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SUMMARY
On February 20, 1991, the National Institute for Occupational Safety and
Health (NIOSH) received a request from Integrated Performance Solutions,
Inc. in Boulder, Colorado for an evaluation of occupational exposure to
60 hertz (Hz) electric and magnetic fields produced by an electrical resistive
heating system installed at the workplace. Visits were made to the worksite
on March 20, 1991, and a follow-up visit was made to the manufacturer of
the heating system on August 22, 1991.
Extra low frequency (ELF) measurements were made on the heating system
at two different locations. The maximum levels of ELF were found to be
200 volts per meter (V/m) and 10 milligauss (mG) at one location and 4.9
V/m and 1.9 gauss (G) at the other location. These levels are to be
compared to the American Conference of Governmental Industrial
Hygienists (ACGIH) Threshold Limit Values (TLVs) of 25,000 V/m and 10 G,
respectively.
Based on the data collected in this survey and comparison with current
exposure criteria, the NIOSH investigator concludes that no occupational
hazard existed on the days of measurement from exposure to the electrical
resistive heating systems installed at these locations. Recommendations
are offered in Section VI to further reduce exposure levels.
Keywords: SIC 3634 (Electric Housewares and Fans), ELF radiation,
electrical resistive heating, electromagnetic radiation.
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II.

INTRODUCTION
In February 1991, the National Institute for Occupational Safety and
Health (NIOSH) received a request from management at the Integrated
Performance Solutions, Inc. (IPSI) in Boulder, Colorado for an evaluation of
occupational exposure to extremely low frequency (ELF) radiation emitted by
an electrical resistive heating system at their facility. Radiation
measurements were performed at IPSI on March 20, 1991. A follow-up visit
was made with the manufacturer of the heating system on August 22, 1991.
Measurements made during the second visit were performed at a different
location than were the measurements for the first visit.

III.

BACKGROUND
IPSI is a small two-person high-tech consulting company that provides
software and computer support to companies in the training business.
The heating system installed at the facility, when operating at the necessary
voltage and current, can produce both electrical and magnetic fields. These
fields, if they exist at certain magnitude, could pose occupational radiation
exposure consideration. An important feature of the resistive heating system
is the heating element. Unlike other heating systems that use single or
multiple wire/cables as the resistive element, this particular room-installed
system uses a continuous 31 centimeter (cm) wide, 1 millimeter (mm) thick,
bronze screen mesh positioned in the floor as the element. The mesh is
folded and laid out in long runs parallel to the longest room dimension.
Every room, on all floors (mainly up and downstairs) is normally designed in
this manner. Zone heating is accomplished by electrically connecting special
controllers to the mesh.
A step-down transformer is used with the heating element to produce
10-12 watts per lineal foot and screen temperatures up to 125oF. The
surface of the floor covering can reportedly reach about 85oF. The system
does not stay on continuously, but rather is designed to cycle around a
pre-set level. In addition, the system has a safety feature that cuts off the
heating elements for 10 minutes after being on for 55 minutes--if not
switched off before.
These systems are very effective in areas of the country where electrical
costs are comparable to costs associated with other energy delivery
modalities. This unique heating system is presently manufactured by one
company who reports over 1000 installations.
The NIOSH investigator was informed that the heating system had been
installed about 10 years ago. However, IPSI had occupied the worksite for
only 2 years. Moreover, since the time IPSI had been at its present worksite,
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the heating system was on for short periods of time due to concerns about
its safety.
IV.

MATERIALS AND METHODS
A Holaday Industries, Inc. Model HI-3602 ELF Sensor, connected to a
HI-3600 survey meter, was used to document the electric and magnetic
fields. The sensor also can measure the frequency as well as waveforms
produced by the electromagnetic fields. The electric field (E-field) strength
can be measured either in volts per meter (V/m) or kilovolts per meter
(kV/m). The magnetic field strength (H-field) is expressed in units of
milligauss (mG).
The NIOSH investigator made measurements of E- and H-field strengths at
IPSI as well as at another Colorado site. The latter survey was arranged by
the manufacturer of the heating system during the August visit. This second
site (a private home) contained a heating system similar to that at IPSI and
was installed by the same heating manufacturer. The visit to the second site
was to learn more about the operating characteristics of the system and to
obtain additional exposure data. Since both heating systems were not in
routine use on the days of measurements, they were turned on by either
IPSI personnel or the manufacturer. Measurements of the maximum E- and
H-field were taken in several rooms on all floors at both sites. At least two
readings were taken at each measurement site and the average of the two
readings was recorded.
The limited number of measurements taken at both sites were not intended
to represent an in-depth evaluation of the radiation fields at the site, but
were, rather, intended to approximate occupational exposure levels found on
the days of measurement. All measurements were made during daylight
hours at floor, waist, and ceiling heights.
The heating system manufacturer invited a representative of the Public
Service Company of Colorado (PSCC) to assist in the E- and H-field
measurements at the second site. That individual used a calibrated Electric
Field Measurement Model 116 magnetic field meter to document the
magnetic field intensity levels. All measurements with this meter made on
August 22, 1991, by the PSCC representative agreed to within 5% with
those recorded by NIOSH using its meters on the same day.

V.

EVALUATION CRITERIA
The American Conference of Governmental Industrial Hygienists (ACGIH)
has published Threshold Limit Values (TLVs) for sub-radiofrequency electric
and magnetic fields. At 60 hertz (Hz), which is classified as extremely low
frequency (ELF), the E-field intensity TLV is 25,000 volts per meter (V/m)
and the magnetic flux density TLV is 1 millitesla (mT) or 10 gauss (G). In
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general, the experience of the NIOSH investigator has been that both of
these levels are far in excess of the reported typical exposure levels found in
most environments and/or workplaces.
The basis of the ELF E-field TLV is to minimize occupational hazards arising
from spark discharge and contact current situations. The H-field TLV
addresses induction of magnetophosphenes in the visual system and
production of induced currents in the body.
VI.

RESULTS
Maximum measurements of the 60 Hz E- and H-field intensities at IPSI were
200 V/m and 10 mG, respectively. The H-fields levels were highest at the
floor and ceiling (8 feet high) and were the lowest at waist level (4 feet from
the floor). The H-field intensity levels also varied as a function of mesh
direction as well as type of floor covering (i.e., carpeted areas less than tiled
areas).
Maximum E- and H-field intensity levels measured at the site chosen by the
manufacturer were different from those measured at IPSI. E- and H-field
intensities of 4.9 V/m and 1.9 G were recorded. The same pattern of H-field
intensities were observed both at the manufacturer's chosen location and at
IPSI (i.e., high at floor and ceiling, and low at mid-level). Figure 1 shows this
pattern. In addition, the same varying pattern of H-field intensities with mesh
direction in the room was also observed and is shown in Figures 2 and 3.
Waveforms captured by the Holaday meter and displayed on a digital
oscilloscope were found to be of the normal sinusoidal varying 60 Hz type at
both sites.

VII.

CONCLUSIONS AND RECOMMENDATIONS
While the pattern of exposures was similar at both sites, the NIOSH
investigator believes the differences in the magnitude of the E- and H-field
intensity levels between the two sites is a result of the heating systems being
turned on to two different heating settings when measurements were made.
The results reported in this evaluation can be compared with the results
shown in Figures 4 and 5.[1-7] Another source of comparison is the results
reported by Wertheimer and Leeper for E- and H-fields in homes having
ceiling cable electric heat systems. In that report it was stated that ceiling
cable heat exposes room occupants to magnetic fields of about 10 mG and
an electric field in the range of 10-50 V/m. Ambient fields in most homes,
including those with the more common baseboard electric heat are otherwise
less than 1 mG and about 10 V/m.[8]
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The levels of electric fields measured at both locations in this study were at
least on the same order of magnitude as the other reports indicate.
The magnetic field levels measured at the second location were higher
compared to either the worksite location, results from other types of sources
(as shown in Figures 4 and 5), or the above cited reference.
Based on the results obtained on the days of measurement, the occupational
exposure to 60 Hz electric and magnetic fields at both locations were below
present ACGIH TLV levels.
The following recommendations are offered to further reduce potential
exposures to the fields produced by these heating systems:

VIII.

1.

While it has not yet been shown that occupational exposure to
either high or low levels of 60 Hz radiation, exclusive of electrical
shock issues, is harmful, it may be prudent to limit access and
exposure to these fields until more is known about the long-term
effects on tissues. For example, one way to control access and
exposure to E- and H-fields might be to limit the use of the heating
system during certain times of the day. Another way would be to
minimize the time one works in close proximity to either the floor or
ceiling.

2.

The manufacturer should label or mark their system with basic
information about operating characteristics of the heating system,
such as levels of E- and H-fields produced, frequency, etc. This
may require them to purchase or acquire the use of such
instrumentation to assist in documenting basic exposure parameters
until further research, or exposure standards are developed, which
specify other measurement parameters.

3.

Attached with this evaluation are two enclosures. Appendix A is a
resource paper published by the Electric Power Research
Institute (EPRI) that discusses electric and magnetic field
fundamentals. Appendix B is a copy of the background to the
present ACGIH TLV.
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