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A. BACKGROUND

On November 23, 1993, the Radiation Section (renamed the Radiation and Indoor
Air Section) sulmitted a proposal to survey oscillating magnetic field
intensities on USEPA-occupied floors in the Metcalfe Federal Building. The
proposal was sulmitted at the request of the Regional Health and Safety
Committee. The Regional Health and Safety Committee requested that the Air
Toxics and Radiation Branch, Radiation Section, conduct a survey of the
electric and magnetic field levels to which workers in the Metcalfe Building
are exposed.

Magnetic field strength is measured in gauss or milligauss. A milligauss (mG)
is 1/1000th of a gauss. Background magnetic field measurements taken outside
of the Metcalfe Building range from 0.7 mG to 1.0 mG. Away from all
appliances, a typical American home has background magnetic field levels
ranging from 0.5 mG to 4 mG. The actual strength of the field at any given
place in a room deperds upon the number and kinds of sources, how far away
they are, and how many are operating at one time.

No clear cause-and-effect relationship exists between magnetic fields and
adverse health effects. Consequently, no national standards exist for
exposure to magnetic fields in the United States. Also, it is not understood
whether proximity to or duration within a magnetic field may contribute to
adverse health effects.

Despite the lack of evidence regarding the relationship between magnetic
fields and disease, organizations such as the World Health Organization,
International Non-Ionizing Radiation Committee (WHO/INIRC) has proposed a
5,000 mG magnetic field intensity exposure limit. The American Conference of
Govermmental Industrial Hygienists (ACGIH) has recommended a 600,000 mG
occupational limit.

Jack Barnette, Radiation and Indoor Air Section Chief, believes that the
exposure limits set by WHO/INIRC and ACGIH are problematic. "In light of what
we now know about biological effects from exposure to EMF and the public's
perception of potential risks, it would be imprudent to expose people to such
intense magnetic fields." -

B. SURVEY METHODOLOGY

In February, 1994, magnetic field measurements began to be taken on floors
occupied solely by USEPA employees in the Metcalfe Building. Following
protocols used by USEPA Headquarters, Region 1, the National Air and Radiation
Environmental Laboratory (NAREL), and the State of California, and employing
recently calibrated instruments from NAREL, the Radiation Section began a
stratified random sample. Both 5 percent of non-enclosed work stations and

5 percent of enclosed work stations were tested. Furthermore, copy rooms,
kitchenettes, and unique areas such as the main computer room and the library
were measured. Sampling ended in March, 1994, and the data was compiled.
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Cc. AVERAGES FOR SPECIFIC AREAS

The following table provides a  summary of the magnetic field survey. A room
description and the average of all the measurements for that room are given.
All average measurements have been rounded to the nearest hundredth of a
milligauss.

Roam Description AVerage Measurement (in mG)
Conference Rooms 0.36
Supervisor Offices ' 2.30
Offices (enclosed) 1.67
Work stations 1.37
File/Docket Rooms 0.66
Copy Rooms 4.38
Kitchenettes 2.62°

‘This figure does not include the 73.14 mG measurement

Of all the roaoms sampled, the highest magnetic field measurements were found
in kitchenettes. This is not surprising, given the large number of appliances
that operate in these areas. The highest individual room measurement, 73.14
mG, was taken in the kitchenette on the eighth floor. Because measurement
protocols were not followed when this measurement was taken, a comparatively
higher measurement was recorded. To have a more accurate magnetic field
profile of this room, remeasurement following the appropriate protocols should
be performed.

Individual room measurements are provided in Appendix 1. Measurements taken
in unique areas, such as the library and computer room, are also provided in
Appendix 1.

D. REGION 1 SURVEY RESULTS

Magnetic field measurements taken in the Metcalfe Building may be meaningfully
contrasted with magnetic field research performed by other Regional offices.

In March, 1993, Region 1 published "Extremely Low Frequency (ELF]) Magnetic
Fields in Offlces, and Their Mitigation," in which 5 mG is cited as a "useful
tentative yardstick" for setting an occupational exposure standard in an
office (see Appendix 2). An overall range of 0.1 to 50 mG for occupational
exposure in a large office facility is cited as acceptable. All average room
measurements fall well within an acceptable overall range of 0.1 mG to 50 mG.

Region 1 also performed a magnetic field survey of USEPA facilities at Canal
Street and One Congress Street in February, 1993 (see Appendix 3). All the
offices tested in that survey registered values which fell in the range of 5
mG to 50 mG. Most of the work stations (95%) in both facilities registered
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values which fell within the range of 5 mG to 50 mG. As stated earlier, the
average magnetic field intensity for work stations in the Metcalfe Building
measured 1.37 mG, while Supervisor offices measured 2.30 mG, and other
enclosed offices measured 1.67 mG. These figures, when campared to those in
Reglon 1, indicate generally weak magnetic field strengths in the Metcalfe
Building.

E.  SUMMARY

This magnetic field survey provides an excellent profile of the magnetic field
enviromment in the USEPA-occupied portions of the Metcalfe Building. The
research protocols followed and the use of recently-calibrated NAREL
instruments ensure that the magnetic field proflle presented here is accurate.
Based on this profile, magnetic field strengths in the USEPA-occupied portions
of the Metcalfe building appear to be on the lower end of the scale for a
typical office building.

Currently, research is unclear regarding the possible health effects of
exposure to magnetic fields in our everyday envirorment. USEPA has set no
standards for exposure to magnetic fields. :
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APPENDIX 1
EMF BACKGROUND ASSESSMENT SURVEY RESULTS
BY FL.OOR
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Extremely Low Frequency [ELF]
Magnetic Fields in Offices, and Their Mitigation
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Abstract
60 Mz, magnetic fields exist in the

occupiable space of offices, generally at one-half to
five milliGauss levels. In a relatively small number of
cases. magnetic flux density is higher. by two or
three orders of magnitude. This is attributable
invariably to closeness to fixed electrical equipment,
but only within the facility. Elevated magnetic fields
are often discovered by a maifunction of a PC
monitor which is correctable by-relocation.

Personal exposures and area flux density
can be measured. Two standards-setting
organizations have established daily occupational
limits for exposure. The World Heaith Organization
(WHQ| daily, occupational limitation is 0.5 milliTes/a
(5.000 milliGaussl. This is based on potential
induction of a current density level (~ 10 mA. m?)
which is comparable to the levels occurring normaily
in the body. The WHQ limitation is (i) three orders of
magnitude greater than the magnetic flux density
which exists in most occuprable spaces. (ii) seldom
if ever encountered in offices. and liii} is far greater
than the minimal level which affects computer
monitors (10 milliGauss).

A tantativa ‘yardstick © for magnetic flux
density in offices is five milliGauss. No deterioration
of acceptabie work space quality, and minimizing
potential exposures is appropriate and prudent
policy. N . : :
Elevated fieid strengths in offices may be
reducible, economicsily, by a judicious use of low
carbon steed endior 48% or 80% nickel content
alloys. A magnetic shield must have very low
refuctance and remain unsaturated. When wall
shielding is requirad, 809% nickel content alloy is
especially useful because of its high permeability.

Shield design invoives attaining low
magnetic reluctance while averting magnetic
saturation, and excessive incremental structural
loading, thermal overioading, disruption to business,
and costs.
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Success in shield engineering is meeting the
customer’s axpectation. In many mitigation projects,
this transiates to 3 twenty to thirty decibel average
artenuation in flux density in occupiable spaces.

Feasibility of successfuily, economicaily
engineering a solution to an intrusive magnetic field
prodlemn can be evaluated. Mitigation projects are
described. To assure project reliadility and cost-
containment, the services of a shielding specialist
who can demonstrate capability and experience is
desirable, and may be necessary.

S 1his matenial summarizes certain personal recent
inquiries and findings on the practical aspects of
magnetic fields in offices. consequences of their
presence, and mitigation possibilities. it is intended
to be useful in a practical sense to office and
faciiities managers, and employees who are looking
for basic information on the captioned subject, and
as relevant safety engineerning material.

& & pisclaimer: The information prasented is
betieved, but is not claimed. to be accurate. No claim
is made or implied for any agency., official or
committeagndorsement, Concurrence, perspective or
approval. No endorsement or warrantee of any
product, process or service is maoe or implied. This
material is the sofe work product and responsibility
of the author. .
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Introduction

Magnetic fields are non-ionizing.
Unlike X-rays and other types of ionizing
radiation. including sunlight, they do not
cause actual breakage of molecule bonds.
However, they can induce low density
electrical currents into the head and trunk.
Magnetc fields are not perceived by
humans, and they can penetrate non-
ferromagnetic materials, unlike electric
fields which cause hairs on the body to stand
up, and which are stopped by all materials.

Extremely low frequency (ELF)
magnetic fields occur in every office
environment. Their frequencies are predomi-
nantly 60 Hz, with higher harmonics to 300
Hz. Other, lower frequencies (e.g., 5 Hz)
occur. These fields are created by aiternat-
ing current in single-phase or three-phase
electrical conductors.? The 60 Hz flux
density average levels in the occupiable
spaces of most offices are about one-half to
five milliGausst, but the average magnetic
flux density levels may be elevated in a
relatively small number of cases. And, of
course, some variation can exist within each
setting. The existence of ELF magnetic
fields in offices is now well-known. First
evidence of their presence is likely to be
computer screen flickering which stops when
the monitor is piaced outside of the fields.
An ambient magnetic flux density of about
ten milliGauss will cause a monitor to jitter
or lose image. or color integrity. PC
computers themselves create external
magnetic fields. Their contribution to the
average flux density in an office is minor.

t MilliGauss /s used in field surveying; and
microTesla, in Industrial hygiene and health
physics, for exposure. Some interchanging of
flux density terms is necessary in this paper to
maintain the broad perspective.
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Personal  exposures from PC
computers, even ones witn high resolution
monitors, are minimal, about one-tenth to
one-half of a microTesla, at about (i) 24
inches from the screen and (ii) 36 inches
from the side or back of any nearby unit.

Average magnetic flux density levels
several orders of magnitude greater than the
upper limit of the general office range may
be encountered in a relatively small number
of offices. Elevated average flux density is
attributable invariably to proximity to
unshielded bus bars, distribution centers,
open cabling in trays, or cabling in walls.

Exposure to magnetic fields in
offices may become a concern in some
situagons. The public is aware that
associations between various cancers and
leukemia and electromagnetc fields have
been claimed in some epidemiologic
studies.® And, public exposures and
possible biological effects have been
featured recently in the press and television~
Explaining magnetic fields and discussing
the associations of potential exposures and
diseases is difficult. The popular media have
heightened public awareness of issues sur-
rounding magnetic field exposures, however,
some underlying factual aspects have gone
unrealized. Some studies which suggest a
cancer association with electromagnetc
exposures were based on indirect
assessments of exposure, such as the wiring
codes employed in home construction in
geographic areas near power lines, rather
than actual measurement of magnetic flux
density. Some studies which suggest
associations between health and magnetic
fields indite exposures which are less than
the theoretical threshold level for creation of
an electrical current density in the head or
trunk which is comparable in magnitude to
current density levels which occur in normal
body processes. And, some studies indicate




that there is no significant linkage at the
surrogate exposure levels reported in studies
which suggest some association. Other
studies indicate that weaker magnetic field
flux densities are associated with an adverse
response, while stronger ones are not;“ and,
data in some studies would even support a
hypothesis of potendal, beneficial effect. At
this time, it is evident that there is extreme
uncertainty in effect-exposure-response mat-
ters concerning weak magnetic fluxes.

~In considering the epidemiological
reports on extremely low frequency
magnetic fields, it may be helpful to know
the position® of the World Health
Organization, International Non-Ionizing
Radiation Committee (WHO/INIRC) of the
International Radiation Protection
Association, The WHO/INIRC states:

" Although these epidemioiogical data
can not be dismissed, there must be additional
studies before they can serve as a basis for
health hazard assessment. Furthermore, scant
laboratory evidence exists to support the

hypothes:s that there is an association between
50/60 Hz fields and increasad cancer risk. *

The preceding WHO/INIRC position
1s echoed by other authorites, including the
Natonal Radiological Protection Board
(NRPB), and the Committee on Interagency
Radiation Research and Policy Coordination
(OSTP). These organizations and others,
however, support a major research initiative.

And, on this point, to quote the EPA’

Scientific Advisory Board:

"Resesrch is needed. The
Subcommittee therefore recommends that
scientific information sufficient to support
cradible formal risk assessment of exposure to
electric and magnetic fields be devefoped..... *

EPA is pursuing research on ELF
and higher frequency band, electromagnetic
fields; with cancer, bio-mechanisms and
exposure assessment being high priorities.
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Strong magnetic fields do not exist in
occupiable spaces in a typical large office
facility. The average, 60 Hz magnetic field
flux density in such spaces in most offices in
a typical large facility, is less than five
milliGauss, and the corresponding range is
typically about an order of magnitude.
However, a small percentage of offices in
such a facility may have (i) higher than
average flux densities and (ii) area magnetic
hot-spots due to the influence of external but
close, fixed power distribution centers, bus
bars, open cabling in trays, sub-stations,
elevator machinery rooms, electrical cables
in walls or main-frame computer equipment.
The materials used in construction, and
room orientation also can influence the level
of effect from electrical apparatus.

Magnetic field flux density at a point
is weakened greatly by separation of the
point from the source. Attenuation is an~
inverse functon of the square of the
distance. In most office layouts, separation
of occupied space from fixed high-power
electrical services or equipment is
substantial. Some offices will be close to,
and affected by, such electrical services or
equipment.

With some affected offices,
rearrangement of desks, computers or seats
will reduce potential exposures or eliminate
video monitor problems. Some affected
offices, however, will need to be physically
shielded to adequately attenuate magnetic
fields created by external electrical apparatus
and cabling, if they can not be relocated.

Survey Meters & Monitoring
Most office facilities have electrical

apparatus which generate two or three 60 Hz
harmonics, as well as lower frequencies.




Monitoring™ magnetic flux density levels in
offices is performed using a survey meter
which can measure down to about one-tenth
of a milliGauss [0.0! microTesla] on the
maximum-sensiuvity scale. The meter
should have an accuracy of 5% at the
calibration frequency. It needs to be
accurate over the frequency range
encountered. Readout is “milliGauss” or
"microTesla.” Apart from area survey
meters (which can also be used to determine
time weighted average exposures), magnetic
field dosimeters are available for monitoring
personal exposures. They can be linked to
data loggers to facilitate large scale data
collection and analysis.

A magnetc flux density meter uses
either a single-axis probe or a three-axis
probe. The single axis probe is sensitive to
a field only in one direction. This feature,
however, is invaluable in determining field
magnitude and direction, which is needed in
shield design work. When a single-axis
meter is used as an area or personal

dosimeter, the operator turns the probe in all:

directions, takes spot measurements in three
perpendicular axes, computes the square
root of the sum of the squares of the three
perpendicular plane readings, and reports
the computed (rms) mean as the flux
density. Taking readings in the three axes is
necessary because of the vector nature of
magnetic fields. The computation is
conservative when the field is elliptically
polarized (as with. a three-phase generator).
The three-axis probe simultaneously senses

magnetic fields in three perpendicular * ;

directions. The meter. automatically
integrates the three, directional flux densities
and displays a single (rms) value.

Survey meters and dosimeters must
be calibrated before use, and at least
quarterly. The calibration source must be
traceable to a national primary standard.
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Guidelines for calibration are provided in
MIL-STD 4566A, and in an ANSUIEEE®
standard. Portable calibrators are available.
Users must follow the recommendations of
both the calibrator manufacturer and the
meter manufacturer.

A large number of measurements
need to be made over the day, when work
places or personal exposures are to be
characterized. This is necessary to factor in
power usage, which may or may not change
over time and cause a change in the ambient
magnetic field strength. Evaluating a work
space requires measuring the mean (three-
axes) flux density in at least five locations,
including the room center, any walls near
seating, and the wall centers and top and
bottom comers. Evaluating a personal
exposure involves determining the tme
weighted average, mean flux density at waist
height.

When spot measurements are made
in occupied spaces for any purpose, upon arf
employee’s. request, it would be reasonable
to (i) explain what is being measured, and
(i) make the results available. Transmittal
of data might best be made by letter, with a
clear explanation of the situation. This will
avoid misunderstanding or misinterpretation.

Guidelines & Limitations

A knowledge of guidelines and

limitations for occupational exposure and the
rationale for setting the limitatons is
invaluable when potental occupational
exposure to magnetic fields becomes an
issue. Two organizations provide relevant
occupational guidelines and limitations:
» The World Health Organizaton,
International Radiation Protection
Association, International Non-Ionizing
Radiation Committee (WHO/INIRC).




» The American Conference of Govemn-
mental Industrial Hygienists,” ACGIH.

The 1989 WHO/INIRC occupational
limitation is the more stringent of the two
limitauons.

The basic criterion of the WHO
limitation is a biological one. Thus criterion
is that of maintaining flux density below the
level which can induce an electrical current
density in the body of about 10 mA m.

The criterion limitation carries no
implication whatsoever that the referenced
biological change progresses to any adverse
health effect.

The WHO, Intermadonal Non-
Ionizing Radiation Committee, in referring
to the daily magnetic field occupational
limitaton, states:

"The magnetic flux density, 8, ... is
accepted as the most relevant quantity for
expressing magnetic fields associated with
biological effects.

"... to be conservative, current
densities induced by external... magnaetic fields
should not significantiy exceed 10 mA m?. "

“[The limits recommended] correspond
to induced current densities that are at or
slightly above those normally occurring in the
bady (up to 10 mA m?)."

*[A reduction factor of ten is applied to
the WHO/INIRC occupational,
exposure limitation (5 milliTesls) which
corresponds to an induced current density of
10 mA m?] because of the sparseness of data
on long-term exposures ...."

"[The x10 factor-modified] magnetic
flux density for continuous exposure in the
occupational environment is limited to 0.5 mT. *

The ACGIH Committee, in referring
to its occupational standards, states in the
preamble to all of the standards:

*[A limitation to which] it is believed
that nearly afl workers may be repeatedly
exposed day after day without adverse health
effects. * '

The 1993 ACGIH occupational limit
is 60 milliTesla, it is unchanged from 1992.

whole-body
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OSHA"? has no applicabie standard.
and its {§5(a)1] General Duty clause is not
applicable because no recognizable, serious
hazard exists. Electromagnetic exposure is
not on the 1993 OSHA Regulatory Agenda.

A Yardstick for Decision-Making.
Minimizing Potential Exposures

Offices in proximity to large, fixed
electrical equipment can be expected to have
stronger field strengths than offices which
are remote from such equipment. If higher
than average magnetic fields being present
in an office becomes an issue. some sort of
yardstick will be needed for making a
decision. If one accepts the WHO/INIRC
daily occupational limitation as a
conservative guideline (many industrial
hygienists do), and, that the magnetic field
flux density in a typical large office facility
is two or three milliGauss, which is three
orders of magnitude lower than the
WHO/INIRC limitation, then one might
agree that a useful tentative yardstick for
decision-making is five milliGauss, or one-
half of a microTesla, in exposure terms. [At
this flux density, one would not expect any
interference with computer monitors].

Apart from having an acceptable
yardstick for use in decision-making, one
might also want to employ certain criteria
for prudent avoidance, even though no basis
exists to believe that there is any degree of
hazard with office-level exposure. One may
elect to adopt measures to avoid exposures,
even if doing so may or may not reduce any
potential, albeit unknown, risk. A criterion
for this philosophy could be one of "no
significant deterioration.” Another criterion
could be a goal of reducing flux density
when this is practicable and economical.




The relation of the WHO/INIRC and
ACGIH guideline-limitations and rypical
levels of magnetic flux density in offices is
illustrated in the following text box.

1992 - 1993 ACGIH DAILY,
OCCUPATIONAL UMIT -
60 MilliTesla.

2 ORDERS OF MAGNITUDE
LOWER v
v
1989 (& 19931 WHO / INIRC
DAILY, OCCUPATIONAL LIMIT -
0.5 MilliTesla. {5.000 MilliGauss]

3 ORDERS QF MAGNITUDE
LtOWER, AGAIN v
v
v
PC Video Problems
{at 10 + MilliGauss]
MOST OFFICES at S MilliGauss or
Less. (0.5 MicroTesla or Less]

Reducing office magnetic field
strengths might require physically shielding
a work space from intrusive magnetic fields
emanating from adjacent electrical power

apparatus, equipment or cables. Reducing.

personal exposures might be achieved by
rearranging desks'and seats, or relocating an
employee. [Relocation might be offered as
an accommodation for an employee].
Regardless of whether an engineering or an
administrative effort is made, an assessment
of the area-will be needed. This will involve
representative monitoring of office spaces.
Characterizing an office facility and
assessing potential exposures in offices
require a large data base of magnetic flux

density and duration of exposure. Data
ought to be resolved in terms of office-flux
density distnibutions. Setting an overall
range for this purpose is arbitrary, but it can
be done sensibly. A range or 0.1 to 50
milliGauss is believed to be appropriate,
because: (i) the upper limit is two orders of
magnitude below the WHO lLimitation, and is
only rarely exceeded in offices; and (ii) 0.1
milliGauss is the lowest flux density which
one can measure ordinarily. ’
Depending on observations, the
quality of the available information, and the
reference point (yardstick) used, one can
decide whether or not to mitigate a flux
density problem in a particular work space.
In this matter, one might bear in mind that:

° Optimal work space quality may be
equated to magnetic field flux density, but it
is most definitely related to good lighting,

uniform acceptable temperatures, low noise_

level, and a high rate of fresh air supply;
compromise is needed, invariably.

® Employees having to work with
continually malfunctioning video monitors is
unacceptable, might be construed to be an
ergonomic hazard, and ought not to be part
of a space-quality compromise.

° Work places which are perceived to
be of less-than-optimal quality might better
be used for minimal-occupancy activities:
record-keeping, and equipment storage.

o There is no requirement on an
employer to make an extraordinary effort to
measure or attenuate magnetic fields in
offices when there is no likelihood of a
recognizable serious health hazard existing.
Initiating such an effort, however, may be
necessary to maintain good employee
relations and productvity.




Economically Feasible Engineering.

When considering the desirability of
reducing potential personal exposure or
eliminating electronic interference,
associated with an intrusive magnetic field
caused by an external electrical current, the
manager needs answers to two questions:

C  What is involved in, and what is the
economic feasibility of, attenuating magnetc
fluxes in an affected work space?

O What has been successful in efforts to
attenuate intrusive magnetc fields using
economically feasible and practical methods?

Project performance data is propriety
information to the designers and installers of
magnetic shields. One respected source for
shield design and manufacture conditionally
agreed to provide the writer with pre-
treatment and post-treatment, average flux
density data and information on
methodology and material selection, for
several remedial projects. These particular
projects were described as “conventional and
generally economical.” The prescribed
conditions were: (i) data were to be
described in terms of "attained minimal
decibel attenuation” [rather like acoustical
engineering] and, (i) only a general
description would be made of the
construction materials and arrangements
used. These restrictions, however, do not
prevent one from assessing the feasibility of
employing economical engineering to
attenuate fields to eliminate an equipment
interference problem or an exposure issue.
And, they do not stop one from providing a
sense of the engineering effort that can be
involved in their mitigation. Feasibility
information, and summaries of reported
projects are provided in the following parts.
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l. Feasibility-Related Information.

° Intrusive magnetic fields can be
attenuated t0 non-problematic average flux
density levels by implementing a program of
surveillance, shield design and installation.

® Success, in context with economical,
conventional shielding for offices and
laboratories, means attaining the goal set by
the customer. Depending on the average
value of flux density initially existng, an
attenuation of average flux density of twenry
to thirty decibels or greater may be attained
without having to resort to extraordinary
(high cost) shielding engineering. In general,
the lower the value of the starting point flux
density, the lower will be the decibel level
of attained attenuation. '

o Conventional magnetic shielding
design and installation has had many
customers with office type problems. The-
record of numerous projects is evidence for
the economic feasibility of shielding offices.

®  Methodology for assessing
economical engineering feasibility is
illustrated in the following example:

A large, premium office space is being
affected by intrusive magnatic fields believed to
be caused by apparatus in an accessible
alectrical. vault situated in a basement
immedadiately below the affected space. One
emplioyee, using an inexpensive hobby-type
Gaussmeter, has found asbout 50 to 60
milliGauss in the occupiable spaces, and higher
Javels on some walls. The management wants
to maka the occupiable space the same,
magnaetically, as the other (unaffected) offices,
but, it is ‘not—going to pay for any
extraordinary engineering work. " The Building
Manager has asked °"Would using physical
shigiding be feasibla? What would be
involved?*




The level to be artained /s the “good”
office average level, say, an average of two
milliGauss. Let us accept that the meter which
the employee used was fairly accurate. The
preliminary challenge is to assess the feasibility
of attenuating flux density from an average of
sixty (H,) to an average of twa (H,] milliGauss,
using conventional, economical shielding
engineering (which may yield 20 decibels (d8)
to 30 or greater d8 attenuation, depending on
the circumstances). We will use certain

historical attenuation data; in this case, an.

average atrenuation of 30 decibels, attained for
a moderately elevated flux density situation,
without resorting to extraordinary (high cost/
engineering:

Decibel (dB)inenseaon = 20l0g(H./H)]
dB = 30 = 20 log(H./H,).
Log (H /H] = 30/20 = 1.5
LogH, = (1.5 + log 2) = 1.8010.
H. = 63 milliGauss.

Here, the estimated upper limit for attenuation
/s about the same average flux density
measured by the employee. Economically-
feasible methodology probably could be used
satisfactorily to mitigate the magnetic field.

° For success, proper selection and
sizing of materials is critical. The shield
must have suitable magnetic reluctance and
saturation characteristics. Placement and
construction is also critical.

L Ferromagnetic materials - low carbon
steel, 48% nickel content alloy, and 80%
nickel content alloy - and certain
combinations of these materials - are used.
The reluctance of low carbon steel is often
adequate for its use as a cost-effective
alternative to using a thinner but much more
expensive, nickel alloy material. As a
practical ‘matter, past a certain point of
required efficiency for attenuation level,
partual or extensive use of nickel alloy is

necessary.
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° 48% nickel and 80% nickel content
alloys are especially effectve in shielding
low frequency, relatively low density fields.
60 mil thick, 80% nickel content alloy may
be used for cost-effectiveness and efficiency
to shield magnetic "hot-spots” on walls
adjacent to power distribution equipment.

L The 48% and 80% nickel content
alloys provide magnetic reluctance - a path
for the magnetic flux to be directed to the
shield - which is very much lower than low
carbon steel. The 80 % nickel content alloy
has the lower magnetic reluctance (higher
permeability).

[Reluctance (R) is inversely proportional to
magnetic permeability (u). Reluctance in magnetic
circuits is somewhat like resistance in electricity: R
={/ud. Magnatic permeability is a factor relating to
concentrating magnaetic lines of force (H), to create
a flux density (B), in the matenal. Perreability is not
a constant. It increases with flux density, up to a
maximum in non-saturated conditions. For this
reason, attenuation is generaily better at higher field
strengths, but only to saturation. y = 8/H ] -

. Nickel alloys have relatively low
values of magnetic saturation. They are not

used directly in very dense fields.

[Saturation is where increasing field
strength does not increase flux density, on a
magnetization curve. It pravents more lines of
force being conducted, which then causes a
shieid to becorne ineffective).

® An alloy with a 80% nickel content
weighs approximately 0.315 Ibs per cubic
inch, and costs about $0.9 / sq.ft / mil.

L The thicker the ferromagnetic
material, the greater is the shielding, up to
a maximal efficiency limit. [The relaton of
ELF magnetic_shielding efficiency and
thickness is proprietary information).

L Electrical grounding is not a
requirement for efficient magnetic shielding.




®  Efficient shielding is a matter of
balancing permeability against saturagon,
while maintaining material workabulity, and
project simplicity and economy.

o Multple layers of material or a
laminated arrangement may have to be used
in some cases for efficiency. Laminar
structures offer the great benefit of effective
attenuaton by air spacing.

® - Itis generally preferable to shield the
source, when possible, consistent with
maintaining adequate heat dissipation and
required equipment operational
temperatures. The benefits are (i) generally,
minimal surface area treated, and (ii)
minimal disruption of work place actvities.

o Shielding at the receptor site may
involve affixing one-quarter or even one-half
inch thick, low carbon steel plates to floors,
and a laminate of low carbon steel,
plywood, and a 80% nickel content alloy to
walls. Placing a one-quarter inch thick steei
plate on a floor creates an incremental
uniform loading of about ten pounds per
square foot. Generally, this level of
incremental floor loading is not a problem.
Shielding arrangements of these types,
reportedly, are quite usual as required
treatment for affected work spaces.

In sorme circumstances, an alternative
for a complementary action)
shielding might be a preferred solution. Such an
alternative might include - but is limited to -
eliminating open bus bars and replacing them
with shielded -cables, twisting three-phase
conductors “to achieve EMF-cancellation, re-
routing cabling to achieve maximum distance
from the affected receptor site, and terminating
conduits in heavy steel enclosures to further
confine magnetic fields.

to physical
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2. Reported Successful Projects.

Reportedly successful cases, for
which certain propretary informaton and
attenuaton data have been provided, are
described in the following sections.

e A large room with interference of
computer operations and video screen
problems, caused by external magnetic
fields, was treated successfully by covering
certain wall sections, which had magnetic
hot-spots, with 60 mil thick, 80% nickel
content alloy sheeting; and the floor, with
one-quarter inch thick, low carbon steel
plates. Reported average attenuation: 30 dB.

° A room with sensitive electronic
analytical equipment was affected by
magnetic fields created by a power control
center in a vault below the room.
Elimination of interference, with an average
ambient flux density less than ten milli- _
Gauss, was attained. Reportedly, this
involved using 1/4" 1010 steel plates for the
floor, and 60 mil, 80% nickel content alloy
sheets for the wall, magnetic hot spots.
Average flux density attenuation: 30 dB.

o A hospital room affected by 60 Hz
magnetic fields from adjacent power
distibuton equipment, reportedly, was
effectively treated using only low carbon
steel plates placed on the floor and on some
wall areas. Average attenuation: 25 dB.

o Designed, fabricated-to-order, nickel
alloy (high magnetic permeability)
enclosures are reported to be effective in
shielding video monitors from screen jitter
and image distortion caused by ambient 60
Hz magnedc fields created externally.
Reported average attenuation: 40+ dB.

L




Coancluding Remarks

It may be worth summarizing a
personally associated, failed project: Low
carbon steel plates were fixed to the ceiling
of a power distributon equipment vault
located almost directly beneath offices which
were having problems with video monitors.
The average flux density in the vault space
exceeded 40 Gauss. The average flux
density in the affected room, before
treatment, was about fifty milliGauss. The
average flux density after treatment
exceeded ten mulliGauss. The monitor
problems remained. Treatment was not a
success. Now, it is obvious that, as a
minimum, comprehensive area shielding,
and significantly greater shielding efficiency,
in the vauit space itself, was needed.

This experience prompts me to make
two, closing comments on the point of
looking for engineering solutions:

L. Knowing what works and what does
not, and knowing what is cost-effective and
what is not are invaluable for cost avoidance
and project reliability. This knowledge must
come from first-hand experience. Trying to
remedy a major magnetic field problem
without prior experience could result in
repeated, failed attempts and excessive cost.

2. Shield design is the province of the

expert. Design, and probably installation
also, might better be left to a company

which specializes in this work.
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To: P. Meaney, Acung Deputy Regional Admirustrator.
Through: S. Periins, Deputy Assistant Regional Administrator.
From: N.A. Beddows, CIH, CSP  AWlar=
Regional Heaith and Safety Manager. /%%
Subject: Extremely Low Frequency (ELF) Magnetic Fields in Regional C(f

Information For Use in Addressing Possibic Employees’ Concerns

A. Consideration of the Presencs of A Hazard

At the outset, | want to assure you and our employees that there are no kG
recogrizahis heaith hazards related to ELF magnetic ficlds in any office or work :
in either of the Canal Street or the Congress Street EPA Facilities.

With respect (o this assurance, [ should explain that occupational exposures (g extre
low frequency (ELF; 60 hertz) magnetic fields occur in every office environment. .
trical power sources, power distribution centers, elevator electrical machinery, com
centers, lighting and personal computers generats electromagnetc non-ionizing radis
Houwever, the magnetic component of every electromagnetic field from such sour:
weakened dramaticaily by separation by diswnce. Such separaton by distance ex:
all of the office layouts empioyed in ths two Boston offices of Region |.

J. Cheeniack, L. Darveau, R. Hinten and myself were involved in one or more a:
of monitoring (1) magnetic {lux densities in offices and researching relevane guide:
Several hundred spot measurements of magnetic flux densities in our offices have
measured in the last few weeks by J. Cherniack and L. Darveau, using a Holac:
3627 Electromagnetic Field Survey Meter. I believe that the extent and quality ¢
monitoring used. most of which [ cither witnessed or identified as required. adeq
characterizes the referenced facilities.

In the offices in the EPA facilitics at Canal Street and One Congress Street, pot
office ELF magnetic (B flux density) exposures span two orders of magnitude. T
evident from the flux density data that J. Chermack and Linda Darveau have me:
and reported. However, the highest flux density reported for any work station in an
of a station is two orders of magnitude less than the World Health Organiz
International Radiation Protection Association’s (WHO/IRPA) Occupational Lim.
for continuous occupancy cxposure to ELF magnetic flelds (discussed later).

sam?ED OR 20AVELIN ParPn



What we have csterminead 13 sufficient t0 silow me ta feei comrfomabla 1n geciaring
there are no known, recognizadle hazards associatea with ELF magneuc fieids in
referenced offices. [n saying this, [ realize that data gaps and unansweracie gues:
apound cn many aspects ot this tepic.

3. Bagkground [nformation
- As you know, cxposurc 10 ELP clecuomagnetic fields is an emerging puslic cr
because cancers have been associated with exposure in some epidemiologic studies.

more sigmificantly, pernaps, the topic has feawred recently in the press, (eievisiar
in a few well-publicized litigated cases.

Expiaining ELF nagneuc fields in offices and the significance of measured excc
to employees 1s difficuit in most situations, and it is especially difficult when fac: .
cmotion generated out f articles, whether sensauonal or eventy balanced.

While the media have heightened public :wareness of issues surrounding
clectromagneuc sxposures, some underlying factual aspects, which are too diffic
address in a few sound bites. go unrealized. To the point, some studies which
suggested a cancer association with cenrtain ELF clectromagnetic exposures were
ou indirect assessinents of exposure - the types of wiring codes employed in
consiruction in geographic areas near power lines, ct cetera - rather than actua
measurements of magnetic flux densities in homes. Some studies which suyg
assqciation are at odds with the theoretical basis for establishing the magnituc:
magnetic field density which could induce & current density in skin and
comparable to those current density levels which occur normally in the body. And
studies made by competent authorities indicate that there is no significant linkage 2t
comparsble 10 the surrogate exposure levels reported in studies which say the op;

[t seems fair to say that no one is even sure that weak clectromagneuc forcss

human health and that there is even greater uncertainty in regard t0 exposure-r
questions with such ficlds.

C. Qecupntional Siaodard

After reviewing the technical literature, there are two relevant occupational lim:
to consider: the limitation of the American Conference of Governmental Inc
Hygienists (ACGIH), and the limitation of World Heaith Organiuugn\lnte:r
Radiation Protection Association (WHONMRPA). The WHO\IRPA limutation is t»
stringent of the two. OSHA has no applicabls standard, and its (S(a)l] Gener:
clause is neither relevant nor applicable.
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Dealing with the WHO/IRPA Qccupational Limitation, the rollowing points ars maat

The criterion underlying the magnetc flux density-based limitaucn
predicated cn that {lux density which may induce a current density in huma
tissue which is comparsble to the levels of those which correspond to norm
physiclogical functioning (repontedly, 10 mA m3).

~The limitation includes & reduction factor of 5. This factor is used to acccu -

for the scarcity of relevant human data. As a concluding remark, tt
WHO\MRPA limitstion is provided with the acknowledgment that critesic

employed does not signify that a human health hazard occurs with the releva
induced current density.

The WHOMRPA established (ELF magnetic field density) threshoid limit vai
for occupational daily exposure is 0. S milliTeslat. -

t The wne Tesla is the scCeDIeT INtErNetiondl unit for geseriding (8) magnetic f!.
density, /tis emproyed in the scientific [ournsis end by $tanoerds-setting autnaritie
One Tes/a equeis 10,000 Geuss. /t IS empiayed herein (0 15cHitare 1erference.

The rarionale stated by the WHO\IRPA Committee for establishing ¢!
limitation has wide support among industrial hygienists and heaith physicist

The vaiue of the WHC\IRPA-limitation is two orders of magnitude less th:
the threshold limit value (60 milliTeslas) for continuous, daily, whole-bc
exposure established by the American Conference of Governmental [ndustr
Hygienists (ACGTH) in 1992.

[ believe that the WHO/IRPA Occupational Limitation is entirely relevant and applica:
as an interim guideline for largs office eavironments. Of courss, nothing prevents
from establishing a more stringent limit as an interim internal standard. Moreove
auzining a significanly more stringsnt limit for continuous occupational exposure
achievable without any effort by most office facilides.

An assessment of the reported magneti ic flux densi ity data on the 90 Canal Street offic:
all of which have the usual electrical services and electronic equipment, is provided
the following part. ‘ -
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Assgssment:

All the offices’ magnetic flux density values fall in the range of 0.0
micrgTeslas.

Plesse note thae ‘ne upper /Imit of (NI renge i3 rwo cordars of magnitude oeiow
W/ IQ\IRPA limmitation for a delly oCcudatianel exposure.

Most (95 ®] of the work stations in both facilitics have magnetic flelds of £
density values which fall in the range of 0.1 - 0.5 microTesla.

Please nate chat the upper lirwt of this renge /s three arders of megnitude bero'~
WNO'IRPA lirrutation.

1S offices have the higher measured vaiues. However, ail have magnetic :
densities which fall within the range of 0.15 - 5.0 micrgTesla.

Fregse note that the upper dmie of this renge /s two orders of megnilude delow
WNOURPA liritarion. ~

Based on the matters reported and for the reasons stated abave, [ believe that thers

no

: ELF magnetic fieid related health hazards in any office or w

space in either of the Canal Street or the Congress Street EPA Facilitles.

E. Related Mautgrs

There are several related but scparate matters thas I believe should be addressed at
point. They are:

What should be the philosophy in regard to providing qualliy 8-h
occupiable work spaces?

What should we establish 2s s (Regional only) interim internal siandar
establishing office facilitics?

What engineering and sdministrative opportunities are there for minim
magnetic fluxes and exposures in the office work spaces?



Qo the firse coint (applicable philosopRyl, [ believe that in establishing lavouts :
providing otfice wurk spaces one should piace employees in opumal quaiity spaces -
need (0 keep in mind that natural lighung, even temperatures, low noise level. and =
venulation rate are very major components of quality) to the best extent possible. and
ualize lesser yuality spaces fur minimal-gccupancy activities: record-keeping cente
equipment storage, and the like. [ am not aware of the existence of an emplover-duty
any possibly relevant health standard which requires an employer to cngage in .
extraordinary research on attenuating ambient magnedc flelds (l.e., flelds with ¢
densites less than 5 micraTeslas) for the purpose of minimizing potential exposures
offices. Of course, we might need to do this in some cases.

Flegge note. We CouIT MORe 8 Jreiminary aveivalion of tne reasidnity of engineenng our ~
magnenc ffuxes in oftices. This mignt be Mmerited when Spurlous /eCtIomagnetic 1aigs a0cC
10 D@ ar78CtING COMDUTEr vIDEO UNITS iN 2OME O11/Ce /0CENIONS (83 CLOESIS 1O DO INE Case in & -
locetcns at 30 Caned Streeu.

Qn the sscond point (eaablishing a Regianal occupant exposure stapdard), we alrs:
far exceed the work space quality which 1s afforded by application of the WHO\IR
jtaion. We have employed a metallic shielding with apparent marginal success
“minimize the weak but higher than average magnetic fields present in a smalil nuinbe:
_surreoly. ogsupied wark spaces/ Given the current situadon, ! believe that it
appropriate to base a Regional-only internal standard on the principle of "no signific
detenaration.” . .

n: III:I: (: ul‘ I n I . . E .l.. .
succently exist would cstabllsh the standard,

The Interim Magnetic Field Fiux Density, 8-hour, Daily, Occupant-Exposure Stan.
which I am recommending for Region 1, is:

l. An average value of 0.5 microTesla (§ milllGausses) evaluated as an
weighted mean value. And, '

2.  An upper limit of S microTeslas (S0 milliGausses) for 8-hour occupancy

In my judgment, these values characterize our current occupied office facilities
respect to ELF magnet {lux density.



auenuaunyg the cxisung weak [nagoeu flux density in offices by using an inexpensiv
enginecred approach is unlikely. An initial proposal 1o employ a grounded mid stee
shield over the ceiling in a power disuribution equipment vault was tried. with less tha
notable success. However, on retlection. one should not have expected a major reductio
because the material used has low magnstic permeability; using a metal of hig
permeability might have been more successful. We might have gained a liule raaucti
of the elecurical component swrength by what we did.

Flease note:

. It miIgNt 0@ DO3S/DIe O BCNhieve & MBRNINQGTUI reTUCTION Of sXI1SHNG wesk magnenc firit
in $0Me offices Dy uSINQ ither (8) DAITIBI SNIGITING usSing MUy metel SNEeTING strateg:ca:
placed accarving 10 tNe respective (SONErICal) Qeomerry, or (D) I0CENTeO Snieiging Lsing A
mecel sheet materiel oleced on an offica floor, under carpetng cr pl/aced deneetn or ercc.
comuuiler However, we Nave N0 eEDETIENCE N JOINgG (Mg, end | da NGt know of anvo
who has. Never-the-e8s, o Dre/iminesy a3288sment of the feesibility of empioying magne .
SNIGITING Matenel in/nesr arfices and (N proximty to COMpuULer sQuIBMent wnich is affec:
Oy en amoient magnenc fie/d migne 0e worNwaAile ana 0@ of INterest, Agency-wide.

. A version of Mu metel is sveilabie as Mypernany' Sheiding: Approximetely 80% nick
0.216 loa/eudic ineh. §14/squere root, a8 20 mu tnicx, 30 x 10°sheets. US aistriou
18 Carpenter Stest, per W. Mowroos. 817-985-3396.

. Fully 1Ining the intertGr wails of @ 1typicai?) 10°210°220° aleciricel veult with My me
sneeting (20 mn sroek. 30" x10°. 23 #/sneet. 319.14s8) mignt cost (328,000, mater
ingtaiation, $3,000! $31,000, as » scope esumate.

In conclusion, concerning peopls, it seems to me that an administratuve decie
(relocate people) would be much cheaper and faster than an engineered efforr,
becomss necessary for any reason to provide a small number of employees with
places with lower levels of ELF inagnetic flux density.

Anngtated Reference

170 In monitoring 162 complience with this internal standard, the following protoce! was used 3
Chemiagk end L. Sorvocw:

. Magnenc fluz density messured &t waist height.
> Slectromagnetic field survey meter used MOStly wes the F10/8asy Indusuries Madel Mt s
(Modday inoustries: Eden Preiies. MN. 1617) 934-3609).
> Meter calidrated annusily per MIL-STD 45882A.
> Fletes monitored on three sxug in-8 1083t five focarions In any single office. including
canter and sny wed Surface whieh wes nesr eny seeting.

U
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8 N\ ¢ UNITED STATES ENVIRONMENTAL PROTECTION AGENCY
% S REGION 5
77 WEST JACKSON BOULEVARD
CHICAGO, IL 60604-3590

REPLY TO THE ATTENTION OF:

AUG 2 3 1994

MEMORANDUM

SUBJECT: Region 5 Electromagnetic Field (EMF) Survey

FROM: David A. Ullrich :&%QML/
Deputy Regional Adminigtrator

TO: Division and Office Directors

Attached are two copies of the results of the Electromagnetic
Field (EMF) Survey which was conducted in February 1994, by the
Air Toxics and Radiation Branch, Radiation Section, of EPA-
occupied space in the Metcalfe Building. The survey covered
approximately five percent of the non-enclosed workstations,
enclosed offices, copy rooms and kitchenettes on each floor, and
also included unique areas such as the main computer room and the
library. This survey was primarily designed to determine
background EMF levels in the Region.

This EMF Survey provides an excellent profile of the magnetic
field environment in EPA-occupied portions of the Metcalfe
Building. Based on this profile, magnetic field strengths appear
to be on the lower end of the scale for a typical office
building.

A copy should be maintained by your Administrative Officer and be
available to any employee interested in viewing this document.

Attachments

{@) Printed on Recycled Paper



