of subjects depends largely on the

-6




General EMF Exposure Assessment Guidelines

setting of the PEM study. Studies monitoring compliance in settings where
organizational support for the research effort has been obtained should have minimal
difficulty securing the desired number of available subjects. However, studies
requiring volunteers from the general public must assess the resources required to
perform proper, successful solicitation and selection procedures. A PEM study must
determine the personmel and financial resources required for obtaining the desired
sample of subjects. This assessment process may require the assistance of parties
familiar with the types of solicitation procedures proposed for the study, for example
telephone solicitation experts.

Identifying the instrumentation required for a PEM study involves properly
determining the characteristics of the instrument(s) to be used and then selecting the
type of instrument{s}, including make and model. (Section 6.2 discusses this matter iny
more detail.) This resource assessinent addresses the availability of satisfactory
instruments, within the organization plus loaned instruments, and the costs associated
with possible leases or ptirchases.

Inclusion of a resource assessment in the written study plan facilitates an estimate of the
financial support that is required to complete the study and allows alternative
approaches to be explored.

522 Exposure Modei

The exposure model describes what EMF characteristics will be measured, generally
how they will be measured and how the measured characteristics will be evaluated and
used to characterize personal exposure. Developing an exposure model consists of: 1}
identifying one or more field characteristics to be measured, 2) selecting appropriate

meters, 3} determining placement of the meter on the subject and, 4) if fnore than one
measurement is collected per subject for a given field characteristic, selecting |

appropriate summary measutes.
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EMF have many physical characteristics which can be measured, for example the
magnitude of the fundamental frequency. (A detailed discussion of field characteristics
is contained in Section 6.1) Currently, magnetic and/or electric fields are measured at a
single point on the body. (Future technologies may permit measurements at several
locations to better characterize whole-body exposure.) Some instrurnents measure
more than one characteristic of the field, and some also collect multiple measurements
of a given characteristic over time. (See Section 6.2 for a discussion of instrumentation.)
Hence one or more PEM are often obtained for each subject.

When a subject has multiple measurements for a field characteristic, appropriate
statistical descriptors (summary measures) are selected by the investigator to
characterize that subject’s exposure. The most commonly used summary measure is
time-weighted-average (TWA). Summary measures are founded on the purpose of the
study. They may be selected for a variety of reasons including their specification in an
exposure guideline or because they are based on biological or health-related outcome
hypotheses.

The exposure model may incorporate assumptions which must be documented in the
study plan. For example, when the meter is placed on the subject’s chest in hopes of
characterizing whole body exposure or when the seiected summary measures aze based
on biological hypotheses.

The study plan must ducumént the justification for the exposure model used by a PEM
study (the selection of field characteristics, meter type and placement, and summary
measures). Inclusion of this element in the study plan encourages the investigator o
consider and document the exposure model, any assumptions associated with that
model, and the rationale for the selection of the particular exposure model. Addressing
these issues will also support the estimation of uncertainty that is recommended ina

subsequent guideline.
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5.2.3 Study Design

Prior to developing specific protocols, the components of the study design should be
addressed on a general level. The approach taken to various design questions can be
cutlired and evaluated in the study plan. Components of the sfudy design may
include: selection of measured field parameters, instrumentation, sampling strategy,
data collection pratocols, data management procedures, anticipated data analysis
strategies and overall study documentation. The study design should indicate how the
components will meet the objectives of the study within the available resources. If
appropriate, the study design should also include an estimate of the power of the study
and indicate its ability to reach conclusions with stated levels of confidence.

The study design should address specific issues related to the proposed EMF PEM
study. For example, an assumption of a paucity of highly exposed subjects within a
group may suggest that a stratifted sample be employed, rather than a simple random
sample. Details of the methodology to achieve this end would be presented in the
specific protocols.

The lack of consensus on a health-related EMF exposure metric requires the investigator
to evaluate many possible field characteristics and exposure measures. The dynamic
nature of EMF exposures may dictate that time-series exposure data be obtained by the
study. In this case, the use of data loggers, instead of accumulators, often results in a
considerable volume of data, requiring appropriate procedures for data collection and
data management. Identification, evaluation, and decumentation of study design
choices in the study plan provides direction in the subsequent development of

prntocnls.

Often a brief walk-through survey of potential subject environments and review of
subject activities can identify important design issues and suggest feasible solutions for
inclusion in the study plan. The value of these preliminary observations ¢an be
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enhanced by obtaining magnetic field measurements with a hand-held meter during the

survey.

5.2.4 Subject Issues

There are three important subfect issues to consider in an EMF PEM study. First,
measurement protocols may be such that they require approval from a Human Subjects
Committee or equivalent review body. Whether such approval is required or not, a
consent form signed by the subject, indicating their willingness to participate and their
understanding of the purpese of the study should be develeoped and routinely used.
Participation may also require permission from a parent/guardian or supervisor or

employer.

Second, distribution of PEM results to subjects should be a part of the study design.
Considerations inchude the extent and format of the resuits that are released and the
timing of release of the data. Ideally, to be responsive to the subject’s need for
information, distribution of data to a subject should be as soon as possible after they are
collected. Preferably, the subject’s PEM results should be distributed along with some
more general PEM information, to provide perspective. To avoid possible influence on
subsequent measurements collected by this or other subjects, resuits should be released
only after all measurements for an affiliated group of subjects have been conducted.

Finally, a plan for maintaining the anonymity of subjects in reporting study results will
also be required. Whether the data retain identifying information is a matter which the
investigator must address with their orgardzation. The resolution of all these issues will
affect subject selection, data collection, data management, documentation and archival

plans.
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5.2.5 Quality Assurance

To ensure the quality, integrity, and security of data, a comprehensive plan for quality
assurance is required. This plan will ultimately be reflected in mary components of the
study design, including: sampling procedures, instrwment calibration and performance
verification, data collection, data transfer, data entry, data management, and data
analysis. A general description of planned quality assurance measures should be
included in each of these aspects of the study plan.

5.2.6 Uncertainly Evaluation

In PEM, and other types of studies, uncertainty results from two distinct sources. One
is compromises in a study design which come about because of practical considerations
such as a limited sample size or use of instruments which, by nature, are imprecise.
These uncertainties are known and often car be quantified. For example, the size which
is practical, given the available resources, in combination with estimates of variability
and certain agsumptions about the distribution of I'EM can be used to compute
confidence intervals for FEM summary measures. Similarly, the accuracy of the
instruments which are used to collect PEM should be known and reported. This
ensures that modest differences between the PEM for individuals or groups which
might be the result of imprecision in the PEM instrument are not misinterpreted.

The other manifestation of uncertainty results from shortoomings in the implementation
of the study protocols. Often these shortcomings are known, for example, when the
solicitation of subjects results in a high rate of refusals. Though the shortcomings may
be known, quantifying their impact on the study results may be difficult or impossible.
Shortcomings in the implementation of the study protocols may only be suspecied, for
example, when a subject is asked to wear a PEM instrument during the workday and
inspection of the time-series measurements indicates a substantial period with little or
no variation in the measurements. Though this suggests that the subject may have

J-11




Gensral EMF Exposura Assessment Guidelines

violated study protocols and not wom the instrument, this violation can not be proven.
In this circumstance the data are suspect and uncertainty in the study results is
introduced, but the nature and extent of the uncertainty is difficult to gauge and
extremely difficult to quantify.

The sources of uncertainty in a PFEM study should be identified and, if posgible, their
impact should be estimated. The study plan should describe the limitations of the
sampling and data collection procedures, and uncertainties introduced by the choice of
instruments, exposure model and known study implementation shortcomings. The
study plan should state the exposure estimates that are to be derived from the study
and the degree of precision in those estimates that is desired. For example, the study’s
objective might be to estimate the mean 60 Hz resultant magnetic field exposure {(or
some other field characteristic) for a population te within 0.5 mG (Based on a 95%
confidence interval). ”

Ultimately, estimates of uncertainty should be generated from the measurements
themnselves and combined with known limitations in the study design and
shortcomings in impiementation to provide a statement of overall uncertainty in study
results. In general, risk can be characterized as the product of potency (prebability of a
heaith effect at a given dose) and exposure [Hawkins et al., 1992]. Because the potency
of EMF is not currently known, statemnents of uncertainty for EMF risk assessment are
ambiguous by definition. Estimates of overall uncertainty in EMF studies are therefore
limited to estirnates of uncertainty in exposure. These can be generated from

knowledge of the measurement process, sampling procedures, data collection, exposure
models, and study assumptions.

Failure to account for measurement errors and other scurces of uncertainty can result in
lowered estimates of risk in epidemioclogy studies. For example, the epidemiclogy
study of the largest population with the highest exposure to radon reported only a

modest overall association and dose-response relationship with lung cancer [Pershagen
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et al., 1994). However, when the uncertainties relating to measurement error and
missing data were addressed by Monte Carlo methods, a substantial increase in the
estitnated risk was observed [Largarde et al., 1997].

Knowledge of the sources of uncertainty during the design phase can guide efforts to
reduce variability in study results. Estimates of uncertainty can also be used to
compute the anticipated statistical power of a study design and to evaluate the likely
confidence in study results.

5.2.7 Archival Plan

The archival plan should describe how the data will be dncumenten_i and avchived. This

may entail a standard written report and retention of forms with descriptive
information and raw data files for compliance measurements. For other monitoring
programs, the written report may be expanded considerably to include a more rigorous
record of sampling procedures, instrument calibration and performance verification,
data collection, data transfer, datz entry, data management, and data analysis.
Archiving measurement data and forms may also require a more structured design,
such as entry into a computerized data base.

5.3 Recommendations

When planning an EMF PEM project, investigators are urged to employ the following
basic steps:

1) Develop a clearly stated purpose for the EMF PEM study, and
2)  Complete a writien study plan before developing specific protocols or

beginning measuraments.

The written study plan should address the following study elements:
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. Resources/ Assessment
. Exposure Model

- Study Design

. Subject Issues

. Quality Assurance

» Uncertainty Evaluaticn
. Archival Plan

The comerstone of this general approach and the specific protocols that will follow is
the statement of purpose for the project. Only with such a statement can the specific

guidelines and associated PEM methodologies be used to produce and implement a
study design that meets a project’s objectives.

Preparing a written study plan will ensure that the important issues of exposure
assessment have been considered prior to developing and implementing specific
protocols. To guide the process of preparing a study plan, the checklist shown in Table
5.2 identifies issues to be considered for each element.
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Table 5.2
EMF Exposure Assessment General Guidelines Checklist

This checklist is intended to facilitate the creation of an effective study plan for an EMF
PEM project. It offers a simple reference to the issues that should be addressed when
creating a plan. It does not indicate how or to what extent i address the issues; its
purpose is to ensure that each issue is considered. The descriptions of the study
elements provide detail on suggested information and options. Not all issues will be
applicable to every project.

Recommendation Issue

1. Purpose of study Exac;sﬁu;{el chlzracterizatinru
ividua
Groups
Epidemiological exposure classification
Compliance monitoring —
Response to enquiry —
Oxher (specify) —

2. Written study plan Contents:
Purpose of study
1. Eesource assessment
2. Exposure model
3. Study design
4, Subject issues
S. Quality assurance
6. Uncertainty analysis
7. Archival plan
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Recommendation Issue
Study Element Issue
1. Resource assessment Organization:
Agreernent on purpose

General allocation of resources
Personnel:

Level of expertise

Number

Level of effort

Management structure and plan

Fimancial:

Allocation of resources
Protocol development
Initial costs
Data collection
Data analysis
Repoarting

Cost per exposure unit

Total cost

Subjects:
MNumber
Availability

Instrurmentation
Type

2. Exposure model

Measured field parameter(s)
Link to exposure
Surumary measuare(s)

Assumptions
Justification
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Recommendation Issue

3. Study design Measured field characteristics _
Instrumentation:

Type _

Number

Placement _
Sampling strategy L

Sites _

Subjects _
Data collection _
Data management —
Data analysis
Documentation —
Project Management _

4. Subject issues Human subjects approval —
Subject consent form —
Release of data to subjects ' —
Anonymity of subjects _
Recruiting —
Organizational support —

5. Quality assurance Sample selection —
Instrumentation

Data collection

Dafa transfer (Measurements and forms)
Data entry —
Data management
Data analysis

6. Uncertainty evaluation Biological potency (unknown for EMF) —
Exposure
Measurement errors —
Exposure variability —_
Models —
Study limitations I

7. Archival plan Documentation —
Raw data —
Other data products —_
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6

SPECIFIC GUIDELINES FOR EMF PEM STUDY
DESIGN

The purposes of the EMF PEM specific guidelines are:

. to identify decisions inherent in designing detailed protocols for an EMF PEM
study,

¢  to provide information that assists in making informed decisions, and

. to provide specific guidance in study design, where possible.

Design decisions for individual studies will be based on:

. the stated purpose of the study,

. the elermnents of the written study plar, and

* the circumstances specific to the study’s irnplementation.

A statement of the study’s purpose and a written study plan result from adhering to the
general recommendations described in Section 5. The specific guidelings presented here
emphasize specific issues related to study protocols and implementation. Guidelines
for subject issues, quality assurance, uncertainty analyses, and archival plans are also
provided. The specific guidelines presented in this section were based on a review of

the EMF PEM literature, experience with EMF PEM projects and knowledge of EMF.
Ultimately, the decisions reached on these issues will depend on the objectives and

resgurces of the individual project, technical congiderations, and the circumstances
under which the study will be conducted.

The possible data # be collected and recorded in an EMF PEM study can be divided
into four categories: subject information; location and activity information; magnetic
field characterigtics; and electric field characteristics. Determining the level of detail
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and specific data to be collected in each of these categories occurs during the
development of the study design. The characterization of subjects and of
location/activity data was discussed in Section 3.

61 Study Design: Fiefd and Measurement Data

Magnetic and electric field characteristics warranfing possible inclusion in EMF PEM
studies were identified from knowledge of these fields and previous research. These
field characteristics were then evaluated in tevins of the available instrumentation,
hypothetical biclogical significance, practicality of measurements, and nature of
exposures. The advantages and disadvantages of including each field characteristic
were identified. The considerations associated with each exposure parameter ave
displayed in the matrix shown in Table 6.1 and summarized below.

Magnetic and electric fields can be characterized by measures of magnitude, spectral
content, polarization, orientation and static field. The issues associated with
measurement of each of these characteristics are discussed, for both magnetic and
electric fields along with types of lstruments, temporal patterns, and transients.

8.1.1 Magnetic Field Characteristics

Magnityde. Environmental ac magnetic fields at a single frequency are eﬂipﬁcally
poiarized due to the presence of multiple sources with different electrical phases

iDeno, 1976]. The magnitude of an elliptically polarized field is defined by the
magnitude of the field component aleng the major axis of the ellipse. Determination of
this component requires orientation of a single coil perpendicuiar to this axis or
simultanecus measurements of the amplitude and phase of three orthogonal
components of the field. The former is impractical for PEM and the latter requires a
sophisticated data recording system which is currently unavailable for PEM.
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Table 6.1
Field Parameter Evaluation Matrix for Inclusion in PEM Studies: a) Magnetic Field; b) Electric Field; ¢) Other Field
Parameters.
Hypothetical PEM
Exposure Blologicat Instrument Type of
Parameter Indices Significance Avallabilityt | Measarement Advantages Disadvantages Priority
z) Magnetic Field
Magnitude TWA, peak, Classic dose- Instrumentation Mandatory
50/60-Fz statistical response Yes Accumulated | fully mature
Broadband | descriptors Induced current | Yes Time-seties
Resonance
phenomena
Spectral content | TWA, peak, Fegonance Can caphure Detailed Optional
‘Broadband statistical phenomerna Yes broadband spectral
MNarrowband | descriptors Induced current | Yes Time-series harmonics eagily | information
Waveform relative to No requires large
50/60 He gystemn or slow
sampling rate
Polarization Ellipticity Unknown No Highly variable | Not
Instrumentatton | recommended
not portable
Orientation Angle, Resonance No Highly variable | Not
To subject projection phencmena Instramentation | recommended
To static field | perpendicufar not portable
To reference | and parallel to
reference ) S o
Static mapnetic | Magnitude Orientation Yes Accumulated | Simple ingtrumant | Requires Optional
field andd affects resonance ] Relatively stable | additional
orientation phenatnena Feld inserument
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Hypothetical PEM
Exposure Biological Instrument Type of
Parameter Indices Significance Avatlabilityt | Measurement Advankages Disadvantages Priority
b} Electric Figld
Magnitude TWA, peak Classic dose- Single-channel Perfurbed field | Optional
50/60-Hz statistical TESPOTISE Yes Accumulated | measurement measured
Broadband descriptors Induced current | No Time-saries Comparison of
Perception by EXposUres
subject difficuelt
Dificult to
interpret
Spectral content | TWA, peak Induced current Time-serias Single-channel Perturbed field | Optienal
Broadband statistical Yes measurement meagitted
Marrowband | descriptors Yes Comparison of
Waveform relative to No exposures
50/60 Hz difficult
DiEficult o
interpret
Polarization Ellipticity Unknown N/A Not applicable | Not
for FEM recommencded
Ohtientation Angle of Unknown N/A Not applicable | Not
unperturbed for PEM recommended
feld
Static electric TWA, peak Perception N/A Highly variable | Not
field recomumended
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Hypothetical PEM
Exposure Biological Instrument Type of
Parameter Indices Significance Availabilityt | Measurament Advantages Disadvantages Priority
) Other Field Parameters
Tempaoral Differenca Coherence aeffects | Yes Time-series Requires Bme Onptimal
pattems between series &
succassive analysis
measurements algorithms
Variability
Transients Number per | Transient Accumulating Meter not Not
Magnetic fleld | unit time induced currents { Ne available recommended
Electric field Ne

1 FEM mstrumentation rurrently avaflable or used extensivel y in past shudies.
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A practical indicator of field magnitude is the resultant field, defined as the square root of
the sumn of the squares of the amplitude of the three orthogonal components of the field.
Calculation of the resultant field entails the measurement of only the amplitudes of these
thres orthogonal components. For this practical reason, the resultant field has been
accepted as the measure of field magnitude in PEM studies, with the understanding that it
places an upper limit on the magnitude of the magnetic field.

The resultant of the magnetic field can be measured for 2 single frequency or over a range
of frequencies depending on the designed bandwidth of the PEM instrument. Typical
bandwidth for PEM instruments is either: broadband including the power frequency (say,
40 to 800 Hz); or narrowband limited to the power frequency (5C or 60 Hz).

Frequency content. The frequency content of the magnetic field can be derived from
spectral analysis of the waveform or the use of meter with variable narrowband response.

Other frequencies that might be of interest for PEM are associated with power supply

frequencies in specific settings such as 400 Hz for aircraft and 25 Hz for transportation
systems. Static magnetic field is discussed separately below because it generally requires
different instrument technelogy.

Polatization of a single frequency field vector is generally characterized by the ellipticity of
the field which varies from 0 (linear polarization) to 1 (circuiar polarization). As with
magnitude, polarization can be determined from the careful orientation of a single coil or
from amplitude and phase measurements of the three orthogonal field components ata
single frequency. Current PEM instrumentation is not capable of measuring the
polarization of magnetic fields.

Orientation of the ac field must be measured relative to the body of the subject, relative to
the earth’s static magnetic field, or relative to some other reference. The instrurment must
be properly positioned, relative te the reference, for measurement of the orientation of the
ac magnetic field. This rmakes PEM of crientation of the ac field impractical: as the subject
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moves the frame of reference for the instrument changes. Measurement of the orientation
of the ac field relative to the environmental static field (geomagnetic plus other static field

sources) requires a simultaneons measurement of the orientation of both the ac and static
fields.

Static field. The static field can be characterized by both a magnitude and a direction.
Direction can be measured with respect to fixed direction (for example, the azimuth and
declination for the geomagnetic field} or with respect to a vector whose direction varies
such as the ac field. The magnitude and direction of the static field can be affected by the
presence of ferromagnetic objects so a measurement at a single location may not
sufficiently describe the field at a meagurement site.

In a PEM study, determining the direction of the static field is problematic, as it is for
otientation of the ac field: movernent by the subject changes the instrument’s frame of
reference,

6.1.2 Electric Fieid Characteristics

Magnitnde. Electric fields are perturbed by any object which conducts electricity,
including the human body. Because of this perturbation, the electric field is always
oriented perpendicular to the surface of the body and its magnitude can be determined
with a single electrode. The measured quantity is the perturbed electric field at the
location of the electrode on the bedy, which is affected by the posture of the subject, the
orientation of the subject’s body relative to the electric field sources, and the location of the
meter on the body. Thus, the PEM meter does not record the unperturbed field which is
both used in exposure guidetines and preferred when describing eleciric field exposures in
general, To transform PEM of electric field to an equivalent unperturbed electric field is
difficult and extremely uncertain. Therefore comparisons between the measured electric
field exposures within a study may be proper, but comparisons between the exposures
measured by studies with different protocols are probably improper.
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As with magnetic field, electric field can be measured on either a broadband or
narrowband basis depending on the design of the instrument.

Speciral content. The frequency confent of the electric field is a function of the frequency
content of the voltage on the source of the field. Like magnetic fields, it can be determined

from spectral analysis or from meters with variable narrowband response.

Polarization. The electric field of a single frequency produced by multiple three-phase
sources is elliptically polarized in space. However, this polarization cannof be measured
with PEM instrumentation because the field is perpendicular at the surface of the body

where measurements are taken and has only one component.

Qriegtation. The orientation of the unperturbed electric field depends on the location of
both the field"s sources and the grounded conductive objects that are present. Orientation
can not be determined from measurements made at the surface of the body and it is not

relevant to PEM measurements.

Stafic field. Environmental static electric fields are produced by natural atmospheric
sources, de voltage sources, and accumulated charges such as those generated when
walking across a carpet on a dry day. Fields from these sources can be extremely variable
over space and time. The fechnology for measuring static electric fields has rot been
incorporated inte PEM instruments.

6.1.3 Other Field Parameters

Type of measurements. Instrumentation is avaiiable to accumulate magnetic or electric
field data and produce a single summary statistic or a set of summary statistics
characterizing the fields during the measurement period. Simple accumulating meters
produce a Hime-weighted average or mean of measurements over the period. Other more
sophisticated digital storage accamulating meters report the maximum field and in some
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cases other statistics such as standard deviation, minirmum, and number of measurements
above specified levels. Data loggers store a series of measurements over the time period.
Analysis n-f the time-series measurements is required to produce summary statistics and to
examine temporal patéerns in the data. Time-serigs measurements can be used to produce
the same statistics as accumulating instruments, but the summary data recorded by
accumulating meters can not be used to re-construct tirne-series measurements.

Temporal patterns. Ternporal variability in electric and magnetic fields contribute to the
variable nature of exposures. Change in exposure can accur aver seconds, minutes, hours
or seasons due to changing field sources and movernent of the subject. Examples of
temporal patterns that might be of interest as indices of exposure are: a count of the
number of exposures, or amount of time, at field levels above specified thresholds; the

number of times that the field changed by a specified amount; or the number and duration
of periods of relatively constant field. Tempoxal patterns have been hypothesized as a

possible factor in biclogical effects. The generation and retention of time-series'data is
necessary for examination of temporal patterns of exposures. Data loggers can provide
time-series data, accurnulating PEM meters can not.

Transients. Switching currents and voltages can result in transient fields characterized by
rapid changes in field amplitude over time frames much shorter than a single cycle at 60
Hz. Current PEM instrument technology does not permit the measurement of such
events, However, their mention as possible magnetic field parameters for future PEM is

warranted because of hypotheses that transients associated with electric energy supply
and use could have biclogical significance. Furtherinore, instrumentation that counts the

occurrence of transient magnetic field events in two amplitude ranges has recently been
developed and could be rednced in size and adapted for PEM in the future,
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6.1.4 Recommandations for Field and Measurement Data

Based on the information presented in the three previous sections, recommendations for
inclusion of field characteristics in PEM studies were established. The categories for
inclusion of field characteristics are: mandatory, optional and not-recommended. The
actual selection of characteristics for collection during a PEM study will depend on the
purpose and scope of the study. For example, a characteristic should be included, even if
it is *not recommended”, when it is related to a hypothesis being tested by a study. The
priorities for the inclusicn of field characteristics are intended fo allow comparison with
previous research efforts, while providing flexibility to meet the requirements of future
studies.

Field characteristics are placed in the three categories as follows:

Mandatory:
+ resultant magnetic field (magnitude; broadband or 50/60-Hz)
(Note: Sufficient data should be collected to compute a time-weighted-average
exposure for comparison with other studies.)
Optional:
® magnitude of electric feld (broadband or 50/60-Hz);
® magnetic and /or eleciric field spectral content (harmonic component relative to
the fundamental frequency component};
® gfatic magnetic field; and
¢ temporal field patterns (titne-series PEM)

Not recommended at this time:
# magnetic and electric field polarization;
e magnetic and electric field orienfation;
® static electric field; and
& magnetic and electric fTansients.
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The process of developing a PEM study destgn should consider the following issues when
selecting field characteristics for measurement: 1) purpese of the study, 2) available
resources, and 3) the priorities recommended here for inclusion of field characteristics

6.2 Study Design: Instrumentation

Although PE meters have been available from several sources in the past, at present there
are only two manufacturers producing FE meters suitable for EMF studies. Several
maodels of EMDEX meters are available from Enertech Consultants of Camgpbell, CA.
Combinova of Sweden offers a PEM instrument, the FD-3, which is available from their
representative in Southampton, PA. Characteristics of these instruments are listed in
Table 6.2. Characteristics of two other meters that are no longer commercially available,
are also described in Table 6.2. All meters rely on three orthogonally oriented sensors for
measurements of magnetic field. The characteristics and operation of EMF meters are
discussed in the IEEE Recommended Practice for Instruunentation: Specifications for

Magnetic Flux Density and Electric Field Strength Meters - 10 Hz to 3 kHz [IEEE, 1995).
6.2.7T Selection

The selection of a particular meter depends on the purpose and protocols for the study.
The first decision is whether time-series measurements are required {series of individual
measurements are stored at regular intervals) or whether an accumulating meter will be
adequate (sumunary statistics only, not individual measurements). Time-series
instruments permit the data to be divided into periods that can be delimited by entries in a
diary or by other record-keeping methods.
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Table 6.2
Available EMF PEM Instrumentation

Sampling Band-
Model Meter Size, | Mass, Field Battery Dhata Interval, width, Range,
Mt Type cm 3 Metriciz) Life, days Storage seconds Hz mG; Features
AMEX-3T} Accum- | 10.2 x 114 Cumulative 14-24 E-cell Continu- 35 1000 0.1 - 150
Enertech! ulat- Blx field ous inte.
ing 25 gration
EMDEX Il Time- 168x {341 rms Alkaline: 15-7 156Kb or | 1.5-300 Broadband | Standard Event mark;
Enertech’ series | 6.6x orthogonal Lithium: 4-21 512Kb 40 - 800 0.1-2000 | Extra
a8 feld Hammondic High Field channel;
components, 100 - 800 4-120,000 | programmable;
v resultant Std. & High Field
{broadband or versions
broadband
and
harmondcs)
EMDEX Time- 12x 170 ms resultant | Alkaline: < 120 128KDb 4 1200 44 - 1000 Standard Std. & High Field
Lite series 6x Lithinm;: ¢ 400 0.1-700 versions;
Enertech’ 25 High Field | programmable
5 - 70,000
EMDEX Accum- | 11.7x | 230 rms resultant | Alkaline: 2 s2days |05 40 - 1000 0.1 - 1000 Displays
Mate ulat- 71lx Lithium: ¢ accumulated
Enertech! ing 38 results
FD-3 Time- 205 » 250 1.25 &0,C000 1-&00 20 - 2000 {.1-1000 Manual operation
Combinova® | series 70x measure-
3.5 gl
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Sampling Band-
Model Meter Size, | Mass, Field Battery Data Interval, width, Range,
Mirt Type cm Metric(s) Lite, days Storage | seconds Hz mG Features
Dosimeter Time- 12x | 230 rms 18 days &0 &0 L6 - 4000
378101 sefies 76X orthoponal @60s
Pasitron® inlé |25 feld
bins components
SPECLITE | Time- J120x s 1.67 1300 60,120, | 40-1000 2-375 Manual trigger
Innovatum® | series 6.0% orthogonal spectta 180 in 30 Adjustable
of 25 field bands
spactra components
in30
fraquency
bands
t See list of PE meter manufacturers below, commercial availability reported.
PE meter manufacturers:
1 Enettech Consultants 3. Positron Industries, Inc.
300 Orchard Drive, Suite 132 5101 Buchanran St.
Campbell, CA %3008 Montreal, Quebec FI4F 2R0
SA, CANADA
{;iEﬂB} 866-7279 {514} 345-2200
meters: AMEX-3D, EMDEX U, EMDEX Lite, EMDEX Mate PPE meter: Dosimeter 378,101 (not commercially availabla)
X Combinova 4, Innovatum, Inc.
Fresforsstigen 22-24 2020 Southwest Freeway, Suite 203
Box 20050,5-141 (2 Houston, TX 77098
Bromma, SWEDEN UsA
4-46-{0}8-52? 93 10 713) 526 6333
+16-(0)8-29 5% BS E meter: SPECLITE (nolt commercially available)

PE meter: System FD-3

North American representative
omics, Inc.
P, 0. Box 964 -
Southampton, PA 18966
215) 357-5124
ax: {215) 364-7562

6-13




Speciiic Guidsfines far EMF PEM Study Dasion

Accumulating meters provide statistical descriptors of exposure for the data collection
period. Inthe simplest device, an electrolytic cell accumulates electric charge over time to

represent a time integral of a signal current from the sensors (the AMEX-3D in Table 6.2).
The accurmnulated charge is proportional to the time-infegrated exposure which can be
converted to magnetic field in mG-hr or pT-hr, and a time-weighted average can be
computed by dividing by the total time of data collection. Microprocessor-based
accumulating meters can compute and stoze descriptors, such as maximum and minimum,
and the descriptors needed to calculate mean, standard deviation, etc. (For example, the
EMDEX Mate in Table 6.2) Where resources do not permit more expensive
instrumentation, accumulating meters can offer an efficient and cost-effective way to

characterize both average and peak exposures.

Time-series measuraments are necessary to capture temporal variations in expostre and to
establish links between exposures and activities or locations. The particular choice of
time-series meter will depend on the desired mechanism for demarcation of activities and
locations. Linkage of activities and locations to specific measurements can be facilitated by
the use of event marks placed in the data stream. Display of clock &ime by the meter can
asgist subjects in recording accurate tixne with respect to the data recording.

Other decisions regarding meter selection are the size of the meter that will be acceptable
to the subjects and whether magnetic field characteristics beyorud the resultant field are
required. The choice of sampling interval for the meter will be driven by the types of
exposures that are anticipated and by deployment time. Exposures in occupational
envirorunents tend to be more variable than in residential settings. Therefore a shorter
sampling interval in the former may be warranted fo capture anticipated short-term field
variability. The length of tiine that an instrument can collect data is limited by either data
storage capacity or battery life. The limit imposed by storage capacity wilt depend on the
sampling interval, the number of recorded parameters, and available memory. Battery life
will depend on the sampling interval, type of battery, and possibly the parameters that are
recorded.
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6.2.2 Meter Placament

Ideally, the location of a PEM meter should be selected to coincide with the site of a
biologically active dose. For EMF this is not feasible primarily because there is no
recognized biological mechanism that relates exposure to health outcomes. The field
measured by a meter is the field at the location of the meter. Extrapolation of this
measured field to other body locations or to averages for the whole body (or other
volumes} requires modeling of exposures. Verification of exposure models can'take the
form of additional measurements or calculations. For example, Delpizzo [1993]
demonstrated that for certain environments, the chest location provided the most reliable
estimates of whole body average exposures. The selection of the measurement location on
the body should therefore recognize the putpose of the measurements and, if applicable,
the means by which the measured values will be extrapolated by modeling to a defined
exposure or to a hypothetical biologically significant dose.

Study purposes may indicate that a specific body location for the measurements is
preferable. However the final choice must recognize and accommaodate the needs of
subjects. For example, if an hypothesis relating to exposure to specific parts of the body is
being tested or if compliance with guidelines for expogure to specific paris of the bedy is
being monitored, then meter placement shouid attempt to capture exposures at those
locations. However, meter placement must consider acceptability to the wearer:! if the
subject can’t or won't wear the meter, no PEM will be obtained.

Generally, given the absence of a known site of biologic relevance for EMF, the placernent
of PEM meters should be based on acceptability to the subject while still meeting the needs
of the study for exposure modeling. Many PEM studies require that a subject wear a
meter for a period of time that can extend from hours to days. In order to ensure valid
measurements over these long periods it is essential that the subject wear the instrument
according to study protocols and that the subjects do so without modifying their behavior.
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Often the final selection of a meter and a meter location involve tradeoffs among the
several factors described below. (See the literature review in Section 2 for examples of

how various studies dealt with these issues.)

Safety of subject. The safety of a subject should not be jeopardized by wearing the PEM
meter. Knowledge of the subjects expected activities and design of the meter carrying
system can anficipate and mitigate possible hazardous situations. The subjects should also
be instructed to remove the meter if, in their opinion, wearing it may compromise their
safety. Selection of the meter location and carrying system may require approval by the
subjects or sumeone representing their interest: e. g., human subjects committee, union
safety committee, etc. .

Status of subject. Age, gender, oceupation, and other factors can affect where and how fo
carry a PEM meter. Most adults may be able to wear a meter in a beited waist pouch,
however this location might be unaccepiable for children and women late in pregnarncy.
Warkers in certain occupations may be hampered in their activities by a meter worn at the
waist but not orie placed in a shirt pocket or pouch on the chest. It may be preferable for
small children to carry a meter in a backpack rather than a belted pouch.

Activities of subject. Subjects in a PEM study may engage in activities that could be
affected by the location of the meter. The tange of activities for subjects should be
anticipated or surveyed and the implications of meter placement considered. Will
wearing the meter at the proposed location impact activities? Will the activities affect the
security of the meter? Are there activities when the subjects should not wear the meter?
Do subjects routinely wear clothing or use tcols that could affect measurements? For
example, belts with large steel buckles or tools located close to meters can affect field

measurements,

Measurement period. The amount of time and environments where a subject wears 2 PEM
meter can also impact the acceptability of a meter location and cartying system.
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Obviously, the longer the meter is worn and the more places £he subject goes, the more
important it Is to use a comfortable and unobtrusive measurement system.

Size of instrument. To provide flexibility in placing the meter on the body and to
minimize interference with subject activities, the smallest meter that meets the needs of the
study should be used. The natiure of the meter selected for PEM will, to some extent,
determine its size; meters capable of recording time-series data are generally larger than

accumulating meters.

Carrving system. Simple PEM meters are small enough to be carried like other personal
sampling devices. They can be placed in a shirt pocket, womn on a wrist strap, or clipped
on a belt. However, full-function, comumercially available PEM data loggers are too large
to be carried this way, and must be placed in a separate cartying pouch, such as a
fanny-pack or knapsack. To accommodate these Erger meters and to provide uniformity
in sampling location for small meters, a standard carrying pouch should be used for all

PEM meters. \

Pouches are typically available from the meter manufacturer or may be purchased ready-
made (camera bags, knapsacks, fanny packs, ete.). However, for some projects, it may be
preferable to have the carrying pouches custom fabricated to meet the specific needs of the
project. This can usually be done for a modest cost, yet results in substantial gains in
acceptance by the subject and adherence to protocols. For example, chest pouches for
carrying data loggers were fabricated out of special fabric to meet safety requirements
when monitoring electric utility live-line workers [Bracken, T. D. et al., 1994a).

Record-keeping requiremnents, Time/activity (or ime /location) record-keeping by the
subject may directly involve the PEM meter (e.g., pushing a button on the data logger), or
the carrying system may be used to store the subject’s activity diary. Thus, the need to
aceess the meter while it is worn may influence the selection of meter location.

6-17




Spacifi: Guidelines for EMF PEM Siudy Design

A location or locations for the PEM meter in the event it is not worn must also be selected.
The selection of the not-worn location depends on several factors:

Subject convendence. The not-worn location must be convenient to the subject’s activities
both when they remove the meter and when they put it back on. For example, if the

subject is to wear the meter only when at home, then the not-wom location should be in a
location convenient to the enfry and exit point of the house.

Subject reliability. The not-worn location should be selected so that the subject remembers

to leave it at the location when the meter is taken off and remembers to retrieve it when it
is to be worn again. In soma cages, it is helpful to place reminder notes at strategic
locations around the house or other site where PEM are being taken.

Purpose of the not-worn measurements. The not-worn location should be selected to

respect the purpose of the measurements collected, if any, while the meter is not worn.

For example, if the not-worn measurements are to be used to characterizé background
field levels, then the selected location should be well away from localized sources.
Alternatively, if the not-worn measurements are to characterize exposures when the
subject is in bed, then when the meter is not wormn it should be placed at a location close to
the bed but away from sources that do not contribute to fields at the bed.

Security. The not-worn location should be selected to ensure the physical security of the
meter and the integrity of the data collection process. Thus, when the meter is not worn it
should be placed where access is lirnited and it is out of harm’s way, especially pets and
curious children or aduits.

Prior to implementation of the measurement protocols, the accepiability and repeatability

of the selected meter locations and ¢arrying system should be thoroughly tested in pilot-
studies. The pilot studies shonld utilize naive subjects that are similar to the study
population and take place in settings similar to those targeted by the study.
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8.2.3 Other instrumeniation

PEM studies often require or can be enhanced by the use of other instruments besides the

PEM meter that is wom by the subject. In particular, area survey measurements of
magnetic or electric fields are often performed. The purposes for such measurements
include: assessing the range of field levels expected in a location or near a source prior to
PEM; characterizing fields from a source with respect to distance and operating state (on
or off); ensuring that the not-wom location for a PEM meter is free from the influence of
nearby sources; and quantifying field characteristics that are not captured with the PEM
meter. In the case of electric fields, area survey measurements may be the sole means of
reliably determining unperturbed field levels in a location. |

Depending on the purpose of the area survey measurements and the capability of the PEM
metar, measurements can be conducted with the PEM meter itself or another instrument
can be used. PEM meters generally collect only magnitude {resultant) information about
magnetic fields, Other instrumentation will be required if the area survey is to measure
additional field characteristics. For example, a single-axis magnetic-fisld survey meter can
be used to determine feld orientation. The investigator may wish to characterize the
frequency content, polarization, and/or orientation of the magnetic field at some location
of interest. Wave-capture instruments have been used to collect such data [Bracken, T. D.
et al,, 1994a; Rankin and Bracken, 1994]. Other instruments are also available to capture

frequency spectra.

Quality assurance for meter performance takes place in several contexts (see Section 6.7).
Calibration of PEM meters is best performed by the instrument manufacturer in facilities
which are designed for this purpose and traceable to national standards. However,
verification that PEM meters are operating within measurement accuracy tolerances
should occur routinely during PEM data collection and may require additional equipment.
Verification of magnetic field meters requires a means of generating a known magnetic
field from a 120 V outlet [IEEE Power Engineering Society,-1995]. Both single-axis coils

6-19




Spacific Guidalines for EMF PEM Study Design

and three-axis systems have been fabricated for use with several types of meters by
instrument manufachurers and investigators. The design of a verification system depends
on available resources and the number of meters that must be verified. A three-axis field
generation system can expedite the vetification of meter accuracy. No special equiptment
is requirad to verify the functionality of magnetic-field PEM meters during data collection.
Local scurces such as computers or desk lamps are adequate for this purpose.

Verification of performance for of electric field meters requires a parallel-plate exposuze
systemn with a high-voltage power suppiy [IEEE Power Engineering Society, 1995].
Functionality can be confirmed with a flourescent lamp or ether unshielded voltage

source.

PEM studies often include time-activity record-keeping (see Section 6.4). Diaties and
questionnaires are the traditional methods for collecting subject location and activity
mformation. However, electranic recording instruments can also be employed for this
purpose. One approach is to use a voltage to indicate the location of the subject.
{Pretorius, 1993]. Using a multi-position switch, the subject selects the position (voltage)
corresponding to the environment they occupy or their activity. The voltage is then
recorded by the PEM datalogger or an auxiliary data logger. A device used in PEM for air
pollutants employs a range finder to determine whether a subject is indoots, outdoors or
in {ransit based on the height of the ceiling. This information is then recorded by a
datalogger [Moschandreas et al., 1994).

Electronic scanning of bar codes or other electronic tags can improve the efficiency of
recording activity and location information. The TimeWand™ and DuraWand™ bar code
scanming systems {Videx, Inc., Corvallis, OR) have been used to record location and task
information in EMF PEM studies. In one study, subjects employed a small pocket-size bar
code scanner that time-stamped and stored each bar code scan to record their activities -
[Sahl et al., 1993). Inanother study, an cbserver used the same technology to
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simultanecusly record the activities and locations of up to six electric utility line workers
[Bracken, T. 1. et al., 1994a].

Emerging techmologies employing tags that can be read electronically may also have
applications in automatic time-activity record-keeping during PEM studies. This
approach may be particularly appropriate in occupational envirorunents, where subjects
change locations frequently and manual recording in diaries or scanning of bar codes can
quickly become a burden.

It is necessary to ensure that these auxiliary devices will function in the magnetic field
envirorunerits anticipated during PEM. This is of particular concern for occupational
environments where high fields are known to exist: e. g., static fields in magnetic
resonance imaging facilities and ac fields near de-magnetizers. Pilot tests should be used
to determine the compatibility of all instrurnentation with the anticipated envirorunent as
well as test their use in PEM protocols.

6.24 Future Develocpments

Advancements in EMF PEM instrumentation will be driven to a large extent by biological
research. If a biological mechanism for EMF-related health effects can be established, then
meters can be designed to capture the appropriate field exposure characteﬁsﬁcfs} .
However, until then, it will be necessary to utilize instruments that emphasize field
magnitude for EMF PEM. '

Many capabilities that would be desirable in commercially available PEM instruments
have been incorporated in prototypes or in meters with limited distribution.
Enhancements that are desirable for EMF PEM meters include: packaging improvements,
performance improvements, increased field characterization capability, and improved -
time-activity recording capabilities. Some gpecific improvements include:
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Meter size. The physical size of present meters can be burdensome to some PEM subjects,
especially women and children. Therefore a reduction in meter size would be beneficial
for PEM meters in general, and especially for meters which record time-series data and
event mark on the data stream. '

Clock display, The ability to easily display time of day on PEM dataloggers is a
considerable benefit in studies when time-activity information is being collected
concurrently with the magnetic field data. The clack time displayed by the PEM mater is
linked directly to the tirne-series data it is collecting. The time recorded by the subject is
also linked to the data without the need for synchronization of different clocks or

computers.

Frequency content. The capability to record specific frequencies or frequency spectra at
short intervals (<1{ seconds) would allow characterization of exposures to more than

power frequency or broad spectrum magnetic fields.

Transient field exposures. Transients related to electric current switching constitute higher
frequency fields than are normaily recorded during EMF PEM using existing meters.

There is considerable interest in characterizing exposures to these short duration (<1/60
second) magnetic field pulses. Therefore a proven methad for quantifying and recording
personal exposures to transient fields is needed. Ideally, the transient events should be
time-tagged and linked to traditional magnetic field PEM and time-activity information.

Jime-activity record-keeping. Characterization of EMF exposures has often included the
concurrent collection of time-activity information. Integration of a time-activity record-
keeping capability into a FEM data logger could simplify and enhance the quality of data
collection. Similarly, any technelogies that antomate fime-activity recording would
further enhance data collection.
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6.2.5 Recommendaticns for Instrumentation

The process of study design should consider the following activities related to,

1)

2)

3

4)

5)

6)

6.3

Select an accummlating or time-series meter based on study purpose, data

requirements, and available resources.

Confirm that PEM meter specifications are acceptable in terms of range of measured
field level, sampling interval, data storage capacity, battery life, event mark
capability, display characteristics, etc.

Select where and how the meter will be worn by subjects based on subject
acceptance and the exposure madel employed by the study. Factors to consider in
meter placement include: safety, likely activities of subject, size of meter, and any

associated subject record-keeping,

Select where the PEM meter will be placed when it is not worn based on the study

purpose, convenience for the subject, and security issues.

Determine additional instruments that will be required for other purposés such as
time-activity record-keeping and calibration verification.

Perform pilot studies using the proposed instrumentation.

Study Design: Sampling Strategies

The study plan indicates the purpose of the study, whether it is to: T) estimate some
exposure surnmary measure within a specified degree of precision, 2) determine whether
subgroups have differing exposuze, or 3} take some action if the sample demonstrates
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specified results. Sampling strategies to accomplish these ends vary greatly in their
complexity. The ultimate sampling plan for a study is impacted by the nature of the
subjects, their exposure scenarios, the presence of expasure graups, exposure variability,
and available resources. The sampling plan specifies the sampling frame, type of sample,
sample size, and sample parameters. It also recognizes analytic implications of the design
and constraints placed by limited resources.

6.3.1 Subjects

The objectives of the PEM study must clearly identify the population of interest. The
subjects to be measured should be described in terms of the atiributes defailed in Section 3.
This and subsgedquent steps in developing a sampling plan can greatly benefit from a
preliminary survey of the areas frequented by subjects and brief observations of the
activities of potential subjects.

The sampled population may differ from the population of interest due to convenience,
logistics or other practical considerations. For example, a list of employees may not be
current. The investigator must recognize such differences when reporting results and
generalize only to the sampled population. Information about the differences between the
sampled and total populations can aid the investigator in hypothesizing the extent to
which the study resulis apply to the population of interest. It is important to plan in
advance for data collection that will allow relevant comparisons between the sampled and
total populations.

6.3.2 Exposure Scenarios

The exposure component stratification tables (Section 3.4) or an equivalent approach
should be used to identify: what environments and sources will be encountered by
subjects; which environments will be included in measurements; how the ervironments,
tasks and sources that subjects experience affect their EMF exposures; and can the subjects
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be separated into groups with similar exposures. In some settings it may be difficult or
impassible to identify subject characteristics that are highly correlated with exposure.

6.3.3 Exposure Groups

Information about the subjects and their expected exposures can be used to divide them
into groups for sampling puiposes. Preferably, the subjects in a group should have similar
EMEF exposures and constitute homogeneous exposure groups (HEG). However, selection
of HEGs for EMF exposures is not an easy task [Kromhout et al., 1995). EMF exposures
can be highly variable within traditional HEGs, such as job categories. Therefore, it may
only be practical to select groups to facilitate the logistics of data collection.

6.3.4 Exposura Variability

Keason and statistical considerations argue that if the PEM for a subject are quite variable
then more PEM are necessary to obtain a given level of precision in exposure estimates.
Similarly, when attempting to characterize the exposure of 2 population of subjects, if the
PEM are quite variable between the subjects then more PEM are required t0 obtain a given
level of precision in estimates for the group. These components of variability, within .
subject and between subject; are central factors in developing an appropriate sampling
sirategy.

Simplistically, if the investigator expects greater variability in exposure between subjects
than within subjects, the study design should aim to sample more subjecis for shorier, but
still representative, periods of time. Variability is the issue of concern, not strictly exposure
magnitude. That is, the estimation of high, relatively constant exposure requires no more
PEM than low, relatively constant exposure.

Often, when designing the sampling strategy, exposure variability for a population is not
known and must be estimated. A variety of approaches can be taken to estimate

6-25




Spacific Guidslines for EMF PEM Studly Design

variability inclnding; using the results of other studies of similar populations, executing
small pilot studies on the populaﬁon, or making assurnptions about the distributions of

PEM for the subjects in the population.
6.2.5 Sampling Frame

It is critically important to obtain a proper sampling frame from which to ultimately draw
subjects. The sampling frame can be simple (a listing of employees at a manufactoring
plant) or complex (matched controls for a epidemiologic study). Each subject must be
listed once and only once in the sampling frame to ensure equal probability of selection.
For example, when employing random digit dialing one must be careful to avoid over-
representing more affluent homes with multiple phone numbers. Even the simple,
obvious sampling frame may have limitations (new hires may be omitted and sick, injured
or vacationing workers may be unavailable). The study pian must identify the sampling
frame t0 be used and determine and characterize any of its shortcomings.

6.3.8 Types of Sampling Designs

The approach to selecting groups and type of sampling for an EMF FEM study is no
different than for studies monitoring other exposures. Random, convenience or targeted
sampling may be used. However, EMF exposures tend to be right-skewed with most
measurements occurring at relatively low feld values, making it difficult to capture
infrequent high-field exposures. It may be necessary to go beyond a simple random
sample and target activities, individuals or groups where such exposures are likely to

OCCUr.

Simple Random Sample: Once the sampling frame is determined, subjects can, for
exampie, be assigned sequential numbers. A random number generator or random
number table can then be used to produce a series of random nunbers which range from 1
to the number of subjects in the sampling frame. A subject whose number is next on the
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random list is selected and this is repeated until the desired number of subjects.is obtained.
A subject is not permitted to be selected twice. This "sampling without replacement” may
require correction factors in some statistics, especially if the sample size is large relative to
the population: (say, if ane third or one fourth of the population was sampled). A similar
procedure assigns a random numnber to each subject, sorts the subjects by their random
number, and selects subjects based on the order of this random list. This approach
precludes selection of a subject twice. These techniques are known as simple random

sampling.

Systematic Sample: A sample can aiso be obtained by determining the fraction of subjects
in the sampling frame which will be selected for the study, say one fiftieth. A random
number table can be used to determine the first subject to be selected by providing a
random number between 1 and 50, say 17. Thereafter every fiftieth subject on the list is
selected: 17, 67, 117, 167, 217, etc. This approach, known asa systematic sample, amounts
to randormly selecting a subject from the first k subjects and then systemnatically selecting
each kth subject thereafter. If volunteers are being sought and refusals are likely, this
procedure must be adjusted to produce a sufficiently Jarge preliminary sample. In
addition, care must be exercised when soliciting subjects to avoid an over-representation
of subjects from a certain portion of the sarpling frame, for example to avoid selecting
subjects primarily from the beginning of an alphabetical list. If the list is ordered in some
itnportant way or if there is a cyclic pattern in the list, then care must be used when
en'q:.'loj,ring a systematic sampling technique.

Stratified Samnple: There are techniques for possibly increasing the efficiency of a study’s
samnpling strateg}f; Efficiencies may be gained by segmenting {stratifying) the population
into subpopulations, based on factors which result in more homogeneous exposure
groups. The dimensions used in the stratification must be based on information which is
available for the entize population in order for this technique to be most helpful.
Stratification using natural dimensions is strongly preferred, for example subject’s job
category ot type of residence.
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The semple size used when sampling from a stratum may be based on the proportion of
the total population in the stratum. This proportional stratified sampling resuits in a
satnple which is similar to that produced by simple random sampling or systematic
sampling but this technique is more likely to ensure proper representation of the stratum
groups in the resulting sample.

An investigator may wish to select a different fraction of subjects from each stratam,
because of increased exposure variability or cost in some strata, or for other reasens.
When the sampling fractions of the strata are not equal, the resulting sampling strategy is
referred to as disproportionate stratified sampling.

Cluster Sample: Another strategic option for sampling is known as cluster sampling.
When using this technique the investigator first determines 2 basis for defining clusters of
subjects such as cities for a residential PEM study, schools for PEM of children, or
manufacturing plants for occupational PEM. Then a random sample of the clusters is
selected and a random sampling of the subjects within each of the selected clusters
completes the process. Here, the factors defining the clusters are selected to maintain
heterogeneity within clusters and minimize between cluster variability. This techniqee is
used principally when a sampling frame of subjects is unavailable or to reduce the logistics
and, hence, costs of collecting PEM.

Cluster sampling results in less precise estimates than other sampling techniques. This
affects both the precision with which a study can estimate exposures and a study’s ability
to compare expusl.ires between groups of subjects. Proper consideration of the
implications of the reduced precision of cluster sampling may require the assistance of a
qualified statistician.

Multistage Sample: These techniques can be combined into multistage processes. For
example, in a residential PEM study, clusters can be defined by Census Metropolitan

Areas, the clusters might be stratified by region or residential electricity consumption, and
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the study clusters can be selected using a simple random sample within stratum. Subject
residences might then be selected using systematic sampling based on the residential
customer lists of local utilities [Rankin and Bracken, 1994].

6.3.7 Overalf Sample Size

The determination of appropriate sample sizes is driver by the nature and extent of the
analyses to be performed in achieving the study objectives. If the study intends to
estimate an exposure summary measure to within a specified degree of precision then the
amount of error which will be tolerated has been detailed in the study plan. The
investigator constructs an equation which determines the sample size within the desired
precision. Often this equation contains elements which must be estimated including:
population and subpopulation sizes, PEM variability and cost of PEM by subject type. If
multiple sumumary measutes are fo be addressed then more than one set of sample size
computations may be necessary. See, for example, [Cochran, 1977]. This process may
require the assistance of a statistician.

The objective of the study might be to determine whether subgroups have differing
exposure, that is whether there is an association between the factors attributable to the
subgroups and their subject’s FEM. Here the researcher must specify the desired power of
the test to be used, that is its ability to demonstrate an association which is truly present.
Again, the investigator constructs an appropriate equation, estimates any unknown
elements, and produces an estimated sample size. See, for example, [Cochran, 1977;
Cohen, 1988).

When stratified sampling is employed, the sample size for a stratum may be based in part
on the variability of exposures within the stratum and the cost of obtaining PEM for its

subjects. In general, for a given stratum, a larger sample should be taken if: 1) the stratum
contains a larger number of subjects, 2) the exposures in the strafum are more variable {(as

measured by standard deviation), or 3) sampling is cheaper in the stratum. This approach
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is referred to as a Neyman Allocation [Cochran, 1977] and its use in optimizing sample
sizes across strata may require the assistance of a statistician.

5.3.8 Sampling Paramelers

For many physical and chemnical envirornimental agents, biological and health research
offers guidance in the selection of sampling plans. For example, acute effects occurring at
high exposures suggest rapid sampling over short duration fo capture the peak expostres,
whereas chronic effocts associated with low level exposures over extended periods suggest
collecting data over days, weeks or even years. No mechanism has been established that
links EMF exposure with a health related outcomne. Consequently, EMF sampling plans
often must capture as much exposure information as possible given the resources
available. They have tended o examine exposures using relatively rapid sampling rates
{seconds} over lengthy perieds (hours). However, in many cases, analysis of exposures
has been limited to examination of the time-weighted average over a work day or 24-hour
day.

Sampling interval: The sampling interval for a time-series PE meter should be selected to
match the variability of the magnetic fields in the environment where the meter will be
worn. For example, residential magnetic fields are relatively stable and a 10-second
sampling interval is sufficient to capture field variation. In an accupational setting where
a subject may move in and cut of areas with high fields, a shorter interval, say 1.5 or 3
seconds, may be appropriate. Sahl et al. [1991] found that daily occupational exposure
measures of central tendency, variation and exceedance fractions were not affected as the
sampling interval for EMF PE measurements ranged from 1.5 to 60 seconds, However, the
maximum measured value generally decreased as the interval betiween measurements

increased.

Duration of sample: The length of the measurement period should be sufficient to caphure

cyclic patterns associated with subject activities and source variability. Commmon
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measurement periods for EMF PE measurements are the work day or a 24-hour day.
However, if characterization of exposures during a task or activity is the objective, then a
shorter duration would be appropriate. This criterion for duration of sample applies o
both accumulating and time-series PE meters.

Emygnmf_gmplﬁs; The number and frequency of repeated samples for subjects, in lieu
of continuous monitoring, can be determired by the need to capture long-term variability

of exposures, such as the variability associated with seasonal trends in activities and /or

S0UTCES.

6.3.9 Analytic implications

When stratified or cluster sampling is used the investigator must exercise caution in
analyzing the results across groups, especially if disproportionate sampling techniques
were used. Within group analyses ave comparable to those appropriate for simple random
or systematic satnples. Some of these same analyses, when performed across groups, are
proper for proportional samples (although weighting schemes may be required in certain
instances). However, fewer traditional analyses are appropriate for disproportionate or
targeted samples, even when weighting schemes are employed. In addition, cluster
sampling is less statistically efficient than simple random sampling, and this must be
considered when performing inferential tests. In summary, the simplest analyses of
complex sampling designs and more complex analyses of the simplest sampling designs
are well-understood. However, more complex analyses of more complex sampling
designs require the review and assistance of a qualified statistician.

8310 Resource Constraints

Whether determining the sample size necessary to properly estirnate an exposure
sununary measure or addressing the association between exposure and subject attributes,
an investigator often finds that the resources available for the study cannot provide the
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necessary sample size. An investigator in such a situation has several options, including:
reducing the overhead associated with study implementation, simplifying measurement
protocols and /or instrumentation, reducing the number and /or length of measurement
pericds, relaxing the precision or power required of the study statistical analyses,
targeting one or more subpopulations, reducing the study’s logistical requirements, and
seeking or awaiting additional respurces.

5.3.77 Recommendations for Sampling Strategies

The process of study design should include the following activities related to sampling
sirategjes:

1)  Develop a sampling strategy based an the following steps:

1)  Identify and characterize the subjects;

2} Characterize the environments and exposure components for subjects;

3) Stratify the subjects into exposure groups, if appropriate;

4) Develop sampling plan(s) for subject groups that describe the
sampling frame, type of sample, sample size, and sampling
parameters; and

5)  Adjust the plan to accommodate logistical ard resource limitations
while addressing study objectives.

2}  Perform pilot studies of sampling protocols.
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6.4 Study Design: Time-Activity Record-Keeping
6.4.7 Introduction

Data on human activity patterns are collected as a part of EMF personal exposure
protocols in order to answer basic questions about the causes and durations of exposure.
The term activity pattern pertains to human activities and locations and their positions on
the time continuum. Certain locations may be of special importance because they contain
EMF sources, Likewise, certain activities may be particularly important becattse they
involve the use of EMF sources. Nevertheless, the concept of activity pattern refers to a
global complex of actions, locations and times, rot only to those associated with particular
soutrces., In the context of these guidelines, the poal of activity pattern assessment is to
ascertain the nature of activities when EMF exposure measurements are taken.

Observations and record-keeping of activity patterns in PEM protacols are generally
limited to a defined set of environments and subjects and to fixed periods of study. The
characteristics of the subjects and their environmenis, and of the sources and the fields
they generate, define the tasks of activity pattern measurement and the nature of the
protocols needed to accomplish those tasks, Complicated envirotments, highly variable
cycles of activity, and extremely mobile subjects, present special logistical problems for
activity pattern measurement. Because sources are generally localized, it may be
necessary to keep close track of a subject’s proximity to sources and the associated times.

To design a protocol for collecting such data, investigators must attend to the basic
purposes of the study, the resources available, and the nature of the subjects and their
environments, Section 6.4.2 discusses the main types of activity pattern protocols and
provides guidelines for selecting a protocol that will achieve study objectives. Section
6.4.3 discusses issues of implementation, given thata particular type of protecel has been
selected. Section 6.4.4 gives examples of data collection tools appropriate for varions

protocols.
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6.4.2 Selecting an ActivRly Pattarn Protocol

Activity pattern protocols can be classified according to the timing of data collection in
telation: to the PEM period. Prospective protocols invalve data collection before the PEM

period and are necessarily confined to predictions about activity patterns during the PEM
period rather than observations. In concurrent protocols, data on activity patterns are
observed and recorded throughout the PEM period. Retrospective protocols initiate data
collection on activity patterns after the PEM period and rely on recall. In each case, there
is usually some attempt to make a cormection between the EMF data collected during the
PEM period and the activity patterns during the same time period. These designs are
further subdivided by whether the data on activity pattemns ate provided by the PEM
subject or by an observer or interviewer, giving a total of six different protocol types:
Prospective protocols
Subject Questionnaire (PSQ)
Interview (FI)

Concutrent protocols
Subject Diary (5I)
Observer Log (OL)

Retrospective protocols
Subject Questionnaire (RS())
Interview (RI}

Table 6.3 cornpares these protocols in refation to two basic dimensions: the quality of the

activity pattern data and the costs of implementation. These comparisons are summarized
below.
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Table 6.3 _
Evaluation of Activity Pattern Protocols: a) Quality of activity pattern and EMF source data; b) Costs of activily pattemn
protocol
Prospective Concurrent Re ive
Temporal {Activity pattern data collected before | {Activity pattern data collected during PEM | (Activity pattem data collected aEmPEM
Order PEM period) period) period)
Subject Subject
Data Collaction Cuestionnaire Interview Subject Diary Observer Log Questionnaize Interview
Method (1) (2) {3) i} (5) {8)
a) Quality of Activity Pattern and EMF Source Data
Problems of question | Interviewarcan | Record-keeping may | Advantage ofa
Subject versus interpretation; explain questions | interrupt the flow of | dedicated observer;
Interview/ High rate of response | according to actvity and vice Recording does not
Observer erroks. guidelines and versa, ) directly affect Same as {1} Same a5 (2)
elicit answars. subject’s activities or
locations.
Major Sources of | Problems of coding multiple and complex [ Difficulty in applying coding scheme for Problems of coding multple and mmplex
Errors activities and locations; activities, locations, and sources; actvities and locations;
Problems forecasting activities ard Iraccurate recording of times and activity Faulty recall of times and events ciurmg PEM
locations or estimating events and times | patterns: period.
due to unpredictability. Ambiguity about initiation of events and
changes in status, in particular for subject
diaries.
Influsnce of Forecast may affect subject’s activities, Subject™s record- Presence of an i(nuwledge that retrospective questions will |
Protocol on and Incations during PEM period. keeping may affact obsarver may affect | be agked may affect subject’s achivities
Subject his or her activities subject’s activities and /ot locations during PEM period.
and locations, and localions.
Validation Issues | Association of prospective repoxts and/or | Linkage of event or intervat reports with PEM | Correlation between aspects of PEM time

pre-ideritified exposure groups with
characteristics of PEM time series.

time series,

seties and retrospective exposure tepotts

_and/ or post-fackum exposure groups.
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Prospective Concurrent Retrospective
Temporal (Activity pattern data collected before | (Activity pattem data collected during FEM | {Activity pattern data collacted after PEM
Order PEM period) period) period)
Subject Subject
Data Collection Ouestionnaire Interview Subject Diary Observer Log Questionnaire Interview
Method (i} {2} 3 ) {5) {6)
b) Costs of Activity Pattern Protocol
Moderate up-front Ouestion design | Moderate casts of Diary design and
Costs of Aclivity | costs of question and interviewar | diary forms design. labor;
Pattern design. Iabor; Costs that depend on | Same as (1) Same as {2)
Recording Relatively high nuthber of subjects
coats. that can be observed
per obhsarver.
Subject Burden Moderate High Low Moderate
Automated methods may teduce burden for
subject or obgatver,
Pllot Studies and | Identification of activities, lorations and Bame ag {1} and (2);
Expert Panels subject groups, and development of an Presence of observers and concurrent .
adequate coding scheme, tay require an | recording may permit more flexible coding Same 25 (1) and {2)

expeart panel or pilot sbucdies that make
preliminary observations of subjects.

schemes for activities and focations.
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Subjects versus observers or interviewers. For making comparisons between
subject questionnaires and interviews in pruspective and retrospective protocols,
the principal issue is whether or not an interviewer is necessary to intexpret
questions and assist the subject in responding. Fully self-administered
questionnaires must be constructed very carefully because no one is available to
answer a subject’s questions or resolve uncerfainties. In concurrent degigns, the
observer has an advantage over the subject when record-keeping competes with the
subject’s other duties. In addition, observers can preduce a greater level of detail

and consistency in coding activity patterns and may add new codes when
necessary.

Generic and design-specific sources of exrors in the measurernent of activity
patterns. Generic problems for all protocols include fuzzy categories, and potential
misclassification of activity patterns for PEM and activity pattern assessment. The
match between activity pattern data and actual activity patterns during the PEM

period may be less than perfect for several reasons. In many cases it may be
difficuit to select and identify EME-related activities, espedially if the sources are
hidden. Prospective designs are subject to forecast errors, especially in settings
where activities are non-routine or otherwise unpredictable. Concurrent designs
can provide highly accurate logs of activities and Jocations, if the recording
instructions are clear and the subjects and /or cbservers are well-trained.
Retrospective designs rely on subject recall and may be subject to recency bias—a
tendency for recent events to be reported more reliably than earlier events.

Influence of the protocol on the subject’s behavior, Thisisan issue for any design if
knowledge of the protocol produces atypical activity patterns during the PEM
period. A concurrent design with an unobtrusive observer or use of automated
methods can mitigate this problem,
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* Opportunities for validation of activity pattern data. Concurrent designs provide
the best opportunity for v;i]idaﬁng activity pattern through comparison of EMF
time-series with records of specific exposure-related events. This type of validation
is possible to a lesser extent in retrospective designs. In prospective designs, if may
be possible to validate activity pattern forecasts by incorporating a retrospective
rating by subjects of the accuracy of their forecasts.

L Costs and subject burdens of activity pattern data collection. In general,
interviewer or observer-based protocols are more costly to implement than
subjecit-based protocols due to labor expenses. Subject burden tends to be moderate
in non-concurrent designs that rely on extensive self-reporting and very high in
concurrent designs using diaries. In some cases, it may be possible to substantially
reduce subject burden or elitninate observer expense via automated recording,

. Use of pilot studies and expert panels to develop coding schemes and recording
methods. An impoertant component of an activity pattern protocol is the scheme
used to classify activities, locations, and sources, Studies involving complex
environments and activities may require prelimirary observations to determine
how to code activities and locations and to record changes in subject status. This is
a particularly important consideration in designs which rely solely on subjects since
confusions about categories lead directly to errors of reporting.

The main issues involved in choosing a type of activity pattern protocol are organized in
the form of a simplified decision tree in Table 6.4.

The first issue to be decided is the nature and extent of the link desired between activity
pattern data and PEM. If a strong link is needed, the protocol should be selected from
amnong the coneurrent designs. If a weaker link between PEM and activity patterns will-
suffice, then a retrospective design may be chosen. A prospective design is appropriate if
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Simplified Pecision Tree for Choosing an Activity Pattern Protocol

SIMPLIFIED DECISION TREE FOR CHOOSING AN ACTIVITY PATTERN PROTOCOL

Extent of link required between | Direct link to time-serieas PEM | Assoclation of activitles with No link required
PEM & activities PEM period
Will sublects be a consistent
source of accurate data? Yes No Yes Mo Yes . No
Are resources for observer
andfor interviewer available? Yeg No ¥os | No | Yes Ne | Yes No Yas | No | Yes No
Suggested protocol(s) OL SD oL SD RI RSQ Ri Ri Pl PSQ Pl PSQ
SD oL | ASQ REC Rl |RSQ | RI | RBQ
PSQ Pl
RSQ Rl
Abbreviations and symbols: OL Observer Log
SO | Subject Diary l
PI Prospective Interview ,E,',%?gg‘o nended
Ri Retrospective Interview G
PSQ | Frospective Subject Questionnairs Choice of
: . protocol
RSQ | Retrospective Subject Questionnaire depends on refative
importance of issues
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there is no need o link the activity pattemns directly with PEM time-series data or if a link
is desired and the activities, locations, and times are extremely predictable.

The next issue pertains to the capability of the subjects to provide accurate reports of
activity patterns in the PEM petiod on their own under any of the three types of designs.
Subjects may lack that capability because they find the task too demanding or confusing,
because they lack sufficient time to record the information, or because they can't
remember what happened without prompis and reminders. Some of the variability in the
subject’s capacity to report accurately is under the control of the investigator. For instance,
a well-constructed self-administered questionnaire can sometimes substitute quite well for
an interview. In general, alack of faith in the subject’s ability to make reliable reports
leads to a choice of observer or interviewer-based protocols.

The final question in this simpiified decision tree deals with resource limitations. Large
budgets make the cheice of the relatively expensive cbeerver /interviewer designs easier.
Cost limitations bias the choice of protoco! toward subject-based data collection, even

though accuracy may be compromised.

In certain cases, answering the three questions of Table 6.4 leads straightforwardly toa
unique choice of protocol type. Thus a subject diary Is called for if a direct link between
activity patterns and PEM data is required, the subject can do the record-keeping reliably,
and there aren’t enough resources o hire a dedicated observer. On the other hand, some
conditions justify a choice between several acceptable designs based on considerations not
included in the chart. This is sometimes the case in making choices between subject
questionnaires and interviews in non-concurzent designs. Yet other condiions may force
an uneasy choice bei.:ween alternative protocols none of which is fully appropriate. In such
cases (e.g., between a subject diary and observer log when subjects are not reliable and
obgervers not affordable), the chart indicates that the selection of a protocol depends on
the relative importance of opposing considerations.




Spacific Guidalimas for EMT PEM Study Design

Table 6.4 is intended as a guide to making protocol decisions, not as a set of Tules. The
decision tree will point in the right direction in most cases, but the actual choice of
protocol type must be made by the investigator with relation to detailed knowledge of the
research environment. Finally, we note that there is no prohibition against mixed
protocols. For example, it may well be desirable to use observer logs for one part of a PEM
study and retrospective questionnaires for another component. The questions in Table 6.4
ghould then be directed to the cireumstances of the particular study component.

§.4.3 Iﬁrpfamenting an Activity Pattern Protocol

Coding Actjvities and Locations. In the context of this report, the purpose of an activity
pattern protocol is to determine the nature of exposures during the FEM period. If P() is
a time-series of EMP measurements for a given field characteristic and P(t}=fA{t),L(t)
approximates the functional relation between that characteristic and subject's time-series
of activities A(t) and locations L{t), then the task of an activity pattern protocol is to
provide enough information about A(t) and 1(t) to interpret those aspects of P(t) the
investigators deemn important. When the recording device accumulates measurements
rather than providing a time-series, the same logic applies without the time index—i.e., the
expreasion is P=f(A,L) where it is understood that P is a summary of the series of

measurements,

As indicated in the previous section, the choice of an activity pattern protocol depends on
how closely PEM measures need o be linked to activity patterns. Whatever design is
chasen, collecting data about activity patterns requires prior decisions about the
classification of activities and locations. Classification or coding schemes for activities and
locations can be compared along several dimensions. Three important distinctions are:

1)  the level of detail of the coding scheme;
2) the extent to which classes of activities and locations are linked to specific

micro-environments; and
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3)  the extent to which EMF sources or sotirce use are embedded into the coding
scheme.

The very extensive coding schemes used in studies of air pollution exposure (and
discussed in Section 3 above) are examples of highly detailed classifications of activities
and locations that are applicable to randomly selected subjects from the genteral
population and the environments they inhabit in their everyday lives. Although these
coding schemes have limited application for EMF studies, they provide an illustration of
hierarchical classification and an introduction to the generic problem of choosing a level of
detail for coding. For example, in a study cited in the EPA Exposure Factors Handbook
[United States Environmental Protection Agency, 1989, the activity category "personal
care” includes such snbcategories as "washing/dressing”, “medical care--adults”, "help and
care”, "meals at home", "meals out”, "nights sleep”, and "naps/resting”. The location
"home" in the California Air Respurces Board surveys was subdivided into "bedroom”,
"kitchen", "bathroom”, etc. The level of detail in data collection does not always match the
level of detail in data use. For example, in air pollution exposure studies, subjects may be
asked to provide information about locations and activities in their own words. These raw
data are then aggregated into codes after data collection.

The choice of a level of detail in coding depends in 4 general way on the relation between
exposure variations and the categories which characterize activities and locations. Itis
normalty desirable to choose a coding scheme which maximizes between-category
variations and minimizes within-cabegory variations in the parameter of interest (for
example, resultant magnetic field).

When EME studies are conducted in specific locations {e.g., schools, offices and other
workplaces, cutside locations) it is possible and desirable to incorporate specific
microenvironments into the definition of location codes. In this case, location codes can be
defined mmbiéuouﬂy as specific locations on a map of the site and such maps may be
incorporated into the data collection protocol-
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Because EMF sources tend to be localized, it is often desirabie to embed source
information into location codes and o incarporate source use into activity codes. Thus
locations can be defined in terms of sources, as in the "computer room” of a school or
research facility or the "welding area” of a fabrication shop. Activity codes can be

organized around use of specific known sources {e.g., "using a hair dryer”, "operating an
arc welder”, "using the computer at home™, efc.),

Any coding scheme for activity patterns represents a compromise between what is needed
in order to understand aspects of the collection of EMF measures and what data can be
collected in practice. A coding scheme can fail in principle because it combines activities

and locations with diverse implications for exposure. A review of existing coding schemes

and consultation with expert panels can help to aveid some of the most obvieus problems.
Site visits are indispensable for assessments of specific environments. A coding system
can fail in practice because it can't be used effectively by subjects, interviewers, or
observers. To aveid this outcome, it may be necessary to pilot test proposed systems of
clagsification under field conditions.

ng Ouestio ] ] : : riod. In prospective and
refrospective designs, information about activity patterns during the PEM period is
collected either by interviewing the subject or by asking the subject to complete a
self-administered questionnaive. Although such questions can be written in many
different ways, certain guidelines are relevant to most question forms that are appropriate

to activity pattern assessment.

. Make sure that questions which refer to particular types of activities, locetions and

sources are written in a language most subjects can understand and interpret in the
same way. Choose words for activities and locations that take advantage of the
way most subjects use the language. Remember that most questionnaires and
interviews assume eighth grade language skills. Don't ask the subject to make
subtle distinctions between activities, locations, and sources without giving proper

- 6-43




Epecific Guidelings for EMF PEM Siudy Design

6-44

defmitions or cues. When asking about activities or locations in a specific
microenvironment, use maps, photographs, or similar devices to designate
particular activity pattern components. The only way to determine in advance
whether or not such questions are working properly is to pretest themn and to
conduct debriefing sessions with a sample of subjects. Itis recognized that the cost

of conducting pretests may sometimes challenge the budget limits for a particular
project.

Whenever possible, link questions about activities, locations, sources and times
together so that they correspondent to actual experiences. Attempt to nse the
memory link between what subjects de and when and where they do it, to increase
the reliability of recall or forecast. In some cages, the initial question can refer to a
location (“did you spend any time in location A during the measurement day?”}, an
activity ("did you engage in activity X during the measurement day?”), a time
(“what were you doing during the lunch hour?"), or a source or use of a source {"did
you use the lathe any time during the measurement day?*). Given an affirmative
response to the iead question, other activity pattern compeonents can be assessed
with follow-up questions (“while you were in location A, did you use any
equipment?”). When asking one question is contingent on the answer to a previous
question, the questionnaire will need to be formatted so that the skip patterns are
extrernely clear to the subject.

Choose a time frame for asking activity pattern questions and stick #o it. The time
reference for activity pattern data can vary depending on the general nature of the
protocol. The pessibilities include:
1) abinary yes/no response about actual or expected lacations, activities, or
sources during the PEM period,
2)  an estimate of the duration of time associated with an activity pattem,

3) approximate placement of activities and locations on intervals of a time

line, and
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estimated begin and end times for specific activities and locations.

All of these may be used in the same interview or questionnaire, but the tirme frame

must be clearly indicated for each series of questions and great care must be taken
to ensure that the subjects understand any shift in time frame. Avoid asking

questions that lead to a spurious sense of accuracy (e.g,., asking for exact numbers of
minutes where a broad interval of time is more realistic).

Avoid the most common mistakes of questionnaire and interview protocol design:

1)

2)

3)

4)

)

6}

make the form easy to look at and easy o fill ont; don't crowd the
questions on a page, paper is cheap; .

questions which ask about a general class of events followed by specific
questions about each type (e.g., a single question about any appliance use,
followed by questions about specific appliances) make it too easy to skip
out of an entire series, risking loss of relevant information; for this reason,
special care should be taken to format the questionnaire so that the lists are
not too long and the skip patterns are very easy to follow;

use precoded response categories rather than fill-ins or open-ended
responses when possible; use open-ended questions when seeking to elicit
responses which can’t be anticipated in advance, e.g., in pretest stages of
guestionnaire development;

consider using “don’t know", “can’t predict” or “can’t rernember” response
categories for pretest work to locate problem questions; try to avoid these
devices in final questionnaire and interview protocols;

keep questionnaires and interviews as brief as possible, consistent with the
minimum information requirements of the protocol; and

when a long series of questions about locations, sources, etc. is necessary,
avoid following it by another long series; try to make the questionnaire or
interview an interesting experience.
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&  Ininterview protocols, prepare written instructions on how to ask questions and
use these materials to train interviewers. Written item-by-item instructions on how
to conduct interviews help to standardize the interview process and to increase the
comparahility of responses. These include specifications of: 1) the intent of the
guestion, 2) how to help the subject understund the question, and 3) what to do
when the subject has difficulty responding. Writing specifications is a
time-consuming but revealing exercise for the investigator and is a necessary

ingredient of interviewer training,

Data Recording in Biaries and Logs. Accurate concurrent entry of activity pattern
information in diaries or log requires: 1) unambiguous codes for activities, locations, and
sources, 2) clear designations of the events which trigger recording of activity pattern
information, including begin and end times, and 3) forms which facilitate recording data
in the detail required by the protecol. The following principles apply.

. Activity pattern codes should be written in language that the subject or observer
can understand and interpret consistently. The same considerations apply here as
in the case of questionnaires and interviews.

* Make the log or diary form easy to use: 1) where possible, precode the activity,
location, and source categories; 2) bind the pages for easy access and choose a size
which balances portability with ease of recording; 3) if exceptions to the coding
conventions occur frequently, leave room for notes and comments; and 4) design
the rules for log or diary entry (see below) so that the maximum number of entries

is consistent with a reasonable burden on subjects or observesrs.

. Prepare written instructions for observers or subjects. This should be required for
every log or diary protocol. The instructions include: 1} definitions of activity
pattern codes, where necessary, 2) very careful designation of the events which
initiate entry into the diary or log (e.g., a change of location or activity or a specific
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time as in interval diaries which require recording concurrent activity patierns
every x minutes or retrospective reporting oh activity patterns at fixed intervals)
and 3} instructions about what to o if an entry is missed, if there is a gap between
the end of one event and the beginring of another, or if the instrument is not being

Worn.

&  Debrief subjects after the PEM period. Go over the activity pattern record with the
subject as spon as possible after the PEM period. Ask about guestionable eniries
and gaps in the record so that corrections can be made if necessary. If time-series
plots of EMF measurements are available, use the features of the time-series,
especially the location of peak values, to direct debriefing questions.

In most cases, the main components of a diary or log protocol perfaining to activity
pattern recording should be pretested under conditions which approximate those

encountered during data collection.
8.4.4 Some Examples of Activity Pattern Data Collection Tools

In what follows, we discuss and briefly illustrate three types of data collectior: tools that
may prove useful in collecting activity pattern inforimation in PEM studies, These are: 1)
list-basad retrospective questionnaires, 2} interviewer-administered retmape;:tive diaries,

and 3} recording forms for concurrent diaries.

- List-based retrospective questionnaires. This type of questionnaire takes the form
of a matrix in which the rows consist of lists pertaining to locations, sources and
gource use, or activities and the columns consist of guestions about uses and times,
The following is an illustrative questionnaire fragment adapted for PEM studies
from a residential exposure study in which the questions did not referto a
particutar PEM period.
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The following questions deal with your use of elecirical equipment at home while you were
wearing the meter. For each Hfpe of equipment, pIe&.se indicate (o} whether you did or didn’t
use Mhis equipment while you were wearing the meter; and (b) If you did use the equipment,
Jor how many minutes did you use it?”

This type of question can be used with Joration and activity classifications as well as
EMF sources and can be augmented by asking the subject to locate the event in time
{e.g., a.n. versus p.In., approximate start time). How well this question works
depends to a large extent on the completeness and understandability of the activity
pattern categories. Although "Other Specify: " may be used for
unbisted ifems, it is better to anticipate and list them explicitly to ensure
comparability of the responses across subjects. Because any listed item may be used

several times during the PEM period, asking subjects to give start times may prove

burdensome.

Retrospective interviewer-administered diary, This strategy has been used in
several time-use surveys of the general population but can be adapted for use in
reconstructing the activity pattemns during the PEM period as well. Here is an

example:

Now I'd like you fo tell me about what you did when you wore the meter. Start when you
first put on the meter and go trovugh the entire period while you wore it, I'H be asking you
to tell me |

~What you were doing,

-Where you were,

-Whether or riof you used any electrical equipment

-What time you starled doing sometiing else.

This example is interviewer-dependent because it presumes no precoded categories
and allows subjects to report their activity patterns in their own words. In this
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situation, the interviewet can probe for additional information when subject reports
are not sufficiently clear for post-interview coding. The retrospective diary strategy
is best employed immediately after PEM periods of relatively short duration (i.e.,
less than 24 hours). This particular example begins the diary reconstruction with a
question about activity (what you were doing), but it could just as well have staried
with a location question (where you were). In many cases, it may be possible to use
precoded categories for activities, locations and sources.

Concurrent subject diary. An example of a subject diary or log book is given in
Figure 6.1. This represents a form of concurrent diary characterized by: 1) time and
event marker recording designed to provide a direct link to EMF time-series
measuremnents and 2) a limited number of location codes, some of whicﬁ are
characterized by proximity to known EMF sources. This type of recording device is
appropriate when the activity-pattern categories, in this case referenced by
Jocations, can be defined clearly and specified in advance.

68.4.5 Recommendations for Time-activity Record-keeping

The process of study design should consider the following issues related to fime-activity

Tecord-keeping:
1) Use the exposure compenent stratification tables or an equivalent method to

2

determine the level of time-activity recording that is necessary.

Evaluate the available activity pattern protocols (Table 6.4) and select a
methodology for recording time-activity information: diary, self-administered or

interview questionnaire; and retrospective, prospective or concurrent.
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Figure 6.1

Example of concurrent subject diary and instructions

6-30

INSTRUCTIONS FOR
VOLUNTEERS
KEEPING YOUR DIARY:

Wa reed to know whene you ars whila you
are waanng the EMDEX, Maka an eniry in
the riary wheRsver you change lcaliens as
Talenrs:

1. Rameve the digry and pen iem
e pouesh.

2 Enter ihe 1ime gisplayed in the
pouch window in the dany.

B Fush ha "EVENT™ button on the

EMDEX by prassing the circle on
1he ulside of e pouch.

4. Enter the Evant nurmber shom on
the LCD.

5, Enter the new locaton,

&, Entarahy comments you have,

I wal forget ta maks an antry when shanging
localions, then make the approprials sntry of
the rew location, and eslimete and smer he
time you moved 1o that location. You should
net push the "EVENT™ buion. Inztead, wrilts
;:lst' (actimate) in tha "Evenl Nomber®

.

The locations to recond includs;

EC - SchoakClassroom

SH - Schoot- Nol in iaesream

H - Home

T - Travel {including, walking, biking, riding)
W+ Wiork

Q - Other

ZZ « Slesping .

XX - Not waering matar (other than sleeping)

San alher side for meter waasng insincions

VOLUNTEER'S DIARY
EMDEX Serial
Subject Code
Enginaar: Pam Sitiner
Date Started:
Dateto be Retomsd: _ .

Tinm Evan Locatian Cammams
NEI:M

Fhone: 455-6053

e ——
———
+
—' ——
A —
®
—
e —
*
" —
——
—
— —
.
" —
——
——
e —
e —
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Figure 6.1 continued

VOLUNTEER'S DIARY
INSTRUCTIONS FOR
VOLUNTEERS CONTINUED FROM OTHER SIDE
WEAR|NG YOUR EMDEX: EMOEX Seriat 2
Waar the EMOEX for a minimum of 24 hours Subje:| Code
baginning when you receiva the meter.
Do not wear tha EMDEX iF it is Wkely to _ _
damage the inalument {.e. vigarous exertise, Time  Event Locafion Comments

showering, ake.), of Bdversehy sifedt your tumbar
sahaty. Hyou havs b ramave tha EMDEX, o

pifca it in a safe place and meka an X0
entry in 1he diary.

While sleuping, plece thie EMOEX next b your
bidhshde, bai away from an slsciical
appliances, such a5 & clock or radio. Maks a
"X gniry in your diany.

It you dor't understard ary of thase
instructions, you may Gall the enginger Estes
on he riary.

Sec other side for instructions on
keeping your diary

FEEPEETEE TP T
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3) Design a coding scheme for activities and locations, incorporating to the extent
practical, distinctions in activity patterns which may be related to EMF exposure.

4} For prospective and retrospective designs, develop questionnaires that are clear
and appropriate for the subjects and for deterinining activity patterns; for
interviews, include written instructions on how to administer the questionnaire.

5} For concurrent diaries, develop unambiguous diaries with clear instructions for
their use and use a format that facilitates the accurate recording of time-activity
data.

6) Petform pilot studies of the activity patiern recording protocols, including' the use

of naive subjects.

6.5 Study Design: Data Management

In an EMF PEM study, as in any other type of study, procedures must be implemented to
ensure the inteprity and validity of the data as it migrates from the meters in the field, toa
data base, through an analysis and ultimately to a reported exposure. With currently
availgble instrumentation, it is possible to callect large quantities of EMF FEM data.
Therefore a comprehensive dafa management plan should be thoroughly tested and in
place prior to beginning data collection. Standard procedures in such a plan include
unicue haming and labeling conventions for files and fotms, ensuring reliable linkages
between forms and files, provisions for maintaining audit trails, and maintaining multiple
copies of the data for security during transit and storage.

6.5.1 Data Forms

Many different factors can influence or contribute to EMF exposures. These include: time-
of-day, load current, equipment present, equipment duty cycle, make and model of
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equipment, subject location, subject activity, etc. Attention must be paid to identifying
and recording those factors pertinent to the study objectives, All data collected during
observation of a subject (forms and data files} should be linked by a unique number or

code. This code appears on all forms collected during the observation. The code should
also be incorporated into the PEM file name and ideally, within the file itself.

6.5.2 File Naming

An EMF PEM study can generate numerous data files, A file-naming convention that
provides unigue file names for these data files must be employed. Generzlly, a system is
developed that incorporates descriptive aspects of the study design such as subject
identification number, date, location, type of measurement and /or instrument serial
number. The file-naming conventions of the computer operating systemn will dictate the
most appropriate scheme. In the case of studies involving multiple observations of a
subject, care must be taken to ensure that the year is included in dates or that the visit
number is included in the unique identifying information.

6.5.3 Security

Back-up copies of all data collected at an observation should be made as soon as practical
after completing the observation. This back-up mcludes copies of all paper forms and
computer files. The back-up copies and originals should be shipped and stored separately
to avoid loss or damage to the observation’s entire data.

&.5.4 Analysls

The data generated in a PEM study can be voluminous. A strategy to crganize, analyze
and surminarize the data and provide comprehensive descriptions of the results is an
important part of a study plan. The time periods associated with data collection
employing a data logger should be identified and summaries generated for these periods
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deemed appropriate by the investigator. These time periods will often be related to the
time-activity information fhat is being collected. Possible time periods worthy of
summarization include: the entire measurement period for a subject, a work or school

day, the time spent in an environment, and/or the time spent performing a task.

When using a data logger for PEM, the summary measures within each period canbe
computed from the ime-gseries data. Possible summary statistics include: measures of
central tendency, such as the arithmetic and geometric means and the median; measures of
variability such as the standard deviation variance, and range (maximum minus
minimurn); extremes such as minimwm, maximuny; indicators of the nature of the
distribution such as perceniiles (e.g. every tenth percentile, 10, 20, etc.); and the fraction of
the time peripd with exposures above specific levels such as 1, 2, 5 or 10 mG. A hostof
addijtional summary statistics can be drawn from time-series data. The study objectives
and any hypotheses being tested will dictate the appropriate summaries. The mean
exposure for a period is the most cormunon descriptor used for analyses across subjects or
across periods within subject. The distribution of exposure means for most PEM is skewed
with most values occurring at low field levels. Therefore a log-transformation of the
means has often been used to produce a distribution that approximates a normal
distribution.

6.5.5 Recommendations for Data Management

The study design process should consider the following activities related to data
management:

1} Identify all types of data that will be collected and recorded to meet the objectives
of the study.

2) Develop form-labeling and file-naming systems that will uniquely identify the
content and source of data and reliably link the forms and files.
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3)  Develop procedures for ensuring the integrity and physical security of all data.

4y  Develop a plan for analyzing the data, including, for time-series data, the
identification and documentation of time periods ta be summarized; anticipated
transformations of the data; summary measures associated with the exposure
madel; and proposed descriptive and inferential analyses.

5)  Develop a pian for reporting the methods and results of data analysis.

6.6 - Subject lasues

6.6.1 Consent Form

A consent formn to be signed by the subject or, in the case of inors, by their parent or
guardian, is mandatory for PE studies. It provides prospective subjects with the
information necessary to make an informed decision about participation. Consent forms
might not be needed when employees or friends are used for pilot studies, where informal
consent is obtained, However, when subjects are recruited, even for pilot studies, the use
of consent forms becomes essential.

The consent form provides information about:

. who is conducting the study;

. the purpose of the study;

. the procedures to be used in the study;

» the risks and benefits associated with participation in the study;

. how confidentiality will be maintained; and

. other information about and conditions for participation that should be disclosed
prior to obtaining consent.
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Studies using human subjects that are performed at large institutions or under
government sponsorship often require approval by 2 human subjects committee.
Development of an acceptable consent form will be part of the approval process. An
example of 2 consent form is included in the data collection materials for the Pilot Studies
contained in Appendix C.

6.6.2 Confidentlaifty

The confidentiality of each subjects’ identity should be maintained by study investigators
during data collection, data management, analysis and reporting The Privacy Act of 1974
{P.L. 93-579) is designed to protect personal information from public disclosure. Federal
agencies must take steps to safeguard the collection, use, and storage of such data. For
many purposes, prior consent of the individual is required before collecting data.
Epidemiclogic research is exempted, however, so long as the privacy of the information is
protected.

In FEM studies confidentiality can be assured through the assignment of identification
numbers and the restziction of identifying subject information to those in the data
collection process that need to know. Usually these are the personnel in the field who
contact and interact with subjects. Data file names and forms can be constructed using
these same identification numbers. Data files and data collection forms must be purged of
any identifying information. If data are to be sent to subjects after the study, then a
confidential link between subject name and identification number must be maintained and
purged after the data are sent.

6.6.3 Access to Data

As indicated in the general guidelines of Section 3, PE subjects should be given the
opportunity to receive information about the nature of their measurements. In order to

minitnize any impact on data collection, especially when measurements for a subject are to
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be repeated, it is preferable to distribute data to subjects only after all data have been
collected.

Software often provided by the manufacturer with PEM data loggers can be used to
generate field versus time plots which graphically show the field levels encountered by the
subject. An alternative is to provide statistical summaries of a subject’s data either alone

or along with the plot. Again the software usuaily provided with the PEM mefer can be
used to generate the necessary sununary report or a custom report can be generated

during analysis.

Because the retrieval of meters and forms may occur during a short time period, say at the
end of a work shift, it may not be convenient to generate and distribute reports to subjects
at that time. One method of managing the distribution of data to subjects is to mail the
resulks to who request them. Additional explanatory materials can also be included with
the measurement data. These materials might include study-specific information, such as
a summary of results for all subjects, and/or general information about EMF.

8.6.4 Instructions and Debrisfing

Delivering clear instructions to subjects regarding data collection protoccls is essential.
Besides educating the subjects it serves to motivate them to adhere to the protocols. The
insiructions should include sufficient information for the subject to understand the context
of the measurements, what is expected of them, and who to contact if there are questions
or concerns. Information on the purpose of the study, although included on the consent
form, may need to be repeated when the meter is delivered to the subject, |

Immediately prior to the measurement period, the subjects should be instructed in the
protocols and given the opportunity to practice performing them. A set of writien
instructions should be left with the subject for reference. The instructions should include a

list of persons to contact in the event of questions or concerns which may arise while

6-57




Spacilic (Suidfalines for EMF PEM Study Design

performing the measurernents. -The instructions should describe the protocols in
appropriate detail and be written in a manner that can be readily understood by the

subject. Filot testing of the instructions and forms should be performed prior to full-scale
implementation.

The procedure for retrieval of the meter should be established with the subject during
deployment of the mreter. During retrieval the subject should be debriefed to confirm that
study protocols were followed and to identify any problems or questions that the subject
had. If time permits, and if it will not impact future data collection, the subject can review
his measvrement data at the time of retrieval.

6.6.5 Interference

The potential for the subject to interface with the collection of valid PE data exists for any
PEM study. There are several steps that can be taken to discourage subjects from
deliberately altering their behavior or otherwise influencing the PEM. The meter should
be reasonably tamper proof. There should be no switches or buttons acgessible to the
subject that are not essential to executing the protocol.

Any display feature on the PE meter should be masked or programmed not to display
magnetic field levels. A magnetic field display can encourage subject curiosity about high
readings. It can also provide feedback on field levels that might result in changes in the
subject’s behavior patterns. It may be possible to program the meter to display time for
use in keeping a time-activity diary. In any event a display should provide some
indication to the subject that the meter is functioning,

6.6.6 Recommendations for Subject Issues

The following activities should be considered to address subject issues:
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1}  Determine the approvals required for participation of subjects (e. g, human
subjects committee, employer consent, parent/guardian consend, simple consent
form) and develop the forms necessary to obtain informed consent.

2}  Develop the procedures necessary to maintain the confidentiality of subjects,

3)  Develop clear, unambiguous FEM protocol instructions for the subjects. .

4} Develop a plan te provide their measurement data to subjects.

5} Develop PEM protocols that minimize the possibility of violations,

6) Perform pilot studies to test the demands of the protocols on the subjects.

8.7 Quality Assurance

Quality assurance {QA) procedures should be developed for various components of the
study design. Most QA will consist of generally accepted procedures for ensuring the

quality, integrity, and security of the data. Specific recomunendations for EMF PEM
studies are related to instrumentation and data collection.

6.7.1T Instrumentafion QA

For EMF PEM instrumentation there should be functional checks prior to each deployment
and periodic calibration verificatior: checks at less frequent intervals, (See Section 6.2.3 for
a discussion of the equipment required for calibration verification) Calibration of the
ingtruments is best done by the manmfacturer and can be performed at the beginning and
end of a large study or on an annual, or somewhat less frequent, basis. -
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8.7.2 Dala Collection QA

EMF PEM are subject to influence by subject activities and by changes in external scurces.
To ensure that unusual measurements or measurement pattemns represent actual
exposures, data should be reviewed immediately after collection to confirm the
consistency of field measurements with the activities and /or environments reported by
the subject. Verifying the validity of EMF measurement data should be a continuous

process throughout the analysis phase of a project.

6.7.3 Recommendations for QA

The following recommendations relate to establishing a guality assurance plan for an EMF
PEM study:

1) Implement appropriate generally accepted QA procedures for the sampling
process, data collection, data management, data analysis, and reporting.

2}  Implement a plan for verifying calibration and confirming the functionatity of PEM
meters on a regular basis. '

3)  Develop methods for assessing the consistency of the PEM with reported activities
and the completeness of all data soon after completion of an observation.

4y  Introduce automated and/or manual procedures for verifying the accuracy of the

data entered into data bases.

5) Perform sufficient pilot studies to become confident in the validity and cans,lstency
of data collection processes prior to beginning measurements,
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6.8 Uncertainty Evaluation

Uncertainties will be present in all studies as a result of study design compromises and
shortcomings in study implementation. These can include: practical considerations which
compel the investigator to itmplement a less than ideal study design, imitations in
instrumentation, errors in implementing study procedures, and possible protocol
viclations. Some of these uncertainties will be known, some will be suspected, and some
will be unknown. When known or suspected the uncerfainties should be enumerated and,
if possible, their impact on study results should be quantified and reported. This is in
keeping with the goal of providing an estimate of overall uncertainty for the PEM and the
study results.

A written study plan, developed according to the second general guideline, should

provide estimates of anticipated uncertainty for the PEM. After data are collected and
analyzed, the measurements can be used to describe the observed uncertainty in the study

resulis. Both the estimated and observed uncertainties are of value and recommendations
are developed here for both.

The following actions should be considerad when performing an uncertainty evaluation
for an EMF PEM study:

1) Determine whether the expected uncertainty is acceptable in light of the study
purpose.

2) Plan to provide an estimate of overall observed uncertainty in the EMF PEM
Tesults.

3) Quantify the observed uncertaingy introduced by vazious factors such as: samplirig
procedures, instrument imprecision, measurement processes, and other data

collection efforts.
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4)  Implement validation procedures and obtain feedback from subjects to identify the

presence of protocol violations and quantify, if possible, their impact on study
results.

6.9 Archival Plan

The general plan for archiving process-related materials and study results should be
completed in detail. To accomplish this the investigator should develop a specific archival
plan of:

. raw data, including measurements and forms;
. processed data such as surnmaries and spreadsheets;
e study documents; and

procedural tools such as written protocols, instructions to data collectors and
subjects, and software tools.
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PILOT STUDIES

7.1 Overview

Two PEM pilot studies were performed to test the recommended guidelines in
occupational and non-occupational settings. The non-occupational pilot study involved
50 high school students from three classes at two schools. The occupational study
involved eleven professional and production employees at an instrumentation |
manufacturing plant. Emphasis was placed on testing methodelogies for collecting
activity-pattern data.

The general recommendations presented ir Section 3 were utilized to develop the
desig-:n for each study. The investigator developed the purpose of the studies and then
methodically examined each of the seven study elements in a study plan. Based on the
outline developed in the study plan, specific protocols were developed.

The results of the pilot studies include; information about the use of the FEM
recomnmended guidelines; field evaluation of the recommended methods for ohtaining
time-activity data; and evaluation of the study process by participants. In addition, the
PEM data from the non-occupational pilot study will be included in the RAPITYEMF

Database.

Sumtnaries of the two pilot studies are given in this section along with
recommendations developed as a result of those studies. A complete report on the pilot
studies including data collection forms is included as Appendix C.
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7.2 Pilot 1: High school physies students
7.2.1 Purpose
The primary purpose of the first pilot study was:

. to test the recommended guidelines in a non-occupational setting, with
particular attention to the collection of activity-patiern data.

The enthusiastic response of teachers to the project resulted in a much preater
participation rate than expected. Two secondary objectives were therefore adopted:

* to provide an educational opportunity for the students, and

. to gather a set of data appropriate for inclusion in the Rapid EMF Measurements
Databage.

Three types of data were gathered in order to allow exposure stratification: 1) magnetic
field PEM; 2) concurrent information about the activities/ locations of the subjects; and
3) participant personal information. In order to demonstrate and test the recommended
PEM guidelines related to collection of time-activity data, location data were collected
using three methods: personal diaries, retrospective questionnaires, and prospective

questionnaires.
7.2.2 Msthodoiogy

The investigator met with each participating class approximately one week before the
intended measurement period to solicit volunteers. The volunteer nature and
confidentiality of the project were emphasized and parental consent forms were
distributed. The number of participants who could wear meters was limited by the

7-2




Piiot Studigs

number of meters available, thirteen per class. However, all students kept a diary as
part of the class assignment, regardless of whether they volunteered to wear a meter or

not.

Participation was as fotlows:

Study Group Kept Diary and Wore Meter Kept Diary Only
Schoof A, Class#1 4 9
School A, Class #2 9 7
School B 13 3

Personal exposure measurements were made with EMDPEX H meters manufactured by
Enertech Consulfants of Campbell, CA. The meters were set to display either the
battery status or elapsed time, rather than the magnetic field reading. The EMDEX
meters were wom by the participants in a pouch secured by a waist belt. The meters
were digiributed for a period of either 24 hours or 48 hours, depending on whether the
class met on successive or alternate days. The sampling schedule for each class was:

Study Group Sampling Interval Sample Pariod
School A, Class #1 One-minute 24 hours
School A, Clags #2 One-minute 43 hours
School B, Class #1 1.5-seconds or Five- 24 hours
geconds

Time-activity information for the students was stratified by location, as follows:
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Student Location/activity Strata
At 5chool: Classroom At Work
At Schookl: Net in Classroom {Other Lacation
At Home Bleeping
Traveling Not Wearing Meter

Students documented their activities (locations) using two methods: by personal diary
and by questionnaire. All students in every class completed a diary, including those
students who did not volunteer ta wear 2 FE meater, In a—::[diﬁun; each student gave an
estimate of the time spent in each location by completing either a retrospective or

prospective questionnaire.

Questions regarding basic information about each participant were incdluded on the
prospective and respective questionnaire forms. This data included: school grade; age;
gender; residence type (apartment or single-family home); job description during\stud}r
period; and primary method of travel during study period.

Upon completion, all students filled out a short evaluation survey on their
participation. '

Several steps were taken throughout the pilot study to ensure the reliability of the data:
instruments were calibrated prior to and after the project; the functionality.of each
instrument was verified before each use; forms were designed o be clear, succinct and
straightforward; the investigator emphasized the importance of data accuracy and
explained the protocol for documenting missed events; each participant was assigned a
unique identifying number which appeared on all forms and data files; and the
magnetic field data were reviewed immediately after collection. Copies of the EMDEX
files and of all forms were forwarded to project headquarters for production of L
summary files.
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Time-activity information was obfained from the dairies and the questionnaires. The
diary data were linked to event marks in the data associated with each change in
location. The cumulative time reported by the diary for each Jocation was calculated for
gach student. Cumulative time in each location as reported in the questionnaires was
also computed for each student. A percentage of time misclassified by the

questionnaire relative to the diary was computed.

PEM were summarized by location and by school class. Summary measures were
computed for the total time each person spent in a given location. These included:
number of samples, time, arithmetic mean exposure, median, maximun, geometric
mean and standard deviation. These results were combined to provide the average and
the maximum magnretic field exposure for each dass by location.

7.2.3 Rasulls

Students successfully recorded information about their locations while monitoring
magnetic field exposure. However, a cormnmeon error in the time-activity record—keel.:)mg
involved accounting for sleep time: tep students omitted sleep time either in their diary,
their questionnaire, or both. The errors occured in all three classes, but wets most
prevalent in the students completing the prospective questionnaire. The exposure data
were corrected by the investigator, Results were compiled with both uncorrected and
corrected data.

The retrospective questionnaire provided more reliable information than the
prospective questionnaire. In retrospective guestionnaires 2.6%-3.5% of time was
misclassified, while in prospective questionnaires 9.8% of time was misclassified. The
retrospective quesi":iunnaires were completed immediately following the measurement
period, which assisted recall, as confirmed by the participant evaluations.
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Analysis of the exposure data indicated that for each class, the overall average exposure
was 0.7 10 0.8 milligauss (mG). Maximum exposure was 10 mG for one group and
about 190 mG for the other two groups. Average exposures were 0.2 t0 0.4 mG in
School A and about 0.2 mG in School B. The highest exposure measured within a
school was 110 mG. Information contained in the diaries and other forms will allow
analysis by gender, age, residential type, and transportation type.

7.3  Pilot 2: Instrument Manufacturing Employees

7.3.1 Purpose

The primary purpose of the seconid pilot study was:

. to test the recommended guidelines in an occupational setting, with particular
attention to the collection of activity-pattern data.

The location of the pilot was an instrament manufaceuring facility in the San Francisco
Bay area. The small company had a diversified work force with both professional staff
and production personnel. An effort was made to assure that this study tested a
different set of methods than those tested in the first pilot study.

7.3.2 Mesthodology

Exposure data was collected for two groups. Time-activity data were acquired with
three methods: Professional employees completed concurrent diaries while wearing
exposure meters and also completed retrospective questionmaires; the activities and

locations of production workers were monitored by an observer while they wore an

EXpoOsure meter.
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Activities of the professional employees were stratified by more specific location
definitions than used for the first pilot study. This approach attempted to address
possible differences in magnetic field levels in sub-environments within the broader
environment of the entire manufacturing facility. To develop a list of sub-environments
for thae site, the investigator toured the facility prior to the date of measurements. Thesge

sub-environments wera:

Occupational Activity/Location Sub-environments
In Administration In Manufacturing
In Common Areas In Purchasing
At Participant’s Desk In Test & Repair
In Education Area: Classroom | In ETK
In Education Area: Lab Using Equipment
In Engineering Out of Building :
In Lunchroom Not Wearing Meter

The locations of production employees were recorded by the observer within the
boundaries of the sub-environment in which they worked — either Manufacturing or

Test & Repair. These two sub-environmenis were divided by a grid system_

Personal exposure measurements were recorded using EMDEX [ meters manufactured
by Enertech Consultants of Campbell, CA. The meters were set to display either the
battery atatus or elapsed time, rather than the magnetic field reading,

The sampling interval was three seconds. The EMDEX meters were wom by the
subjects in a pouch secured by a waist belt.

The meters were distributed to seven professional employees individually in the
morning and worn for most of the work day. Four production employees wore

EMDEX meters for a period of approximately 1% to 1% hours. Two employees in the

77



Filol Shidies

Test and Repair area were monitored simultaneously, followed by two employees in the
Manufacturing area.

Al professional employees completed a time-activity diary. The specific FEM
guidelines recommend that ime-activity categories be magnetic field- based, to the
extent possible. Therefore, in addition to identifying the sub-environment within the
facility, the employees were requested o indicate the type of equipment being used
when a “Using equipment” entry was made in the diary. Each professional employee
gave an estimate of the total time spent in each location using a retrospective

questicnnaire immediately upon completion of the measurement peried.

The activities of the production employees were recorded by an observer. The
stratification of activity /location was based on a grid of the local work area. Each time
the partitipant moved from one grid-section to ancther, the movement and new
location were documented. Departure from the observed area was also recorded. The
grid was arbitrarily geomeiric and was not associated with activities or sources, The
production employees were not requested to estimate their activities in a questionnaire.

Parficipants were identified by job classification and gender, which was determined
during the initial interview. They were all given the opportunity o cormment on their
participation in an evaluation survey.

Several steps were taken throughout the pilot study to ensure the reliability of the data:
calibration of instruwments was verified prior o and after the project; the functionality of
each axis of the meter was verified prior to measurements; forms were designed to be
clear, succinct and straightforward; the investigator emphasized the importance of data
accuracy to participants; the data were reviewed immediately following collection; each
participant was assigned a unique six-digit code that was recorded on all forms and
data files; and PE measurement EMDEX files were reviewed for quality and backed up
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on floppy disks before being sent to project headguarters for production of summary
files,

Time-activity information was collected from the diaries and the questionnaires of the
professional workers. Cumulative time in each location was calculated for each
employee from both sources. With such a small sampie, the time-activity information
from the questionnaires was not sufficient for detailed analysis.

PEM were surnmarized by location by employee based on diary information. Summary
measures were computed for the total time each person spent in a given location. These
included: number of samples, titne, arithmetic mean, median, maximurn, geometyic
mean and standard deviation. This inforination was further aggregated to provide the
time-weighted average and the maximum for the professional employees by location.
The quantity and quality of data collected for the production employees was
insufficient for analysis.

The average exposure for ali profesgional employees during the study was 0.9 mG. One
significant contributor to time-weighted average exposure appeared to be an outside
building supply transformer near which a few employees stood during smoking breaks.
The highest measured exposure of 224 mG occurred when an employee walked behind
a dot-matrix printer to retrieve a report. Two employees had substantially higher mean
exposures than the other five employess: 1.26 mG and 2.06 mG versus 49-.74 mG for
the other seven employees. These two employees worked in the same general area and

were exposed to the fields from the same printer.
7.4  Evaluation of Recommendations

A draft of the recommended guidelines for FEM was used to design and perform the
pilot studies. Evaluation of the recommendations occurred throughout the pilot
studies. Detailed suggestions for changes are described in detail in Appendix C.
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General observations about the value of the recommendations in developing and

performing the two pilot studies were:

7-10

The general recommendations provided a valuable template for preparing a
study plan based on the project purpose and resources.

The importance of the written study plan and protocol, emphasized throughout
the guidelines, was clear in the pilot studies. The written protocol outline guided
the details of implementation, and in one case where the cutline was not at hand,
instruction details were missed.

The importance and value of pilot studies recommended in the guidelines were
re-enforced. During these studies, departures and needed changes from the
original study design were identified: these incliuded subject capabilities,
instrument deployment, subject instruction , observer capability, diary formats,
data collection schedules, and questionnaire formats. In short, the pilot studies
demonstrated the necessity of such preliminary efforts in PEM studies.

The guidelines recommend relating the activities /locations selected for time-
activity pattern data collection to magnetic field exposure. This was found to be
difficult in practice. Fully implementing such a strategy requires a knowledge of
the expected sources and magnitudes of exposure, and may entail such a detailed
stratification of activities or locations that data collection becomes burdensome.
Therefore developing an activity stratification scheme requires a balance
between information gained and subject acceptance.

A similar balance between activity /location complexity and practicality must be
struck when using observers. For the observer method to succeed, objective,
clearly defined observable locations (zones, sub-environments, micro-
environments, etc,) preferably related to exposure, must be identified in the
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study design and understood by the observers. The observation process was
unsuccessful in the second pilot study because the grid-based locations wete not
readily discernable or linked to activities and exposures..

The use of questionnaires as a means of ascerfaining time-activity information
was outlined in the guidelines and demonstrated in the pilot studies. The pilot
studies confirmed that retrospective questionnaires provide more reliable
information than prospective questionnaires. However, in this case, the
retrospective questionnaire responses were affected by assisted recall: that is, the
subjects had filled out diaries prior to completing the questionnaire. Responses
to the two types of questionnaire indicated the need to thoroughly test various
formats prior to implementation.
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RECOMMENDATIONS

The recommended guidelines for EMF PEM studies which were described throughout
this document are summarized below. Descriptions of each topic, supporting
discussions, and suggested procedures for the implementation of specific protocols are

included in the previous sections.
8.1 Qeneral Guidelines

When plarming an EMF PEM project, investigators are urged to employ the following
basic steps:

1. Develop a ¢learly stated purpose for the EMF PEM study; and

2, Complete a written study plan before developing specific protocols or
beginning measurements, '

The written study plan is a general descriptive document and should address the
following elements of an EMF PEM study:
L Resource Assessment
Exposure Model
Study Design
Subject Issues
Quality Assurance
Uncertainty Evaluation
Archival Plar

* @®

. & &+ @B
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8.2 Specific Guidelines

Specific guidelines are recommended for developing detailed protacols for various
elements of a PEM study. These specific guidelines are:

8.2.1 Study Design

The process of designing a PEM study design should consider the following activity
when selecting field characteristics for measurement:

1} Select the field characteristics to be measured based on the purpose of the study,
available resources, and the priorities recommended here for inclusion of field
characteristics.

Mandatery:
¢ time-weighted average (TWA) resultant field {(broadband or 50/60-Hz) for
the measurement period of interest (task, shift, day, week, etc.).

Optional:

® time-series meastirements,

® core group of descriptors for the measurement period: minimum, maxirmum,
median, arithmetic mean, standard deviation, geometric mean, and various
percentiles (99, 98, 95, 90, 80, etc.);

* frequency content (magnitude of harmonic relative to magnitude of the
fundamental fraquency component of the field, magnitude of other specific
frequency components); and

¢ time-weighted average and maximum of static field.

Neot recommended at this time:
& {ransients;
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# field polarization;
® field orientation; and

¢ field vertical and horizontal components.

The process of study design should include the following activities related to

instrumentation:
1) Select an accumulating or time-seties meter based on study purpose, data

2}

3)

4)

)

6}

requirements, and available resources;

Confirm that PEM meter specifications are acceptable in terms of range,
sampling interval, data storage capacity, battery life, event mark capability,
display characteristics, etc.

Select where and how the meter will be worn by subjects based on subject
acceptance and the applicable exposure model. Other factors that enter in meter

placement are; safety, activities of subject, size of meter, and record-keeping
requirements.

Select where the PEM meter will be placed when it is not worn based on the
study purpose, convenience for the subject and security issues.

Determine any other instruments that will be required for other purposes such as
time-activity record-keeping and calibration verification.

Perform pilot studies using the proposed instrumentation.

The process of study design should consider the following activities related to sgampling -
strategies: |
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1

2)

Develop a sampling strategy based on the following steps:

aJ Identify and characterize the subjects;

b)  Characterize the environments and exposure components for
subjects; '

c} Stratify the subjects into exposure groups, if necessary;

d)  Develop sampling plan(s) for subject groups; and

e) Select sampling parameters such as interval between
measurements, duration of megasurement period, and frequency of

measurement periods.

Perform pilot studies of sampling protocols.

The process of study design should consider the following actvities related to Hme-
e 1 ine:

13y

2)

3)

4

84

Use the exposure component stratification tables or an equivalent method to
determine the level of time-activity recording that is necessary.

Evaluate the available activity pattern protocols (Table 6.4) and select a
methodology for recording time-activity information: diary, self-administered or
interview or questionnaire; retrospective, prospective or concurrent.

Desgign a coding scheme for activities and locations, incorporating to the extent
practicak; distinctions in activity patterns which may be related to EMF exposure.

For prospective and reti'ospentive designs, develop questionnaires that are clear
and appropriate for the subjects and for determining activity pattemns; for
interviewess, include written instnicions on how to administer the

quesﬁﬂnnajre.




5)

&)

Fecommendations

For concurrent diaries, develop unambiguous diaries with clear instructions for
their use and in a format that facilitates the accurate recording of time-activity
data.

Perform pilot studies of the activity pattern recording protocols, including the

uge of naive subjects.

The study design process should consider the following activities related to data

hana

1)

2)

3)

4)

&)

ent:

Identify all types of data that will be collected and recorded to meet the
objectives of the study.

Develop form-labeling and file-paming systems that will uniquely identify the
content and souvce of data.

Develop procedures for ensuring the integrity and physical security of all forms
of data.

Develop a plan for analyzing the data, including the identification and
documentation of time periods to be stunmarized, any transformations of the
data, summary measures associated with the exposure model, and proposed
descriptive and inferential analyses.

Develop a plan for reporting the methods and results of data analysis.

8,22 Subject lssues

The following activities should be considered to address subject issues:
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1)

2)

3)

4}

S)

6)

Determine the organizational approvals required for participation of subjects
(e.g., human subjects committee, employer consent, parent/guardian consent,
simple consent form) and develop the applications and forms to obtain consent.
Develop the procedures necessary to maintain the confidentiality of subjects.
Develop clear, unambiguous PEM protocol instructions for the subjects,
Develop & plan and the to provide measurement data to subjects.

Develop PEM protocols that minimize the possibility of violations.

Perform pilot studies fo test the demands of the protocols.

8.2.3 Quality Assurance

The following recommendations relate to establishing a quality assurance plan for an
EMF PEM study:

1)

2)

3)

4

8-6

Implement appropriate generally accepted procedures for the sampling process,
data collection, data management, and data analysis

Impiement a plan for verifying calibration and confirming the functionality of
PEM meters on a regular basis.

Develop methods for assessing the consistency of the PEM and the completeness
of all data soon after completion of the collection process.

Introduce automated and /or marmal procedures for verifying the aceuracy of
the data entered into data bases.
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5} Perform sufficient pilot studies to become provide confident in the validity and
consistency of data collection processes prior to beginning measurements.

8.2.4 Uncertainty Evaluation
The following actions should be considered when performing an uncertainty evaluation
for an EMF PEM study:

1)  Determine whether the estimated uncertainty is acceptable in light of the study
purpose.

2)  Estimate the power of the study to detect differences in exposure given the
estimated variability of PEM.

3}  DPlan to provide an estimate of overall observed uncertainty in the EMF PEM

results.

4) Quantify the observed uncertainty introduced by various factors such as:
sampling procedures, instrument imprecision, measurement processes, and other
data collection efforts.

5) Implement validation procedures and obtain feedback from subjects to identify
the presence of protocol violations and quantify, if possible, their impact on
study results.

8.2.5 Archival Plan

The plan developed in the written study plan for archiving the raw data and
intermediate work products along with the process-related materials associated with a
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Recommendations

project should be completed in detail. To accomplish this the investigator should
consider the following activity:

1) Develop specific plans for archival of:
a) raw data, including measurements and forms;
b) processed data such as summaries and spreadsheets;
) study documenis; and
d)  other study materials such as written protocols, instructions to subjects
and data collectors, and software tools.

8.3 Pilot Studies

The recomimnended use of pilot studies to test and demonstrate protocols is pervasive in
the specific guidelines. Therefore an explicit recommendation for EME PEM stadies is:

Include pilot studies at all leveis of the design process.
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BOWNMAN,JD; SOBEL,E; LONCON,SJ; THOMAS,DC; GARABRANT,DH;
PEARCE N; FETERS,JM {(1582): ELECTRIC AND MAGNETIC FIELD
EXFPOSURE, CHEMICAL EXPOSURE, AND LEUKEMIA RISK IN
"ELECTRICAL" OCCUPATIONS. {EPRI TR-101723, PRQJECT 799-27,
FINAL REPORT, DECEMBER 1992)

Occupational {United States, Naw Zealand)
Exposurea charactetization, epidemiology
Electric fistd, magnefic fiekd

Parsanal expasare.

Magnetic field measuremsnts for 493 "slectrical® workers and 163

“nonetecirical” workers; Eleciric field measurements far 135 "electrical”
workers and 42 "nonelectrical” wotkars, 866 days of measuraments,
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For aach worker whosa exposure was measured, an exposure monitoring
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Data sheets were keypunched usging 100% double entry verification
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A

gyﬂil;‘nb catagory, by task using current and histonic estimates of tims spent in

Workday mean, geomstric mean of workday means

——t

Stendard deviation
Tirme above thrasholds: »2.5 miG, =25 mG, =250 mG
Job category, task

LOMNDON et al. {1934): EXPOSURE TO MAGNETIC FIELDS AMONG
ELECTRICAL WORKERS IN RELATION TO LEUKEMIA RISK IN LOS -
ANGELES COUNTY. AM. J, OF IND, MED. 28(1, JULY}, 47-60.
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AMEX-2 (EPR, Palc Alto, GA} ior parscnal expasure, EMDEX-C (EFM Co.,
West Stockbridge, MA) for survey and fixad-location measurements
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puteome

Seven day averages for single coil device stratified by group: <1 miG; 1.0-1.9
m&: =2 m

=20 mG

Quartiles of modaled exposuwras for elechic bad uze

Wire sode category, alectric bed infoemation, iong-term fixed location
measuremant.




Citation:

Setting:

Purpose of study:
Measurad parameter:
Meatric:

Sample:

Subject saampling:

nstrument mode! &
manufecturer:

Typa:

Characteristles:

Sampling rate:
Meter placement:
Time-activity recordiesping:
Data collection protozols:

Guality assurance:

Distribution of data to subjects:
Analysis strategy:
Exposure indices

Measures of central tendency:

Measures of peak or maximum:

Measures of variability:

Indices specilic to study:
Other recorded parameters:
Related citation:

RAelated citation:

Related citation:

FAelated citatlon:

Appendix A

BRACKEN,TD (1886): ANALYSIS OF BPA OCCUPATIONAL ELECTRIC
FIELD EXPOSURE DATA. (FINAL AEPORT) BONNEVILLE POWER
ADMIMISTRATION, VANCOUVER, WA, 201 PAGES.

Occupational {United States)
Exposure characterization
Electric flaki

Pargonal exposure,

3,098 workdays by 295 workars.
Qppodunistic

Electrie Field Exposure Meter (EFEM) develepad by Bonneville Power
Administration, (EFEM) il

Time spantin seven lield intervale

Eleciric fleki: 60 Hz

Average fiald avery 4 seconds

Wom in a shirt pocket.

Seall-reported in 1€ catagories. '

EFEM's and EFEM readers wera kept at wark locations. An EFEM was
picked u:é;:glha ampleyee from the battery chargar at the baginning of each
day and began accumulating. The EFEM was wom on one localion on
the body for the whole day. At the end of the day, the counts in 2ach bin were
read auf ard recordad by the employese on the daily exposura card.

Forms wang reviewed for obvious clerical errors. Data was ertarad and
Independently verified to eliminate keypunch errors. Other consistency
checks wera dona on forms and data.

Full £hiit, by task, by enwironment, within warker, between workars.

Maan, median of estimated accumulated f!aily EXposUre
Max, daidy exp., 90 %Hike

Cumulative exposore titma in bins
Job categary: envirohmeni; task: ine vollage

WONG,PS (1952): 60 Hz ELECTRIC FIELD EXPOSURE MONITORING
PROGRAM. PALL WONG INTERNATIONAL, INC., VANCOLIVER, B.C.;

CHARTIER,VL; BRACKEN,TD; CAPON,AS L(ésﬂﬁ : BPA STUDY OF
QCCUPATIONAL EXPOSURE TO 60-Hz ELECTRIC FIELDS. ICEE TRANS.
O POWER APP. AND 5YS. 104{3, MARCH), 733-744, .

CHARTIER, Vi: BRACKEN, TD {‘IQEEDDCUFATIDNAL EXPOSURE OF
HIGH-VOLTAGE WORKERS TC 60-HZ ELECTRIC FIELDS, PART 1:
EXPOSURE INSTRUMENTATION. IN: PROCEEDINGS OF 23HD
HANFORD LIFE SCIENCES SYMPOSIUM, OCTOBER 2-4, 1984,
RICHLAND, WA. PACIFIC NW LABORATORY, RICHLAND, WA, 125-134,

BRACKENM, TD; CHARTIER, VL (1987): OCCUPATIONAL EXPOSURE OF
HIGH-YOLTAGE WORKERS TO 60-HZ ELECTRIC FIELDS, PART 2;
ANALYSIS AND RESULTS. IN: PROCEEDINGS OF 23A0 HANFORD LIFE
SCIENCES SYMPOSIUM, OCTOBER 2-4, 1984, RICHLAND, WA PACIFIC

N LABORATORY, RICHLAND, WA, 395-405.
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TRANSFER AND DCCUPATIONAL MEASUREMENTS, VOLUMES 1-3
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INSTITUTE, PALD ALTO, CA.

CorupationaRasidantial (United States: aleo Canada, Ireland, New Zealand)
Exposurs characterization of ulility workers

Eleciric field {E), magnetic fisld (B}

Persona)l exposure.

2082 days (E); 4382 days (B).

QOpportunistic

Eﬂ;}ﬁ(ﬂ 0 (EPRI, Pak Altc, CA), EMDEX-C {(EFM Co., West Stockhbridge,
Time senas

Magnetic field: 80 H2; electnic field

Ten-second intervals

Wom in a belt pauch, usually on the hip.

Sel-reparied; Work environments: Substation, transmission, distribution,
generation, office, shop, fravel, othar; Non-work anvironments: Home, travel,
other, Data collection protocols: Figld exposure data measured by an
EMDEX, system were collectad by voluntaer ulility employeas gt 59 sites in
the 1).%. and three other countries betwean Oclober 1588 and September
1989, Volunteers recarded in a simple logbook which of elght Work or three
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All EMDEX units wera formally calibrated 3 times during the project, monthly
accuracy checks weare made, and the furkdicnality of the EMDEX was
nmm'::j at each mitialization. A varety of data quality assurance methods
were used.

Determined by individual utilty site. -

By primary wark environment, by acoupled envirenmant, by job catagory,
within worker, hetwean warkers.

Daily mean, daily median
Maxiroum, D5th percertile
SBtandard devlation

- Jobs eatagory, primary work environment, occupied snvironmeant

BRACKEN at al. {1885): MAGMETIC FIELD EXPOSLIRE AMOMGS UTILITY
WORKERS. BIOELECTROMAGNETICS 18, 216-226.

SAVITZ et al. (1954): CORRELATIONS AMONG INDIOES OF ELECTRIC
AND MAGNETIC FIELD EXPQSURE IN ELECTRIC UTILITY WORKERS,
BIOELECTROMAGNETICS 15(3), 158204
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Type:
Characlerisiics:

Sampling rate;
Mater placement:
Time-activity recordieeping:
DPata collection protocols:

Quality assurance:

Distribution of data to subjects:
Analysis strategy:

Expocurs indiceg
Measures of central tendency:

Moasures of peak or maximum:

Measures of varlabllity:
indices specific to study:

Related cltations:

Appendix A

BAACKEM, TD; LONG,P: RAUCH,G; FANKIN.R; SENICOR.R; DIETRICH,F
{1294): PGAE UNEWORKER EMF MONITORING STUDY. PAGIFIC GAS &
ELECTRIC CQ., SAN FRANCISCO,

Qecupational (United States)

Exposure charactenzalion

Magriatic fisld

Parsonal exposure, survey measurernents,

1808 person-task observations; 1255 hours of personal exposure data within
task.

Targeted lor lina workers parforming liva line tasks
EMDEX-Hl (Enerfeck Consultants, Campbell, CA), high and notmal rangea
nsiruments
!
Tirme senes data bogoer

Magnetic fleld; 0.7 10 2000 mG {nomal ranga), 4 1o 120,000 mG {Hhigh ranga);
40-80

1.5-secard intervals
Worn in a chest pouch secursd by an overthe-shoulder strap.
Observed,; Bar cada scanner used ta kentify work zane.

Permonal exposure data ware obtalned for insworkars perorming a variety of
tasks. Observars recorded the lineworker's location, work method, and task,
fn addition, spot measutemerits were made under the span and current on the
line was recorded.

During the course of PE data coltection and managemsnt, numeraus guality
assurance maasures were implemented and performed In the fiek. at data
collection headguariers and at project headquarters.

A print-aut of data was sent on request,

Analyze measurements by task, by work zone, within worker, between
workers

Mean, median of person-lasks
Averaga & absolute maximuen for tasks
Standard deviation

Time-ntegrated averge sxposure, exceedence fractions for tasks Other
recorded parameters: Current on Ime, task, location, wark mained, voltage

BRACKEN, TD; RANKIN, RF; LOMG, PJ; SENIOR, RS; KELLER, M; GRAY,
WS (1884): PGRE LINEWORKER EMF MONITORING STUDY: PERSOMAL
EXPOSUHE MEASUREMENTS. IN: PROJECT ABSTRACTS: THE
ANNUAL REVIEW COF RESEARCH ON BICLOGICAL EFFECTS OF
ELECTRIC AND MAGNETIC FIELDS FROM THE GENERATION,
DELIVERY & USE OF ELECTRICITY. {(ED: WAL ASSCCIATES) WAL
ASSOCIATES, LTD., FREDERICK, MD, 34-35.
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Cltatlon:

Setting;

Purpoac of study:
Measured paramedar:
Matric:

Sample:

Subject sampling:

Instrument madel &
manufacturar:

Type:
Characteristics:

Sampling rate:
Meter placement:

Time-activity recordicsaping:
Data collaction protocols:

Cluality assurapce;

Distribufion of data to subjects:
Analysis strategy:

Exposure indices
Measures of central tendency:

Measures of peak or maximum:
Meagures of variability:

Indices specifle to study:
Other recorded parameters:
Related citation:

A6

BRACKEN,TD; RANKIN,RF; SENKOR,RS; ALLDREDGEJR (1984): THE
EMDEX PROJECT: RESIDENTIAL STUDY, FINAL REPORT. ELECTRIC
POWER RESEARCH INSTITUTE, PALO ALTC, CA.

Residential {Uniled Statas, Canada)
Exposure charactedzalion
Magnatic fisld

Farsonal exposurg, spol measurements, kng term lixed-location
measuraments. -

1552 measurement visits at 396 houses, 448 days of personal exposure,
4014 days of long term fixet-ocation measurements.

COpportunistic emaong employess of 39 paricipating utilities

EMDEX- 100 (EFAI, Palo Allg, GA), EMDEX-C (EFM Co., Weai Stockbridge,
MA), EMDEX-l (EnarTech Consultants, Campbell, CA)

Time series data logger

Magnetic field; 40-60 Hz (EMDEX-100), 40-400 Hz (EMDEX-C), 40-800 Hz
{EMDEX-II)

Ten-zecond Intervals

PE metar wom on the waist, placed over night next to iong tarm meter inthe
most frequantly accupied non-bedroom.

-Sel-reported: Wiom, not wam.

Project site coordinators sedected up to 12 employes volunteers at each of the
39 pariicipating utilities o evaluate a folal of 396 single-tarily rasidences. The
coordinators ryade up to six measurement visits per rasikience over a
26-month period and attempted to enrall equal numbers In each of the five
wire code categories, The data collectad Included point-in-lime
measurements and long term fixed-kocation measurements at various
locations in @ach house a5 well a8 personal exposure maasurements, Sihcs
the stratified sampling method Intreduced a known bias in the distribution of
residences across wire codes, the codrdinators conductad a supplemantary
sampiing of 850 randomly selecied residences to quantify this bias.

Al forms were reviewed gfler each visit and befare submizsion o
headquarters, A unclicnal check was performed on each EMDEX prior o
inflialization, and bi-monthly aceuracy checks ware made. Data plols were
2lso revievwed.

Summarize different types of measurements for a house by visit and agross
w:r. E:inalyz& surmmary measures among fypes of measures and wire code
categories

Arnthmetic mean, median jor housas by wire code category

Maximtm, 95%ile

Standard devlation, range of visit means, betwean-visil vardance, first
ditferengza

First difference betwean successive measurements
Wire code category, elecirical faclity data, house information
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Citation:

Setting:

Purpose of gtudy:
Measured paramefer:
Metric;

Sample:

Subject sampling:

ingtrument moda| &
manufaclurer:

Type:
Characleristics:
Sampling rate:
Mater placement:
Time-actvity recordkeeping:

Data pollaction protocols:

Quality assurance:
Distribution of data to subjects:
Analysls strategy:

Expasurs indices
Meazures of central tendeney:

Massuras of psak or maximim:

Measures of variability:

Indices specific 1o atudy:
Other recorded parameters:
Related citatian:

Appendix A

BREYSSE,P; LEES PSJ; MCDIARMID, WA, CURBOW,B (1924): ELF
MAGNETIC FIELD EXPOSURES IN AN OFFICE ENVIRONMENT.
AMERICAN JOURNAL OF EPIDEMIOLOGY 25:177-185.

Occupational {Unifed States)

Exposure characlerzation

Magnetic fizid

Parsonal exposura, survay measurements.
15 women, 15 work shiits.

Targeted for female employess in payroll degartmesnt

EMDEX-C (EFM Co., West Stockbridge, MA), EMDEX-1I (EnerTech
Consultants, Campbsll, CA) for parsonal exposure; Survey medes: Monitor
Indugtrics 42B-1

Timae sanes data logger

Magnetic field; 40-400 Hz (EMDEX-C}, 40-800 Hz (EMDEX-I1}
15-5ecand Intervels

Pleced in a helted hip pouch, kept close ta person i not wom.

QObserved; appliance and eguipment use in work area noted to explain
highast exposures.

Survey measurements of the office ware matle, and 15 of the approxdmataly
100 fermata workars wore an EMDEX C or EMDEX N for a full shift (S8 to B
hrs.).

Significantly higher fiakls were invesfigated for possible sources.

Analyze full £hift rmeazuraments for each worker, group workers for
comparison with other workers

Tirpe weighted average of il shift measursments, mean of fime weightsed
dverage

Mexdirmum

Standard deviation

Work area
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Citation:

Setting:

Purpas= of study:
Mesasured parameter:
Meotrie:

Sampile:

Subject sampling:

Instrument model &
manufacturer:

Type:
Characteristios:
Sampling rate:
Meder placement:
Tire-activity recordikesping:

Data collection protocols:

Quality asaurance:
Distribution of data te subjects:
Armlysis strategy:
Exposure indicas
Measures of central tendency:

Measures of peak or maxkmum:

Measures of variabillty:

Indites specific {o Study;
Other recorded parameters:
Halated citation:

Related citation:

A-B

BREVSSE,P; MATANOSK),G; ELLICTT E; FRANCIS M; KAUNEW;
THOMAS K (1994}, 60 HERTZ MAGNETIC FIELD EXPOSURE

ASSESSMENT FOR AN INVESTIGATION OF LEUKEMIA [N TELEPHONE
LINEWORKERS. AM. 1. OF IND. MED. 26{5, NOWEMBER), 681-691.

Qccupetional/Residential (United States)
Epidamiolagy

Magnetic fisld

Personal axposura.

204 days.

Oppartunistic of telaphone linsworkars at six facikties
EMDEX-C {EFM Co., West Stockbridge, MA}

Time series data logger
Magnetic field; 40-400 Hz

Ten-second intervals

Wom on the waist.

Obsarved; work &nd ron-wotk, work om Iinewatker tasks and other work
noted on data sheet.

Inclustrial hygiane measursments of the magnatic fields associated with work
activitlas in different jobs ware cbiained. Fiftean ta 61 individuals in each
category parficipated in personal monitoring wearing the EMBEX-C, which
vecorded fiekds at 10-second infervalks in tha 60 Hert2 mnge. Maasurements
were ko made on 34 emplweas whils off the job in order to evaluate
nonwork axposura levels. All measurements were taken unger present
working condifions.

Draily mean exposure by job category

Mean, rmedian of daily exposurss
Maximurm, 85%ile

Standard deviaticn, absolute sequantial diferance, first lag auto comelation
coefficients

Avg, time above background { >3.2 mG)
Wark dosation

MATANDOSKI et al. {1992): LEUKEMIA IN TELEPHONE LINEMERN.
ELECTRIC PFOWER RESEARCH INSTITUTE, PALC ALTO, CA,

MATANOSKI &t al. {1233): LEUKEMIA IN TELEPHONE LINEMEN. AM. J.
EPIDEM. 137(6), 603-618.




Citation:

Setting:

Purpnse of study:
Measured parameter:
Metrie:

Sompe:

Subject sampling:

Instrument mode! &
manufacturer:

Type:
Characteristies:
Sampling rate:
Meter placement:
Time-activity recordkesaping:

Data eollection protocols:

Quality assurance:

Distribution of data to subjects:
Analysis stratagy:
Exposure indices

Measures of ceniral tendency:

Mezasuras of peak or maximum:

Measures of variability:

Indices specific to study:
Other recorded parameters:
Ralaied cltation:

Appendix A

CARTWRIGHT,CE; BREYSSE,PN, BOCHER,L {1993y MAGNETIC FIELD
EXPOSURES IN A PETROLEUM REFINERY. APPL OCCUP ENVIRON
HY@ 8(8), 5B7-592.

CecupationalfHesidantial (Unitad States)
Exposure characterization

Magnedic field

Fer=onal exposure, survey measuremants.

48 workers, 39 locafions. 48 days occupaticnal/17 days non-ocoupational
exXposure.

Targeted for refinery elecirical workers
EMDEX-C (EFM Co., West Stockibridge, MA); Holaday ELF survey meter,

Time seriss

Magnetic field; — Hz

-~ {not reported)

Cayried ygrigitt in & pouch in front of the waist naxt to the body.

Self-reported; Participants were asked to meke a note of what equipment they
weare working near, and when they took kunch gr breaks. Normwaork: Appliance
use,

Waorkers wore the EMDEX during 8-howr shifts, and 17 workars made
additional hame measursments. Area measurements were made at 9 siles in

the refinety and at 30 randomly selected sites in the commurity,

Monitored individuals were checkad two 1o three times per shift to ensure that
dosimaters wera in working order and being wom properly. The EMDEX-Cs
were collected at the end of the shift ard downloaded prompliy.

Fufl shift magnatic fields by job category, by worker for high expasure task

Adithmetic and geormetric mean, medfan of fuli-shift reasuremeants

Maximum, §0%ile
Anthimeatic and geometdc standard deviation of Iul-snifl measurements
10, 25, 75%iles

Job categony
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Citation;

Setting:

Purposa of study:

Measured parameiar:

Metric:
Samgple:
Subject sampling:

Instrument todel &
mamnufacturer:

Type:

Characteristics:

Sampling rate:
Mater placement:

Time-activity recordkepping:

Guality assurance;

Biatribution of data to subjects;

Analysis strategy:

Exposurs indicas

Measures of central tendency:

Measures of peak or maximum:

Measures of variability:

Indices specific to study:
Cther recorded parameters:

Related citation:

A-10

DEADMAN,JE: CAMUS,M; ARMSTRAONG BG; HERQUX,P; CYR,y
PLANTEM; THERIAULT,G {1928): QCCLPATIONAL AND RESIDENTTAL
£0-HZ ELECTROMAGNETIC FIELDS AND HIGH FREQUENGY ELECTRIC
TRANSIENTS: EXPOSURE ASSESSMENT USING A NEW DOSIMETER.
AM. IND. HYG. ASSOC, J, 49 (8}, 409-419,

Ogeupational/Residential {Canada)

Exposure charasterization, mathadological

Electric fisld, magnetic fiekd, high frequency fransients

Personal exposure.

36 volunieers ior — ane weelk,

Opportunietic

Pocket-sized, battensoperated dosimeter

Time series
Electric & magnefic fields: 50-80 MHz; transient sdactric fisld 5-20 MHZ

Onese a minute
Worn next to the body, placed near bed at night away from field sources.

Seli-reported; Subjects reported taskfactivity, start'siop lime, work site,
potential sources of exposurs, and exact location of dossmater. Cata
collection protocols: Al participants were asked to wear & dosimeter during a
one-week period, from the momeni that they dreszed after waking up, while at
wiwk, and at home until going to bad. They were instructed to place the
dosimeter nsar the bed during the night, away from any point souree of E, B
and HFTE fiekds. Workers wem alzo sskad to record their activities on daily
tog shests,

All tnstrumants ware extans cafibrated pricr {o depleyment. Written
instructions conceming the study, the wearing of the dostmeter, and
precautions far avoiding unrepresentative readings were providad.

Time weighted average for week; Full shifi, by task, by environment,
within-perscn, between-person.

Arithmetit mean within waek, geomatric mean aeross weaks
Maximum

Genmeiric standard deviation acriss weeks

Time-weightad average far waek

Job titles

HERQUX,P {1231): A DOSIMETER FOR ASSESSMENT OF EXPOSURES
TO ELF FIELDS. BIOELECTROMAGNETICS 12{4), 241-257.




Citation:

Setting:

Purpose of study:
Measurad parameter:
Metrie;

Sample:

Subject sampling:

nsirumeant mods] &
manifacturer:

Type:

Charactaristics:

Sampling rate:
Mealer placement:
Time-astivity recordkesping:
Data eollection protocols:

Quality agsuranca:
Distribution of data to subjects:

Analysis strategy:

Exposure indices
Measuras of central tendancy:
Measures of peak ar MainieEm:
Measures of variability:
Indicas specific to study:
Othar recorded parameters:
Related eikation:

Appendix A

r

DELPIZZO,V (1993): MISCLASSIFICATION CF ELF OCCUPATICNAL
EXFOSURE RESULTING FRCM SFATIAL VARIATION OF THE MAGNETIC
FIELD. BIDELECTROMAGNETICS 14(2). $17-130.

Qcoupational
Methodclegical
Magneti: field
Parzonal axposure.

41 workers, @ach wearing a mater in six different locations on the body for 2
hipurs in wotrkplace. 10-11 days total time

Targeted for four occupational groups
AMEX-3D.{EnerTech Conaultarts, Campbell, GA}

Integrating
hMagnetic field; 35-1000 Hz

-

Each subject wore six meters, at the head, chest, abdomen, hip, knae, ankle

Each warker wore the meter for approximately two hours in the work
anvirohment

4

Integraied axpesure by meter locations by accupational cakegory, comparisan
of hip and chest exposures with whole body everage exposure

Maan, madian of average expasure
T5%ie

Standard emar of mean

Tertikes, misclassilication rates

Job calegory

KAUNE at al. (1992): SMALL INTEGRATING METER FOR ASSESSING
LONG-TERM EXPOSURE 7O MAGNETIC FIELDS.
BIOELECTROMAGNETICS 13, 413-427.

A-11
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Citatlon:

Setting:

Purpose of study:
Measured parameter:
Metric:

Sample:

Subject sampling:

Instrument model &
manufacturer:

Type:

Characterkstics:

Sampling rate:
Meater placemeant:
Time-aciivity recordkeeping:
Data collection protocols:

Gluality assuranca:
Bistribuflon of data to subjects:
Analyels strategy:
Exposure indices
Measures of central tendency:
Meacures of paak or maximum;
Meazsuras of variabllity:
Indices spacilic to study:
Other recorded parameters:
Related citation:

A-12

FLODERUS,B; FERSSON,T: STENLUND,C; UNDER,G; JOHANSSON.C;
KIVIRANTA, J, PARSMAN, H; LINDBLOM,M; WENNBERG,A; OST,A,
KNAVE,B (1992). OCCUPATIONAL EXPOSURE TO ELECTROMAGNETIC
FIELDS [N RELATION TO LEUKEMIA AND BRAIN TUMORS: A
CASE-CONTROL STUDY, PM EDITI

Cecupational/Residential {Sweden}

Epiderniology, exposure charagterization for occupationgl casedcontrol study
Magnatic field

Femsonal exposure,

850 cases of leukemiz 2nd brain tumors & 1700 controls, 1015 days of
exposura

Subject or surogate in same job

EMDEX-100 {EFFL, Pale Alio, CA), EMDEX-C {EFM Go., West Stockbridge,
MA),

Time series
Magnatic fiekl: 0,01 pT fo 2.5 mT; 50 Hz
One-sacond Intetvals

Wom on the waist

Subjects wore the EMDEX around the waist for a reprasentative workday, and
for at least six consecutiva hours. Sampling intensal was sst to 1 sacand,

Calibraiion at 50 Mz was parfarmead evary second month.

By jeb catagory, between workers.

Anthmetic mean for day, maedian
Time above 0.20 uT, 50%ie
Standard dewviation, stardard amor
Quartiles ot average work day

Jub category, age




Chation:

Sefting:

Purpose of study:
Moasured parameter:
Metrie:

Sample:

Subject sampling:

Instrument model &
manufacturer:

Type:
Characteristica:

Sampling rats:
Metar placement:
Time-acilvily recordkeeping:
Data collection pratocols:

Quality assurance:
Disiribution of data to subjects:
Analysls straiagy:
Exposure ndices
Measures of central ienclency:

Measures of peak or maximum:

Measures of variability:

Indicas specifis to study:
Other recorded parameters:
Related citation:

Appendix A

GAMBERALE.F; AMSHELM OLSON,B; ENERCOTH,P, LINDH,T;
WENNBERG, A (1389): ACUTE EFFECTS OF ELF ELECTROMAGNETIC
FIELDS: A FIELD STUDY OF LINESMEN WORKING WITH 400 KV POWER
LINES. BR, J. IND, MED} 46{10), 729-737.

Occupational (Sweden)

Exposure characterizatlon for acute eflects stody

Eleatric fietd (E), ragnetic fisld (B)

Persanal exposurs,

26 volunteers, two wosrking days each. 22 days(E}, 22 days(B)
Targetad for specific tasks

BE-log dosimetar

Time series

Magnetic & electric fields; 0.2-200 uT; 0-30 kKV/m; 50 Hz
Fiftzen-second ittervals

Back pack with electric field sensor on hardhat.

Observed; Simulated inspection of insulators, lunch.

Twenly-six experenced linesmen, aged 25 to 52, were studied during two
working days while performing a simisted reuting inspection of insulators on
steel| polas of a 400 KV power line, The powerline was in operation one of the
days, and tumed off the cther day,

—

By task, within worker.

Workday mean

Range of means

Activity

LINDH,T AND ANDERSSON,LI (1988): COMPARISON BETWEEN TWO
POWER-FREQUENGY ELECTRIC-FIELD DOSIMETERS. SCAND. J. WORK
ENVIRON. HEALTH 14 (SUPPL. 1), 43-45.

A-13
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Citation:

Setting:

Purpose of study:
Mgazurad paramater:
Metric:

Sampla:

Subjeet sempling:
instrument model &
manufacturer:

Type:
Characteristics:

Sampling rate:
Metor placement:
Time-activity recordkeeping:
Data collection protocols:

Quality assurance:

Distribution of data {o sublzcis:
Analysis gtyategy:

Exposure indices
Measures of central tendency:
Measures of peak or maximum:
Measures of variabillly:
Indices spegific to study:
Other recorded parameters:
Related citation:

A-14

GUENEL,F; NICOLALU.J; IMBERNON,E; WARRET,G; GOLDBERG,M (15931

DESIGN OF A XOB EXPOSURE MATRIX ON ELECTRIC AND MAGNETIC
FIELDS: SELECTION OF AN EFFICIENT JOB CLASSIFICATION FOR
WORKERS IN THERMOELECTRIC POWER PRODUCTION PLANTS. INTL.
J. EPIDEM. 22(8, SUPPL. 2) 516-321.

Oeeupational (Franes)

Exposure characterization, methodelogical

Electric fiald, magnedic field

Fer=onal exposurs.

297 workers, 1259 wark days

:Jdum at eight randonly-selected generation plants were randomly

Positron {Fositron Industries, Montrasl, Quebee, Canada)

Time series data lagger

Magnetic & elacinc fislds stored in 16 field Intervels; 0 to >10000 Vim; 0 to
=20

One-minute infenvals
Warn in the shirt pockat or at the belt.

Measurements wers pesformed for one full week per worker. Among
approximately 30 themoeleciric power ptants in the utility, eight weve
salected at random. All workers in the same plant were measured during the
sams woak. For aach plant 20-40 workers were randomly salested for
participation. Additlonally office workers working outside power plants and gas
workers of the ulllity were included in the survey as & referance group with
tackground exposure to EMF.

Doeirmeter: wars tested and calibrated before sach uze, Each workar's
axposure profile was earefidly examined and a few wera axcluded becauze of
dogimater malfunction.

Time weighted average for full shilt analyzed by plant, type of plant,
occupation. Analysis on log-transtormed data within- and batwean-worker
variance; within- and betweaen-group vanance

Beometric mezn of full-shift averages
Geometric standard deviation
Ratio of within- and between-worker varianca

HEROUX,P {1591): A DOSIMETER FOR ASSESSMENT OF EXPCIEUHES
TO ELF FIELDS. RRELECTROMAGNETICS 12{4), 241-257,




Citation:

Setting:

Purpose of study:
Measured parameter:
Metric:

Sample:
Subject sampling:

{nstrument mode! &
manufaciurer:

Type:
Characteristics:
Sampling rate:
Metar placament:
Time-activity recordkeeping:

Data collection protoenis:

Quelity a=surance:
Distribution of data to subjects:

Analysis strategy:

Exposure indices
Measiures of central tapdenay:

Measures of peak or maximum:

KMeaaures of variahility:

Indices specific to study:
Other recorded parameters:
HAelated citatlon:

Appendix A

KAUNE,WT; DARBY, 5D, GARDNER, SN, HRUBEG.Z; IRIYE,RN; LINET MS
{1994): DEVELOPMENT OF A PROTOCOL FOR ASSESSING TIME-
WEIGHTED-AVERAGE EXPOSURES OF YOUNG CHILDREN TO
POWER-FREQUENCY MAGNETIC FIELDE. BIOELECTROMAGNETICS

15(1, ED: GREENEBAUM,B.}, 33-51.

Residential {Unitad Stales)

Meihodological

Magnslic fial

Personal exposure, survay measurements, 24-h fixed-focation
measursnents.

28 children, 29 days.

Oppertunistic for chiklren from familes of ermplovess of shady participants

AMEX-3D {EnerTech Consultants, Campbsll, CA) for personal exposure;
EMDEX-C (EFM Co., West Stockbridge, MA) for survey and fixed-localion

measursments,
Integrating metsr for accumulated expostine

Magnetis fiald

Wom in pouches Sewn to suspanders or bells, or in iabric cubes near mfant

Observad by parants; own bedroom, other bedroor, family room, living room,
Kitchen, bathroom 1, other ballwoom, dining arer, besament, front door, front
yard, back yard, other

Each child wore meters for 24 haurs on & typical weekday, one meter at
home, and a second meter at schao! or daycare. Locations were recordad in
activity diaries. Spot and long-term measuramernts were made at each home
and scheol or daycare with an EMDEX-C,

While {ha datailz of the protocol wera balng explained to tha parents, the
chiidren were encouraged to become famniliar with the meter. Meon cards at
entrances reminded subjects to changs meters, and diaries were reviewed.

Compare tirne weighted average of personal exposure with cther
measurements by focalion

Time weighted average personal exposurg, anthmetic and geomatric mean
acrozs residences

Arthmetic and geometric standard deviation
Time spant at varaus lacations
Locallon, parents” education levels, wire code category of house

KAUNE et al. {1992} SMALL INTEGRATING METER FOR ASSESSING
LONG-TERM EXPCSURE TO MAGNETIC FIELDS.
BIOELECTROMAGNETICS 13, 413-427.

A-15
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Citadion:

Satting:

Purposs of study:
Measured paramster:
Metrie:

Sampla:

Sphbject sampling:

Instrument model &
manufacturer:

Typa:

Characteristics:

Sampling rate:
Meter placement:

Time-activity recordieeping:
Daia collection protocols:

Quaelity assurance:

Distrlbution of data to subjects:

Analysis sirategy:
Exposura indices

Mgaszures of central tendancy:

Measures of paak or maximum:
Measures of varfability:

Indices specific to study:
Other recorded parameters:

Related citation:

Related citation:

A-16

KAUNE,WT; ZAFFAMELLALE {1992): ASSESSMENT OF CHILDREN'S
LONG-TERM EXPOSURE TO MAGNETIC FIELDS (THE ENERTECH
STUDY}). ELECTRIC POWER RESEARCH INSTITUTE, PALO ALTO, CA.
156 PAGES.

Residential {United States)

Meathodokgical, exposure chamactarization

Magnetic fieid

Persanal exposure, spot measuremants, 24-h fixed location.

35 homes; 35 chikiren, 70 days {two visits, six months apart).

Targetad for extermnal sources and ground currents

AMEX-3D {EnerTech Consullants, Campbsll, CA); STAR; STAANANA.

Integrating
tagneilc {leld; 02 mi to 150 mG: 60 Hz

-

Waom on wrist, placed at foot of bed whila aslesp, on counter while bathing.

Sel-reported; Two AMEXs used, one while af home, one while at school.

Two AMEN-30 meisrs ard instrudions on their use wers left with the parent.
Parcnis were asked 1o place one metar, marked Basidential, on {ha subj
whenavear they wera not in school Inmediately prior to golng 1a schaol, the
parents were asked to exchange the residential meter with the second mefer,
marked Schocl. Maters ware tumed on only when baing wom by subjects.

By environment, within child, batwesn ohilldraen.

Time weighted average for individual visit; mean and geometric mean of
visils; median

Pl

Standard denviation, geometric standard deviation for daily means

Environment, wire code, residential power consumption, utility load

KAUNE,WT AND ZAFFANELLA,LE {1894): ASSESSING HISTORICAL
EXPOSURES OF CHILOREN TO POWER-FREQUENCY MAGMNETIC
FIELDS. J. EXP. ANAL. AND ENV. EPID. 4(2, APRIL-JUNE}, 149-170.

KAUNE ot al. {1822): SMALL INTEGRATING METER FOR ASSESSING
LONG-TERM EXPOSURE TO MAGNETIC FIELDS.
BIOELECTROMAGNETICS 13, 413-427.




el e mmieas CHo

Cltation:

Setting:

Purpose of study:
Measured parameter;
Metric:

Sample:

Subject samphing:

Instrumeant modal &
manufaciurer:

Type:

Characteristics:

Sampling rate:
Meter placoment:
Time-activity recordkeeping:
Data collection protocols:

Quallty assurance:
Distribution of data to subjects:
Anelysis strategy:
Exposure indices
Measures of central tendency:

Measzures of peak or maximum:

Msasures of variability:

indlcas speciiic to study:
Other recorded parsmeters:
Refated citation:

Appendix A

KAVET,ROBERT; SILVA,J MICHAEL, THORNTON DAVID (1292):
MAGNETIC FIELD EXPOSURE ASSESSMENT FOR ADULT RESIDENTS
OF MAINE WHO LIVE NEAR AND FAR AWAY FROM QVERHEAL
TRANSMISSION LINES, BIOELECTROMAGNETICS 13(1), 35-55.

Residential (Unltad States)

Exposure characterization

Magnstic field

Parsonal exposure, 24-h fixed location, sped measurements,

45 adult residents of Maine for 45 days.

Targeted

EMDEX meter (EPRI, Palo Alto, CA) for personal exposure measurements.

Tima serias

Magnelic fiekd; 35-300 Hz

Six-gecond intarvals

Waoen on the belt, placad at the foot of the bed whan not wom.
Seli-reported; At home, away fram home,

Sixty-Hz magnetic fiefd exposures were measured for 45 adult residents of
Maine. Thirty of the subjects resided near rights-of-way with elther 3458- and
115-kV tranamizzion Bneg, oF wih only 115-KY transmizsion lines; fiftesn
resided far from 2ny transmission lines. Personal exposure data for a single
24-hour parkod wes acquired wilh the EMDEX, The EMDEX's event-marker
bution was usad to parition exposures into Home and Away companents.

By anvironment, by wire code category.

Mean within subject, across subjects: at home, away from home, 24-h

Standard daviation

Wire code catagorny, sex

A-37
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Citation:

Setting:

Purpoae of shudy:
Meazurad paramester:
Metric:

Sample:

Subject sampling:
Instrument model &
manufaciirar:

Type:
Characteristics:

Sampling rate:

Meter placement:
Time-activity recordkeeping:

Data collection protocols:

Quality agsuranice;

Distribution of data to subjects:
Analysis strategy:

Exposure indices
Maasurss of cantral tendency:

Measures of peak or maximum:

Measures of varability:

Ihchices spacific to study:
OHher recorded parameters:
Related citation:

Related citation:

A-18

KOONTZMD; MEHEGAN,LL; DIETRICH,FM; RAGDA,NL (1992}
ASSESSMENT OF CHILDREN'S LONG-TERM EXPOSURE TO MAGNETIC
FIELDS (THE GEOMET STUDY). ELECTRIC POWER RESEARCH
INSTITUTE, PALO ALTO, CA. 152 PAGES.

Residentfzl {United Statas)

Methodological, axposure characterization

Wagnedic fisld

Peronal exposurs, 48 and 98 h fixad locatien monitaring for sorme sublects.

28 chiidren in two age groups (811 and yoaunger than 4). Two consacutive
days with sacond visit to some subjects; 80 days tatal.

Census tracts were selected based on highest drive-through field
measureiments and subjects in the tract were soliched by talephone.

EMDEX (EFPHR), Palo Alta, CA) for older ehildren; AMEX and EMDEX for
younger children; smzll, compuisr-based ERM metars,

Time seres (EMDEX), integrating {AMEX)
Magnelic {ield; 30-300 Hz
Ten-secend htarvals

Worn on the waist, EMDEX carried by pasert for youryg childran.

Saf-reported/observad (parent}; Al home in bed, at home nct in bed, ai
school, at day care center, ancther building, travel, outside, doing amands.

The children were recrited from four different geographic areas to praviie a
range of exposura polential. Twelve subjects ware personally monitored on
two conzecutive days in the 1590-1981 winter season and the 1891 spring
saason; the remalning children wera personatly monitored on two consecutive
days In one of the geasons.

Calibration of EMDEX and AMEX moniters was parfermed in accordance with
the ANSIIEEE standard.

A summary of the research results were provided 1o participants.

By environment, within child, between chiidren, day-to-day and seasonal
variability.

48-h maan

Maximurn

Standard deviation, standard ariar, range, 90th minus T0th percentila
Mean between events, percent above 2 mG

Wire code category

KOONTZMD AND DIETRICH,FM (1994). VARIABILITY AND
PREDICTABILITY OF CHILDRENW'S EXPOSURE TO MAGNETIC FIELDS. ).
EXP. ANAL. AND ENV. EPID. 4{3, JULY-SEFTEMBER), 287-307..

KALINE at al. (1992); SMALL INTEGRATING METER FOR ASSESSING
LONG-TERM EXPOBURE TO MAGNETIC FIELDS. .
BICELECTAOMAGNETICS 13, 413-427




a— TR L L NPT OF Lt SRS . ST L BT - U P L.

i Inlw S —t 2 1, _—

Citatlon:

Satting:

Furposs of study:
Measured parametar:
Medtric:

Sarnple:

Subject sampling:

Instrument model &
manufacturer:

Type:

Characterisfics:

Sampling rate:
Metar placement:
Time-activity recordieaping:
Dats collestion protocols:

Cuallty assuranes:

Distribution of data to subjects:

Analysis strategy:

Expasure indices
Meusures of central temdency:
Measures of peak or maximum:
Measnuras of varlabllity:

Indices specific to study:
Other recorded parameters:
Aelated citation:

Related chation:

Ralatad chtation:

Related citation:

Appendix A

KRCMHOUT, H; LOCMIS, DP; MEHLAN,GJ, PEIPINS,LA; KLECKNER,RC;
IRIYE.R; SAVITZ,DA {1995): ASSESSMENT AND GROUPING OF
QCCUPATIONAL MAGNETIC FIELD EXFOSURE IN FIVE ELECTRIC
UTILITY COMPANIES. SCAND. J. WORK ENVIRON. HEALTH 21(1), 43-50.

Qecupational {United States)

Epkiemiclogical

kiagnetic field

FPersonal exposure.

28BS worlshifts for 2196 warkers.

Randem selection of ulility workers from three personal xposute groups

AMEX-3D {EnetTech Consuliants, Campbell, CA)

Integrating cumulative expoesura
Magnetic flald

Wom an e pouch around the waist. .
Meter turned on and off at beginning and end of work shift,

All currant workars at each ny were placed into sesupational
calegonies, and individuals within those company-occupational calegory calis
were randomly selacted for measurament. A mater was mailed o tha setested
wiorkar. Each worker was asked to wear an AMEX for unancei:rs work shift. As
aach meter was mturnad, it was read and sant put to the chgible worker.

Among the 4,004 ed measurements, data were lost due to warker
gbsence, worker r , procadural armots, instrument falure, failure o mest
{he caltbration oriteria, and work shifs of <4 or =12 hours. Programmed
algorithms checked for missing or out-of-rangs values, Iogical consistency
and deta entry errors.

Analysis of ful shift means within gmr..lp and between grotups

Arithmelic and geometric means of time welghted averags
£5% conlidence interval

Population standard error, geometrie standard deviation, range of individual
measuramants, within- and batwesn-worker variarce )

Ratio of 97.5th and 2.5th percentiles
Jab catagory

- SAVITZ,DA AND LOOMIS,DP E[ED?F?AI MAGNETIC FIELD EXPOSURE IN

RELATION TC LEUKEMIA AN N CANCER MORTALITY AMONG
ELECTRIC UTILITY WORKERS. AM. J. EPIDEM. 141(2), 123-134,

LOOMIS st al, {1994 SAMPLING DESIGN AND FIELD METHODS OF A
LARGE, AANDOMI MULTISITE SURVEY OF QCCUPATIONAL
MAGNETIC FIELD EXPOSURE. APPL. OCG, ENV. HYG. (1}, 40-52.

LOOMIS et al. {1994): ORGANIZATION ANMD CLASSIFICATION OF WORK
HISTORY DATA IM LISTRY-WIDE STUDIES: AM APPLICATION TO
THE ELECTRIC POWER INDUSTRY. AM. J. OF IND. MED. 26(3), 413-425.

KAUNE et at, g%?p%gs SMALL INTEGRATING METER FOR ASSESSING

LONG-TERM LRE TO MAGMETIC FIELDS.
BIOELECTROMAGNETIGS 13, 413-427,

A-19
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Citation:

Setting:

Purpoge of study;
Measured parameter;
Mutric:

Sample:

Subject sampling:

ingirument mode] &
manuiacturer:

Type:
Characteristicg:

Sampling rata:
Meter placement:
Time-activity recordkeeping:

Data collection protocols:

Quality assurance:

Distribution of data to subjects:
Analysis stratagy:
Exposure indizes

Moasures of central tendency:

Measures of peak or maximum:

Measures of variabiity:

Indices specific to shudy:
Other recorded parameters:
Related citation:

A-20

LEVALLOIS, P: GAUVIN,D; St-LAURENT .J; GINGRAS,S; DEADMAN,JE
{1995): ELECTRIC AND MAGNETIC FIELD EXPOSURES FOR FEGFLE
LIVING NEAR A 735-KILOVOLT POWER LINE. ENY. HEALTH FERSP,
103{%, SEPTEMBER) 832-837.

Residential {Canada)

Exposure sharacterization

Etectric fisld, magneic field

Personzal exposure

35 adults; 35 days.

Targetad for persons living adjacant 1o 735-kV transmission lins
Pasitron 378108 (Positron Industries, Montraa!, Quebec, Canada)

Time serits dats logger records fisld in orme of 18 tield intarvals
Magnetic & electric fislds; 60 Hz

One-minute imervals

Wom in a packet, placed close to bed away from sources while asleep.

Seli-reporied; At home {waking, sleeping), at work, away from home and
work,

Exposura of 18 adulls, mostly while-collar workers, living in different
bungalows located 190-240 fest from & 735-kV transmissian line (expased
subjests) was compared to that of 17 adults living in similar residences tar
away from any transmisslon line. Each subject carried & Positron meter for 24 -
hr during 1 workday, which measured 80-Hz electric and magnetic fields
every mincte.

Meters were calibrated from the start and quality contro) procedures wera
ensurad during the study. Accuracy of magnetic fisld measurements were
sssassed with differant lavels of emitted magnestic fields.

Anahze arlthmetic ean sxposures of individuals by group and by location

Arlihmeatic mean, medlan, geometriec mean of arithmeatie means within group
Maxitram

95% confidence imterval, percentage of adjacant minutes with measuraments
differing by at least one bin

Percertage of tima above thresholds: 2 m, 7.8 mG, 20 V/im
Location, wire code category

HERQUX,P (1891} A DOSIMETER FOR ASSESSMENT OF EXPOSURES
TO ELF FIELDE. BIOELECTROMAGNETICS 12(4), 241-257.




Cltation:

Setling:

Purpose of shudy:
Measurad parameter:
Matrle:

Sample:

Subject samplingl:

Instrumernt model &
manhufacturar:

Typa:

Characteristics:

Sampling rate:
Melter placemeant:
Time-acilivity recordkeeping:
Data collection protocoks:

Quality agsurancs:
Distribution of data to subjects:
Analyzsis strategy:
Exposure indices
Measures of cantral tendency:

Moasures of ﬁaak or maximum:

Mueasuras of variability:

Indices specific to study:
Other recorded parameters:
Reiated citation:

Appendix A

MALE,JG; NORRIS,WT; WATTS MW (1987): EXPOSURE OF PECPLETC
POWER-FREQUENCY ELECTRIC AND MAGNETIC FIELDS. IN:
INTERACTION OF BIOLOGICAL SYSTEMS WITH STATIC AND ELF
ELECTRIC AND MAGNETIC FIELDS, (TWENTY-THIRD HANFORD
LIFE-SCIENCES SYMPOSIUM, OCTOBER 2

OecupalionalResidential {United Kingdom)
Exposure charactarization

Electric field

Parsonal exposurs, spot measuraments.

287 transmission and distrbutlon workers, measured over two wesk pariod
with a single-band integrating moniton, 47 workars maasured over 2ix day
parniod with a four-band time-histogram menitor. 2878 work days tatal.

Qpportunistic
SmaM Injegrating efeciric iislc meter developed by Don Dano,

Integrating
Electric lield; 50 Hz

Womn in an armband sleeve on the upper am.

Fazults wans obtaingd for 287 workers, aach of whom wore a dosimetar
during working hours for & 2-waek period. One hundred sbdy-slx were
transmission workars, dealing with plant at 132 kY, 275 kY and 400 kV. Tha
Ir;rlnuairﬂng 121 ware digtribution workers daaling with plant at 132 kV and

W,

-

Batwesn job categories.

Mean and median daily exposure
Maxtmum

Integrated daily exposure
Job catagory, tAnsmissicn/distribution workers

A-21
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Citation:

Setting:
Purpose of study:

Measured parameter:
Metric:

Sample:
Subject sampling:

nstriment model &
manufacturer;

Type:
Characteriatiea:
Sampling rata:
Meter placement;
Time-actvity recordkeeping:

Data collection protocols:

Quality assurance:
Distribution of data to subjects:
Analysis strategy:

Exposure indices
Measures of central tenderey:

Measures of peak or maximum:

Measures of variability:

Indices spacific to shudy:
Other recorded parameters:
Related citation:

A-22

MERCHANT,CJ; RENEW.DC; SWANSOM,J {1994} ORIGEINS AND
MAGNITUDES OF EXPOSURE TO POWER-FREQUENGY MAGNETIC
FIELDS IN THE U.K, NATICHAL GRID TECHNCLOGY AND SCIENCE
LABORATORIES, LEATHERHEAD, SURREY, UK. 8P,

Cecupational/Residential {United Kingdom)

Expogura charactesization

Magnsiic fiald

Personal exposure.

258 electric ulility amployees, ~214 waeks.

Opportunistic amang ufility personnel

Positvan dosimeter {Pasliron Industries, Montreal, Quehes, Canada).

Time sanes

Magnetic field; 50 Hz

One-minute intervals

Wom an a balt or strap, placed in bedroom =1 m from appliances at night.

Seif-reporied; At home in bed, up-and-about at home, out (not at work or
traveling to work), iraveling to weord, st work, not wom (oibar than in bed),

Personal exposure monitoring with activity diaries was conducted, and
simultansoug long term static measurements were also mada at home,

Picts af field against tima wete examined in detall for valdity and consistency

against wel-defined rules, and any 2nomalies were folowed up. Only records

which contained >=3 days of credibla data are included,

Analyses performad on lims waighted average of individual's measuremenis:
hy enviroremant, by job site, by job description

Arnthmetic and gecmetric means of time wefghtad averages, mean and
median of weekly exposura

95%ile, maximum weekly exposure
RAatlo: Sih to 95th percentile
Wire code category, home type, job title, job site

HERQUX,P (19891); A POSIMETER FOR AGSESSMENT OF EXPOSURES
TO ELF FIELDS, BIOELECTROMAGNETICS 12(4), 241-257.




Chation:

Setting:

Purpase of study:
Measured parametar:
Matric:

Sample;

Subject sampling:

Instrument modal &
manufacturer:

Type:
Characterkstics:

Sampling rata:
Metor placemant:
Time-activity recordkaaping:

Data collection protocols:

Quality assurance;

Distribution of data ta subjacts:
Analyziz stratagy:

Exposure indices
Measures of tentral tendency:

Measuras of peak of maximum;:

Measures of variabHily:

Indices specific to study:
Qther recorded paramaters:
Related citation:

Appendix A

PHILIPS,KL: MORANDI,MT: OEHME,D; CLOUTIER, PA (1595):
QCCURATIONAL EXFOSURE 7O LOW FREQUENCY MAGNETIC FIELDS
N HEALTH CARE FACILITIES, AM. IND. HYG. ASSOC. 1. 56(7, July}
G677-885.

Cecupational (United Statas)

Exposure characierization

Magratic fiekd

Survey measurements, spot measurements, psrsonal exposure.
E workers at two health care facilities, ~19 bours.

Targeted for haalth workers in spacific high field areas

EAEDEX-Il (EnarTech Consultants, Campbell, CA)
SPECLITE {Innovation Ine., Houston, TX).

Time senies data lopgers: EMDEX- records rasoitznt fisfds, SFECLITE
receids frequency specira

Magretic fiekd; broadband 40-800 Hz for EMDEX-1I; 40-1080 Hz in 30
irequency bands for SPECLITE

1.5 and 3-gacond intervals for EMDEX-NI, ane-minula interval for SPECLITE
Both monitors wom on a pouch around the waist heeizontally stacksd,

Ohbservad; Temparal and spatial work patierss ware noded 1o undarstand
ohservations.

Survey and spot measuramants were made in work environmenits at two
haspitals. Personal exposure measurarnents ware made during actual
working conditions for 5 heallh care werkers in 3 job categaries.

The factory calibrations and response of both dosimeters were verifisd using

2 squars coil.

Anazlyze tull shift by environmany, time waighied average, and frequency
specira of cumulative exposure.

Anthmsiic and geormsiric mean within worker and across workers, curnulative
exposure within worker

Maximum

Time course plots of recorded flelds

Number of excursions per bour above thresholds: =10 miS, =20 mG
Work area
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Citatiomn:

Setting:

Purpesze of study:
Measured paramater:
Metric:

Sample:

Subject sampling:

Instrument model &
manutaciurer:

Type:
Characterictics:
Sampling rats:
Matar placement:
Time-activity recordkeeping:

Data eollaction protocols:

Quality assurance:
Distribution of data to subjects:
Analysis strategy:

Exposure indices
Measures of cantral tendency:
Measures of peak or maximum;
Measures of variabllity:
Indices specific to study:
Other recorded parameters:
Related citation:

A-24

PRETORIUS,PH (1893): ASBESSMENT OF THE HISTORICAL MAGNETIC
FIELD DOSAGES RECEIVED BY ESKOM'S LIVE LINE MAINTENANCE
FPERSONMEL. IN: PROCEEDINGS FROM ESMOC-93: THE SIXTH
INTERNATIONAL CONFERENCE ON TRANSMISSION AND
DISTRIBUTION CONSTRUCTION AND LIVE LIN

Qcoupational (Scuth Africa)

Methodalagy [pilot study)

Magnetic fiald

Personal exposure.

Pilnt study of 10 live line workess, -46.5 hours
Targetad for liva lina workers

Positron 376100 (Positron Industries, Monireal, Quebec, Ganada); CATLOG
{recoried iime spent in 4 categonias).

Tirma saries data logger

Magnstic field stored in 16 fisld intervals; 0 1o =200 uT
Five-second intervaly

Wom in & pouch around the waist,

Self-erisred during measurements; CATLOG recorded lime spent on ground,
on tower, on conductar, alsawhere, Historical records of fime and tazks
parorming live line wark

Live line woskers' axposura to magnetic fislds was measured during work on
operating transmission lines. Log sheets kept by the workears provided
histarical inforrnation about the time spent and the amount of shifts worked
during live ling operations.,

Exposure time and fields by location; historical annual exposures ganerated
from contamporaneous measurements and crew log sheets

Mean within worker and acrass workers
Mendrmum

Standard deviation i
Minirmum, time spent in peak field

HEROUX,P (1991} A DOSIMETER FOR ASSESSMENT CF EXPOSURES
TO ELF FIELDS. BIOELECTROMAGNETICS 12{4), 241-257.
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. Gitation:

Setting:

Purpese of shudy:
Meaeured parametar:
Metrio:

Sample:

Subject sampling:

Instrument mocdel &
manufacturer:

Type:
Charactaristics:

Sampling rate;
Meter placement:
Time-activity recordhesping:

Data collection pretocols:

Quallty assurance:

Distribution of data to subjects:

Analysis strategy:
Exposurs indices

Measures of central tendency:

Meaasures of pazk or maximum:

Measures of variabfity:

Indices specHic to stw:ly."
Other racorded parameters:
Ralatad cftation:

Appendix A

RAINER,D; KERAMIDAS,E; PETERSEN,R; DALAL 5; REINBOLD.H;
SCUDIERILL; ZEMAN,G; MCINTOSH,A (1982): A MAGNETIC FIELD
EXPOSURE MEASUREMENT PROGRAM FOR THE
TELECOMMURNICATIONS INDUSTRY. (GPECIAL REFORT
SRA-T3V-002341, ISSUE 1, JUNE 1982) BELLCORE AND ATET,

Cccupational/Aesidential (United States)

Exposurs charactarization of telaphone employses
Magnstic fiald

Farsonal exposure. :

Qvar 1200 hours of monitoring deta frorg 243 workers on the job and 29
persons b non-work enviranments. 319 work days, 29 non-work days,

Random
EMDEX-C {EFM Co., West Stockbridge, MA)

Time series

Magnetic fiekd; 0.1 mQ to 25 G (dynamic r2nge); J0-400 Hz
Three-second intervals

Worn on a belt around the waiist, placed next to the bed at night,

Obsorved; Telecotn. vault, Power utility pole, Custornar pramise (res. or
business), Caniral offlce, Work centar, Wik area prohect. seiup, Travel,
Lunchfraak, Othar.

Key elements of the study included: Monitoring worker expasures . .. ; A
random sampling of workers In the telephone indusiey (The sampling schame
was designed so that the rasulting data coutd be taken as represantative of
the industry ag a whole); Correlation of exposure intensiy with work
environment {This was done by filling out machine readable logs of the job
tasks performed by each worker during {ba lime the exposure was being
monitored): Monitoring warksr exposures off the job.

A Hefmbaliz coil calibration system was used. The dalabase software
checked for data errors and anomaliaz.

By wark environmeant, within wodker, betwean workers.

Arithmetic mean of workday time waighted averages
Parceniiles up to 99
Stangard arror

Environment

A-25
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Citation:

Setting:

Purpose of study:
Measured parameter:
Metric:

Sample:

Subject sampling;

Instrument model &
manufacturer:

Typa:
Characteristics:
Sampling rate;
Meter placement;
Time-activity recordkesping:

Data collection protocols:

Guality assurance;

Distribution of data to subfects:
Analysis stralegy:

Exposure indices
Measuras of central tendency:
Measures of peak or maximum:
Maasures of variability:
indices spacific to study:
Other recordad parameters:
Related citatlon:

A-26

RENEW,DC; MALE, JC; MADDOCK,BJ (1920): POWER-FREQUENCY
MAGNETIC FIELDS: MEASUREMENT AND EXPOSURE ASSESSMENT.
{36-105) CIGRE, PARIS. 8 P.

Residentialfoccupational {United Kingdom)

Exposure characterization

Magnetic field

Parscnal exposure, lang-term fixed focation.

A4 volurmeers from utility (at tirme of writing 200 subjects plannad) wore meter
for ane week.

Oppaniunistic

Dosimeter daveloped by Institut de Recherche dHydroQuebes, Mantreal,
Quebee, Canada (IREQ).

Saquertial storage of fleld values in 15 logarithmic scaled bins

Magnatic & etectric fislds: 50 Hz; high frequancy transient elechic fields
Once a minute

The: PE monitor Is placed next to the static moniior over night.

Self-reported; 5 actlvity categories: At horme in bed, at heme up, travaling
toffrom work, at wark, out.

Each voluntear wears ong exposure monitor continuously (except while in
bed) for a one-weak pericd and keaves a second ona in his bedroom for the
same period. Each volunteer is given a diary to complate, which allows the
measuremerds to be clessified into five activity categories. . .« Tha horme of
each volunteer is also visited by a Ma Environmant Research Vehicte t
makea autdoor measuraments of currents and fields from which indoor fiekds
and exposuras will ba estimated.

The calibration procedures used for the IREG monitors conform (o the
ANSIMEEE Standard, The bin thrasholds are calibrated to within + 2% using
a squara field cail and instrumants with calibraticns traceable to NAMAS stds,

By environmant, by neighborhood, by jab site, within wotker, between worker,
comparison with fixed location reeasurement.

Time weighted avarage of rms magoetic fletd

Mastimuim

Log. standard deviation, mnga of fialds, tima in field intervale
Logaritivnic expasurs index

Job category. neighborhood, house type, job site

HEROUX,P (1891): A DOSIMETER FOR ASSESSMENT OF EXPOSURES
TC ELF FIELDS. BIOELECTROMAGNETICS 12(4), 241-257,
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Citation:

Setting:

Purpose of study:
Measuved paramester:
Matrie;

-Semple:

Subject sampling:
Inshmmmt model &

Type:
Characteristics:
Zampling rate:
Meter placement:
Time-activity recardkesping:

Data collection protocols:

Quality assurance:

Distribution of deta to subjects:
Analysis strategy:
Exposure indicas

Measures of central tendency:

Measures of peak or maximum:

Measuras of variability:

Indices specific to study:
Other recorded parameters:

Releted cltation;

Aelated citathon:

Realated citation:

Appendix A

S S BT s AR O B RTCSURE o
ENT BIOELECTROMAESNETICS 15(1), 21-32

Oceupationzl {United States)

Exposue characterzation for a cancer martality study

Magnefic igld

Pemonal expasura,

770 days, 42378 howrs {77).

Targeted for ¢raft occupations in 4 utility work anvironmerts

EMBEX-II (EnesrTach Cansultants, Campball, CA)

Time series data bogger

Magnetic tield; 40-B00 Hz; 0.01-555.5 uT

1.5-second intervals

Wom at the waist.

Fult shn"t in 1891; bar code scanner was usad by subjects in 1992 to record

Tha mater was wom &t t waisl fur tha full shiit. Eac I:er parﬂnlpaied for
the full day. A small num er of station wo ricipatead 1
congecutive days; otherwise, ers partmipaled cnl;-,r one day.
Daats wem shacked . . . . Each data sat was t; mﬁd augmantad with

rﬂ,p ic

fiunal
ﬁﬁmﬁeﬁ%ﬂwm arar, micle. ard end of the study' Fﬂﬁgbiltw
betwaen meters was -::hecked at the start rof each sampling day .

Each voluntear was given an opportunily to review his dats,
Data was proked for scenpational categonies

Mezn, median, geametric mean for secupational category
35%ile, 99%ile

Standard daviation

Fraction exceeding 0.5, 1, 5, 10, and 100 uT

Job natagury

SAHL el al. {1293 COHORT AND NESTED CASE-CONTROL STUDIES
aF HEMA OPOIET ﬁmcs A5 AND BRAIN CANCER AMONG
ELECTRIC PIDEMIOGLOGY 4{2, MARCH), 104-114.
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Litation:

Selting:

Purpose of study:
Measured parameter:
Madric:

Sample:

Subject sampling:

Instrument model &
manufactirer:

TYpR:
Charasteristics:

Sampling rate:
Meter placement:

Time-activity recordkeeping:

Data collection protocols:

Quality assurance;

Dictribution of data to subjects:

Analysis strategy:

Exposure Indlces:

Measures of central tendency:

Measures of peak or
MaxiEmum:

Measures af variability:

Indices specific to study:
Other recorded parameaters:
Related eitation:
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SILVA,JM (1385): AC FIELD EXPOSURE STUDY: HUMAN EXPOSURE
TO 60-Hz ELECTRIC FIELDS. INTERIM REPORT. ELECTRIC POWER

RESEARCH INSTITUTE, PALO ALTO, CA. (REPORT EPRI EA-3943)
QOccupationalRecreational {United States)

Exposure characterization, mathodological

Elastric fiefd

Parsonal exposura.

~7256 peformances of varous activities.

Targeted

Vest made of conductive eloth with integrating sansors,

Integrating

Elect‘:rlﬁlﬂeld; 0-10 kVfm, O-1 kWm, .2-2 KW, Linear response down 0
-0

Waorn on forsa,

Dkserved; A largs vanriety of famaing and recreational eclivities wem
investigated.

Electric figkl axposuras wers measurad for varous activitiss at sitas
throughout the L1.5. An activity systerms model was developed to evaluate
the exposures for specific activiies and locations.

Tha computer model used to compute the resulls treats all information as if
weta deterministic rather than stochastic, and makes the assumption that &ll
amrors of calculation and data cancel out.

By activity and enviranmant.

Mean, cumulative exposure for acilvity
Maximum, curnulative exposune for activity

Ranyge
Time spant in va;iuws field rangas
Actiity; location; Transmission line voltage

DENQ,DW AND SILVAM (1984): METHOD FOR EVALUATING HUMAN
EXPOSUAE TO 60 Hz ELECTRIG FIELDS. IEEE TRANS. ON POWER
APP_ AND SYS. 103(7, JULY), 1689-1706.




Litation:

Seiting:

Purpose of study:
Measured parameter:
Metrie;

Sample:

Subject sampling:

Instrument mode] &
manufacturar:

Typs:
Characteristics:

Sampling rate:
Meter placement:
Time=activity recordkeeping:

Data colisction protocols:

Cruality assurance:

Distribution of data to subjects:
Analysis strategy:

Exposure indlces
Maasures of central fendency:;

Measures of peak or maximum:

Measuras of variablllty:

indices specific 1o gtudy:
Other recorded paramaters:
Related citation:
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SKOTTES (1993); EXPOSURE TO POWER-FREQUENCY
ELECTROMAGNETIC FIELDS IN OQCCUPATIONAL AND RESIDENTIAL
ENVIRONMENTS IN DENMARIKC, in: ELECTRICITY AND MAGNETISM IM
BIOLOGY AND MEDICINE, ED: BLANK,M. SAN FRANCISCO PRESS, INC.,
SAN FRANCISCO, CA. BBB-8T0.

Oceupational/Residenilal {Dersmark)

Exposurs characterization

Electric field, magnetic fieki

Personal sxposure,

301 volunteers, 396 24-h measuraments.

Cpportunistic for electric ulility workerz and other groups
Pasitron {Positron Industrias, Manireal, Quebec, Canada)

Time zaries data logger racards fiskd in ana of 16 field intervals
Magnetic & electric fislds; 0.012-200 uT, 0.6-10,000 V/m; 50 Hz; high
frequency ir

Five-second intervals

Wormn in a bell, removed while aslkesp.

Seli-reporied; At workplace, at home, sleeping, traveling/shopping/etc., 20
work enviroriments for ulility workers

FE monitors ware woin for 24-hour periods, and activity diaries were kept by
the voluntears indicailng time In each of 4 general environmenis and 20 work
environments,

The dosimeters were lested for calibratton, linearity, frequency response,
dirsctivity, thning, ete.

Analysis of means for Individuals for ditfarent general environments, by
proximity of home to trensmission lines

Arithmetic and geametric mean of individual workday means
25%Re
Range: Bih ta 95th parcentile

Proximity to tranemission lines
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Citation:

Seiting:

Purpose of study:
Measured parameter:
Metrle:

Sample:

Subject sampling:

Instrument mode] &
manufaciurar;

Type:
Characteristics:
Sampling rate:
Meater placement:
Time-activity recordkeeping:

Data collsction protocaols:

Quality assurancea:
Distrbutlon of data to subjects:

Analysis strategy:

Exposure indices
Measures of central tendency:

Measures of pask or maximum:

Measures of variability:

Indices specific to study:
Other recorded paramaters:
Related citation:

THERIAULT,G; GOLOBERG,M; MILLER, AB; ARMSTRONG,B; GUENEL,P;
DEADMAN,; IMBERNON,E; TO,T; CHEVALLIER,A; CYR,D;, WALL,C:
CANCER RISKS ASSOCIATED WITH OCCUPATIONAL EXPOSURE TO
MAGNETIC FIELDS AMONG ELECTRIC UTILITY WORKERS IN ONTARKD
AND OYJEBEC, CAMADA, AND FRANCE: 1570-1989. AM. ). EPIDEM.
139(3}, 550-572

Ocoupational (Canads, France)

Epidemiclogy

Magnatic field

Pamsonal exposure.

2,068 warkers maasurad for persanal exposura, 1332 wesks.

Targeted to achieve representative sample of wotkers within Job catagory

Positron 378108 (Positron industies, Montreal, Quebec, Canada); IREG
meter {protatype of Positran developed by Insitiiut de Recherche
d'Hydro-Quebec,

Time series data logger racords field in one of 6 field intervals

Magnestic field; 50 Kz, 60 Hz

Cne-minute irtarsals

Worm on the belt ar in a shint pocket.

Self-reporied; Typa, focalion, and timing of activities, valtages, currents, work
techhigues, main aciiviics oulside work,

A case-controd study nested within three cohorts of slecirieal ulillty workers at
three utilities in Canada and Franee. Parsonal exposure m2asurements were
{akan for currant workers, and a job axposure matrix was derved for 1ha
cases, Workers wore a meter for a 5-day work week,

i

Tirne waighted average of work time fields by job categary, eslimates of
historieal changes in exposure, sxposures for individuals eonstructed from
job-expostre mairix

Arthmetlc and geometric means of weekly arithrmetic means within job
category

95% confidence interval
Arnthrmetic and geometrie standard deviation

Job title, activity

THERJAULT et al, {1984); JOINT ELECTRIGITE DE
FRANCE--HYDRO-QUEBEC--ONTARIQ BYDRO EPIDEMIOLOGICAL
STUDY ON THE LONG TERM EFFECTS OF EXPOSURE TO 50 AND B0
HERTZ ELECTRIC AND MAGNETIC FIELDS (FINAL REPORT).
ELECTRICITE DE FRANCE, HYDRO-QUEBEC, ONTARIO HYDRO, PARIS,
MCNTREAL, TORONTO.
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Citation:

Setting:

Purpoas of study:
Measured parameter:
Medrie:

Sample:

Subject sampling:

inatrument model &
manufacturer;

Type:
Characteristics:
Sampling rate;
Mater placemant;
Time-petivity recordksaping:

Data callection protacols:

Quallty assurance:

[Hstribution of data to subjacts:

Analysis strateny:
Exposure indicas

Measures of central tendancy:

Measzures of peak or maximum:

Maasures of variabibity:

Indices specific to study:
Ofher recorded parameters:
Related cltation:

Related ecitation:
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WENZL,TB {1992): ESTIMATING WORKER EXPOSURE TO
POWER-FREQUENCY MAGNETIC FIELDS. DISSERTATION, UNIVERSITY

OF MASSACHUSETTS, LOWELL. UNIVERSITY MICROFILMS
INTERNATIOMAL, ANN ARBOH, M, -

Qecupational {United States)
Epidemiology, exposure characterization
Magnetic fietd

Personal exposure, spot measuraments.
81 automobile warkers; 82 warkdays.

Opportunistic among automoblle plant workers and targeted for
demagnelizers.

EMDEX-C (EFM Co., West Stockbridge, MA)

Time series data logger

Magnelic fiald; 60 Hz

Four-second intervalg

Wom on the walst.

Observed through post-shilt intarviews; Pattems of use of spacific strng
magnatic field sources such as demagnatizen.

For a case-gontl study of brain cancer at a large automobile transmission
plant, a strategy was developed to use 2 types of instruments to measure
personal exposure to poweriRnusncy magnetic fialds. A representative
group of B1 workers ware asked to wear a data-fogging doshmeter for ang-half
shift apiece, To test a simpler measursment stralegy, a hand-held
direct-raading instrurment was also used, with multiple measurements taken at
the head and waist for most workstations.

Within woarker, betwaan workers

Cne-minute averages, half-shift averages, arthmetic and geometric means of
one-trinute avarages

Exceadsnca factors: =3 m3, =10 mQ, 95%ile

Pereant of adjacent minutas with diffarence graater than 5 mE, goomatris
standard deviation

Job categary

WENMZL,TB of al. (1935): COMPARISONS BETWEEN MAGNETIC FIELD
EXPOSURE INDICES IN AN AUTOMOBILE TRANSMISSION PLANT. AM.
IND. HYGQ, ASS0G, J. 56, 341-348.

WENZL, TB; KRIEBEL, D; EISEN, EA; MOURE-ERASC, R {1995} A .
COMPARISON OF TWO METHODS FOR ESTIMATING AVERAGE
EXPOSURE TO FOWER-FREQUENCY MAGNETIC FIELDS. APPLIED
OCCUPATIONAL AND ENVIRONMMENTAL HYGIENE 10 2, FEBRUARY.
ZIEGLER, SE, 125-130.
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Citation:

Setting:

Purpose of study:
Measured parameter;
Matric:

Sample:

Subject sampling:

Instruenent model &
manufacturar:

Type:
Characteristics:
Sampling rate:

Meter placement:

Time-activity recordkeeping:

Data collection protocnls:

Quality assurance:

Distribution of data to subjects:
Analysis strategy:
Exposure indices
Measures of ceniral tendency:
Maasures of peak ar maximum:
Measures of variability:
Indices spacific to shudy:
Other recorded parameters:
Relatad citation:
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WONG,PS (1992): 60 HZ ELECTRIC FIELD EXPOSUARE MONITORING
PROGRAM. (REPORT FOR B.C. HYDRC, 23 OCTOBER, 1992) PAUL
WONG INTERNATIONAL, INC., VANCOUVER, BC. 56 PAGES.

Ccoupational (Canada)
Exposure charactarization
El=ciric field

Personal axposurg,

Sixtaen elestticians, each producing an avarmge of 11 man-days of axposire
data per month, 1000 days

Opporiunistic

Eleetric Field Exposure Mster {EFEM) (developed by Bonneville Power
Administration).

Time sccumdatad in nine field intervals

Edectric field; D to =36 KV/m In nine intervals; B0 Hz ac

Average field every 4 ssconds
Wom in a shirt pociet.

Selt-reported; AC transmission line work (on ground, above ground,
da-energized), AC substation yard work {cn ground, above ground,
de-anergizad}, cificefshopiravelfother.

Thia electricians wera requested to wear the EFEM daily and fo answer simple
guestans on a data card at tha end of each working day. The questions cover
estimated time spent in switchyards with energized and/or de-energized
equipment, ensrgized equipment voliage, stahus of outer clothing, number of
ruisanea shacks meesived and EFEM readings. At the and of each two-week
pariod, the collaeied data cards wers forwarded to the A & D Laboratories.

data cards wera rejected becausa of meaningless EFEM raadings and
difterant EFEM sensitivities. Each EFEM was catbratedinthe R& D
Laboratories. -

By voltage level acrass winkers.

Mean and median daly accumulated exposure
Maximum, 95%ile

Standard deviation

Deily sxposiua ime =04 kVim

Locaiion, activity, voltage

BRAAGKEN,TD {1986): ANALYSIS OF BPA OCCUPATIOMAL ELECTRIC
FIELD EXPOSLURE DATA (FINAL REFORT). BONNEVILLE POWER
ADMINISTRATION, VANCOLIVER, WA,
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Appendix B
Analysis of Time-activity Survey Data

The analysis of data on human activity patterns can be useful in the identification and selection
of exposure components— environments, locations and activities — to be included in EMF
PEM studies. Toward that end, we examined two probability-based surveys which provide
time, lecation and activity data for a broad sample of adults and children. These surveys were
conducted in California during the period 1987-1991 under the sponsorship of the California
Air Resources Board (CARB). They are similar with respect to the goais and contents of the
University of Michigan’s time-activity surveys described in EPA’s Exposure Factor Handbook
{United States Environumental Protection Agency, 1989]..

Table B.1 gives a summary of the main characteristics of the two ARB surveys. 'The reader is
referred to the published reports for more information about the sampling strategy and field
procedures [Wiley etal., 1991a, b]. A summary of the content of each survey is shown in
Attachment Bl.

The CARB surveys are notable for their combination of probakbility sampling from a large
residential population—persons living in California households-- and computerized telephone
interviewing that employs a 24-hour retrospective time-activity diary. Althongh these surveys
were designed to vield population estimates of exposure to air pollutants, they provide
possible models for survey identification of important EMF exposure components, as well as
survey estimates of EMF exposures for individuals and population aggregates.

The full text of the question used to elicit diary information in the first survey is given below,
[This question was modified slightly for the adult informants and 9-11 year olds interviewed
in the children’s survey.]

*Now, more specifically about how you spent your time YESTERDAY, I'd like fo ask
you to start with midnight, night before last, and po through the entire 24 hours
ending at midnight last night. For each thing you did during that period, I'll be
asking you to tell me: :

* What you were doing,
* Where you were, and
* What time you turned to something else.

Please tell me about everything you did yesterday in the same order it happened.
There shouldn’t be any gaps in titne between activities.”

Responses to these questions were recorded verbatim along with begin and end titnes. In some
cases, the interviewers were allowed to use precoded activity and location categories. After
data reduction and coding, the data files for the two surveys included over 100 distinct activity
codes, 44 distinct location codes in the adult/teenager survey and 60 location codes in the
survey of children. The coding of activities and locations at work lacks detail so that
inferences about accupational exposures are necessarily uncertain. !

The time-diary responses were intended to provide measures for the analysie of individual
and group variations in potential exposure to air poliutants. Because the diary did not attempt
to elicit information about exposures directly, interences about exposure from diary data
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alone require linkage with other databases containing information about air pollutants present
at certain locations and during certain activities. The questionnaire also contained questions:
-not connected with the diary— about exposure to specific sources of air pollution during the
24 hour period (e.g., use of aerosols, paint products, etc.). The content of the specific exposure
guestions is indicated in Attachment Bl.

QOur use of these data in the context of planning EMF FEM studies is motivated by three
considerations. First, our analyses of aggregate activities and locations according to subject
characteristics illustrate the kind of information that EMF-focused diary surveys are likely to
provide. Linked with data on EMF sources pertaining to various lecations and activities, the
diary information provides the basis for an inference about personal and group variations in
EMF exposure. Second, the aggregation demonstrates the construction of measures of
possible EMF exposure from activities that involve electric appliances of various kinds. In the
CARB data, these pertain to appliance and equipment use in non-work activities and
environments. Third, these surveys provide a possible model for how the survey time-diaries
might be used, with appropriate modifications, to study variations in potential EMF exposure
in the general populatiot.

Recoding of Diary Activities and Lacations Used in the CARB Surveys

QOur reanalysis of the CARB data uses aggregate codes for both activities and locations. Each
ageregate code corresponds to a variable, defined as the number of minutes on the dijary day
ant doing an ageregate achvity or in an aggregate location. These Hime 5pmtvaﬂablessumbu
: or locations) for each person in the sample. The rules

used to combine activities and locations are given in Attachment B2.

The ings were constructed to a) provide a small number of recognizable categories us-
lum$ I:nndly;cﬁviﬁes which b) were ﬂgcupied or done often enough to justify an arﬁ}rsis of
individual or p variations. Table B.2 gives the names of the aggregate activity and Iocation
codes for each survey and lists the corresponding variable labels used in the text and tables of
Attachments B2 and B3. .

Methods of Analysis

Distributions of tirre spent in aggregate activities and locations were estimated separately for
the two surveys and for various subdivisions of the samples. For the purposes of this report,
the subgroups were distinguished by gender, age (18-24, 25-34, 35-44, 45-54, and 55+ for
adults, 12-14 and 15-17 for teenagers, and 0-2, 3-4, 5-7, and 8-11 for children), of Tes]
(house, apartinent, and other), area (rural, suburban, city), and enrolled in a schoo] (for
children only). The disitibutions of these characteristics in the two surveys are given in Part
of Attachment B3.

The cases in each survey were weighted to adjust for season, day of the week, and unequal
probabilities of selection. Variations in the probability of selection are due to different
sampling fractions in the geographic strata, differences in numbers of phone lines, and
differences in household size.

The summary measures used to describe the distributions of time spent were i) the arithimetic

mean, i) the medjan, iii) the standard deviation, and iv) the percent of respondents reporting
non-zero times. No significance tests or standard errors of estimate are reported. The small

number of cases with missing data with respect to demographic characteristics were
eliminated from the analysis.
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Overview of the Results

The paragraphs below describe the Jargest and most consistent differences cbserved among the
population subgroups chosen for this analysis. Of these, differentials by age and gender are
clearly the most important and the most readily interpretable. For additional details, the reader
should consult Attachunent B3, Part I, which shows the tables on which this brief account is based.

Gender Differences: Differences between men and women generally follow a pattern which is
consistent with the social roles of the sexes. Adult men spend more time at work, rore time
traveling, and more time outdoors than adult women, Women spend more time at home and
at other non-work indoor locations. Smaller versions of these differences oceur in the teenage
yeats as well, but they virtually disappear among children. Gender contrasts in locations
follow suit, with adult women spending more time in the home, es;gl;ﬁasﬂy the kitchen, and
men spending more fime away from hoeme and in fravel locations. e différences are
muted among the younger members of the sample.

Age Differences: These too follow a pattern which is related to differences in activities
corresponding to life stages. Time devoted to school activities increase with age until
maturity, where it drops nearly fo zero. Work time increases with aﬁpast puberty, levels off,
and finally drops among the oldest respondents as they leave the labor force. Away-from-

home activities increase steadily until young adulthood and ther remain stationary. The
oldest in the sample have a distinctive profile of time use in comparison with other adults: less
time at work, more time at home indoors and out, and less fime in travel. Correlations
hetween location anad age generally confirm this }Jattem. A mildly curvilinear relation
between age and time spent (average number of minutes in the diary day) at home in the
kitchen is shown below in Figure Bl.

rences b of Residence and Type of Environment: Both survey samples are skewed
toward residence in houses rather than apartments. With a few exceptions, differences in
activity and location patterns by type of residence donot a to be significant. Persons
living in houses do spend more time outside and in outside activities at all ages than persons
living in apartments. Type of environment---rural versus subutban versus urban--has
surprisingly little association with tire spent in the activity and location categories used for
this analysis. However, one difference appears adult, teenage and child samples:
persons living in rural areas spend more time in activities and locations coded as outdoors-at-
home.

Possible EMF Exposures in Everyday Non-Work Settings

The activity codes used for the CARB survey provide an opportunity to construct a summary
measure of possible BEMF exposures related to use of appliances in non-work settings, most
often in the home. A variable labeled "POSSEMF" is the sum of minutes during the diary day
doing the following activities (possible appliances in parentheses): food preparation (electric
stove), cleaning house (vacuum cleaner), washing clothes (washer), dressing and ming
{hair dryer), doing homework {computer), and use of radic. This measure, thou, .
undoubtedly indirect and unreliable, provides an €xample of what could be done with survey
data that are targeted toward use of EMF sources.

The distribution: of POSSEME is J-shaped in adult, teenager and child samples, with frequency
declining as the number of minutes increases. Figure B2 shows the distribution POSSEME for
the adult samnple—here, as in the teenage sample, an average of 93-94 minutes per diary day
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was spent in activities which may have involved use of electric appliances. The average for
children aged 0-11 years is about 35 minutes per day.

In general, POSSEMF is higher for women than men and increases with age. Figure B3 shows
the average and standard deviation of minutes in POSSEMF activities during the diary day.
There is a sharp increase in average time from infancy through early maturity, with relative
stability after age 18. h'uterestinggre, the spread of the distribution follows the same pattern
with age as the average,

Activity Pattern Surveys and EMF PEM Studies

The CARB activity afattem surveys provide a model for evaluations of potential EMF
exposure in general population samples. Though desi for another purpose, they illustrate
the kinds of vaniations in activity patterns that are likely to be observed in any survey that
includes broad coverage of demographic characteristics such as age and sex. To the extent
that people's routine activities and locations can be mapped to potential EMF exposures
linkage with other databases, even a relatively untargeted diary of the sort used in the CARB
may be a useful tool for EMF studies.

The CARB surveys included a substantial number of questions (see the list in Appendix 4A)
dealing with air pollution exposures at any time during the 24-hour reference period. Thou
not ]i:ried with the diary reports, and thus not placed in the time-flow of diary achivities an
locaticns, these questions provided valuable information about exposure to specific pollutants.
Obwviously, analogous direct questions about appliance and equipinent use, or proximity to
known sources, should be considered for use in surveys dealing with EMF exposures.

A retrospective 24¢-hour interviewer-administered diary can be adapted for nse in EMF studies
{with or without a PEM component) by orienting questions toward use of, or proximity to,
sources ghat can be specified in advance by the investigators and easily ized by
respondents.  The diary structure, with start and end times for activities and locations
associated with source use, is particularly important if the goal is to interpret a time series of
measurements obtained from a personal exposure device.

References
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Figure Bl
Average time in the kitchen versus age
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Figure B2
Minutes of possible EMF exposure versus age

&00

Number of Aduls

Etd. Dav = 102.84
flewn = 534
N = 1588

00 100D Z000 3000 4000 5000 EODO  TQ0O %000
500 SO 2500 500 4500 5500 4500 7SO0 2500

Nirther of Minntes in POSSEME Activities




—— —_—— _————T = - - F oo -4 AE L e ———

Appendix B

Figure B3
Minutes in possible EMF exposure activities versus age
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Table B.1

Characteristics of the California Ajr Resources Board Surveys

California Air Eligitle
Resources Board || Dates of ofthe Respondents Sourea of
Survey Data Collectinn | Target Nature Who Completed | Activity Pattern
: Population Sample Interview Data
Activity Patterns Adults and ATER N=1,3% aduls § Telephone
of Califomia October 1987 1o heenﬂfin styatified aged 18 or over { interview, 24-
Adults September 1988 | English- random-digit 4 (60.7% of hour
ﬁkmg‘ dialing sample, | eligibles retrospective
ifornia randomly NFIN ) diary
housshobds selecied adult || teanapecs amed
with telephones mﬁﬂn teerager [ 1217 (?}.5% of
wi eligibles
household
Chilacen ' strag i
‘s Activity | April 1955 to Childxen in straiified N=1200 interview with
Patterns February 1920 | English- random-digit | children aged 0- ] adult informant
?ealcing dialing sample, |11 {77.8% of or child 911,
aliformia rardomby eliglbles) 24-hmar
households selected child refroapechive
with telephones | within diary
household
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AppendixB
Table B2 ..
Aggregate codes and variable labels
Aggregate Codes Adult/Teen Survey Survey of Children
i Varieble Labels
Variable Labeale Lized in Appenidices
Used in Appendicss 4B and 4C
4B and 4C
1. Achivifies
&l SLT, ¥SLI SLP
wﬂ WEK, YWRK .
In-home Activities INHOMES, YINHOMEA INHOME
Quidoora-at-home acts OTDR, YOTDR OTDR
Away-from-homs NONHOME, YNONHOME NONHOME
School SCHL, YSCHL SCHL
Travel TRAV.YTRAY TRAV
Pougible EMF POSSEME, YPOSSEMF POSSEME
2 Locations
Kitchen ETTCH, YKITCH KITCH
Bedroom EEDORM, YREDRM BEDEM
Other inshome INHOME, YINHOME INHOME
Qutdcors-ai-home CUTHOME, YOCUTHOME COEFTHOME
Indoors, away THAWAY, YINAWAY INAWAY
Ouidogrs, away OUTAWAY, YOUTAWAY OUTAWAY
Travel location TRAVELOC, YTRAVELOC TRAVELOC
School location * SCHLL.OC !
Daycarz location = DYCRHS, DYCRCOM




Apperulix B

Attachment B1 Question Coverage in the CARB Surveys

Actvity Patterns of California Residents

Study of Children's Activity Patterns

Subject characteristics available:

A

Gender

Type -]:ufrmdm:e (single funily house, apartment, malile

Employment Status
Occupation {detailed coding)
ZIF code, County of regidence
Rural, suburb, city

ing (of subj. or parent)
Tecamie (of howsshold)

Subject characteristics available:

A
Gg:der

Ethnicity

Type of residence (single Frmily house, apartment,
mobile home)

Grade of schonl

ZIF code, Covndy of residence

Rural, saburly, city

Achivity Categories:

Coded from verbatim mports
Crrer 100 distinct ackivity codes
10 major categories:

Enid wurﬁ work

child care

oblaining goods and services
personal care

education and treining
organdizational activities
entertainment and sovial activitias
recraa liom

cormmunicabion and passive letsure

Activity Categories:

Sotne precoded caitegories

Ovar 11;;] distinct activity codes

10 major categories:
paid wark
hovsehold work
child care
vbtaining goods and services
perzenal care
education and traindng
organizational activities
sntertainment and social achvities
recreation
cormmurnication and passive leisare

Location Categories:
Three major lecation groupings with 44 unique Iocation
codes nasted within tEi gene:ra] categories:

Hema {13 sperific locations)

Other

In-transit

Location Categories:

NCH;;?; coding scheme, with some mterviewer

ix major location groupings with 60 unique location
codes nested within the general categories:

Home (13 Eﬂﬂiﬁ: loeation:s)

School/child eare

Frierx!'s house

Stores, ete,

In-fransie

COther

RN




Appendix B

Activity Paterns of Californis Residents

Study of Children's Activity Patterns

toilet bowl deodorizars
scented ajr frasheners
heat turmed on—electric, oil, gas
?pl! of heater
ors, windows open-minutes
Fan use, type of fan
air conditioning syztem and
have vacuum r {dust)
time on floor, carpet
humidifier or vaporizer
outslde in dirk
Ba station, ebe, ~minubes
room with oven, etz —~minutes
plues or adhesives
paint products—cil, water based
pesticides

aemian] ¥ products
hot shover, hot bath, etc

Specific Exposures:

wehicles in atteched garage
use of mothballs
toflet bowl deodorizers
scanted alr frasherners
heat turmed on—electric, oil, gas
type of heater
doors, windows open—minutes
fan use, type of fan
air condi gystein and eype
have vacuom cleaner (dust)
fime on floor, carpet
bumidifier or vaporizer
outside in dixt
Eas stabion, elc. —minutes

househnld by apents
aerpsol spray ucks
hot shower, hot bath, etc
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Attachment B2  Definitions of Aggregate Activity and Locatlon Categories Used for the Analysis of Time
Use for Rapid Project #4

This Appendix shows how the aggregate activity and location variables were defined. The source data (described
in greater detail in Section 4.4 above) are taken from two surveys conducted by the Survey Research Center in
the late 1980's and sponsored by the California Air Resources Board. They consist of interview and time diary
information collected from samples of California residents—adults 18 and over and youth 12-17 years old in the
first survey and children 0-11 years in the second.

I genera), each aggregate variable is constructed by sunmiing the time spent in its constihuent activities or
locationz. The nzonie af each of apgregate variable is repregented in boldface type and defined by the SPS5
COMPUTE statement that was used to construct the aggregate meagure, The rationale and meaning of these
aggregate measures is discussed in Section 4.4.

The following notes are provided o indicate how the varlable names used below are related to those given in the
two widely-distribrted codebooks:

2} the variable names in the SP3S system file for the survey entitled "Stdy of Children’s Activity Patterns™ are
not fe same as those used in the codebook. In general, act01 and wcDl in the codebook are acim and whtim1 in
the SP55 system fle, For two and three-digit locations and activities, the transformations are, for example,
actP=achim?2, act]99=acEm 199, wel3=whtim33 and wec3213=whtm3213. Also note that we32(8=whtim30s and
we3200=whtim309 to keep within the SPSS eight character limit.

b)The code book for the survey entitled “Activity Patterns of California Residents” indicates that all two and
three-digit activity codes are mutually exclusive. This is not true. For example, times for act801, act$02, and
actfl3 are contained within the variable actB), All aggregate definitions given below were checked for double
counting by making a case by case comparison of the total time for activities and locations with the 1440
minutes=24 hour basaline used in the time diary protocol.

[Sample= Adults 18+ and Children 12-17 years)

A. Definition of A te Activity Variables {titne spent in aggregate
activity on meﬁerﬁa day) oy pe

Adults 18 years and over

COMWPUTE SLP=actdS+actds

COMPUTE WRE=S5um(acttl,actd5 to actls).

COMPUTE INHOMEA=Sum{acti1,act18 to act24 act2é to act2s,

actd) to actd3.actdact?5actB3 to act8Sacti7 a9, act92 to actdB).
COMPUTE OTDER=Sum(act13,act15 to 2ct17,act25 act8l o actSl)
COMPUTE NONHOME=5um(aci(2,actI0 to act38 actdd, act55,a0t60 to actds,
act70 to act74,act76 to act?B,actB6).

COMPUTE SCHL=5um{act50,act51,act56).

COMPUTE TRAV=Sum{actld,actl8, act?9,act39, 20149 acthD acte,act79,
actf9,act9o).

COMPUTE FOSSEMF=Sumiacil),zctl2actl 4 actd7 actheacitif,act?0),

X - s

COMPUTE YSLP=yactdS+yactds.

COMPUTE YWRK=Sum(vact01,yact05 to yactOs).

COMPUTE YINHOMEA=Sum(yactll, yactld to yact24,yact26 to yact2s,

vactd( to yact43, yactd, yact?73,yactB3 to yactBh, yact87, yact91,yact92 to yactog).
COMPUTE YOTDR=Sum(yactl3,yactl5 to yact17,yact25,yactil to yacts2)

COMPUTE YNONHOME=Sum (yact02,yact( to yact38 yactdd, yacts5, yact6l to yactee,
yact70 to yaci74, yact7é to yact78, yact8s).

B-12




COMPUTE YSCHL=Sum{yact30,yaci51,yact56}.

COMPUTE YTRAV=Sum{yacli3, yact0d,yact¥, yact39, yactld, yacts?, yacto, yact??,
B0, yacted).

%ﬂDMPUTE YPOSSEMF=Sumi{yacil(,yact]12,yact14, yactd7, yact54, yact88 yactol).

B. Definition of Aggregate Locations {time spent In aggregate location on
the diary day)

Adulls 18 vears and over

COMPUTE KITCH = Sum(wc01,wcll9) .

COMPUTE BEDEM = wcl5 .

COMPUTE INHOME = Sum(wc02 to wold, wdb to wolB,wel2,wel3,we32} .
COMPUTE OUTHOME = Sum{wcl0,well) .

COMPUTE INAWAY = Sumi{wcl] to we3l, wed3, wedb to we9) .
COMPUTE OUTAWAY = Stum{we3d, wedl), wehs3, weS4,weS9) .

COMPUTE TRAVELOC = Sum(wcS1,woS2,web5 to wobiwoi),wesl) .
COMIUTE UNKNLOLC = w9 .

Youth 22-17 years

COMPUTE YKITCH = Sum{ywc0l,ywe09) .

COMTPUTE YBEDRM = .

COMFUTE YINHOME = Sum{ywc02 to ywold, ywe05 to ywclBywel2, ywel3, ywe32) .
COMFUTE YOUTHOME = Sumn({ywcl{,ywcil}),

COMPUTE YINAWAY = Sum(ywe21 to ywe24dywe2é to ywc3l, ywed3, yweah to ywead) ,

COMPUTE YOUTAWAY = Sum A0, 9).

& [YW-CS-L}'W‘ ,yweS3, yweSd, ywes
COMPUTE YTRAVLOC = Sum( 1,ywch2,ywedd to ywebE,ywobl,ywosl) .
COMPUTE YUNKNLOC = ywebd .

R o Activi
[Children 0-11 years]

A. Definitlon of A te Activity Variables (time Ein apgregate L
activity on E'm%er;‘ra day} o e

COMPUTE SLP= acHmdb + actimd6.

COMPLUTE INHOME= Sumfactimil actis18 TO actim?4 actim26, actisn?7 achimdl
TO actim43 actim48.achimS2,actim75, actim9] TO actim98,actim16%,actimd 74,
actim914, actin954. actim 28, actm 4D, actim 83, actn 84 actin 549, acim 875,

acimB77 acim7? actim 15, actim924 actim 937, actim 938 actim94d actimd7],
actim8b,actimEr}.

COMPUTE OTDEREaSum{actim] 3, actim15,2cHm16,actim 17, actim 25, acimB0.actimB1,
acHnB2 actim166,actim 1671 actimB01 actimB11}.

Appendix B

COMPUTE NONHOME=Sum(actim? actimS actim#, actim30 TC actin38,acim301,actim44,

actimb5,actim57, actimé0,ackimnbB,acim?) TO acim?d,actin76,actim78.actim711,
actm?? actim86, actimds, sctin14%,actimB802, acHmE03).
COMPUTE SCHL=Sum{actimé,actimb).acim5],actmb6,acim58}).

COMFLUTE TRA VeSumi{actin 3 actim9 acHm2%, actim33,actinad®, acHmE% actimb9,
actim79,acimfY,actim99, actim199).

COMPUTE POSSEMF=Sum{aciim10,actim12,actimi4,actim 142, actim47, actim54,actim20).

COMPUTE UNKNs=actim1.

B, Definition of Ageregate Locations {time spent in agpregate locatlon on
the diary day)
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COMPUTE KITCH=5um(whtiml, whiim2,whtm3},whbm309).

COMPUTE BEDRM=Sum(whtim5,whtn3205).

COMPUTE INHOME=5um (whtim2 whtim3,whtim4, whtimé, whiim?7 whtim8,whtimi?2,
whittm 13, whin 3202, whim 2202 whim 2204 whim 2208 whim 3207 whim208 whim3212,
whim3213).

COMPLUTE OUTHOME=Sum{whtim10,whtim11 whtm3210,whtm3211).

COMPUTE INAWAY=Sum{whtim21 t¢ whtim24, whtim2é to whim31,whtim33,whtim35 to whtim37,whtim3%).
COMPUTE OUTAWAY=5um[whEim34, whtim38,whtim40, whtim53, whtim54, whtim5%,
whitimE3s)y.

CDMU%E SCHLLOC=Sum{whtm251, whtm259}.

COMPUTE DYCEHS=whimz53.

COMPUTE DY CRCOM=whtim255.

COMPUTE TRAVELOC=S5umiwhtim5SL whiim52 whittm 55 whiim57 whitm 58, whtim&0,
whiim 2, whtim7))

COMPUTE TRAINLOC=whtim5é.

COMPUTE UNENLOC=whtim®98+whima99.
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Appendix B

Analysis of times spent In actitivies and locations in two California time diary
SOrveys .

1. Sybieot Attril 1 Their Digtril . . ha T g

1. activity Pattarns of Californiz Residents, HN=1, 596 Adulks

RIEX ADULT R SEX
Yalid Cum

Value Labsl Value Freguency Percent Percent Percent
HALE 1 755 47.3 47.3 47.3
FEMRLE =) 841 52.7 52.7 100.0

Total 1595 100.0 100.0
Valid cases 1505 Misging cagsg a
haRREC Ags Categories

Valid Cum
Vatua Label Value Preguency Parcant Percent DParcant
18-24 1.00 273 17.1 17.3 17.3
25=34 2.00 4018 25.7 25.% 43.2
38-44 1.00 339 21.3 L5 gd.6
45-54 4.00 205 12,9 3.0 77.6
E5+ 5. 00 354 ad.a 22.4 100.0
. 15 1.0 Missing

Total 1594 100.0 100.0
Vvalid cagesz 1581 Mipging cases 15
RESTIPE Type of Residance

- Walid Cuan

Value Labsl Yalue TFrequsancy Percent Percent Parcant
Houza 1.00 1254 JR.& T8.6 TR.&
hpartmant 2.00 277 17.4 17.4 96.0
aOther 3.00 6d 4.0 4.0 100.0

Tatal 1596 100.0 inn.o

Valid cagesx

1596 Mizzing cagex D

B-15




Appendix B

AREA ENVIRONS OF R'S HOME
Valid Cum

Yalue Label Yalue Fraguancy Percent Percent Percent
RURAL, 1 261 16.3 ' 16.7 16.7
SUBURBAN, OR 3 75 42.3 43.2 59.8
A CITY? 5 628 39,3 40,2 100.0
b 8 18 1.1 MHissing
RF 9 15 .9 Missing

Total 1536 100.0 100.0
valid cacses i562 Migeing rcases 33

2. Activity Patterns of California Residents, N=184 Yeuth aged 11-17

¥EEX YOUTH K SEX
Valid Cum
Valus Lakel Value Fregquengy FPercent FPercent Pergent
HMATE L 2 Jrd 49.9 49 .5 49 .9
FEMALE 5 ) 50.1 50.1 lo00.0
Tokal 184 1la0.0 000
Valid cases 154 Migsing cases {

RECYAGE Ags Group
Valid L

Valus Label Value Freguency Percent Percent Percent
12-11 1.00 67 6.5 38.7 36.7
15-17% £.00 116 8z2.9 63.3 1040.0
. 1 .B Miszing
Tobal 184 100.0 - 100.0
Valid casas 183 Mizzing casaes 1
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RESTYFE Type of Residence

Velid Cum
Value Label Value Freguency Perosnt Percent Percent
House 1.00 170 92.1 9z.3 92.3
Apartment Z.00 14 7.5 7.5 99 . 8
Other _ .00 a .2 .2 100.0
Total - 184 100.0 100.0
Valid casag lgd HMissing cagag 0
ARERL ENVIRONS OF R'E HOME
Valid Cum |
Yalue Label Value Frequency Perocént Perceni Percent
RURAT,, 1 39 21.3 21.4 21.4
SUBUREAM, CR . 3 g9 51.8 531.9 T5.2
A CITY? ) 45 24.7 24.8 100.90
DE B ] .2 Migeing
Potal 184 100.0 149,90
Valid cases 184 Mizsing casegs 0

3. Study of Children's Activity Patternz, F¥=1,200 Childven aged 0-11

REEX SEX OF CHILD
Valid Cuim
Value Lakbel Value Frauuency FPercent Percent Percent
BOY 1 621 51.7 51.7 51.7
GIRL 2 570 42.3 48.3 100.0
Total 1200 100.0 - 100.0
Ynlid cases 1200 Missing cases Q
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R e Tt - S—

TAGE recoded zage
Valid Cum
Yalum Labal value Fraquency Percent Percent Percent
0 thr 2 1.00 306 25.5 25.5 25.5
3 ord 2.400 231 19,3 19.3 44.7
% thyru 7 3.00 282 24.4 4.4 69.1
8 thru 11 4.00 371 3o.g .9 lﬂﬂiﬂ
Total 1200 100.0 144.0
Valid cages 1200 Missing caszas 0
RESTYSE type of residence
Valid Cum
Value Label Value Fregquency FPercent Percent Percent
housa 1.04 1013 84.5 g84.9 84.3
apartment 2.00 1ad 13.7 11.7 98. 4
other 3.00 17 1.4 1.4 100.0
Total 1200 i00.0 100.0
Valid cesax 1200 Migsing casaes O
ARER E'S HOME RURAL, SUBURE OR CITY
%alid Cumn
Value Labal Value Framisncy Percent Parcent Parcent
RURAL 1 221 18.4 1B.& 18.6
STBURBAN 3 488 41.5 42.1 60.7
A CITY 5 4ES 3s.8 38.3 100.0
DE. 8 15 1.2 Mis=zing
BF fMD 9 1 -1 Mizzing
Total 1200 100.40 100.0
Valid cases 1185 Miszzing cages 15
INEFTL IS CHILD IN SCHOOL?
valid Cuiim
YValue Label Yalue Fraguency Percent FPercent Percent
HNo .00 556 464 46.4 46.4
YES 1.00 Edd 53.6 83.6 100.0
Total 1200 100.0 i00.0
Vallid cases 200 Hizsing cases 0
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Appendix B

Analysis of mes spent in activities and locations in two California time diary
SUrVEYS

Aduits, 18

: Adults, 18

Adult=z, 18
Adults, 18
Advles, 18
Adults, 18
Rdults, 18
Adults, 18

Childre:n,

: Children,
: Children,
: Children,

Children,

¢ Children,

Children,

: Children,

children,

: children,

and
and
and
and
and
and
and
and

Aged
Ryyed
Aged

over,
aver,
over,
ovear,
ovar,
over,
over,
avrer,

0-11,
0-11,
g-11,
a-11,
0-11,
0-11,
a-1% .
g-11,
0-11,
0-11,

Sex by activities

Age by Activicies

Type of Residence by Activities
Type «f Environment by activities
SeX by Locations

Ahge by Locations

Type of Residence by Iewcations
Type of Enviropment by Locations

t Youth, Aged 11-17, Sex by Activicies

: Youth, Aged 11-17, Age by Activities
: Youth, Aged 11-17,
: Youth, Aged 11-17,
¢ Youth, Aged 11-17,
: Youth, Aged 11-17,
: Youth, Aged 11-17,
: Youth, Aged 11-17, Type of Environment Wy Locations

Type of Resldence by Activities

of Enviromnment by Activities

Zex by Locations
Age by Locations

of Residence by Locations

Sex by Aetivitiaes

Agre by Activities

Type of Razidepnce by Aotivitcies
Tyvipe of Environment by Aotivities
In gchool or not Iy activities
Sex by Locations

Age by Locstions

Tvpe of Ragidence hy Laocations
Tyne of Environment by Loczbions
In Schoel or net by Locations
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Appendix G

The purpose of petforming pilot studies was to test the recommended guidelines in

occupational and non-ocgupational settings. Particular attention was given to testmg the
guidelines for collecting activity-pattern data.

Two pilot studies were performed. A non-occupatioral study involved 50 high school
students from three classes at two schools, and an occupational study invelved eleven
professional and production employees at a utility instrumentation manufacturing firm.

A draft version of the General EMFE Asgessment Guidelines presented in Section 5
were utilized to develop the design of each pilot study. The investigator addressed each
of the basic steps and study elements to odically establish the study plan and ontline
the protocols, based on the purpose and resource parameters identified. The worksheets
for generating the study plan are shown in Exhibite C.1 and C.2. ,

The results of the pilot studies included: information about the use of the PEM. Guidelines
in developing the study design; an evaluation of the use of the methods in the field; and
evaluations of the study process by all study participants. In addition, the FEM data from
the non-occupational pilot study will be included in the Rapid EMF Measurements
Database.

The study designs and the measturement results of the two pilot studies are reviewed
individually. Section C.3 assesses the usefulness of the guidelines and discusses the lessons
learned from the studies.

C.1 Pilot Study #1: Measurement of exposure of high school physics students

C.1.1 Purpase.

The primary purpose of this pilot study was:

* to test the recommended guidelines in a non-occupational setting, with particular
attention to the collection of activity-pattern data.

The investigator offered to use the pilot study as & class lesson plan in order to secure the
teachers' interast in the project. The enthusiastic response to the project resulted in a much
greater participation rate than expected. Two secondary project goals were therefore
adopted:

» to provide an educational opportunity for the students, and

. to gather a set of qualify data appropriate for inclusion in the Rapid EMF
Measurements Database.

C.1.2 Design

Sampling ﬁtrate%: Most PEM studies focus on the collection of exposure data. However,

because of the three diverse goals of this pilot study, the sampling strategy focus was

anded, and design decisions were not necessarily made to optimize the exposure data
collected.
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» For the purpose of gathering data for inclusion in the EMF database, the sampling
strategy was designed o give an accurate indication of the magneﬁc field exposure
of the subject group in selected envirorunenis. Three types of data were gathered
in order to allow exposure stratification: 1) tnagtietic field exposures; 2) concurrent
information about the locations of the participants; 3} subject personal
information.

. In order to test the recommended PEM guidelines related to collection of time-
ackivity data, location data were collected using three methods: participant diaries,
retrospective questiormaires, and prospective guestionnaires.

* In addition, a lesson plan was created from the study to fulfill the educational goals
of the project. In two of the three classes, the students were requested to consider

or to utilize their personal exposure data in a class assignment. For these students,
the sampling interval of the instrument was increased to provide a reasonable
number of measurements for their analygis. The sample periods for all classes were
based on the class schedules. .

Volunteer Solicitation: Selection of volunteers was by convenience and student interest,
and was not intended to be random. Physics teachers at eight local high schools were
contacted via voice mail. A follow-up letter explained the purpose and basic design of the
pilot study. Physics teachers at two schools immediately responded. At School A, the
physics teacher reguested that both of his two physics classes participate. At School B, only
the Advanced Physics class, out of a total of seven classes, participated.

The investigator met with each class approximately one week before the intended
meastrement period to solicit volunteers. A brief review of the project purpose and design
was given, and use of the meters and activity diaries was illustrated. The volunteer nature
and confidentiality of the project were emphasized. Consent forms were reviewed and
handed out to obtain parental consent for project participation. An example of the Consent
Form is shown in Exhibit C3. The numnber of participants was limited by the number of
meters available, to thirteen per class.

Both teachess required all students to keep an activity diary as part of the class assigrunent,
regardless of whether the student volunteered to wear a meter. This encouraged
P:;;idpaﬁm and enhanced the learning opportunities of the project by involving every
student.

Participation was as follows:
KEPT DIARY AND
CLASS WORE METER KEPT DIARY ONLY
SCHOOL A, CLASS #1 9 9
SCHOOL A, CLASS #2 g 7
SCHOOL B 13 3

{At School A, because meters were available, two teachers participated, both keeping a
diary and wearing a meter. The data have not been included in this report.)
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Instrnmentation: Personial exposure measurements were recorded using thirteen EMDEX
I meters manufactured by Enertech Consultants of Campbell, CA. Three orthogonal coils
mezsure the magnitudes of vector components of the magnetic field. The instrument
computes the resultant magnetic field, defined by the following formula:

Bfu'.en.ﬂl;mt={Bx1 + B}F +B,7)"

where B,, By, and B, are the magnitudes of the three components of the magnetic field.
Measurements are stored in memory for later data transfer. The resultant field in the
frequency range from 40 Hz to 800 Hz was measured.

The meters feature an "Event” marker, which introdueces a mark in the data when a button
an the outside of the instrument is pressed. This feature was used by the students to mark
the times of changes in location.

The EMDEX II has a liquid crystal display (LCD). The meters were set to display either the
ba status or elal?:;ed time, rather than the magnetic field reading. This was to ensure
that the participant's activities were not influenced by the participant's ability to read
his/her sure level on the LCD. (Two partidpants, in the course of using the controls
of the EX to mark the time activities, inadvertently changed the display to show the
magnetic field readings. Both students admitted to paying some attention to the meter
readings.)
The calibration of each instrument was verified prior to the start of the pilot studies and
again after study completion using an Eleciric Field Measurements Co. Model 117 field
Efnneration cotl. Prior to each day of monitoring, new batteries were installed and a
ctional test on each axig of the EMDEX was performed. If the unit failed to respond fo
2 magnetic field in any axis, the meter would not be used. During the study, no unit failed
to respond. ' : :

ic fiel ion: The EMDEX maters were worn by the participants in a
pouch secured by a waist belt  The meters were distributed for a period of either 24 hours
or 48 hours, based on whether the class was to meet the following day, or two days later.
The sampling interval was selected based on the requirements of the lesson plan for each
class. The sampling schedule for each class was as follows:

School A, Class #1 One-minute 24 hours
School A, Class #2 One-minute 46 hours
School B, Class #1 1.5-zeconds or 24 hotirs
Five-seconds '

At School A, the students referred to their personal data in a class assiprunent. For these
students, a sampling interval of one minute — 1440 samples in 24 hous — was selected, so
that each student's database would be manageable, should the student choose to further
analyze the data using spreadsheet software. A sampling interval of five seconds — 17280
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samdples in 24 hours — wouid have produced foo unwieldy a database for individual
student analysis.

The stndents at School B perfored no personal anzlysis, so an interval of five seconds was
selected to optimize the information for the EMF database. Ten of the meters were set in
errar for 1.5-second sampling rather than five-second sampling during the School B study.

Seven of these meters terminated data collection affer approximately twenty-two hours,
presumably becatise the memory in these meters was insufficient for the selected sampling
interval and period. The data up to the point of termination were saved and were included

in the database.

M_ﬂ@,ﬂ%dm Time-activity information for the students was stratified by
location, as follows:

At School: Classroom Sleeping

At School: Not in Classroom Not Wearing Meter
At Home

Traveling

At Work

Other Location

In addition fo the six independent locations, the students recorded when the meter was
taken off for sleeping, and when it was taken off for other reasons such as athletic events,
showering, ete.

As stated, a primary study goal was to evaluaie the recominended time-activity data
collection methods. The students therefore documented their activities (location) using two
methods: by personal diary and by questionnaire.

Digries: An example of the diary is presented in Exhibit C.4. All students in every class
completed a diary, including those students who did not volunteer to wear a PE meter.
The diary was designed fo conveniently fitin a pocket of the meter pouch. Instructions for
keeping the diary were presented verbally to the class upon meter deployment, and were
printed on the diary card for reference. The students were instructed to enter the time,
location code, and any relevant notes in the diary each {ime they changed from one
location group to another. They simultanecusly pressed the "Event” button on the EMDEX
meter, which "marked” the data with the time of the Jocation change.

When the location stratification was developed, "School-Classroom” was discemed from
"School-Not in Classroom” so that the students would have the opportunity to practice the
time-activity diary input inmunediately after having been given verbal instructions. This
stratification within the "School” location was the greatest reporting burden, according to
the first class of students monitored. Because the School A, Class #2 students were
maonitored for 48 hours, it was felt that this burden was beyond reasonable expectation.

The School A, Class #2 students were informed that on the second day of data collection,
they need not to separate their school activities into the two locations, .

Questionngires. In addition to maintaining a diary, each student gave an estimate of the

fime spent in each location in the form of either a pretrpspective or ?fﬂﬂﬂvﬂ
guestionnaire, Examples of the questionnaires are shown in Exhibits C5 and C.6

Tespectively.
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. School A, Class #1 and School B students completed petrospective questionnaires
immediately upon completion of the 24-hour data collection. This questionnaire
requested that each student recreate the activities of the past 24 hours in a format
similar to that used on the time-activity diaries. The questionnaire also inquired
about the use of appliances, the time spent in areas of the home, and basic subject
information. '

. School A, Class #2 students completed a prospective questionnaire immediately
prior to data collection. The students were given the opportunity to estimate their
expected times in the selected locations in one of two ways: they could create a list
of times and activities in a format similar to the diaries, or they could present the
information in a timeline format. The questionnaire also inquired about the
anticipated use of appliances, the anticipated time spent in areas of the home, and
bagic subject information.

Subie tion Collection: Questions regarding basic information about each
participant were inchuded on the prospective and respective questionnaire forms. This
data included:

School grade

Age

Gender

Household type (apartinent or single-farnily home)

Job description during study period

Primary method of travel during study period

Protocols: The project protocol was developed in outline form and is shown in Bxhibit C.7
The protocol outlined the tasks of the investigator and the instructions to the students in
order to agssure continuity in the project. A single investigator developed the project
protocol and carried out the stugy. Therefore, the need for complete and succinct
documentation and instructions was less critical than if several investigators were used.
The protocols for rreter wear and diary completion were verbally provided to subjects with
the aid of overhead slides when the meters were deployed. The instructions were zlso
printed on the diary cards for easy reference.

i : Upon compietion of their participation, all students — those who
volunteered to wear a meter as well as those who simply kept a diary — filled out a short
evaluation survey to express their opinions of participation. Compilation of the survey
responses provided information about the burden of partidipation; the darity of the written

verbal instructions; and any confusion in carrying out the data-collection protocols.
An example of the evaluation survey is attached as Exhibit C.8,

Mﬂ?ﬁgm@: Several steps were taken throughout the pilot study to ensure the
reliability of the data. For example: :

4

' Instruments were calibrated prior to and after the project.

. Before each use, the operation of each axis of each instrument was verified.

. Forms were designed to be clear, succinct and straightforward; however due to the
pilot stody nature of the project, the forms were not tested prior to their use.
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. During the introduction to the participants, the investigaior emphasized the
importance of data accuracy and explained the protoco! for documenting missed
events.

- The evaluation survey requested the students’ opinion of the accuracy of the time-
activity data.

. Upon downloading, the magnetic field data were reviewed for periods of
continupus magnitude (“straight-lines") which would indicate either a meter
malfunction or a period when the meter was not worn,

. The data management systern was designed to combine information
from mulfiple sources into a summary form that could be easily queried during analysis.
Each participant selected a four-digit confidential code that was listed on the diaries,
questionnaires, and evaluations. Upon downloading of the EMDEX data, the EMDEX files
were given an eight-digit name, inclnding the four-digit confidential code and the four-
digit EMDEX serial number. Use of the confidential code on the data files and forms
allowed the information on each subject to be combined in the summary files. (Note that
this simple naming convention would not have been acceptable on a Iarger project;
allowing the subjects to select their own code created a risk of duplicate codes.)

EMTIIEX files were reviewed for zjman]it}lr and backed up on floppy disks. The EMPEX files
and copies of all forms were forwarded to project headgquarters for data input and
production of summary files. The investigator maintained copies in the event of loss or

questions.

Data Analysis Procedures: Time-activity nformation was collected from the dairies and
the questionnaires. The diary data were linked to event marks which the students entered
into the EMDEX data with each change in location. The time of the event mark was
agsuned to be more accurate and was maintained for each location change, rather than the
timg reported in the diary. The cumulative time in each location was calculated for each
student.

The data reported in the questionnaires were also coded for location to compare with the
diary data. The cumulative time in each location was calculated for each student. The
petcentage misclagsified for each location was defined as:

% MISCLASSIFIED, , = Y (ABS(Troiagy, - Touesty, )}/ T (To1aRy,,)

Where TDIARY equals the total time documented in the diary for location Lr for each
student, and TQUEST equals the time reported in the questionnaire for location Ln for each
student.

Note that, according to this equation, any time misclassified is accounted for twice: orce
for the location for which it was reported in the questionnaire, and once for the location for
which it should have been reported.

' The total percentage risclassification was defined as follows:
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(Y, %MISCLASSIFIED, )/2
n

PEMs were summarized by location and by schoel class. Summary measures, including:
numbser of samples, time, arithmetic mean exposure, median, maximutn, geometzic mean
and standard deviation were computed for the total time each person spent in a given
location. This information wasg further summarized to provide the tirne-weighted mean
and the maximum for each class, by location.

Educational Opportunities for Students: Class participation in this pilot study afforded
ons in several areas including; how research data are collected, how physics and other
sciences may interrelate in real world issues, how computers may be used for research ,
and the physics of EMFs. At School A, the physics teacher incorporated the pilot study
into his own curriculum. He introduced electricity and magnetism to the classes prior to
the study. He assigned reports on various EMEF topics, in which the teams of students were
requested fo refer to their own I'E data. The pilot study data were downleaded in a
computer lab so that each student tearn could utilize the EMDEX software to review their
data. At School B, data were downloaded and shown on overhead slides for discussion.
In all classes, presentations were made by the investi and by a representative from the
local utility. After completing the studies, each student received a copy of his/her diary
and a graphical printout of his /her personal magnetic field exposure data versus time.

C.1.3 Results

Time-Activity Data: Students successfully recorded information about their locations
concurrently with the magnetic field exposure monitoring, using diaries. They also
completed either a prospective questionnaire or retrospective questionnaire to either
forecast or remember their locations during the study period in a format similar to the
diaries. All students participated in the time-activity data collection, whether or not they
wore a magnetic field meter.

A widespread error in the time-activity record-keeping involved accounting for sleep time.
ge e*i'rur ;vas readily identifiable because sleep-time is relatively predictable for high
ool students:

. Five studenis forgot to input the "sleep” activity in their diary, although they
included it in the questionnaire. I

» Two students ornitted sleep time in the questionnaire, but included it in the diary.

- Three students, who perhaps neither listened to verbal instructions, nor read the
wriften instructions, accounted for sleep in neither their questionnaire nor their
Yiari

The errors occurred in all three classes, but were most prevalent in the students completing
the prospective questionnaize.

Obviously, each of these oversights caused an approximately eight-hour error in the data.
Time did not allow the investigator to confirm the exror with each student, so, in each case,
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a correction was made as follows: 500 minutes of sleep Sﬁer night (missing from either the
diary, the questionnaire, or both}), was added to the "Sleep" location of the diary and /or
questionnaire, and a corresponding 500 minutes was deducted from the "Home" time. {An
eight-hour sleep period equals 480 minetes; for those students who responded properly,
the average sleep period was 513 minutes; therefore an even 500 minutes was selected for
the correction.)

The results of time-activity data collection are shown in Table C.1A. The omission of sleep-
time from the diaries, questionnaires, ot both, caused the recording of exceptionally high
amounts of ime in "Home" and vmderstated time of "Sleep". This error in the ten cases was
cortected, and the results shown in Table C.1B.

Table C.2 shows the accuracy of the 11‘et.tJ|=.-.'zd:in:)r:|rla11'n=.-5.' in comparison with the diaries. This
table reports the difference between the tofal minutes reported in a location by diary and
by questionnaire. Once again the data have been reported as collected (Table C.2A}, and
as corrected for the widespread "Sleep” oversight (Table C.2B). Table C.2 shows clearly
that a retrospective questionnaire will provide significantly more reliable information than
a prospective study. As shown in Table C.2B, 9.8% of the time was misclassified in
prospective questiormaires, and 26%-3.5% was misclassified in retrospective

uestionnaires. The relative margin of misclassification was similar for the uncorrected
values of Table C.2A. Note that the refrospective questionnaires were completed
immediately following the study period, which certainly assisted recall.

m%mum& The results of the student exposure by school are shown in
Table C.3. For each class, the average exposure was 0.7 to 0.8 milligauss. Exposures at
Home were lowest for the School B class. Exposures at School B tended to be higher than
at$chool A. However the highest exposure measured within a school was at School A in
Class 2 {110.1 milligauss). Travel tended to be a location of higher overall exposure, most
likely because exposures within cars are generally higher than average exposure. (Work
was the Ic;:aﬁun of highest exposure, though only one student was measured for work
exposure. ‘

Inforimation within the diaries and subject information sheets will allow further analysis
by gender, age, residential type, and transportation type.

Evaluation Summaries: As participant enthusiasm and responsiveness is important for
any data collection effort, all students were given the opportunity to evaluate the study
process. Table C.4 shows a summary of student responses to the evaluations.

Generally, the students found the study purpose and instructions dear. They found the
meter easy to use. They gave mixed responses when gquestoned whether wearing the
meter and keeping a diary were burdensome. Making diary entries was easy, but the
majority occasionally forgot to make them.

Of those who completed a retrospective questionnaire, 33 of 34 found that having kept the
diary helped their recail for filling out the questiormaire. This suggests that the low percent
of fime misclassified in the retrospective questionmaires, as in Table C.2, was
influenced by the assisted recall.
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C2 Pilot Study #2: Measurement of Fxposure Instrument Manufacturing Employees

.21 Purpose
The primary purpose of this pilot study was: o

®  to test the recommended guidelines in an occupational setting, with particular
attention to the collection of activity-pattern data.

In keeping with this purpose, the pilot study was split into two data collection efforts that
used three methods to acquire time-activity data. The activities and locations of the
production workers were monitored by an observer. The professional employees
completed both concurrent diaries and retrospective questionnaires.

An effort was made to assure that this study tested a different set of methods than those
tested in the non-occupational study.

C22 Design

Sampling Stratecy - Professional Bmplovees: Because of the limited number of
patticipants, the data from this pilot study were not intended for inclusion in the Rapid
EMF Measurements Database. Nevertheless, the sampling strategy was desig:‘tedp to
teplicate that which would be selected for & {ypical exposure assessment of this type- Two
types of data were collected to indicate of the magnetic field exposure of the participants
in selected environments: 1) magnetic field, and Zﬁnmncurrmt location information for the
participants. !

The professional employees' activities were stratified by narrower location definitions than
those uged for the stndent pilot study. This approach addressed the differences in
magnetic feld levels for sub-environments within the broader environment of the entire
manufacturing facility. The investigator toured the facility prior to the study date, and
developed a list of sub-environments within the site. The boundaries of these sub-
environments were readily understood by the participants, The following list was adopted
for location-based activities in the facility.

In Administration In Manufacturing
In Cominon Areas P i

At Participant’s Desk* In Test & Repair

In Education Area: Classroom  InETK

In Education Area; Lab Using Equipment**
In Engineering Out of Building

In Lunchroom Not Wearing Meter

* Bach participant's desk was located in one of the general areas of the facility: i.e., I.nEngllneerhgor
In Adminighration. In order to further delineate their locations within that area, the participant's own:
desk was considered a separate Incation.

**In order to gather information about exposure during the use of equipment, "Using Equipinml’

was considered a separate activity. Participanis docuanented the of tinuge. Itwas
assumed that the eSE%ment was within the sub-environment prmljrm
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Sampli - Pt jion Employees: The locations of the production employees

were recorded by the observer only within the boundaries of the sub-environment in which

they worked — either Manufacturing or Test & Repair. These two sub-environments were

further divided by a grid system based onthe layout of machinery and workstations. This
id systetn was found to be too broadly defined, and not sufficiently related to magnetic
1d exposure, as is further discussed in Section C.3.

Volunteer Solicifation: The selection of participants was by convenience and interest, and
was not intended 10 be randomn. The firm's president was acquainted with the investigator,
and he volunteered the firm'’s support upon I'EEE# The prosident then solicited
professional and production employees he felt would be interested in the project.

One week prior to the study date, the investigator met individually with most of the
potential volunteers. A brief review of the project purpose and design was given, and use
of the meters and activity diaries was demonstrated. The volunteer nature and
confidentiality of the project was emphasized. Consent forms were reviewed and handed
out for signature. On the study date, some of the criginal volunteers were unavailable and
moare volunteers were required. The president identified more potential participants, who
were introduced to the project and consented to participate.

Instromentation: Personal exposure measurements were recorded using eleven EMDEX
I meters marufactured by Enertech Consultants of Campbell, CA. Three orthogonal coils
measure the magnitudes of vector components of the magnetic field, The instrument
computes the resultant magnetic field, defined by the following formula:

BResuttant=(B,2 + By + B2

where B,, B,, and B, are the magnitudes of the three mmgnents of the magnetic field.
Measurements are stored in memory for later data . The resultant field in the
frequency range from 40 Hz fo 800 Hz was measured,

The meters feature an "Event” marker, which introduces a mark in the data when a button
on the outside of the instrument is pressed. This feature was used by the professional
employees to mark the times of changes in location.

The EMDEX I has a liquid crystal display (LCD). The meters were set to display either the
battery status or elapsed time, rather than the magnetic field reading. This was to avoid
mfluencing the participants’ activities because of their knowledge of their exposure.

The calibration of eacﬁ instrument was verified prior to the start of the pilot studies and
aﬁajn after study completion using a stnall magmetic field generator. The operation of each
of the three goils in each metey was verified on the day prior to the siudy day by cbtaining
a reading on each coil when positioned near a known magnetic field source.

etic-field Data Collection - ional | : The EMDEX meters were womn
by the participants in a pouch secured by a waist belt. The meters were distributed to the
professional employees individually in the mormning. The investigator confirmed fifteen-
minute appointments with each employee late in the afternoon, at which time these meters
were retrieved and downloaded. The sampling interval of three seconds was selected to

optimize the capabilities of the recording meter.

pction - Produchon |

waist-belt peri

mployvess: The production employees wore
of approximately 1% to 14 hours. Two

faret] e

the meter in a
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employees in the Test and Repair area were monitored simultaneously. Then two
employees in the Manufacturing area were monitored simultaneously.

' fvi i i : The time-activity data collection
for the professional employees was very similar fo that performed in the student pilot
study: employees documented their activities based on location using two 'methods:
personal diary and questionnaire. However, the definitions of the locations/activities
were much narrower for the employees than it had been for the students.. Where the
students had recorded locations in broad descriptions, such as home, trave! and school, the
employees recorded location based on sub-environments of the work environment, such
as Lunchroom, Manufacturing, and Administration. In addition, the employees recorded
the use of equipment.

Diaries: All professional emplog':’fs completed a diary, an example of which is presented
in Bxhibit C.9. The diary was designed to conveniently fit in a pocket of the meter pouch,
Instructions for keeping the diary were presented verbally to each participant in an
individual morning meeting and were printed on the diary card for reference. The
employees were instructed to enter the time and location code in the diary each time they
changed from one sub-envirorunent to another. They simultaneously |!:ls.lrnaﬁsen:l the “"Event"
button on the EMDEX meter, which marked the data with the time of the location change.

'I'l;:eguidelines of Section 6 recommend that time-activity categories be magnetic field-
based, to the extent possible. Therefore, in addition to stratifying by location within the
facility, the employees were requested to monitor their use of equipment. If a participant
was using a piece of equipment, this was to be documented as the activity "Uzing
Equipment”, and the type of equipment was written on the diary. (Jt was determined that
the personal computers of all participants remained ON for the full warkday. Therefore,
P'C use was assumed to be included in the "At Participant’s Desk" activity.)

Questionnaires: In addition to maintaining a diary, each professional employee gave an
estimate of the time spent in each location in the form of a retrospective ti i
inunediately upon completion of the study period. An example of the questionnaire is
shown in Exhibit C.10. This questionnaire tested two alternatives for recreating the
activities of the past workday. Version #1 nsed a format similar to that used on the time-
activity diaries, in which the participant was required to recall the time and chronology of
the activities. Five of the seven professional employees found Version #1 tno cumbersome.
In Version #2, the participant was merely requested to estimate the percentage of time that
was spent in each activity. The questionnaire also inquired about the use of equipment and
time spent in other activities in which the participant suspected elevated fields. Because
of the nature of the firm — production of instruments for electric utilities — the employees
were relatively knowledgeable about magnetic feld sources. :

e-act g pduction Employees: The activities of the production
employees were recorded by an observer. The cbserver monitored two sets of two
employees simultaneously for 134 to 1% hours per period. The stratification of activity was
location-based, based on a grid of the local area. Each time the participant moved from
grid-section fo grid-section, the movement and new location were documented. Departure
from the observed area was also recorded. The grid was arbitrarily geometric and was not
associated with activities or sources. While this scheme was found to be unrelated to
exposure with too broad of location definitions, Téledmmhng this data collection method
did provide insight for its proper use, as described in Section C3. The production
employees were not requested to estimate their activities in a questionnaire.
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; ' liection: Participants were identified by job classification, which
was determined during the initial interview. Participant gender was also recorded by the
observer.

Protocols: The project protocol was developed in outline form and is exhibited as Exhibit
C.11. The protocot outlined the tasks required of the investigator and the instructions to
the participants in order to assure continuity in the project. A single investigator
developed the project protocol and carried out the study. Therefore, the need for cormplete
and succinct documentation and instructions was less critical than would be the case if
several investigators were involved.

The protocols for meter wear and location recording were verbally provided upon
deployment of the meters in individual meetings with the participants. The instructions
were also printed on the diary cards for easy reference.

: All participants were given the opportunity to comment on the study
design in an evaluation survey. Survey guestions addressed the clarity of instructions and
descriptions, the burden of wearing the meters, and the use of diaries and questionnaires.
The evaluations were completed at the end of the study period. Evaluation for the
production employees was more brief and emphasized the burden of observation.
Examples of the evaluation surveys are shown in Exhibits C.12 and C.13.

D_'I,;I ality Assurance: Several steps were taken throughout the pilot study to ensure the
reliability of the data:

. Calibration of instruments was verified prior to and after the project.
. Before each use, the operation of each axis of each instrument was verified.

L Forms were designed to be clear, suécinct and straightforward; however due to the
pilot study nature of the project, the forms were not tested prior to their use.

. During the initial meeting with the participants, the investigator emphasized the
importance of data accuracy — explaining the protacol for documenting missing
entries.

. The evaluation survey requested the participants’ opinions of the accuracy of the
time-location data.

. Upon downloading of the magnetic field data, the data were reviewed for periods
of continuous magnitude (“straight-lines") which would indicate either a meter
malfunction or a period when the meter was not worn.

Data Mapagement: Bach participant was assigned a six-digit code that was listed on the
diaries, questionnaires, and evaluations. The code consisted of two digits to identify the
participant, and the four-digit serial number of the EMDEX meter wom by the participant.
Upon downloading of the EMDEX data, the EMDEX files were given the six digit code as
a file name. Use of the code on the data files and forms allowed the information on each
subject to be combined in the sumimnary files. (Note-that this simple naming convention
would not have been acceptable on a larger project: a two-digit identifier would enly be
appropriate for a small sample.)
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EMDEX files were reviewed for quality and backed up on two floppy disks. The EMDEX
files and copies of all forms were forwarded to project headquarters for data input and
production of summary files. The investigator maintained copies in the event of loss or
questions.

Data_Analysis Procedyres - Pro nplovees: Time-activity information was
collected from the diaries and the qu . The diary data were linked to the event
marks which the employees entered into the EMDEX data with each change in [ocation.
The time of the event mark was assurned +o be more accurate and was rmaintained for each
location change, rather than the time repotted in the diary. The comulative time in each
location was calculated for each employee.

With such a smail sample, the time-activity information from the questionnaires was not

sufficient for statistical analysis.

PE measurements were summatized by location by employee. Summary measures were
computed for the total fime each person spent in a given location. These included: number
of samples, titne, arithmetic mean, median, maximum, geometric mean and standard
deviation. This information was further starunarized to provide the Hine-weighted mean
and the maximum for the group of employees, by location. .

Data Analysis Procedures - Production Emplovees: The quantity and quality of data
collected for the production employess was insufficient for analysis. Nevertheless, the act
of testing the protacols provided instght for study design as discussed in Secton C3.

C.23 Results

ic Fi ummaries - ional t The results of the monitoring of all
professional employees are shown in Table C.5. The average exposure for all employees
during the s[-udg' was 0.9 milligauss, The greatest contributor to time-weighted average
exposure appeared to be a building transformer outside the building where a few
empioyees stood during smoking ks. The highest measured exposure, 224.1
milligauss, occurred when an empioyee walked behind a dot-matrix printer to retrieve a

report.

Table C.6 shows the exposure results for each emnployee. Two employees had substantially
hiEher mean exposures than the other five employees. (2.26 mG and 2.06 mG versus .49-.74
mG). These two employees worked in the same general area and were exposed io the
fields from the same printer.

Evaluation Summaries: Table C.7 shows a summary of the responses from the employee's
evaluations,

The professional employees found the study instructons very clear and the purpose clear.
They found the meter easy to use, and in general found that wearing the meter was no_
burden. Making diary entries and using the location codes were easy, though more than

half occasionally forgot to make the diary entries.

As was found for the students completing a retrospective questionnaire, all professional
employees found that having kept the diary helped their recail in filling out the
questionnaire.
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The four production employees who were observed completed abbreviated evaluations,
the resulis of which are shown in parentheses in Table C.6. These employees found the
instructions and study purpose clear and did not consider wearing a meter fo be a burden.
Three out of the four, however, found that being observed while they worked was
somewhat distracting or "OK", while only one found it not distracting at all.

C.3 Guideline Evaluation

A draft of the recommended General EMF Exposure Assessment Guidelines was uged to
design and petform the pilot studies. Evaluation of the recommendations occurred
throughout the pilot studies. Those methods which were successful and those with
shortcomings that conld affect performance of the study or the integrity of data were noted
and are discussed below.

C.3.1 Study Design

sing the Genera Exposiire Assessme ridelines: Creafing the study design was
facilitated by following the general ure assessment guidelines detailed in Section 3.
Btﬁldigg a study design worksheet helped ensure that each step of the study process was
planned to achieve the project purpose and goals,

Importance of Pilot Studies: The experiences in these studies emphasized the importance
of performing pilot studies. Testing prior to performance would have identified erroneous
assumptions: (e.g., we assumed that students could use theijr social security number for a
code, but none knew their number.) It also would have altowed unclear instructions to the
student participants to be cpi_:)inted out, such as the importance of including the "Sleep”
location in the diaries, which was ovetiooked by 20% of the participants.

Protocols: The studies pointed cut the importance of having a protocol on hand, even in
this case where only a simple protocol outline was required. The time available to provide
instruction and deploy meters is tisually limited, and certain tasks or instructions may be
overlooked without a protocol checklist. For example, in the individual meetings with
severa] professional employees, the procedure for correcting a "missed” event was not
explained, compromising the accuracy of the time-activity data.

C.3.2 Instrisnentation

Field meters and other instrumentation should be thoroughly tested and their operation
understood prior to use in the field. The measurement technician should not presume that
all similar meters are identical' in some models the default settings, memory, etc. ma
differ between meters. For example, we assumex] that a clock could be displayed on ea
meter during data collection, but this option was not available on several meters. The
battery life and memory capacity should be confirmed for each meter in order to ensure
performance for the full sample period. '

The designers of the study should not make assumptions about what the participants
might have available for the study. For example, we assumed that each high school
student could record activity times in their diaﬁased on the time on their watch, but
learned that few students wore watches. We also learned, when deploying one meter
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pouch without its own belt, that students today do not wear belts. There was no way for
a student to wear the meter pouch without supplying a belt.

C.3.3 Activity-Pattern Data Collection

Stratification: Very broad definitions of location were used in the high-school student
study, and somewhat less broad definitions were used in the workplace study. Neither set
of locations had a substantial relationship to magnetic field exposure. Optimally, the
activities or locations chosen in both pilot studies could have been more relevant to
magnetic field exposure. However, this may have required much more detailed definitions
for location or activity. Record-keeping for detailed activities can be burdensome for
subjects, particularly in 24-hour studies. Conversely, if a smdgepurpuse were confined to
focusing on a few specific activities of interest, the study could be designed to allow greater
collection detail for fewer activities.

Worn-Not Worn Status:  The design of the diaries allowed magnetic field data to be
collected and stratified during all periods when the participant wore the meter. However,
in our case, the activity of "Not Wom" did not identify the location of the participant
during the "Not Worn” period. Such a distinction is important to fully understand the
time-activity patterns of the participants.

Qbservation: The observation process was unsuccessful in this pilot study because no
definitive sub-environments or micro-environments had heen identified. The geomeiric
grid system bore no relation to magnetic field exposure. For the observer method fto
succeed, objective, predetermined zones, preferably related to expostire, must be identified
in the study design and clearly understood by the observers, Developing such a system
requires prior knowledge of the magnetic field environment. The use of observers can be
expensive and is most appropriate when the complexity and volatility of the activities or
locations is beyond the ability of the participant to record in a diary or other format.

We found that one observer counld efficiently monitor and record activities in an open
interior 30' x 50' space. Observing two participants simultaneously was realistic.
Observation of preater numbers would 'fllgpend on the extent of the subjects’ activities. If
several people are to be observed it would be helpful to have each person clearly marked,
for example with a color-coded armband. In this study, most people in the study area were
male with dark hair and a white lab coat. More than two simultaneous participants would

have been confusing for the observer,

We also found that even though observation required continuous concentration, it became
difficult for the observers to remain alert.

Diarjes; Very objective categories with clear descrigtiﬂns must be defined for the
participants to successfully complete the time-activity diaties. Use of diaries has proven
a very efficient method of recording activities. However, activities must be defined so that
movement fraom one activity to the next does not become so frequent as to make record-
keeping burdensome. In these pilot studies, the location definitions were suffidently dear
andp broad that the participants felt corfortable and confident in their data entry.

Our diary instructions did not specify the inclusion of “am” and “pin”, or the use of 24-hour
clock time. This made data entry by the investigators arduous: requiring that each entered
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time be carefully translated into the 24-hour format before transferring the information
from the diaries to the database.

In these studies any time difference between watches (or other source of time) for diary

and the computer time assigned to the data was not important. The event-mark
capability of the meter and the relatively infrequent changes in location status allowed the
event marker firnes to be used. In many studies however, it will be irnportant 0 ensure

synchronizing of all equipment.

jw jonnaires. The pilot studies showed that retrospective questiornaires
executed immediately completion of the study period could prove successful
However, they are best adapted for people with highly scheduled activities: e.g., students
with a class schedule or assembly employees with specific workspaces and scheduled
breaks. Such individuals were able to recreate their daily activities reasonably well,
provided the activities or locations were somewhat broad. However, people who
frequently or spnradica]l?r change activities seemed to have difficulty in recreating their
activities in chronological order. At best they provide estimates of the fotal time in each
activity. For example, the professional employees were reguested o attempt a
chronological recall of events, (Exhibit C.10, page 2), and only two of seven completed it.
Prospective Onestionnaires: The prospective questionnaires proved more burdensome to
complete than the retrospective questionnaire. It appeared that prospective questioning
might prove successful with strictly scheduled people. A comparison of the
misclassification showed that the data provided in a prospective guestionnaire would be
significantly less accurate than that of an imunediate retrospective questionnaire.

Our design of the prospecﬁve questionnaire requested activity time as follows:

LOCATION TIME
from: to:
from: 0os
from: to;

This proved redundant, in that the "to” time of one event equaled the "from" time for the
next event. This required that the subject duplicate their time entry in an already lengthy
questionnaire. Also, the possibility of duplicated {ime or time unaccounted for was enfered
into this design if the "to” time enfered by the subject differed from the "from” time of the
previous event.

We tested two methods of accounting for time in the prospective questionnaires; the
chronological descriptive format shown above, and a time-line format (Exhibit C.6, page
4). We gave the students in School A Class #2 their choice of formats, [nterestingly, all but
one boy and no girls choose the time-line format over the descriptive format. This would

t different questionnaire designs will prove most efficient with different groups of
people, and pilot studies should be performed to determine the optimal design.

C.3.4 Muagnetic-Field Data Collection

Meter display; The pilot studies were planned such that the participants were unaware of
their exposure levels while data was being collected. However, in two cases subjects
inadvertently reset-the meters to display concurrent magnetic field readings. Both students
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admitted that seeing magnetic field levels influenced their activities, This suggests that
in most cases, field exposure readings should not be displayed to subjects.

C.3.5 Quality Assurance

Time was not scheduled into the study designs to allow the investigator to query the
articipants after the investigator reviewed the collected data. The investigator shouid
ve manually examined the data to compare the diaties with event marks and to engure
that the EI\JTDEX data "made sense”, and then immediately retummed to the sites to question
the participants about any ambiguities. Such an addition to the schedule would have
allowed that the "Sleep” titne error, and perhaps others, be immediately rectified.

C.3.6 Summary

The recommended guidelines were of benefit in developing and performing the pilot
studies as follows:

. Section 5 of the guidelines provides an excellent template for preparing 2 study plan
based on the project purpose, respurces, and parameters.

. A written study plan and protocol are emphasized throughout the guidelines. Their
importance was seen in the pilot studies. A stody pm%ul:e and plan was accepted
by the sponsor and investigator prior to the project. wtitten protocol outline
guided the details of implementation, and in the one event where the outline was
not at hand, instroction details were missed.

. Section 64 emphasizes relating the set of activities or locations selected for activity
pattem data collection to magnetic field exposure. This was found to be difficult in
practice. Fully implementing such a strategy would require a) knowledge of the
expected sources and magnitudes of exposure, and b) such a detailed stratification
of the activities or locations that collecting the data would prove too burdensome.
Nevertheleass, the researcher should at minirmum eonsider exposure when selecting
the set of activities, and perhaps limited the extent of the study in order to focus on
certain activities or exposures, if the study permits.

. Section 6.4 ted activity pattern data collection methodologies based on three
time periods: prospective, concusrent (diaries or observation), and retrospective.
The pilot studies confirmed that concurrent information is the most reliable
information, and the retrospective questionnaires provide more reliable information
than prospective questionnaires. In order to further enhance the quality of data, the
retrospective or cFrospecﬁve questionnaires should immediately tollow or proceed
the study period.

. Section 6 discusses the importance of performing pilot studies. This provides the
opportunity to test the instrumentation and protocol design, which will minimize’
equipment issues in the fields and will ferret out erroneous assumptlions made in
the study plans.
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Appendix C

TABLE C1A: SUMMARY OF TIME-ACTIVITY DATA OF HIGH SCHOOL
STUDENTS AS RECORDED BY STUDENTS

(in MINUTES)
SCHOOL DAYS ENVIRONMENT
scoot, |HoME | TRAVEL | woRk OTHER [ SLEEP
FROM DIARY
Al 1 HML 32r7 889 10.8 431 dix4.8
A2 2 7.9 485 1008 136 713 804
B 1 397.4 3895 836 256 L5 4723
FROM PROSPECTIVE QUESTIONNAIRE ,
A2 2 3604 444 1176 196 63.1 4133
FROM RETROSPECTIVE QUESTIONNAIRE
Al 1 2959 291 108 102 38.8 a8B.7
B ] 64 3685 T7E 253 1 5052

TABLE C1B: SUMMARY OF TIME-ACTIVITY DATA OF HIGH SCHOOL

STUDENTS
CORRECTED FOR "SLEEP® TIME ERRORS
{in MINUTES)
SCHOOL DAYS ENVIRONMENT
SCHOOL HOME TRAYEL WDRE * OTHER SLEEP
FROM DIARY
Al i S5 2722 &89 10.8 431 204
AZ 2 o oYL Mia 100.8 13.6 7x3 521.1
B 1 3974 3601 86 2556 715 .5
FROM PROSPECTIVE QUESTIONNAIRE
Az 2 380.4 a5 1176 196 631 5.7
FROM RETROSPECTIVE QUESTICNNAIRE
Al i 4950 2869 0.3 10.2 a8 Sla.5
B 1 3764 3685 il »3 7al1 505.2
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TABLE C.2A: MISCLASSIFICATION OF QUESTIONNAIRE DATA IN COMPARISON WITH DIARY DATA

{AS REPORTED BY HIGH SCHOOL STUDENTS)

SCHOOIL | DAYS PERCENTAGE MISCLASSIFHCATION OF ENVIRONMENTS
alt | scHooL | HOME | TRavEL | woRk OTHER SLEEP
PROSPECTIVE QUESTIONNAIRE
A2 2 18.2% 17.1% 42.0% 58.0% 45.8% 98.4% 46.6%
RETROSFPECHIVE QUESTIONNAIRE
Al 1 4.1% 2.7% 16.9% 42.6% 0.0% 39.9% 7.1%
B 1 5.4% 8.2% 17.8% 20.0% 1.1% 9.9% 10.0%

TABLE C.2B: MISCLASSIFHCATION OF QUESTIONNAIRE DATA IN COMPARISON WITH DIARY DATA
(CORRECTED FOR "SLEEP" TIME OVERSICGHT)

SCHOOL | DAYS PERCENTAGE MISCLASSIFICATION OF ENVIRONMENTS
ALL SCHOOL HOME TRAVEL WORK OTHER SLEEF
PROSPECTIVE QUESTIONNAIRE
A2 2 9.8% 17.1% 23.9% 58.0% 45.8% 98.4% 10.6%
RETROSPECTIVE QUESTIONNAIRE
Al 1 2.6% 2.7% 2.8% 22.5% 0.0% 32.9% 3.3%
B 1 3.5% 8.2% 11.5% 20.0% 1.1% 2.9% 4.0%
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TABLE C.3; SUMMARY OF HIGH SCHOOL STUDENTS' MAGNETIC FIELD EXPOSURE BY LOCATION, BY CLASS

(in MILLIGAUSS)
SCHOOL A CLASS #1 SCHOOL A CLASS #2 SCHOOL B
MEAN MAXIMUM MEAN MAXIMUM MEAN MAXIMUM
SCHOOL IN CLASSROOM 0.3 10.1 0.5 110.1 0.9 45.3
SCHOOL NOT IIN CLASS 0.2 76 0.2 3.5 0.8 18.1
SCHOOL - - .4 524 - -
HOME 1.1 84 0.9 - 188.5 0.6 198.9
TRAVEL 0.8 10.8 12 350 1.0 39.3
WORK - - 4.0 7.3 - -
OTHER 0.3 34 1.3 175 0.9 187.1
SLEEP 1.0 5.9 0.5 2.1 0.8 129
TOTAL 0.7 10.8 0.7 188.5 0.8 198.9

* The School A, Class #2 students were not required to differentiate between the locations "School In Classroom” and
“Scheol Net In Class” on the second day of their 48-hour study period.




Appendix C

TABLE C.4: HIGH SCHOOL STUDENT RESPONSES TO EVALUATION SURVEYS
{in NUMBER OF STUDENTS RESPONDING)

QUESTION RESPONSE
INSTRUCTIONS AND PROJECT DESCRIPTIONS
Were verbal instructions Very Unclem Unclear oK Cluar Vezy Cicar
clear? Q Q 1 23 27
Did you read instructions? :'l‘lﬂ 13 |
Woere written instructions Vexy Unclear Unclear o Cleas Veay Cless
clear? 1 0 3 19 17
Was ose description Very Urclenr Urclear oK Clear Very Clear
clear‘? P P 0 3 g 22 16
WEARING THE METER
Was meter to use? Vey Tough Tough oK Easy Very Eaay
as gasy to use ; 0 3 5 i
Did you ever forget to wear No Y
meter? 22 9
Was meter easy to wear for Never Agaln Hever-OK oK QEDIdntMind | PldetMind
24 hours? 3 4 14 5 4
KEEPING THE DIARY
Was i tac? | ey Doy Dhfficult oK Baey Very Easy
as 1t easy to make entries 0 I 23 18 it
Waere you unsure of code to No Yes
use at any time? 46 5
Were location ¢odes easy fo No Yes
use? 3 48 ‘
Did you remember to record | AtwaysFogot | Frequenily Forgat | Somatimes Focgot [Occasionally Forgot|  Meves Forgol
lacation changes? 0 2 8 31 7
Did wearing meter or No Yes
keeping diary infiuence how 45 3
you spent your ime?
Did you ever“cheat” after No Yes
forgetting an entry? 44 3
How much of a chore was Never Agaln Hever OK O OK-Drn i Mind | Didit Mind
keeping a diary? 2 7 25 10 7
FILLING OUT THE QUESTIONNAIRE
Did diary help your recall for No Yes
quesﬂliur'l{laireg 1 33
Were any questions Mo Yes
confusing? 43 o
How much of a chore was Never Again NeverCK oK OKDMRtMInd | Didn') Mind
questionnaire? 1 3 19 11 14
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TABLE C.5: SUMMARY OF PROFESSIONAL EMPLOYEES MAGNETIC FIELD

EXPOSURE BY LOCATION
INSTRUMENT MANUFACTURING FIRM
AVERAGE
ey | MR, | Mgy,
ADMINISTRATION 26.6 0.8 6.0
COMMON AREAS 403 1.1 24,1
CUSTOMER SERVICE <10 04 1.1
DESK 191.1 0.8 182.3
EDUCATION CLASSROOM 0.0 - -
EDUCATION LAB 180 0.4 2.8
ELECTROTEK WING 129 0.5 1.2
ENGINEERING 34 0.7 46
LUNCHROOM 10 11 12.0
MANUFACTURING 7.7 15 97.3
OUT OF BUILDING €5.1 15 665
PURCHASING 12.0 . 03 2.8
TEST & REPAIR 09 0.4 0.7
USING EQUIPMENT <1 10.3 569
TOTALS . 3781 0.9 224.1




Appendix &
TABLE C.6: SUMMALRY OF MAGNETIC FIELD EXPOSURE BY EMPLOYEE (ALL LOCATIONS)

(in MILLIGAUSS)
SUBJECT N samples HOURS MEAN MEDIAN MAX SIDEV GEOMEAN
1 7604 8.3 2.09 0.81 182.3 5.68 0.98
2 e1g & 1.26 0.74 2241 §.17 0.64
3 B0ES 8.7 0.64 0.54 14.5 0.82 0.47
6 8844 7.4 0.84 0.87 19.7 1403 0.62
7 6656 5.5 0.55 0.47 17.43 0.68 0.492
B 8545 7 0.51 0.49 8.17 0.27 0.49
9 6113 8.1 082 0.66 4,74 0.28 0.52
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TABLE C.7: EMPLOYEE RESPONSES TO EVALUATION SURVEYS
{PRODUCTION EMPLCYEE RESPONSES IN PARENTHESES)

QUESTION NUMBER OF RESPONSES

INSTRUGTIONS AND FROJECT DESCRIPTIONS

Vary Linci Unclex oK Clear Cloar
Were verbal instructions clear? "ru sar "u r 3 e 7@
Did you read instructions? ﬁl gf
Ware written instruciions clear? “"'f'g'ﬂ“' '-'"E"*‘ %‘f ﬂEﬂ' "-’ﬂ'!'f‘ﬂ"

Vary Lnoisar Lnciaar OK Clmar Very Dlaar
Was purpose description clear? o F ol 603) T
WEARING THE METER
Was it easy to use meter Wiy Tegh Toulh oK Eary Yoy Eagy
functipna’? 1] 0 ] 2 5

K ¥

Oid you ever take off the meter? El:%] " H}
Was meter g#asy io wear for 24 Hever Again Mever-OK oK OF-Cidn't Wind Cain’t bnd
hours? i} 1] 1{1) 0 & {3
Was being observed distraching? | wvery pistmsting mﬁlﬂﬂw fﬂﬂﬁ}nﬂm
KEEPING THE DIARY
Was it easy to make antries? """r’%m" Nf‘u“ E;K Eiw szﬁaw
Wara you unsure of coda to use Ho Yo
at any timea? 8 1
Were jocation codes easyte No Yeg
11287 0 7
O you remamber to record Aays Forgol | Fraquamily Farol | Somelimas Fomgt | Ooeasionally Fomet|  Never Fomok
loeation changes? o o 2 2 3
Clid wearing metenkeeping diary
g:&gpcaluwvyﬁuspantyuur 500 Ky
Did yau everchesat' afler No Yoz
forgetting an antry? 5 L
Was keaping the diary much of Nover Agale Mevardi oK OK-Eidn1 Mind D1 Mingd
a chore? o 2 a 2
FILLING OUT THE QUESTIONNAIRE
Did diary help your recall for N Yes
questiornaire? 0 7
Were any questions conlusing? ?’ ﬁ?
Was %uastbunnaira mxchof & Hovar Again Hevar-i o OK-Didn't Kind Exichn't ol
chor? 4] 0 o 4 a
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EXHIBIT C-1 (Page 1 of 4)

, STUDY PLAN NOTES FOR PILOT STUDY i1
MEASUREMENT OF EXPOSURE OF HIGH SCHROOL PHYSICS STUDENTS -

STATEMENT OF
PURPOSE

What question{s)
will the data be
callad upon to
ans :

CONFIEMED WITH PRINCIPAL INVESTIGATOR ON B/27/96

1.

3.

To test the recommendations for guidelines in a non-otcupational
setling, with particular attention to the eollaction of activity pattern
data.

To gather a set of quality data on the group, appropriate for
inclusion in the EMF Program Database

To provide an educational opportunity for the students

TYPE OF STUDY: EXPOSURE CHARACTERIZATION

What activity pattem collection methods are most succeasfol with this
group?

How does the AP. prospective data and rettaspective data compare
with tha data collectad in tha diares?

What did the studants find confusing?
Was the burden on the students reazonable?
How can the expasure of the subjact group be characterized?

For tha subjact I, how doas exposurs in the school snvironment
compare to the home or other enviconments?

What is the variation between/among students?

How can the students use the data and the data calleclion process to
k=am about physies andior data collection?

AVAILABLE
RESOURCES/
CONSTRAINTS

Instrumantation: 13 EMDEX Il meters, available for approximately two waaks

Manpower;

Time:

Pam Bittner: welHrained with stvong exparience in PEM
No secondary lechnician available

Some support available from the teachars
Approximatsly 40 manhours avaitable over two weeks

Time for distibution ard reirigval is only during class hours

Length of study periods limited by student attention span
Two-week window availabla for asgessing four groups of

students

Financial:

Mo other major costs anticipaled beyond manpower

THE EXPOSURE
MODEL

Measurad paramaters limited by the Instrumentation, the EMDEX, 1l to
Broadhand and Harmonie Magnatie Flux Denesity {as & function of tima)

Exposure metrics could include:
TWA

Harmonic content

FPeak
95ih percantile

STUDY DESIGN OUTLINE
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EXHIBIT C-1 (Page 2 of 4)

STUDY PLAN NOTES FOR PILOT STUDY 11

MEASUREMENT OF EXPOSURE OF BIGH SCHOOL PHYSICS STUDENTS

SAMPLING
STRATEGY

Subjects: Valunteering ';Ithrsm students (and teachers, if metars
availzble). All in each of three classes will be requested to

valunteer. Up to 13 in each ctass as limited by metar availakility.

Notes: 7) because this sfudy's primary foeus is o lest the acthily
pattems cofiection msthods, bacauss 2) the numbar of subjects
is smafl, and 3) because the funds are nof avallable, we don't
consider if necessary to seleci the participants randomily.

24 haurs (2 groups) and 43 haurs (1 group)

Notes: The 24 hour period s in responsa lo two faciors: the
availability of the subjacis {they disperse in alf directions at the
and of class), and ihat the oulput would be interesfing for
Pumosa #3, alfowing the studants to compara thair homa
ra fo sehool, ele. Since ong class doas not mnset the day
?hﬁe:‘ammhﬁnﬂnmmam we will io fiost thair attention span for
e Is.

Tirna:

Sample rate: 60 saconds in classes using the data for class assignment, so
that the data quaniity is such that students can axamine it in a
spreadsheat. 1.5 or 3 seconds far othars, fo maximize data

collected.

SELECTION OF
PARAMETERS

Magnetic flux density, harmonic andfor breadband, as a iunction of time, as
limitsd by EMDEX

INSTRUMENTAT
ION

EMDEX Il. (available at no cost)

DATA
COLLECTION
PROTOCOLS

Wear meter in waist pouch for 24+ (or 48+) hours, takl
wet acllvities, using avent markers ang charies 1o track ¢ &5 in 6ix major
locations: home, schaol classrmom, school other, travel, work, other, nok wearing
- sleeping, and not wearing cther. A wriltan frutngul in autiine form wik be
sufficient because only one investigator involved in project.

off onky for bad and

ACTIVITY
PATTERN DATA
COLLECTION

All will use diary, inchuding thoss without meters.

All in two claszas will fill aut retrospestive questionnaire in diary format.
Allin ona class will fll out prospective questichnaire in timeline formal.
All will il out suhject information sheets.

DATA
MANAGEMENT
PROCEDURES

The data set of each student will be coded as follows: A444XXXX whera AAAA
equalks the first four digits of the subject's soolal security number, and the XXXX
is the seyial number of the EMDEX they are wearing. EMDEXes will have
ihe sarial number visibla. The number will be listed on the data files,
quastionnaires, diarias, and any other farms. Downioading will occur in
classrmom as part of educational goal. Data will ba shippad to projact
headquarers for database entry and project analysis.
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EXHIBIT C-1 (Page 3 of 4)

STUDY PLAN NOTES FOR PILOT STUDY #1

MEASUREMENT OF EXPOSURE OF HiIGH SCHOOL PHYSICS STUDENTS

DATA ANALYSIS
STRATEGIES

POSSIBILITIES:

Exposura Data; Comparison amonyg stodents, famales, male
Stratificatian by homa, school, ravel, sthar, &t
Comparnison betwesan students by class
Comparison betwesn teachers and students

AP Data: Compare questionnaire tata with diaries
Compars prospective and retrospective questionnaires
Determine how was Instrument use for subjects?
Determine what was confusing, unclear
Determing how great the burdan was on the subject

Should either 1) ask the kids to pive their thoughts ahout the
instruments in an open discussion, or 2) provide a
quesiionnaira requasting this information.

QUALITY
ASSURANCE
PLAN

Instrument calibration veriffcation; Vesily before start of pilots, and after
complation, Also, ask subjects after each measurement session if any metar
was droppad or otherwise abused

Instrument performance verification: Before every issuanca, verify operation
of all axes coils

Data trenster: Verify succassiul downioad hy viewing the data graph, prior ta
{uming off meter,

Data Collection: Mster aparation: Verify by reviawing data graph for "straight
lines" 10 be sure metar was operating successiuiy

Data Collection: Diarias, Event Markers, and Wearing of Meters: Verily
quality of data by a confidential questionnairs to siudents that they wore the
mater according o protocol, amd markad any estimated events.

Data Management: Backup data on two sels of disks. Use file naming
convanfions.

ESTIMATE
UNCERTAINTIES

Cluantitative estimate 15 beyand the scope. Variability anficipatad includes:
instrumentation accuracy: should be <5%, based on manufacturer

Lacation of metar: does & stay at walst while wearing? Whare is it while off? Is
it wom: during 2l of ihe ime that the student say= it is?

Sample rate: Assumption that every 3 seconds or B0 saconds represents a
conlinuum. Did wa migs the peaks?

Accuracy of activity pattern data: How reliable are the student's diary limes?
Did they mizs location changes?

Limitations of the procedures: Limlted number of sublects and limited time
period of 24 {or 48) hours, _
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EXHIBIT C-1 (Page 4 of 4)

STUDY PLAN NOTES FOR PILOT STUDY #1

MEASUREMENT OF EXPOSURE OF HIGH SCHOOL PHYEICS STUDENTS

DEVELOP Mgihodz: the study design and prodoco! documentation will be maintained for
ARCHIVAL PLAN | future review. A brief description wifl ba included in all repons.

Forms with dascriptive Information will be identified by 1he subject code and

maintained. The nen-anecdotal information will be inputto a ase for

comparison with the exposurs data

Diary information will be coded and input 1o a datalkase with the axposure dats

Raw data filas will ba mainizined at projsct headquarters

Summary files will be devaloped at project headguarers and submitted to the

investigator.

PEVELOP PLAN | Infroduction; Bittner wil meet with class to present and hand owt consent
FOR SUBJECT- forms, show basic use of meter and holster. This will allow
RELATED time for preliminary quastions. Qittngr phane number is given
ISSUES out for quastians from subjects or parents.

Consent forms;  Use consent fomms approved by human subjectz commitias

Analysls iiming: Data will be downloadad, and gsaphs printed, immadiately
upon retum of meters. Diaries will be copied for students,
Within 24-hours, students wili be given a copy of their ASCII
file, if requested, so that they rnay personally analyze thelr data
for purposes of their class reports. Tha importance of not
sharing information w/naxt class will be accentuatad

Anonymity: All data will be coded so that sach subject can recognize
hisfher code. Siudents wil ba informed that all informatian |2
confidential, but they may veluntanly discuss their own data in
their ¢lass discussion or reponts.

Education; Bitinar will be preparad to Introduce some basics abouk
magnetic fields, and falk about research and data collection to
the students. A PGEE representative will also vistt two of the
classas, as raquested by the teacher, to provide further
information. Bittner will assist iha teacher in developing a
senies of short papar topica far the students, and will attend a
question and answer session to assist the shadents with paper
ragearch and production.

REQUIRED Congent forms

DOCUMENT "Protocol aufline

DEVELOPMENT gub]ent Information Sheets
lanes

Instructions for Diariss and Wearing Meters

Prospectiva quesiionnaire

Retrospactive quastionnaira

Evaluation survey, about study burden and clarity
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EXHIBIT C-2 (Page 1 of 4)

STUDY PLAN NOTES FOR PILOT STUDY #2;
MEASUREMENT OF EXPOSURE OF INSTRUMENT MANUFACTURER

EMPLOYEES

STATEMENT OF
PURPOSE

What question(s)
will the daia be
called #lan to
answa

CONFIRMED WITH FRINCIPAL INVESTIGATOR ON 8/27/36
1.

TYPE OF STUDY: EXPCSURE CHARACTERIZATION

To test the recommandations for guidslines in an occupational setting,
with particular attention to iha collection of activity pattarn data. to the
extent poseible, those meathods not tested in Filot Study #1 should be
tested hare. Alse test the sarne methods as Pilot Study #1, but with a
difierent people iyps,

What gcﬁvil}r patiem coliection methods are most successful with this
group

How deas tha A.P. prospective data and refrospeciiva daka compare
with tha data collacied in the diarias? (Note: prospective quasiionnaires
were not used in study.}

What is most acce;vtab‘ie meihod of collaciing prospective or
retrospective data

What level of effort Is appropriate 10 expect from profassiona
amployees?

How many [ocations can be included, and not be considered too
burdansoma?

QObservations: How many staticnary peaple car one observer readily
observe?

What ass the paramaters for salecting focations for the observed activity
pattems?

AVAILABLE
RESOURCES/
CONSTRAINTS

Instrumentation: 13 EMOEX (| metsrs
Manpower; Pam Biltner: well-trained with sirong expardence in PEM

planning

Time:

Financial: No other major costs anticipated beyond manpower
Voluntegrs:  Profeasional amployees: must acknowledge busy schedubas

Mo sacondary technician available
Approximately 12 manhaours available, ptus six hours for

Time for distibutlon and reifaval Iz limied ta work hours, as the
rpfessional schedules alfow.
wio-weaek window available.

Production employees; some do not speak English .
The task will be o educals the voluntoers sufficiently without
impacting their productivity,
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EXHIBIT C-2 (Page 2 of 4)
STUDY PLAN NOTES FOR PILOT STUDY #2:

MEASUREMENT OF EXPOSURE OF INSTRUMENT MANUFACTURER

EMPLOYEES

THE EXPOSURE
MODEL

Measured parameters limited by the mstrumentation, the EMDEX ! to
Broadband and Harmonic Magnetic Flux Density (as a function of time}

Exposuma meirice could include:;
TWA
Harmonic contant
FPaak

95ih percantile

Sampling
stratagy

STUDY DESIGN OUTLINE

Subjects: Elght profassionals in & variety of posttions within the company
{engineers, saley, actounting, president)

Al least four hourly production people on the manufaciuring fioor
ior ab_ser'.ra!lnn.

Morve will be selected randomly. Professionals will be reguestad
by the president to volunteer, based on assumed inferest and
availability. Houry will be recnuited ky thair supervisor, based
ap their English comprehension and expected response.

Time:; Profasgionzals will be set up Im:lh:iduallrlin the moming. A 15-
min appainimant will be schedulad with each at the end of the
dzy to download, debrief and evaluate. Therafore actual
R’Iumltﬂred time will be somewhal lass than the workday.24

urs

Produetion paople will be obzarved for approximately one hour
each. Obsarvation of two simultarecusly will be attempied.

Sample rate:  Fudly ulilize equipment: three-second intervals for broadband
arwd hamonie maasurements.

Selection of
parametars

Magnatic flux density, harmonic and broadband, as a functéon of fime, as limited
by EMDEX 1l

Instrumentation

EMDEX II. (available at no cost)

Data Collaction
Protocols

Waar meter in walst pouch for setected periad, taking off only for safety to

2r50n or instrument. Use event markers and diares te track changes in
ocafions, Exposura will not ba displaysd. A writtan protocol n aulline form will
be sufficent because only one investigator invoived In project.

Observed: Wear metar in waist pouch for salected peried. Cio not keep diary.

Activity Pattern
Data Collection-

Professional empioyess will use diary.

Hously employses will be observad by investigator,

All participants will complete a retiospeciive questionnaire.

Due to limited numbers no prospective questionnaire will be testad.

Vary hasic subject information will be collected by investigator during meetings.
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EXHIBIT C-2 (Page 3 of 4)
STUDY PLAN NOTES FOR PILOT STUDY #2:

MEASUREMENT QF EXPOSURE OF INSTRUMENT MANUFACTURER

EMPLOYEES

Managemeant
Procedures

Thea daia set of each employee will be coded as follows: AAXXXX whare AA
aquals an assigned number, and the XXXXis the saral number of the EMDEX
they are wearing. The EMDEX will have the setial nurber visible. Tha nurnber
will be lizted on the data files, questionnaires, diarias, and any otter forms.
Downioading will accur at mater collection on a ptrtable PC so that the
participants can see and discuss thefr exposures. Data will be shipped to project
headquarers for database eniry and project analysis,

Data Analysis
Strategles

POSSIBILITIES:

Exposure Data:  Companison among students, females, make
Stratitication by home, school, travel, other, ate,
Comparison betwean students by class
Comparigan betwean teachers and shudents

AP Data: Comparigon of questionnaire data with diaries will only be
anacdotal because of Jimited numbers.
Determine how was instrumant use for subjects?
Determine what was confusing, unclear.
Determing how great the burden was on the subject

QUALITY
ASSURANCE
PLAN

Instrument calibration verification; Verify bafore start of pilots, and after

complelion. Also, 2sk subjects after each measurement session if any meter
was dropped or ¢lherwise abused

Instrument performance verification: Before avery issuance, verily operation
of all axes coils

Data transfer: Verify successful download by viewing the data graph, por to
furning off meter. g prie

Data Collection: Meter operation: Verify by mviewing data graph with user for
"straight lines” to be sure meter was operating succeassfully

Data Collection: Diarles, Event Markers, and Wearing of Maters: Review
data with subject. Ask aboul errors In data or forgotter: events, Ask abotrt use of
equipment and estimates of location during highest readings.

Data Management: Backup data an two sets of disks, Usa file naming
conventions.

ESTIMATE
UNCERTAINTIES

Quantitativa estimate is beyond the scopa. Variability andicipated includes:
Instrumentation accuracy: should be 5%, based on manufacturer
Location of metar: does it stay at walst while waaring? Where is it white off?

Sampls rate: Assurnption that every 3 seconds reprasents a continunm. Did
wi miss the peaks?

Accuracy of activity pattern data: Gan we havs thig “rated” in tha
guestionnaive?

Limitations of the procedures: Limitad numbar of subjects, limited time
period, and kmitad stralification of environment,
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EXHIBIT C-2 {Page 4 0i 4)

STUDY PLAN NOTES FOR F'Il.dT STUDY #2:

MEASUREMENT OF EXPOSURE OF INSTRUMENT MANUFACTURER

EMPLOYEES

DEVELOP
ARCHIVAL PLAN

Methods: the study dazign and protocol documentztion will be maintained for
future review. A brief description will ba Includad in all reports.

Forms with descriptive information will be ideniified by tha subjest eode and

maintained. The nen-anecdotal information will be inpet Lo a database for
comparizon with iha expasure data

Diary infcrmation will be coded and input 10 a database with the expasure data
Raw data filas will be maintained at project headquarers

Summary files will be developed at project headquarters and submitied to the
Invastigator. . .

DEVELOF PLAN
FOR SUBJECT-
RELATED
ISSUES

Introduction:  Bitner mat wih volunieser professional employees duning the
week before the study. The pouch, mater, diary and output will
be explained and exhibited,

Bittnar met with the supervisor of the production employees, fo
axplain the profect and supply consant forms, He will solicit
participation. On shudy day, prior 10 monitoring, Bittnar will
explain: voluntary nature; confidentlality, purpose of
abservations.

Conzent forms: During initial meating, hand out consent forms appraved by
human subjects committes. Collaet on moming of study,

Analysis liming: - Data will be downioaded, and graphs of exposure vs.
time will be shown immediately on a portable PC. Hard
copies of graphs and diaries will bs copied {or
employess and mailed with a thank you Isttar. A
summary will be submitted to the president.

Anonymily: Al data will be coded so that sach sub|ect can recaghize histher
mﬁmﬂﬁmﬁ will be Informed that all Information is
G ial.

REQUIRED
DOCUMENT
DEVELOFMENT

Congent forme

FProtocol oulling

Piaries

Instructions for Diaties and Waaring Meters
Reatrospaclive questionnalre

Evaluation survay, about study burden and clarity
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EXHIBIT C-3
T, DAN BRACKEN, Inc.

Bctemiific Repparcl & Conruirlny Secvices
5415 58 Milwaukiz Ave., Sie. 4 Portland, Orgon 97202 303 2332181 fae: 52 233-2655 e-matl: dan@idb.com

CONSENT FORM

Praject: Pilot Stucdy far Development of Recommendations for Personal EMF Exposure Measurament
Guidelines .

Principal Investigator: T. Dan Bracken
T. Dan Brackenm, Inc.
Portland, Oregon
Fhorve (503) 233-2181

Co-Principal Investigater: Paul C, Gailey
Oak Ridge National Laboratory
Oak &, Tentnesses
Phone (615) 574-0419

Pilot Studies Coordinatar: Pamela Long Bittner
Magnetic Measurements
Kemtfield, California
Phone (415) 458-8893

Sponsor: ULS, Department of Energry, Oak Ridge Natianal Laboratory

FURFOSE
The purpose of this pilot study is to test and evaluate guidelines developed for measurement of personal
exposure to electric and magnetic fields (EMF). Currantly, researchers follow different exposure
measurement methods making it difficult to compare various data sets. Thase guidelines will asaist
rasearchers in gaining greater comparability of exposure data from different studies.

PROCEDURES
As a participant in this study, you will be asked to wear an EME meter on your body. The meter is
similar in size and weight to a portable “walkman” tape player. The meter enllects and stares magnetic
field measurements. You will be asked 0 keep a simple time card indicating daily activities such as
waking up, commuting to work, going to bed, etc. You will be asked to complete a questionnaire
regarding the use of parbicnlar electrical appliances at home and the use of particular equipment in the
work place.

RISES AND BEINEFITS
At present no health effacts can be linked to exposure to EME at the levels we will be measuring.
Although epidemiological studies have sugyrested an association between, possible EMF scurces and a
risk of disense {e.g, living near power lines atwl leukemia risk in children), simila: studies based on
measurements of EMF have found no increase in the risk of disease in adults or dhildren.

You will not be exposed te any additional EMF bayond what cutrently exdsts in your home or office.
There are no known physical risks associated with wearing the EMF meter or participating in this shidy.
The tneter only measures magnetic fields and does not emit any magnetic energy while operating. The
meter is fairly lightweigit and can be worn comfortably in a pouch.
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Exhibit C-3 continued

The benefit of participating in this siudy is to assist in developing guidelines for personal exposure
measuremient, At your request, you will receive a summary of your personal EMF exposure
measurements as recorded by the meter you wore,

CONFIDENTIALITY
Your identity will remain confidential. Strict confidentiatity will be maintained on all the measurement
data, time cards, questionnaires, and individual recorsds cbtained from this study. Al mndividual
identifiers on the data collection forms will be replaced with a unique study code after the data is
collected. We will retain a copy of the mastar code key until after the analysis iz completed. This way
we can pravide a summary of the readings to you at your request. Once the analysis is completed, we
will destroy the master key so the data can no longer be linked o spacific individuals. You will never be
publicly identified.

OTHER INFORMATION
If this shudy is being conducted at your work site, your amployer knows about this study and has
granted us permission to conduct it on these premises. You should understand that your decision to
participate or not to participate in this study is voluntary and will not affect your employment status in
any way,

PARTICTPANT'S STATEMENT
I (participant’s name) have read the information
pravided above. The purpose, procedures, risks, and benefits of the study have been explained to me by
. I'voluntarily agree to participate in this ackivity, 1
have had an opporfunity to ask questions. I understand that further questions [ may have about the
regearch or about my rights as a subject will be angwered by
(name) (phone number). T understand that there are no ktown physical or health
risks associated with my participation in this study. 1 may decide at any Gime to withdraw my consent
and stop partidpating without any penalty or lozs of benefits to which I am otherwize entitled.

Participant’s Signature Date
or Parent’s/Guardian’s Signature ;
Witness's Signature Date

I (name of person obtaining consent) have discussed the
above information with {participant’s name) and have
addiressed questions to his/her satisfactton.

Signatute of Person Obtaining Consent

Lrate

Consent Form approved by the ORAU /ORNL Commdttee on Human Studies (IRE #1394} an
08/03/95.

August 9, 1995
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EXHIBIT C-4
VOLUNTEER'’S DIARY

INSTRUCTIONS FOR
VOLUNTEERS

KEEMNG YOUR NARY:

We need ko know whaie you ara whils yau s
wearng the EMDEX, Make an amry In |ha
:ulTl;ywswhnnsmr you change kcallons ax

1. Ramez The diary and pan fram 1he
pouch.
2 Entar the lms displayed in tha

pouch wingdge in iha dary.

a. Puch tha "EVENT" bulion on the
EMDEX by pressiny lhe dircle on

the culsids of fhe poutch.

4, Enter lhe Event number shown on
1he LGE.

5. Entar ihe new tocation.

&, Enlar any commanizs you have

IF e fangat 10 maka an antsy when changing
lacatians, lhan make the appropiale sniry of
Ine naw locaton, and asimate ard enter 1he
Ume you mevad to thal lecalion. You sheuld
el push the "EVENT* button. Instead, wilta
“est” (astimele} inviba "Event Nomber calumn.

Tha locadons to record ndude;

& - Bohpol-Clazeraom

SH - School- Met In classiaom

H - Home

T - Travel {including, walking, bidng, iding)
W= Wark

O - Other

Zz - Slespirg

XX - Nosl wanating mitel (othar than 2lesping]

Sew othor kds for meter waaring nstustions

VOLUNTEER'S DIARY
EMDEX Sadal 2

Subject Code
Enginasr: Pam Bilinar
rale Started:

Bale fobe Retumed:

Evant Lecation Commeanie
Mz

Phons: 4500893
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EXHIBIT C-4
VOLUNTEER'S DIARY continued

C-36

INSTRUCTIONS FOR
VOLUNTEERS

WERIRING YOLR EMDEX:

Wear na EWMDEX for & minkwum of 24 hours
haginning whan you reeeve the meler.

Do not waar the EMDEX it iL ks Fikely to
damage Ihe Instrument [.e. vigorous exerilse,

showaring, ehe.}, or advarely affect waur .
B you I:LE-& W remcree the mm.wmﬁﬁfﬂ
sate place and make an “XC eniry @ lhe diary.

White sleeping, paca tha EMDEX sect 1o pou
berside, but anay from an elecidcal appiences,
such 25 a clock orradio. Maks a "ZZ" antry In
your diary,

H you donM undersiend any of thess
instrucions, you may call the angingsr Ksted on
the lany.

Siee ather sida for Instructions on
kesping your diary

*

VOLUNTEER™S DNARY

CONTINUED FROM OTHER SIDE
EMBEY Saral 4
Subjact Cade

Evert  Localion COmmants
Kumber

ST E




EXHIBIT C-5
EMF PERSONAL EXPOSURE MONITORING

RETROSPECTIVE ACTIVITY QUESTIONNAIRE
1, Subject's Code _ ___ Sex E/M  Age_. Grads ___ '

2. Do you live in a; House or Apartment? (Circle One}.

3. What methods of travel did you use in the past 24 hours? (Circle all that apply.)
Walking_Bike Car Cther

4, If you went to a joh, yesterday, describe the job and location.

B. In the same format that you Kept the diary, wiite down the list of locations where you spent your last
24 hours, and the approximate time you entered each location. The locations 1o recerd include:

585G - School-Classroom W - Work

SN - Schopl Mot in ctassroam O - {Hher

M - Home Zz - Blesping

T - Travel (including walking, biking, riding) XX - Not wearing meter
Time Location ~Comments Diary continued: '
_ Tima Location Comments

6. Raviaw the entries in question #5, above:
Mext to any times andfor locations for which you are unsurs placa a question mark ("?"}

Cirale thase limes for which you are very confident (Le. lkaving class at 5:52),
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EMF RETROSPECTIVE ACTIVITY QUESTIONNAIRE
- Page 2

7. While at homa, how many hours were you awake? (Add last evening and this moming) houis,

How much of that time did you spand In 2ach of the following araas? Next to each entry speciéy whether your eslimate
i in hours or minutes.

Your bedrootm {br or min}
Kitchen — {hrormin)
Bathroom — {hrormin)
Rootn most used as a Hamily” room . (br or min)
{could be living room or denj
Cutside ¢hr or min)
Cithar {hr or mir}
TOTAL =

8. Of the foilowing list of activities, which ones did you do In the past 24 hours? Indicate the
approximate time frame(s}, and the lacations in which they wera parformed:

ACTIVITY {(Y)JES/{N)O | LOCATION | APPROX TIME(S)
{(UINSURE | CODE(S)
Lised Electric Tools from___to and to
Uszed Powar Saw from__to_____and ____to_____
Used Hair Drysr ) from___to_ amd _ to_
Used Sewing Maching from_to___and __to____
Lised Microwave from___to_ and _ fta_
Cooked at an Eleetric Stove freen___ o and ___to__
Rode BART from__to___and __to__
Used iba Computar fromm__to_____and 1o
Played Video Arcade from__do_ _and _ fo_
Games .
Used Electric Blanket from__to____and __to____
Watched Talavision from___ o ard _ to_
Did Laundry from__ to___ _a&and _ to_
Used Copy kachine from___to_  amd _ to_
Used Ovethead Projector from__fo___and ___fo___
Location codes: SC - Schoal-Classrkom W - Work
BN - Bchaol- Not In classroom O - Cther
H - Hoame Zz - Sleeping
T - Travet {including walking, biking, riding) XX - Not wearing meter
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EMF RETROSPECTIVE ACTIVITY QUESTIONNAIRE

Page 3

9. Based on what you know about EMF's, in what other activities were you involved or places wera you
in where you might have been sxposed to elevated field leveals? List only those that were not mentioned

in Guestion 8.
ACTIVITY and/or PLACE LOCATION | APPROX TIME(S)
CODE(S)
from__to____and __ to_
from__to____and __to____
from___ 1o and __to___._
from__to_ and 1o _
fom_to_____and __to___.
from___to__ and ___to___
from__io and o
from___to_ amd _ 1o
from__to_____and ___to_____
from___to____ and ___ io _
from__to____an¢__to.
from__to____and __ fo____
Location codes:
SC - School-Classroom W - Work
5N - Schaol- Not In classroom O - Other
H - Homa Z2 - Sleeping

T - Travel {including walking, biking, riding)

XX - Notwearing meter

C-39




EXHIBIT 6

EMF PERSONAL EXPOSURE MOMITORING
PROSPECTIVE ACTIVITY QUESTIONNAIRE

1. Volunteers 1D, ____ Sex BE/M Age_ Grade ___  Physics Period 1/2
2. Do you live in a: House or Apartment? {Circle One).

3. What methods of travel did you use in the past 24 hours? (Circle all that apply.)
Walking Bike Car Oinher

4. I you have a job, describe the job and lozation.

5. We need you to guess where you will spend your time over ihe next 48 hours. Using the location
codes which Ms. Bittner discussed (listed below), develop a time line, including sach location to which
you expect to go, starting with School (*8"), right now. Provide any additional information you think
would be helpful in the "comrments" column.

Altarnatively, you may uea the timeline format on Page 4 10 document this data.

Location Time Commaeants
from____ to__:
then froen___ to__r
then from____to__:__
then from ___ to__:_
them ____ fom__:_ _to__ :
then from__:__to__:
them __ ... fom___ fo__:
them __ fom___ to__:
them __ ... from___ to__:
then fom___to__*
thern __ from____to_ o
then from__ _ fo_ 1
them ____ from__;__to_ 1
themr  __  from___to_
them ___ from____ to_ -
ten __  from___ to__:
then __ from___ to__ 1
them __ fom___ to__:
Location codes:
5- School O -~ Chher
H - Homne ZZ - Slaeping
T - Travel (including walking, biking, riding} XX - Not wearing
W - Work
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EMF PROSPECTIVE ACTIVITY QUESTIONHAIRE -
Fage 2

6. Feview your eniries to question #5. Circle those times and places which you feel very confidant about,
Place a question mark {*?} next to any place or time for which you are unsure.

7. Of the following list of activities, which ones do you expect to do in the next 48 hours? Indicate the
approximate time frame(s}, and the locatiens in which they will be performed:

ACTIVITY

(Y)JES fiN)O | LOCATION | APPROX TIME(S) and DAY
{UNSURE CODE(S) {if you can't predict, enter "7*}

Use Electric Tools

Use Power Saw

Use Hair Dryear

Use Sewing Machine

Use Microwava

Coak st an Electric Stove

Ride BART

Usa the Computer

Play Video Arcade Games

Use Eleciric Blanket

Walch Television

Do Laundry

Uzse Copy Machine

Use Qverhead Projector

Lacation codes:

SC - School-Clasaroom W - Work
SN - Schoal- Not in ¢lassraom Q - Qther

H - Horma

Zz - Sleeping

T - Travel {including walking, biking, riding) XX - Not wearing rmeter




EMF PROSPECTIVE ACTIVITY QUESTIONNAIRE
Page 3

8. Based on what you know about EMF's, in what othar activities do you expect to be involved or places
do you expeci to be, where you might be exposad to elevated field levels?

ACTIVITY and/or PLACE LOCATIO EXFPECTED EMF SOURCE
N
CODE(S)
Location codes:
5C - SchookClassroom W - Work
SN - Schogl- Mot in classroom Q « Oiher
H - Home Zz - Sleeping

T - Travel {inciuding walking, blking, riding) X0~ Naot wearing mater

9. Whilz at home, how much of your waking hours will you spend in the following areas on a typical
weekday? (Mote whether sach entry is in hours, minutes, or both).

Your bedroom thours ar minutes)
Kitchen
Bathroom
Room most used as a "family" room

(could be fiving room or den}
Qutside
Other

TOTAL = hours
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EMF PROSPECTIVE ACTIVITY QUESTIONNAIRE

Page 4
Timealina Day 1 Timeling Day 2
8:00--—- 8:00—
£:00---- 9:00---—
10:00-~ 10:00--—
11:00— 14:00—
12:000=es 12900 e =4
1:00-— 1:00—--
200 ras pe ||| -
3:00--- 5:00=-ver
400 xnsas 2:00----
5:00----- 5:00=wr=4
B:00—-- 6:00eas
7:00— 7:00-——,
8:00--— 8:00-+---
&.00-—---1 9:00—--
1 00 mnnnsd 10:00e2x4
11:00meen- 11:00--—
12:00— 12:00--—
1:00-—— 1:00--+r
2:00~ 2:00-++~-
3:00-eres SiX)-—-
4100w nr 4:00——
500 eeas 5:00—
6:00----1 6100 weems
7001 700w
8:00-+--- B:00we--
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EXRIBIT C-7
Pilot Study #1: High School Siuadents
INVESTIGATOR'S PROTOCOL CHECKLIST

ONE WEEK BEFORE MEASUREMENT

Intraduction to participants: attend classes to introduce project
Introduce self

Desaribe project purpose

Mustrate use of meter and holster

llustrate use of diary

Hand out and discuss consent forms

Discuss confidentiafity issues

Digcugs how project will fit into class Jessons
Answer questions

MNOM RN =

[T

NIGHT BEFORE MEASUREMENTS

Measursment session preparation
1. Chack and resupply field kit
__ 2. Put together EMDEX packages: diaty, pencil, EMDEX
3. Install fresh battery and perfom EMDEX funetional check
4, Identity EMDEX serial numbers on diary cards and
questionnaires

MORNING OF MEASUREMENTS
Measurement session preparation
__ 1. Initialize EMDEXes
DEPLOYMENT PERIOD

Project Introduction and Setup

1. Verify voluntary status: collect consent forms
2. Hand out meters and questionnaires

C-44

DEPLOYMENT PERIOD {CONTINUED)

3. Demonstrate the placement of the holster on the body

4 Start meters {must get going quickly in arder to gather 24-
hour data by beginning of next class)

5. Request that each participant make up a four-digit code
and mark it on the diary and questionnaires

6. Describe the purpose of the guestionnaires and diaries
with respect to the study purpose.

7. Answer any questions

Prospective Questionnaites

1. For one group hand out prospective questionnaires and
ask for their compietion.

Describa Usge of Metars

. Wear on waist for 24-hour petlod

. Meter is maasuring every 80 saconds

., Only take off for sleep, showers, sporting events etc, or
other times when might effect the safety of the wearsr

. During sleep: lie at bedside, away from electric dock, etc.

. Very expensive instruments: need o take care,

. lllustrate event marking: have all skidents try it

1]

& h J L3 ha —

Explain Diaries: Each time the student changes envirvohments the
new environment should be recorded as follows

1. Tima ragisterad should he that ime an the EMBEX LCD

2. The EMDEX "event' button should be pushed, and the
Event number shown on the LCD recorded in space
provided.

CONTINUED
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EXHIBIT C.7 {CONTINUED)
Pllot Study #1: High School Siudents
INVESTIGATOR'S PROTOCOL CHECKLIST

DEFLOYMENT PERIOD (CONTINUED}

3. The appropriate environmant code should be recorded:
a. SC- School Classroom: inside the walls of a

classtaom

b. S0 - School Other: on school property, but not inside
the walls of a classroom

e H - Home: inside the individual's home, or the yard of
that home

d. T - Travel: in any environment whare traveling from

location to anather, by foot, bike, or vehicle

W -Work: on work premises

O = Other: In any erwitonment other than those listed

ZZ » Steeping: while slaeping, meter wil not be wom,

but wlilk bs in proximity to the bed.

XX - Not wearing: other (han slesping, any time

during which the meter is not worn

4. If the student forgets an eniry, he should record the new
anvironment, antar the estimated time of the event, and
write “est” lon the “event number” column. Ths evemt
marker naed not be pushed

&, The comment column is for anything the student wishes to
darify or record.

F @rm

RETRIEVAL

Retriaval:
1. Confirm that 24-hours have past since each melers
deployment by checking the tim& on the LCD.
2. Collect the meters, holsters and diaries
3. Confirm that the codes on all forms match.

RETRIEVAL (CONTINUED)

4. Log in all consent forms, quesiionnaires, diaries,
evaluations, and EMDEX data.

Downloading Data {Steps 1-3 on site at School A)
1. Download each meter, naming the eight-digit number
selected for the student.
2. Print graphs for sach sudent
3. Request that each student compars their diary to their
graph and note what they think are sources of the peak
axposures,

ACTIVITY PATTERN REVIEW

Retrospedive questlonnaires
1. For two of the groups, hand out retrospective
questicnnaires and ask for thelr completion.

QUALITY ASSURANCE AND DPATA MANAGEMENT

1. Perform quality assurance on the EMDEX, Data

a. Confimn that lhere are no flat lnes in the graph,
indicating a possibla meter disorder.

b. (Further assurance will be included on a
questionnaire, asking if the meter was droppad or
otherwise abused, or if the students wore the meler
as statad.)

2. Save the data on floppy disks, as the eight-diglt file name.
— 3. Make copiss of all data and forward to project

headgquarters.

[
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EXHIBIT C.8

EMF PERSONAL EXPOSURE MONITORING
EVALUATION of PARTICIPATING IN THE STUDY

Thess gquasfions ars io help us evaluale our success in dasigning a study profocol which is easy o impleant,

and very clear to the voluniesrs,

INSTRUCTIONS AND PROJECT DESCRIPTIONS

1. How clear were the verbal instructions presentad?

2 Did vou read the instructions on the diaries?

2a, If yes, how clear ware the written instructions?
2, How clear was the deseription of the puwpose of this study?

WEARING THE METER
&, How easy was it to use the matar's functions?
5. Did you aver take the meter off for sports, safety, or other reasons?

6. Overall, how much of a burden was it to wear the mater during your work day?

KEEPING THE DIARY

7. How azasy was It o make entrias Ino the dairy?

8, Was there any tims{s) that you were unsure of which location code to choosa?
Ba. i yas, what were the circumstances?

B, Were the codes ior the Iocations ("D for desk, eic.} easy to use?

Vaey Very
Liwrhdl nr Ihnaianr CA Cimar Cined

ooonoao

Yes f No

Vi Very
Unclaar Uhapear (K Claar Clanr

ooooa

LAncimar Linchear O Clear Chawr

ERERNNERE

Viy ey
Tough Tough OK Exsy Essy |

OoO000Do
Yes { Mo

UGHI 'l mand
Nerar Aguind O wtal

oDooon

Wary Viery

Dnlielt Dnfiear O  Eany  Encyy

DoooOe
Yes/No

YasiNo
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EMF PERSONAL EXPOSURE MONITORING
EVALUATION of PARTICIPATING IN THE STUDY

PAGE 2
At Fr y Bon
10. How sucoessful were you in remembering to record changes in kacation? Fomel Fogol Fomor Fogel Fomat
oOonoao
10a. If ng, which codes were confusing?
11. Did wenaring the mater andfor keeping the diary have an influence on where and how
you spent your ima? Yes { No
11a.  How?
12, Did you aver "cheat" when you fargot ta make an entry at 2 ocation change, and push
the event markat rather than writing in an estimata, as was explained? Yes /No
. LGt oy el
. oK utal
13, Qverall, how much of a chore was at to keep a diary? Hast Aot
0opooon

FILLING OUT THE QUESTIONNAIRE

14.

15.

15.

Think about the irmedocatian questlonnaire that you filed out. If you just completed a

relrospective quastionnaire, did having filled out the diary help you tc more easily

recall the inlormation ta fill out the questionnaire? I you completed your questionnaire Yes f No
this moming, skip to #15.

: ¥es/No
Were any quesiions or parts of the questionnaire eonfusing?
15a. If yes, which questions?
1] Dy rrkand
Ovarall, how much of a chote was it to complete the questionnaire? Hewrfpd okl
Oooog

ot




EXHIBIT G-9

C-48

INSTRUCTIONS FOR
VOLUNTEERS

KEEAMNG YOUR MARY:
We need (o Know whare yiou ans whils pou

tahr::;aa the EMDEX. Mahmwln
ryou © ona as
tolkws: e

1. Remove 1he dlary irem the pouch,

2. Enber the dne an your watch,

a Pueh the "EVENT™ button on the
EMDEX by pressing the sincte an
the qutside of the pouch.

4, Errhar e Evant punmbar shown on
tha LC.

5. Ener the rew acation.

8. Enter any comments you have

uwuiurgutmmﬂammwrwnﬂmu}
lasabans, ihan maks the appropriale santry
He rew bogation, and agticoate and amsrthe
tima yoir movad 1o that lacalion. Yoo shedild
not pursh ihe "EVENTT biflan. Inslead, wiks
"wat” {estimates) in tha "Everd Mumbar®

column.
Thee [oculiore bo rocond inchade:

A-Admivisbration '
G-Common Areas
D-Deosk
EC-Educalion; Classraom
EL-Educalion: Lab
%EEH#:IMH

n AN
L-Ltmhgmmt g
M- enufaciwing
=Dt of Buibding
P-Purehasing
T-Tesl & Repair
U-Uzing EquApmeni
XX - Mot wearing metar

VOLUNTEER'S DIARY
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EXHIBIT C-9
VOLUNTEER'S DIARY continued

VOLUNTEER'S DIARY
INSTRUCTIONS FOR
VYOLUNTEERS CONTINUED FROM OTHER SIDE
WEARING YOUR EWDEX: EMDEX Earial #
Waar ihe EMDEX In the wailst pouch uril Lhe Subject Code
ramd upon time far matar raideval thie
BTG, Data:
50 it thﬁfi_':: EHDE’EET “:T Mty to Tme  Evenl  Localon Gomments’
amage fhe slumenk . gotous exaecse, Nomber Equpmenl
showenng, elc.}, or advarsaly effect your
. IFyou have b samous he EMOEY,
place [t i & safe place and make an 0 —
sniry [ ihe dary. .
If you do ot unoerstand of the wearlng —
insinutions ar diary Instroclions, see Pam .
Bhinar at Lha sia. .
See other side for Insiructions on — -
keeping your diary -
=
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EXHIBIT C.10

There are several ways o request information about your activity
pattern, or location data. Here we suggest and fest two.

Page 1-version A asks for very specific information about when you
spent time In the various locations.

Page 2-version B only asks for estimatesg of total time.

Version A provides us with more relevant information, but if you
change locations frequently, such a recollection may not be possible
or practical.

Please review Page 1 version A, and if vou think you can fill it out
with some confidence, do so. Then skip o Page 2.

#f you think jt wouid be Impractical to recreate your movements, as
requestad in Version A, please move 1o Version B on the next page.
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EXHIBIT C.10

EMF PERSONAL EXPOSURE MONITORING
RETROSFECTIVE ACTIVITY QUESTIONNAIRE
Subject's Code _ _ _ __ ___ Page 1 version A

In the same format that you kept the diary, wiite down the list of Jocations where you spent your
work day, and the approximate fime you entered aach focation. The locations to record include;

A-Administration Elact-Eiectroten P-Furch
C-Common Arezs Eng-Enginesring TaTest & Repalr
D-Desk L-Lunchroorm U-Using Equiprment
EC-Education: Clagsroom M-Manufacturing XX - Mot wearing metar
EL-Education: Lab O-Ouwt o Buiding

Time Location Equipment/Comments Dlary continued:

Time Location Equipmentfﬂummanlcls

" e—

e " ——re— e e —

[ —" —

Review the entries above:

Next to any times and/or locations for which you are unsure place a questfon mark
{I?'I)- .

Circle thosse times for which you ara very confident,

When you are at your desk is your computer:
Almost Always On Sometimes On___ Don't use a Compuier .
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EXHIBIT C.10

EMF PERSONAL EXPCSURE MONITORING
RETROSPECTIVE ACTIVITY QUESTIONNAIRE

Subject’'s Code Page 1: version B

For each of the locations listed on the diary, estimate how much fime you speni thers
during the time you wora a magnatic field meter. If any locations were not inciuded in the

code list whare you spent significant time, please identify them in the final few rows.

LOCATION TIME (designate minutes andior hours % of TOTAL

{optionad; ta help you
calculate tima)

A-Administraticn

C-Common Areas
C-Dask

EC-Education: Classroom
EL-Education: Lab

El=ct-Elactrotec
Erg-Engine=ening
L-Lunchroom

M-Manufaciuring
C-Cut of Bultding
P-Purchasing
T-Test & Repair

U-Uzing Equipment

XX - Not wearing meter

Review the entries gbove:
MNaxt to any times for which you are unsure place a question mark {"?").
Cirela those fimes for which you are very confidznt.

When you ara at your desk is your computer?:

Almost Always On __ Sometimas On__ Don't uae a Computer
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EMF RETROSPECTIVE ACTIVITY QUESTIONNAIRE

Page 2

What alectrical appliances and equipment did you use during the study period? Indicate the
approximate time frame(s), and the locations in which they were used, For your reference,

list of typical ipment has bsen attached to this survey.:
EQUIPMENT LOCATION APPROX TIME(E)
CODE(S)
from o and o
fom  to___and 1o
from 8] and o
irom i and io
from ___to and ___ 18
from _to._ and __ %
from __ 1o and __ o
from ta and to
from ___to and to
frotm L] ang o
from i) and to
from __{o angd jo
Location codas; -
A-Administration Elect-Electrotec P-Purchasing
C~-Common Areas Eng-Enginsarng T-Test & Repalr

D-Desk

EC-Education: Classrasm

EL-Educatlon: Lab

L-Lunchrzom
M-Manufacturing
O-Out of Bullding

+ U-Lging Equipment
XX - Mot wearing mater

Based on what you knaw about EMP's, in what activities were you invoived or places were
you in where you might have been exposed tc slevated field levels /n addition to uses of
aguipmaent listed in the above section?

ACTIVITY andfor PLACE LOCATION | APPROX TiM Ei5}
CODE(S)
from o &nd o
fom _to___and _ to
irom o and o
flom o and w0
fram fo_____and 1
drom ___to____and to
from o and 41]
from Io

E
B
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EXHIBIT C.11
Pliot Study #2;: Employess of Insinenent Manufacturer
INVESTIGATOR'S PROTOCOL CHECKLIST

ONE WEEK BEFORE MEASUREMENT

Introduction to parficipants: attend classes to introduce project
Introduca self

Describe project purpose

llustrate use of meter and holster

flustrate use of diary

Hand out and discuss consent forms

Discuss confldentlality issues

Ansvwer questions

Neahktn=

[T

NIGHT BEFORE MEASUREMENTS

Measurament session preparalion

1. Check and resupply fiald kit

2. Put together EMDEX packages: diary, pencil,
EMDEX

3. Install fresh battery and perform EMDEX functional
check

4. Identity EMDEX serial humbers on diary cards and
questionnaires

5. Assign two-digit codes and mark them on diaries
and questionnaires :

LT

MORNING OF MEASUREMENTS

Measurement session preparation
—_ 1. Initialize EMDEXes

DEPLOYMENT PERIOD

Project Introduction and Setup: Meat with each employee
individually to:
1. Verify voluntary status: collect consent forms

DEPLOYMENT PERIOD (CONTINUED)

— o 2, Hand out meter
3. Demonstrate the placement of the holster an the
body

Start meter data collection

Log in employee by the two digit code and

document EMDEX setial humber

Descrbe the purpose of the questiorinaires and

diaries with respect to the study purpose, {Diaries

used by professional employees only)

7. Explein to production employees that obsarver will
only be documenting their activities andfor locations
with respact to magnetic fiakds - not produclivity.

8. Answer any guestions

ok

o

Describe Use of Meters

1. Wear on waist for period of: workday for
professional employses, 1.5 hours for production
amployess.

2. Meter is measuting avery 3 secotvdls

3. Only take oft when safety of wearsr or mater might

4

5

be compromiged.
. Very expenslve instruments: need to take care.
. Professional Employeas: llustrate event marking.

]

Explain Diaries - Professional Employess: Each tima the
amployee changes environments the new environment should
bs recorded as follows

— 1. Time registered should be that on employes's
watch,

— 2. The EMDEX "event" button should be pushed, and
the Event number shown on the LCD recorded in
space provided.

CONTE, D




EXRIBIT C.11 {CONTINUED)
Pilot Study #2;
Employees of Instruiment Manufacturer
INVESTIGATOR'S PROTOCOL

DEPLOYMENT PERIOD (CONTINUED)

3. The approprlate environment code should be
recorded, according fo the list printed on the diary.
Review list wf employes and confirm that they
unclerstard the locations, Explain:

D-Desk Is the employees own desk

U-Using Equipment should be used when

aquipment is used in any arsa. Howaver, the

employes's use of the their own PC is assumed
- at their desk, and should not be recorded.

XX-Not wearing mater should be used if the

cliant must take off the meter for sport or other.

4. i the amployae forgets an antry, ha should record
the new enviranment, anter the estimated time of
the event, and write "est” ion the "avent number®
column. The event marker need not be pushed.

5. The comment column is jor anything the emplovee
wishas to clarify or record, and to describe any
equipment used,

OBSERVATION: PRODUCTION EMPLOYEES
1. Priorto commencemant of study datermine method
of stratifying the wark area of the produstion
employeas:
2. For a two pericds of one-to 1.5 hours, document the

time and changes in employas activity or location
within the worl area.

RETRIEVAL

Retrieval: In the individual afternoon meatings:

RETRIEVAL {CONTINUED)

1. Ccollect the meter, pouch and diary
2. Confirm that the codes on all forms match.
—— 3, Login the consent form, dlary, and EMDEX data.

Downloading Pata

— 1. Downlead the meter, naming the EMDEX file with

the =ix number setected for the student,

2. Creata the graph of personal exposure vs. ime and

show ta the employes on the portable PC.

3. Request that the employes compare his/her diary 1o

the graph and describa what might be tha sources
of the peak exposures.

ACTIVITY PATTERN REVIEW
Petrospeciive guestionnaires: While downloading;

1. Provide the retraspective questionnaires and ask for
s completion.

QUALITY ASSURANCE AND DATA MANAGEMENT

— 1, Perdomn quality assurance on the EMDEX Data

8. Confirm that there are no flat Ines in the graph,
mdicating a passible meter disorder,

b. (Further assurance will be included on a
questionnaire, asking If the melter was dmpp&d
or otherwise abused.)

_____ 2. Save the data on floppy disks, as the eight-dlglt file
name.

—— 3. Make copies of all data and forward to project

headquariers,




EXHIBIT C.i2.

Date

' _  SubjectCode;
EMF PERSQNAL EXPOSURE MONITORING
EVALUATION of PARTICIPATING IN THE STUDY

These questions are to help us evaluate our success in tesigning a study protocol which is
easy to implement, and very claar fo the voluntsers.

INSTRUCTIONS AND PROJECT DESCRIPTIONS

u:mﬂuumrm Crhenr EIT?H

1. How clear were the verbal instructions prasented? ooOoon
2. Did you read the insiructions on the diaries? Yas/No
l.i'“-:gu Uncisar OK Claar m:
2a. If yes, how clear were the written Instructions? nogooo
mvnllgrumwux Char Clial
3. How clear was the description of the pumpose of this study? OoOoOoo
WEARING THE METER
Towth Fough 0K Exsy £
4. How easy was ii 10 use the mater's functicng? COoOoOD
5, Did you ever take the metar off for sports, safety, or ather reasons? Yes / No
. .
Hewer Againk DK L
6. Overall, how much of a burden was it to wear the meterdwingyourwork oo oo

day?

KEEPING THE DIARY

_ o _ .. S
7. How easy was it to maka ertirias into the dairy? Oonoonn
8. Was there any time{s) that you were unsure of which location code to Yes/No
choose?
8a. |f yes, what were the circumstances?
g, Were the caodses for the locatiens ("D" for desk, etc.) easy 1o use? Yas/No
iy Frigopasy Bear b Chs oty
10. How successful were you in remembeting fo record changes in location? F“E’E 'E' ET 5’" .
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EMF PERSONAL EXPOSURE MONITORING
EVALUATION of PARTICIPATING IN THE STUDY

PAGE 2

10a. If no, which codes were confusing?

11.  Did wearing the meter and/or keeping the diary have an influence on
whera and how you spent your time?

11a, How?

12,  Did you ever "cheat” whan you fargat to make an entry at a kcation
change, and push the event market rather than writing in an estimate, as

was axplained?

13.  Overall, how much of a chore was at 10 keep a diary?

FILLING OUT THE QUESTIONNAIRE

14. Think about the time/location questionnaire that you filled out. If you just
© complated a refrospective quastionnalre, did having filled out the diary
help you to more easily recall the information to fill out the
queastionnaire? If you completed yvour guastionnairs this moming, skip to
#15,

15. Woere any questions or parts of the questionnaire confusing?
154,  If yes, which questions?

16.  Overall, how much of a chore was it to complete the questionnaira?

Yes/No

Yes fNo

Ll Crlcine wilerdd
Haver

Ageinl Ok ol
OoOo0a0

Yas [ Mo

Yas'f' Mo

1M Dikin’y minal

Muvdl Aganl  CK o il
05O
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EXHIBIT C.13
Date Subject Code:

EMF PERSONAL EXPOSURE MONITORING
EVALUATION of PARTICIPATING IN THE STUDY

These questions are o help us evaluale our success in designing a study protocof which is
easy to implement, and very clear to the volunisets.

INSTRUCTIONS AND PROJECT DESCRIPTIONS

\ l.mﬂ Uncieor N Glear m
1, How claar were the verbal instructions pressnted? ooooo

Yary Wy
2, How clear was the description of the purpose of this study? Uncloer tinctar O Claar. Clear

oo0on0o.an
WEARING THE METER .
3.  Did you ever take the meter off for sports, safely, or other reasons? Yes / No
m,@n o8 "‘“"';'t'":
4. Overall, how much of a burden was it to wear the meterduringyourwork P oo oo
day? '
OBSERVATION
Vary - N )
Diaftacling 0K Hol Deaimechng
5. How distracting was being obsarved during your work? OOoo0oon
8. Did wearing the meter have an influence on whera and how you spent Yes / No
your tims? 83
t6a. How?
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