Abstract of EMF RAPID Program Engineering Project #1:
Development of Recommendations for Guidelinesfor Field Source
M easur ement

This gudy was designed primarily to better define the complexity of magnetic and eledric fields to
which humans are exposed, and to develop guidelines for measuring eledric- and magnetic-field
distributions nea spedfic field sources.

These guiddlineswere to provide the basis for rigorous field-exposure analysis and risk assessment
if arelationship between field exposure and human hedth effeds were to be identified. The
guidelines would provide reseachers with a methoddogy to charaderize EMF sources in a
consistent manner and with sufficient spatial andtemporal detail to guide dedric and magnetic-field
management, if necessary.

The study was divided into threetasks:

Task A: Construct aset of charaderistics for guiding and interpreting biologicd studies and
for focusing any future dfort at field management.

Task B: Develop asystematic method d identifying sources during surveys s that they can
be correlated with measurements made in ather surveys or in laboratory tests.

Task C: Develop guidelines for measurement of field sources.

Theinvestigators discussways to reduce data to a manageable size. They develop a ading system
to identify charaderistic sources of magnetic fields, as well as guidelines for measuring magnetic
fieldsin situ andfor appliancesin atesting laboratory situation. The report detail s equipment needed
for measurement (waveform-capture instrumentation is recommended), as well asthe series of steps
required for adequate documentationin measuring. They stressthe importance of identifying lost
data, of recording physicd charaderisticsthat may affed measurements, and d documenting steps
caefully. In all cases, apilot study and systematic documentation are dted as being of criticd
importance

Study Limitations

Comprehensive measurements of the dedromagnetic charaderistic of spedfic field sources are
somewhat limited by avail able instrumentation. While any spedfic measure required to charaderize
andinterpret biologicd studiescan be adieved with a @lledion d instruments, nosingle instrument
can collea al spedfic measures of eledric and magnetic fields.

Areasfor Future Research

Future reseach shoud concentrate on the rapid locaion d field sources from spedfic
measurements. The types of measurements needed and the use of measurements neaded and the use



of multi-pde locaion pograms $oud be studied. This processis esentia in general settings
encourtered in typicd commercial, residential, and industrial settings.



EMF RAPID Program Engineering Project #1.
Development of Recommendations for Guidelinesfor Field Source
M easur ement

Pur pose and Focus

This study was designed primarily to: (1) better define the complexity of magnetic and eledric fields
to which humans are expased, and (2) develop guidelines for measuring eledric- and magnetic-field
distributions nea spedfic field sources.

These guidelineswere to provide the basis for rigorous field-exposure analysis and risk assessment
if areationship between field exposure and human hedth effeds were to be identified. The
guidelines would provide reseachers with a methoddogy to charaderize EMF sources in a
consistent manner and with sufficient spatial andtemporal detail to guide dedric and magnetic-field
management, if necessary.

Tasks: Goalsand Findings

The projed was divided into threetasks:
Task A - Seledion d Field Parameters,
Task B - Identification d Field Sources, and
Task C - Development of Protocol.

Task A: Construct a set of magnetic-field characteristics for quiding and interpreting
biological studies and for focusing any future effort at field management.

Magnetic-field charaderistics are quantified and reduced acwrding to the avail ability (or possble
development) of instrumentation to measure the desired charaderistics. One focus of the reseach
was on hav to acceptably reduce the seemingly infinite number of samples required to describe
eledric and magnetic fields to a tradable number of spedfic measures. Spedfic measures are
defined by methods that perform spatial and temporal reductions of measurements consistently. The
investigators explored existing measurement techniques and suggested speafic measures that will

charaderize dedric and magnetic fields for use by hedth assesgnent studies.

Spedfic measures charaderize one or more of six field attributes:

. intensity,

. frequency,

. intermittency,

. transients,

. gpatial attenuation, and
. polarization.
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Table 1, below, shows the field attributes charaderized by spedfic measures and a dtation to the
location of discussonin thetext. Numerous examples of spedfic measures are discussed in the text,
from the mmmon to the lesscommon. The most common spedfic measures of intensity are the
resultant and ac rms fields, which can also charaderize spatia attenuation. A common spedfic
measure for frequency is harmonic magnitude.

Table 1. Alphabetical Listing of Specific Measures and Related Source Field Attributes

Applicable
Specific Concepts
Measure and/or Field Attributes
Equations
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AC-DC Angle 3.5.1 3.14 X
AC-DC Pardld 3.5.1 3.15 X X
Magnitude
AC-DC 3.5.1 3.17 X X
Perpendicular
Magnitude
AC RMS 3.3.3 3.8 X
Analog AC RMS 3.34 3.11 X X
Coherency Index 3.5.2 X
DC 3.3.2 3.6 X X X
Harmonic 3.5.5 3.19 X X X
Magnitude
Harmonic Phase 3.5.5 3.20 X X
Intermittency Index | 3.5.2 X
Maximum Spatial 3.2.2 3.4 X X
Comporent
Maximum Spatial 3.2.2 3.4 X X
Phase
Minimum Spatial 3.2.2 3.4 X X
Comporent
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Applicable
Specific Concepts
Measure and/or Field Attributes
Equations
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Minimum Spatial 3.2.2 3.4 X X
Phase
Pe&k Magnitude 3.4.1 X
Pe&k Rate-of - 3.5.4 3.18 X X
Change
Pe&k Resultant 3.4.2 X
Pe&k-to-Pesk 34.1 X
Magnitude
Polarizaion 3.2.2 3.4 X
Resultant 3.2.1 3.3 X X
Transient Indicesof | 3.6 X X
Rise Time,
Overshoa, Settling
Time, Natural
Frequency
Transient Pe&k 3.6 X X
Rate-of-Change

Spedfic measures can also be cdegorized by whether they describe dharaderisticsrelated to field
orientation, stealy-state temporal properties, forces exerted on magnetic materials, induction
phenomena, transients, and rel ationships between the AC and DC fields.

Data colledion shoud ensure that all spedfic measures can be a<ciated with (1) spatial
information relative to the source (2) tempora information relative to the measurement,
(3) information onthe state of the sourcg(s), and (4) the orientation d the transducer (if appropriate)
relative to the source

The report surveys all avail able instrumentation for required measurements (including ac and ¢
survey meters, broadband a narrowband threeaxis rerders, single-axis and threeaxis wave
cgpture recrders, multi-sensor threeaxis wave cature recrders, and spedal purpose transient
capture recorders), and concludes that waveform capture is the most efficient means to capture dl
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eledric- and magnetic-field attributes. Currently avail able eguipment provides most of the spedfic
measure information that appli es to the biologica reseach eff orts.

Finally, this sdion d the report notes the aiticd importance of understanding and dacumenting
loss of data and aher physicd charaderistics that can affed the measurement process (e.g.,
temperature, pe field level, minimum field level, motion d the transducer, frequency interadions,
and high-frequency radio frequency fields).

Task B: Develop a systematic method of identifying sour ces during surveys so that they can
be correlated with measur ements madein other surveysor in laboratory tests.

In approading thistask, the investigators note that any attempt to codify sources oud give some
indicaion d the expeded neture of the magnetic-field attributes associated with the source Before
thisreseach, nahing had been reported that attempts to classfy apparatus urces. Thereport looks
at avariety of patential coding methods (e.g., arbitrary, Standard Indwstrial Classficaion,and so on)
before detaili ng the recommended method (bel ow).

The propaosed classficdion system is restricted to a genera quantificaion d the magnetic-field
attributes of asource The classficaion system is based onidentifying the source by its common
name, followed by alphanumeric descriptors for atotal of 50 charaders, followed by afour-digit
code. Anexamplewould be:

UPS-brandxx50kVA208V 4238

Within the ade (shown herein italics), the first digit grades the range of magnetic-field magnitudes
that may be expeded at a point 30 centimeters (1 foat) in front of the surfaceof the device The
secondisameasure of the frequency of the most dominant magnitude; the third a measure of how
intermittent the point source may be; and the fourth a measure of two dfferent attributes— spatial
attenuation and pdarization. The ranges assgned to ead code digit are shown in Table 2, below.

Task C: Develop guidelinesfor measurement of field sources.

Guidelines presented simply as alist of steps may not always work eff edively unlessthey provide
documentation d the reasoning processbehind the steps. Task C devel ops guidelines—in the form
of step-by-step procedures acaompanied by the rationd e behind ead step—for two situations: in-situ
measurements, and measurements at an appliancetest center. Areas covered by guidelinesinclude
documented preparation, daumentation o the environment, documentation d measurements
locations, documentation d human adivity, methods of measurement, chedkpaints for data, and
analysis methods, including processng material into a standard data base.

In-situ. In-situ testing isthe most frequent measurement situation, and hesits own speda problems.
These include (1) the inability to realily repea measurements; (2) the inability to accessareas of
interest or operating information such as currents or voltages, and (3) the inability to measure dl
phases of madine operation.
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Table 2 Appliance Code Ranges
Code Digit 1 2 3 4
Charaderistic | Field Magnitude* Frequency 2 (Hz) | Operationa Attenuationy
(MmG) Changes ® Less Polarization*
Value Than OnceEvery ...
0 <0.1 <1 Yea Unknown/linea
1 <1 <10 1.2 months (Unlinea
2 <10 <10 0.52weeks (/r®)linea
3 <10 <10® 8.76 hous (/r3)/linea
4 <10° <10t 0.876 hous cUd)linea
5 <10 <10° 5.256minutes Unknown/elli ptica
6 <10 <10° 0.5256minutes (Ur)/ellipticd
7 <10 <10’ 3.1526semnds (Ur?)/elipticd
8 <10’ <10° 0.31536semnds (Urd)/elli pticd
9 <10 <10° 31.536milli seaonds | (>1/r¥)/eli ptica
! Field magnitude & 30 cm (1 ft) in front of surfaceof device
2 Dominant frequency
j Period between changes in stealy-state operating condtions

Spatial attenuation charaderistic/nature of field pdarizaion.

It isimportant to include apil ot study as an integral part of in-situ measurements. The pil ot study

often produces sgnificant findings needed to perform the full charaderization. The resulting data

can aso beaome part of the daraderization record.

Idedly, threepeople shoud be present to condLct the protocol, in order to carry out the sequencein
atimely fashion. The following equipment is required:

. amagnetic wave-capture system with four sensors,

. an eledric field sensor with an ELF bandwidth if eledric fields are to be
charaderized,

. avideo camera and several casttes of video tape,

. arigid staff for mourting the sensors,

. measurement equipment, including a non-metalli c measuring tape,

. adatalog with asuppy of pens or pencil s,

. a damp-on current meter that may be used to measure source arrent, and

. aportable computer if the magnetic-field recorder requires configuration a down-

loading during or after the measurement process
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Thethreepersonteam takes the foll owing steps, keeping records as an integral part of the protocol:

. insped the site;

. discussthe measurement procedure with the faaliti es manager;

. draw a quick sketch showing the location d the sources;

. examine the method d powering the sources;

. draw the proposed coordinate grid onthe sketches;,

. take four measurements close to the gpliancefront center, sides, and bad to ensure that the
sensor range is acceptable;

. take four more measurements on a profil e from the front center pasitionalong agrid line;

. use aslong a"snapshat” duration as possble to deted low frequency adivity or to separate
out off- power frequencies,

. use a high frequency sensor to deted adivity in the very low-frequency (VLF) and low-

frequency (LF) bands,
. download and insped the data for integrity;

. if measurements appea reasonable, continue the measurement process sarting at a seleded
grid paint (for smple estimates, magnetic fields sioud be sampled at at least 4 |ateral paints
in at least 4 dredionswithin 180 agreesand at 4 heights);

. monitor the location, sensor orientation, and the awordinate numbers with a video camera;
. request people to move from their workplaceonly when absolutely necessary;

. review the results of afew randam measurements before leaving the site; and

. reducethe data.

Appliancesat a Test Center. For these measurements, the reseachers soud first conduct a pil ot
study. That study would produce the following findings, to be used in developing the full
charaderization:

. type of sensors nealed,

. expeded maximum levels,

. transient trigger levels,

. locaion d dc sensors,

. minimum frequencies for recording,
. intervals between "snapshats,” and
. LF-VLF recording requirements.

The test center protocol uses gructures with mourted sensors to all ow maximum charaderization
in the minimum amourt of time.
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The final protocol shoud include the foll owing:

. credaion d asketch of the gopliance

. preparation d a set of phaographs to dacument the detail s of the device

. the size of the wiring, construction d the wiring, vatage rating, and current rating of the
SOUrces,

. colledion d field data on sphericd coordinates to completely surroundthe gopliance

. measurement of LF and VLF data;

. measurement of transient data; and

. analysis of data, including verification that no recording fail ures occurred.

A protocol shoud be developed to test the fixture with an array of probes. Some isaues include
choice of coordinate system, and the spadng of sensors at or nea the gpliancesurface Ancther
issieishow to seled the center of thelocaion d an appliancefor measurements. The recommended
protocol is to use sphericd coordinates and progressvely larger spadng between probes. For
example, for asourcewith aradius of approximately 30 cm, sensors soud be placed at the surface
of the gopliance and at distances of 10, 30,and 100cm from the surface (SeeFigure 1) The center
of the mordinate system may be seleded as the physicd center of the gpliance or, for pradicd
reasons in mourting the gpliance of the center of gravity.

Figure1: A Simplified Diagram of the Appliance Test Set
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The projed colleded detail ed magnetic-field datafor 20 appliances. SeeTable 3, below.

Table3:

Summary of Magnetic Field M easurements from Appliances

RMS Resultant Fidld, mG

At 30cm

(front) Highest at surface

Description Code* 60Hz 60Hz 180Hz
Window air conditioner 2247 11 97 1.99
Kitchen bender 3263 18.6 7913 1825
Crock pat for kitchen use 1253 0.7 41.3 0.28
Drill =hand hammer 2263 7.0 6103 2547
Oscill ating table fan 2248 0.28 606 100
Portable spaceheder 2258 2.2 156 39.7
Steam iron 1263 0.8 16 23.9
Hand jig saw 2262 3.2 1536 870
Kitchen hand mixer 2268 4.0 1458 75.7
Paint sprayer 3262 61.5 21659 2643
Pencil sharpener 2273 9.5 4900 2410
Hot air popcorn popyer 1253 0.2 255 124.9
Laser printer 1261 0.2 82.7 7.61
Skil hand saw 3278 13.2 2560 1826
AC man's aver 3263 23.9 11471 2637
Soldering iron station 2262 2.6 2865 363
Kitchen toaster 2262 1.1 191 3.35
Eledric tooth brush 2263 4.2 939 33.1
Upright vaauum sweeer 3253 18.6 4711 2049
Video display terminal 1242 0.9 104 37.3

*

SeeTable 2.
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Summary

It is possble to develop an effedive protocol for spedfic field-source measurements, using
parameters that will quantify EMF attributes for use by hedth asssanent studies. Waveform
capture is the most efficient means to capture dl EMF attributes. A method to code gparatus
sourcesisdescribed, as are the steps for in-situ and appliancetest center testing. Magnetic-field data
colleaed foll owing these protocols are reported for 20 appliances. In al cases, a pil ot study and
systematic documentation are of criticd importance



