














This section of the paper will outline some representative study
goals and the residential measurement techniques that could be used
to address each of these goals.

There are two general classes of magnetic field measurements
that can be made in a home:

1. Measurements at (possibly many) fixed space-time
pointsin aresidence. These house-oriented measurements
can be classified as spot or area measurements.

2. Measurements of the exposure of persons living in the
residence.

The most obvious use of area-type measurements is to identify
and characterize magnetic field sources in homes. Source character-
istics that can be studied with area measurements include spatial and
temporal variability, relative strengths and prevalences, and har-
monic generation. Another potential application of area-type meas-
urements is the development of mitigation strategies.

Personal exposure measurements are usually a component of
a larger study that may include an evaluation of health endpoints.
Because of the spatial and temporal variability of residential mag-
netic fields, these measurements must in some explicit or implicit
way factor in the behavior of the persons whose exposure is being
assessed.

Personal exposure and area measurements may be related: that
is, the purpose of house-oriented measurements could be to serve as
a surrogate for actual personal exposure measurements [24]. At this
time, the relationship between house measurements and total per-
sonal exposure is unknown.

3.1.1 Area Measurements

These are usually investigative measurements of a research
nature to better understand field souces and characteristics. These
measurements could also be used: to establish baseline field levels for
some future powerline construction project; to evaluate mitigation
strategies; to prepare for litigation; and as a surrogate for personal ex-
posure. The measurements can range from simple point-in-time or
spot measurements [25, 26] to fixed site monitoring of various
locations in the home over an extended period [5, 7). The advantage
of the additional temporal information provided by fixed site moni-
toring can be seen in Figure 5. This figure presents the cumulative
frequency distributions for fixed site time-series measurements col-
lected in 5 homes during a 24-hour period [5]. The measurement
device in this study recorded magnetic field values every 7 seconds.
For certain magnetic field measurement goals, these distributions
may more accurately characterize a home than a single space-time
measurement at a location such as the front porch [26]. These curves
express the percent of time (“Cumulative Percent”) that the magnetic
field intensity is below a given level (“Magnetic Field mG"), e.g., for
Home 1, there is less than 2 mG 70% of the time.
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Personal exposure measurements will usually require that a
portable measurement instrument be carried by the person during a
discrete exposure period—often 24 hours. This measurement ap-
proach gives an exposure record that directly takes into account the

time-location-activity behavior of the subject. These measurements
can encompass exposure locations other than the home environment
to give a more complete assessment of total exposure. An example
24-hour personal exposure record is presented in Section 3.3. The
measurement protocol should bedesigned to yield an exposure record
as representative as possible so that extrapolation to longer periods of
time, or into the past, can be performed with maximum accuracy. In
this respect, weekday/weekend and seasonal factors could be consid-
ered by repetitive 24-hour measurements on different days during
different times of the year. One problem area that has been experi-
enced is that portable instruments removed for sleep are sometimes
inadvertently placed close to devices such as fans or electric clocks.
This can result in an unrepresentative exposure record for that
individual.
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FIGURE 5. Cumulative frequency distribution for time series mag-
netic field measurements.

3.1.3 Measurement Techniques and Goals
Below is a listing of measurement techniques that can be used
in a residential setting:

1. Spot and Area Measurements
a. Atone point in space-time
b. A series of spot measurements in several rooms
(posssibly replicated for High/Low home power
use and/or different days or seasons).

2. Lateral profiles from external power line sources
into the home [4].

3. Peripheral profiles around outside boundaries of the home.

4. Fixed Site Monitoring—time series measurements
(24-168 hr) at one or more fixed locations-bedroom,
living room, etc.

5. Personal Exposure Measurements

6. Measurements of Harmonic Content

The following Table I summarizes some measurement techniques
that could be used for different study goals.



Table I. Study Goals and Associated Measurement Techniques

Study Goal Measurement Techniques

1. Provide "coarse" * Single measurement at one location
ranking of homes .
for epidemiology

study.

Spot measurements of resultant field
in several rooms - averaged to single
value to represent the home.

24 hr fixed site monitoring in one or
more rooms.

2. Provide reason- ¢
ably accurate

24-168 hr fixed site monitoring in
several rooms, repeated for weekends

ranking of homes  and in different seasons.
for epidemiology « Personal exposure measurements.
study.

3. Source Charac- =«
terization

24-168 hr fixed site monitoring coupled
with "real-time" spot measurements for
detection and evaluation of possible
sources.

+ Harmonic content measurements.

4. Personal Exposure = Subject wears personal exposure meter.

Fixed site monitoring at multiple points
in residence. Use time-location-activity
data and measurements to estimate
personal exposure.

3.2 Residential Measurement Near Appliance

Measurements of the maximum 60-Hz magnetic field near many
appliances as a function of distance from the appliances has been
reported by Gauger [27]. Because magnetic fields from home appli-
ances can contain significant levels of harmonic content and because
laboratory studies have shown that some magnetic field bioeffects are
a function of frequency [28], it is relevant to determine the harmonic
content in the field. Figure 6 shows a spot measurement of the ELF
magnetic field waveform 60 cm from the front center of an operating
26-inch television screen [6]. The waveform in Figure 6 is an
oscilloscope display of the output signal from a survey-type meter
consisting of a single axis air core probe about 9 cm in diameter and
a detector containing a stage of integration. The probe was oriented
to give the maximum field value and the oscilloscope was located
about 6 meters from the measurement location to avoid perturbation
of the field from the television. The rms value of the fieldis 0.17 uT
(1.7 mG).

The harmonic components in the magnetic field are shown in
Figure 7 which is the spectrum analyzer display for the waveform in
Figure 6. Harmonic components from the second, which amounts to
47% of the fundamental, to nineteenth can be discerned. For this
example, measurement of the magnetic field with a field meter that
detected only the fundamental component would yield an rms value
that would be too low by more than 20%. Because magnetic fields
from appliances are usually highly nonuniform with ill-defined ge-
ometries, measurements of the field as a function of position would
be required to determine the spatial variation of the field. It should
also be noted that during measurements of nonuniform fields, the
signal from the probe represents an average field value over the area,
A, of the probe (Figure 1).

There is no standardized technique for measuring magnetic fields
from appliances. This is in part responsible for the wide ranging
values reported in the literature for appliances. As noted above, the
complex field geometry, the harmonic content of the field, the influ-
ence of the measuring device to accurately assess the field all serve
to complicate the situation. In the interim, while standardized proce-
dures are being developed, the investigators should report at least (1)
the distance between the appliance and the measurement sensor, (2)
the frequency bandwidth of the measurement device and (3) if the
reported data is a maximum, at the distance noted, or an average at
that distance.

FIGURE 6. Oscilloscope display of magnetic field waveform ob-
tained in home, 60 cm from the front center of an operatng 26-inch
screen television. The rms value of field is 0.17 uT. Vertical scale =
0.2 uT/div. Horizontal scale = 5 ms/div.

FIGURE 7. Normalized spectrum analyzer display for waveform in
Figure 6. Horizontal scale = 200 Hz/div.

3.3 Personal Exposure Meter Measurements: A 24-Hour History
While personal exposure meters can measure the temporal vari-
ation of the magnetic field at a single location (see Section 3.4) up to
several days, perhaps the most important function of this kind of
instrumentation is its capability to record the magnetic field values
experienced by a person as a function of time as the person goes about
his or herdaily activities. Figure 8 shows the magnetic field exposure
values, recorded every 7 seconds, of a 10 year old school girl for a
period of approximately 24 hours [29]. The data show magnetic field
values (vector sum of three spatial components; Section 2.1) experi-
enced by the girl beginning in the afternoon of one day through the
following afternoon. While the major sources of the magnetic field
are readily identified at certain times (i.c., hair dryer and electric
blanket), further measurements, with possibly different instrumenta-




tion (e.g., a survey meter), could be used to determine the sources at
other times. Additional measurements would also be required to de-
termine how typical the exposure pattern in the figure was for this
person. The data in Figure 8 should not be interpreted as being
representative of any group of persons. Although not indicated in
Figure 8, the instrumentation is also capable of indicating what per-
centage of the time (hr) or the time-integrated field (mG-hr) is spent
above or below a certain value. Determination of the harmonic
content in the fields would require further measurements with differ-
ent, less portable instrumentation.
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FIGURE 8. Twenty-four hour magnetic field exposure history for 10-
year old girl. Data obtained with personal exposure meter.

4 ntIn An ion i
The setting chosen for the last measurement example is the Bon-
neville Power Administration’s Ross 230-kV Substation [30]. The
measurements were performed in the vicinity of a fairly isolated 230-
kV three phase bus. The phases of the bus are made of solid aluminum
tubes that are spaced about 10 feet apart in a horizontal plane
approximately 20 feet above the ground.

If a spot measurement were made of the magnetic field under the
center phase (near ground level) in the mid-afternoon with a survey
meter, the flux density would be near 260 mG at the time of the
measurements. How representative this field value is over a period of
approximately one day is shown in Figure 9. Figure 9 shows data

obtained with a commercially available personal exposure meter that
recorded the field value every 10 seconds at the same location for

nearly 24 hours. The field (vector sum of three spatial components)
is seen to vary by as much as 2 1%, and after nearly 24 hours, the field
is still 15% higher than the previous day.
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FIGURE 9. Temporal variation of magnetic field measured beneath
center phase of 230-kV three phase bus.
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One option to characterize the spatial variation of the magnetic
field is to measure the lateral profile that passes through the point
where the temporal measurements were made. The results of such a
measurement, using the exposure meter, are shown in Figure 10.
RMS values of the three spatial components as well as their vector
sum measured during the early afternoon are indicated. The acqui-
sition of the data was expedited by mounting the exposure meter on
a “measurement wheel” which provides a signal indicating location
as the wheel rotates along the path of the lateral profile. This signal
is fed into the memory of the exposure meter and correlated with the
field value at each location.
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FIGURE 10. Lateral profile of magnetic field components and vector
sum near 230-kV three phase bus.

More measurements would be required to determine how repre-
sentative the one-day measurements are of longer time periods.
Further, if knowledge of the harmonic content in the field is of
interest, different instrumentation with additional measurements
would be required.

4. CONCLUSIONS

The following conclusions can be drawn from the information
presented in this paper entitled “Measurements of Power Frequency
Magnetic Fields Away from Power Lines™:

«  instrumentation which can determine the magnitude,
temporal variation, and harmonic content of magnetic
fields is available for characterizing fields in residential
and occupational settings. The number and types of
measurements will increase as the measurement goals
become more comprehensive.

+  miniaturized exposure meters that permit the recording
of personal exposure to ambient level magnetic fields
during the course of daily activities have been devel-
oped and provide for more realistic exposure estimates.
The same instrumentation can also be used for measur-
ing the temporal variation of the field at a given location.

«  procedures for instrument calibration exist over the
dynamic ra.nJ‘gc of interest, i.e., 0.1 x 107 Tto greater
than1x 107 T (0.1 mGto 1G).

« outlines of measurement strategies were presented for
characterizing residential magnetic fields. These strate-
gies depend on the goals of the measurement program.
In the absence of established measurement protocols,
the outlined strategies (from Table I) provide some
guidance for measurements in residential settings.



information provided in this paper complements that
presented in an earlier paper of the AC Fields Working
Group, "Magnetic Fields From Electric Power Lines —
Theory and Comparison to Measurements" [31].
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Discussion

L. A. Rosen, Ph.D. (National Institutes of Health, Bethesda, MD): This
paper is a major advance in considerations of the characterization of
electromagnetic fields, with the recognition that something other than time
averaged fields is important. The following comments on the paper are
offered more as considerations for how the collected data would be used
when collecting data, than as suggestion for changes in the recommenda-
tions of measurements.

Table | recommends that course measurements be collected as part of
Goal 1, “*Course ranking of homes for epidemiology studies,”* but sug-
gests that harmonic characteristics need not be addressed until Goal 3,
““Source Characterization,”” a level of complexity and physical measure-
ments that may not be reached in most epidemiological studies due to
funding restrictions. In addition, the paper does not specify whether the
residential measurements outlined for Goal 1 include filtering for the 60
Hz fundamental or whether the magnitude of the measurements would
include the contribution of a broader range of the power frequency
harmonics.

Since the objective of many field characterization programs is to form
the basis for establishing exposure for correlation to biological events, the
course measurements proposed in Goal 1 could be extended with minimal
effort to provide significantly more information. It would appear beneficial
to recommend that *‘course measurements,”” could include one measure-
ment that is filtered to the fundamental 60 Hz and a second measurement
that includes linear or flat range considerations. The recently developed
Star Logger, equipped with an adapter (available from EPRI/HVTRC)
can independently measure the filtered 60 Hz magnetic field and the total
magnetic field minus the 60 Hz component. Other survey meters, such as
the Leeper Meter can provide a relative, but usable numerical, value for
the difference between flat and linear measurements, representing the
harmonic contribution (Kaune et al, 1987). The dual measurements would
be taken at all locations suggested in the paper. With this dual measure-
ment, the epidemiologist could have several different factors, including
total field, relative contribution of the non-fundamental harmonics and any
combination, in addition to the fund ntal freq cor t for
comparing cxposure (o the occurrence of bmlogncal cndpmnls The total
magnetic field, in addition to a filtered 60 Hz component, could be an
important exposure assessment factor, because of the poteatial coupling of
the higher frequencies with the subjects in the defined exposure areas.

Second, the approach represented in Figure 5 of graphing cumulative
time as a function of ficld intensity represents an excellent recommenda-
tion for the advance of exposure considerations. However the proposed
method would not discriminate between different conditions that would
produce the same results. For instance, time above or below a fixed field
point could represent a single major shift in power use in a neighborhood
while all else remains stable; for a second location, the cumulative values
could represent a series of excursions, such as would occur with power
use in a house, particularly where appliances cycle repeatedly. In both
cases the values as represented in Figure 5 would be similar, but the first
would effectively represent only a change in continuous exposure, while
the second would represent intermittent exposure. [f a sufficient number of
measurements were available in the data collection, as indicated in Figure
8, the suggested format could be modified to indicate the number of times
per day the ficlds went above an arbitrary magnetic field level in addition
to calculating the percentage of time below the defined level. It would also
be possible to set arbitrary upper and lower points, and calculate the
number of times the field intensities went above and below these two
levels. Depending on the computer capabilities of the scientists, engineers,
or cpidemiologists, such arbitrary points could be floating during the data
analysis stage, and the calculations of frequency of pathological events
recalculated with each defined threshold that can be outlined by the
biologists or the epidemiologists. The accuracy of this type of calculation
would depend on the discrimination of the recording instrument. It might
also be possible to outline the different rates of data collection and the
trade-offs in recording time and data discrimination.

In that this paper is recommending factors important in the characteriza-
tion of clectromagnetic ficlds, interpretation of the degree of intermittency
could be an important consideration to those concerned with health effects
in this ficld of study who may not be knowledgeable in the developing
laboratory science. The instrumentation and the statistical methodologies
are available. Relative change in amplitude over time, in addition to, or
possibly in licu of, fixed single thresholds of ficld intensity could become
factors in defining the rcasons for difficulties in agreement between
cpidemiological reports or explaining discrepancics in the laboratory
findings.
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W. JANISCHEWSKYJ, University of Toronto, Toronto, Canada

The authors are to be congratulated on their
thorough discussion of magnetic fields in residential
and occupational settings, and of the presently used
approaches to the measurement of magnetic fields in
these situations. Of particular value is the
presentation of major differences with respect to the
vicinity of transmission lines.

This discusser would like to draw attention to two
further aspects that may be of significance in
connection with epidemiological studies, and to solicit
comments from the authors.

In addition to the harmonic content of the
magnetic field which has been excellently presented in
the paper, two further questions of significance to
biological studies should also be queried. The first
concerns the orientation of the magnetic field, i.e.
location of its major axis with respect to the geometry
of the subject and the second concerns the decision
whether the peak value of the magnetic field or its RMS
value is of importance. -~ Both these questions have
medical implications and it is definitely presumptuous
of us engineers to attempt to answer them.
Nevertheless, it is our duty to draw these two aspects
to the attention of medical personnel during their
evaluation of epxdem:.ologxcal studies and of other
medical experiments. It is necessary to point out the
physical significance of field orientation and the
physical difference between the peak value of the field

B, (RMS).

vector (ﬁ_‘) and its “energy content™,

B_ (RMS) - \lB:""(Md} « ¥ B (harm) (1)
harm

In contrast the peak value of the magnetic field is

B, - B_(fund) + ¥ B_ (harm) )
harm

max

Should the phases of individual harmonics coincide
unfavourably, there may be very considerable difference
between these two quantities. Under that assumption, for
the case illustrated in the paper by Figures 6 and 7,

B (RMS)  is

between B

e and

the ratio

2B.76/12.14=2.37.

It is the feeling of this discusser that
defi{zitian (1) may be applicable to processes where
heating effects are predominant, while that of equation
(2) would be significant to forces-related phenomena.

Finally, as a separate point I would like to raise
the long discussed question of threshold levels. While
these obviously vary from one individual to another,
there must be field levels to which human bodies (or for
that matter those of other members of the animal
kingdom) have been made immune through the eons of
evolution. In my opinion, it would be incorrect to
disregard that poassibility.

Manuscript received August 13, 1990.

M. MISAKIAN, M. SILVA, AND R. BAISHIKI: The authors thank
the Discussors for their interest and discussions of the working group
paper. In response to Dr. Janischewskyj's discussion, we agree with
his observation that the direction of an ac magnetic field with re-
spect to the subject may be of significance because the magnitude
of the induced electric field and associated current depend, in part,



on the cross sectional arca (of the subject) that is normal to the di-
rection of the magnetic field direction. Whether the direction of the
ac magnetic field should be determined during the characterization
of magnetic fields in residential or occupational settings is not clear.
Because the magnetic field may be rotating, determining the “direc-
tion” (e.g.. possibly the semi-major axis of the field ellipse) might
be considered excessively time consuming during an epidemiological
study when many measurements must be performed. Some members
of the bioeffects community have considered the possible influence of
the ac magnetic field direction on the outcome of biological studies
[1,2].

We agree that it is worth noting that the relationship between peak
and rms values for the possibly complex waveforms encountered dur-
ing measurements of the fields away from power lines may not be as
simple as in the case of sinusoidal waveforms. We should also note
that the ratio of peak to rms field values in Figure 6 is about 1.76
and not 2.37. This can be determined directly from Figure 6 and the
information in the caption. The peak value is near 0.3 uT and the
rms value is 0.17 uT. This result can also be confirmed by modeling
the approximately sawtooth waveform with the function f(x)=x in
the interval —x to x. The ratio of f(x)peak t0 f(x)qms is 1.73, which
is in good agreement with the measured ratio.

Questions regarding the possibilities of heat and force related bioef-
fects, and thresholds for the onset of bioeffects are beyond the ex-
pertise of the task force.

In responding to Dr. Rosen's discussion, we note that Dr. Rosen is
a biologist who is very familiar with the bioeffects rescarch related
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to power frequency electric and magnetic fields. Therefore, his point
of obtaining some measure of the harmonic content in the field even
during the coarse ranking of homes, could be one of many factors
considered during any future discussion of measurement protocols.
Similarly, the remarks regarding maintaining of flexibility in the ac-
quired data so that thresholds for effects can be explored merits
further discussion. As noted in the text (Section 3.3), exposure me-
ters currently exist which can shed some light on time spent in fields
above a certain level. Exposure meters can also provide information
regarding intermittency of exposure.

In ending this closure, we note a number of “typos” in the text. The
“w” in Eq.(2) should be w , and the a’s and b’s in Eqs.(4)—(6) should
be a's and f's, respectively.
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